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Purpose: Currently, soft tissue filler products based 

on hyaluronic acid are widely used. They are safe, 

effective, and convenient to use compared with bovine 

collagens. However, all commercially available 

hyaluronic acid based fillers in Korea are imported ones. 

The purpose of this study is to evaluate efficacy of a new 

hyaluronic acid filler (HyaFilia; CHA bio&Diostech 

Co., Seoul), which has been recently developed in Korea. 

Methods: Three kinds of soft tissue fillers, 

including Restylane (Q-Med, Uppsala, Sweden), 

HyaFilia (CHA bio & Diostech Co., Seoul), Juvederm 

(Allergan, CA, USA), were injected subdermally into 

the back of hairless mice at six sites. The 2 cephalic sites 

composed Restylane groups, the 2 middle sites HyaFilia 

groups, and the 2 caudal sites Juvederm groups. Six 

hairless mice were included in the study, therefore, a 

total of 12 injections per group were performed. After 

16 weeks after injection, the nodular swellings that 

resulted from the injections were excised wide enough 

to include skin beyond the swelling points down to the 

panniculus carnosus layer using 8mm punches. Volumes 

and weights were measured using a stereoimage optical 

topometer system and a weighting machine. Histologic 

comparisons were also carried out. 

Results: The mean volumes of the Restylane, 

HyaFilia and Juvederm groups were 3698 × 103, 4820 

× 103, and 1435 ×103 PI, respectively. The mean 

weights of the Restylane, HyaFilia and Juvederm groups 

were 36.08, 37.83, and 24.66 mg, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Histologic examination between the 3 groups 

showed no significant difference in tissue compositions 

and inflammatory reactions. 

Conclusion: The results of this study shows that 

HyaFilia is superior to Restylane and Juvederm in 

longavity of filling effect. Therefore, HyaFilia may be 

an effective replacement for the imported materials 

including Restylane and Juvederm.  
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Ⅰ. Introduction 
 

As aging progresses, wrinkles start to form around the 

face due to gravity and exposure to sunlight. Recently, 

with the growing interest in beauty, the desire to improve 

these wrinkles has gradually increased, and many patients 

are trying to resolve their cosmetic needs such as wrinkle 

improvements through relatively less invasive procedures 

due to low burden and quick recovery. In line with this, 

various types of fillers are being developed and studied, 

and their adaptability is gradually increasing. In addition, 

the limitations of surgery in correcting atrophy of the soft 

tissues and wrinkles are being overcome to a significant 

extent through accurate understanding of fillers, 

advancements in injection techniques, and accumulation 

of experience. 

In consideration of fillers that have been used in the past, 

bovine collagen was used in the United States in the 1980s 

to augment soft tissues. However, this was inconvenient 

because it required a test injection before the procedure 

due to issues such as immunogenic reactions, it had to be 

refrigerated, and the duration of the effect was short.1 

Thus, a substance that does not require a test injection 

before carrying out the procedure and has a longer lasting 

filler effect was developed, which is hyaluronic acid 

approved by the FDA in the United States in 2003. Since 

the introduction of hyaluronic acid, 85% of all filler types 

use hyaluronic acid for the effects of augmenting the soft 

tissue and improving wrinkles. Among them, the most 

commonly used commercialized ones are Restylane, 

Juvederm, Elevess, and Prevelle Silk.2 The safety and 

effectiveness of these products have been verified, but 

their use may be limited because they are expensive, as 

they were developed overseas and imported. To overcome 

these shortcomings, a new, inexpensive hyaluronic acid, 

HyaFilia (CHA bio & Diostech Co., Seoul), was 

developed in Korea.   

This study was conducted as a preclinical animal 

experiment to compare the effects of Restylane and 

Juvedem, which are commonly used hyaluronic acids, and 

HyaFilia, which was newly developed in Korea. 
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Ⅱ. Materials and Methods 
 

A. Experimental Animals and Methods 

A total of six hairless rats were used for the 

experiment, and anesthesia was performed 

intraperitoneally using 30 mg/kg of Ketamine® (Ketara, 

Yuhan, Seoul) and 3 mg/kg of Xylazine® (Rompun, 

Bayer, Leverkusen, Germany). After anesthesia, six 

injection sites were selected on the back of the rats. 

Restylane (Q-Med, Uppsala, Sweden) was injected into 

the upper two sites, HyaFilia (CHA bio & Diostech Co., 

Seoul) was injected into the lower two sites, and 

Juvederm (Allergan, CA, USA) 0.05 cc was injected 

subdermally (Fig. 1). A total of 36 nodules with 12 in 

each group were visually compared for over 16 weeks, 

and photographs were taken after anesthesia at Weeks 8 

and 16. 

 
B. Volume Measurement 

At Week 16 after filler injection, the experimental 

animals were anesthetized in the same manner as in “A,” 

and  the volume of a total of 36 nodules was measured 

using a Stereoimage Optical Topometer (SOT) System 

(Fig. 2). Simply, the SOT system is a method that uses the 

concept of “stereoimage,” which is based on the way the 

human eyes perceive objects. This is the principle of two 

charge coupled device (CCD) cameras (TM440®, Pulnix Co., 

Sunnyvale, CA,  taking two photos of the same subject, 

which then uses a stereo-matching process of the 

computer data acquisition board (PC vision plus®, AES, 

Syndney, Australia) to interpret and obtain the coordinates 

of the same point, and then compare and analyze the two 

photos to obtain the three-dimensional depth based on the 

degree of discrepancy.3 

 

 

 

 

C. Mass Measurement 

An 8mm punch biopsy was used for the nodule 

formed at the injection site, which was sufficiently 

excised to include the entire nodule area including the 

skin and the superficial muscle layer, and the mass was 

measured using an electronic scale (Fig. 3). Since this 

mass included the skin, in order to identify the 

difference in skin thickness according to the site, the 

skin of a hairless white rat that had not been injected 

with filler was excised through an 8 mm punch biopsy, 

and the mass was obtained from the upper, middle, and 

lower parts to be compared statistically. 

 

D. Histological Observation 

After measuring the mass of a punch biopsy tissue, it was 

fixed in a 10% formalin solution to create a paraffin block, and 

Hematoxyline-Eosin staining was performed to observe the 

reaction with surrounding tissues. The results were compared 

at 15x, 100x, and 200x magnification using an optical 

microscope. 

 

E. Statistical Analysis 

The volume and mass of nodules obtained from each week 

of observation were measured for calculating the average, and 

the values were compared among the three groups. In order to 

understand the effect, the difference in nodules between each 

group was analyzed using the Independent T-test, and its 

statistical significance was defined when the p-value was less 

than 0.05. 

 

 

 

 

 

 

 

Fig. 1. Fillers were injected subdermally into the back of hairless mice at six sites. The 2 cephalic sites composed Restylane 

groups, the 2 middle sites HyaFilia groups, and the 2 caudal sites Juvederm groups. (Left) Immediate after the injection. 

(Center) Eight weeks  after the injection. (Right) Sixteen weeks after the injection. The nodular swelling of HyaFilia is most 

prominent. 
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Ⅲ. Results 
 

Macroscopically, there was a large difference in the 

degree of absorption of the injection site nodules for each 

individual, and the nodules in the HyaFilia and Restylane 

groups were more distinct than in the Juvederm group. 

 

A. Volume Measurement 

As a result of measuring the volume of the nodules, the 

average value of Restylane was 3698 × 103 ± 4727 PI 

(Pixel × Intensity), HyaFilia was 4820 × 103 ± 5235 PI, 

and Juvederm was 1435 × 103 ± 3311 PI. Although 

HyaFilia remained a lot more than the other groups, the 

difference with the other groups was not statistically 

significant (Fig. 4). 

 

B. Mass Measurement 
The mass of the nodules was measured as 36.08 ± 16.85 

mg for Restylane, 37.83 ± 16.10 mg for HyaFilia, and 

24.66 ± 10.96 mg for Juvederm, which shows that 

HyaFilia had the most mass remaining compared to the 

other groups (Fig. 5). The difference of mass between 

HyaFilia and Juvederm was statistically significant with a 

p value of 0.029. The mass of the hairless rat skin that was 

not administered with filler injection was 15.5 ± 0.54 mg 

in the upper part, 15.33 ± 1.03 mg in the middle part, and 

15.33 ± 0.81 mg in the lower part, which shows no 

statistically significant difference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

C. Histological Observation 
Histologically, all three groups showed that fibrous 

tissue and blood vessels grew between the remaining 

hyaluronic acid between the dermis and muscles, which 

confirmed that no significant difference was observed in 

inflammation or tissue reaction between the groups 

administered with HyaFilia and the other groups (Fig. 6, 

7). 

 

 

 

 

 

 

 

Fig. 2. Photos of the nodules taken by SOT system. 

Restylane (Aboves), HyaFilia (Centers), Juvederm (Belows). 

Fig. 3. The nodules excised for weight measurement. 

Fig. 4. Mean Values of Volume. 

Fig. 5. Mean Values of Weight (*:p<0.05). 
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Ⅳ. Discussion 
 

The most important factor to consider when choosing a 

filler to use for soft tissue augmentation is safety. Second, 

there should be no immunogenic response, third, there 

should be very little inflammatory response, and fourth, 

ease of use is also a significant factor. Fifth, pre-treatment 

must not be required, and sixth, it should be stored at room 

temperature for convenience of storage. Seventh, the 

injection technique must not be difficult, which would 

allow for consistent production of similar effects. Lastly, 

it must be economical in terms of cost effectiveness to be 

considered a good filler to be used in the industry.3 The 

filler that satisfies these requirements is hyaluronic acid. 

Hyaluronic acid has been used since 1934, when Karl 

Meyer and John Palmer named the substance extracted 

from the vitreous humor (vitreous membrane) of cattle as 

hyaluronic acid.  It is a complex polysaccharide composed 

of amino acids and uronic acid, which is a polymer 

compound linked to glucuronic acid and N-acetyl-

gucosamine.2 It supports fibers and exhibits hydrophilic 

properties, allowing it to hold and maintain a large amount 

of moisture in the space between cells and thus serving as 

a critical role in making the skin firm. Hyaluronic acid has 

an average half-life of 2 to 3 weeks in the cartilage tissue; 

however, in the epidermis, there is an extremely short 

half-life, lasting for less than a day, due to cells that 

actively synthesize and metabolize it. Thus, it is essential 

to stabilize hyaluronic acid to obtain sufficient retention 

period in the body.4 

There are three main factors that can be used to stabilize 

hyaluronic acid. First is the concentration of hyaluronic 

acid, second is the particle size, and third is the number of 

cross-links. In other words, the higher the concentration 

of hyaluronic acid, the larger the particle size, and the 

greater the number of cross-links, the more stable it is, 

which leads to the more persistent effect.5 Hyaluronic acid 

polymers that are not cross-linked are largely decomposed 

by hyaluronidase and free radicals. Thus, in order to 

overcome the shortcomings of non-cross-linked 

hyaluronic acid, cross-linking of hyaluronic acid was 

performed. There are two methods of cross-linking, 

including BDDE (Butanediol diglycidyl ether) and DVS 

(divinyl sulfone). Prevelle and Captique use DVS, while 

Restylane and Juvederm use BDDE. Restylane and 

Juvederm, which are cross-linked using BDDE, can be 

classified into two groups again depending on the 

microparticle composition. Restylane is composed of 

microparticles, and Juvederm is not composed of 

microparticles.2 If the particle size is large, the contact 

size with the enzyme that decomposes hyaluronic acid is 

relatively small, which makes it difficult for the enzyme 

to decompose it. The particle size should usually be 

greater than 20μm to avoid phagocytosis, which would 

reduce inflammation as a result. In addition, the surface of 

the particles should be smooth to reduce binding to 

macrophages in order to reduce inflammation. If the 

surface charge is positive, it activates macrophages and 

causes an inflammatory response.6 Since the composition  

 

 

Fig. 6. (Left) Restylane (H & E, × 15), (Center) HyaFilia (H & E, × 15), (Right) Juvederm (H & E, × 15). 
 

Fig. 6. (Above) Restylane (H & E, × 15), (Center) HyaFilia (H 

& E, × 15), (Below) Juvederm (H & E, × 15). (*:p<0.05). 
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of fine particles is different, the possibility of change in 

the aftereffect also varies. Restylane, which is composed 

of fine particles, exhibits an aftereffect depending on the 

particle size, while Juvederm, which is not composed of 

fine particles, exhibits an aftereffect that varies depending 

on the number of cross-links.2 

Restylane is a product created using the sizing 

technology, while Juvederm is a product created using the 

hylacross technology. Sizing technology is to force 

hyaluronic acid into an organized mold with regular holes 

to create hyaluronic acid as uniform particles. Some 

scholars have argued that Juvederm is more effective than 

fillers that are made up of small particles that spread to 

sites other than the injected area because it is not made up 

of particles and has a high viscosity, which allows it to 

remain only in the injected area and does not spread out 

the surrounding tissues. Therefore, it is considered that it 

could be used more accurately and efficiently for 

improving wrinkles or in soft tissue augmentation.7 The 

newly developed HyaFilia was manufactured in a similar 

way to the conventional products of Restylane and 

Juvederm, but by changing the particle shape, viscosity, 

and number of covalent bonds, so that it has a similar 

chemical composition and physical properties, but a high 

degree of swelling and relatively long enzymatic stability. 

Although the results are not presented in this paper, 

according to the previous experiments that compared the 

properties of Restylane, Juvederm, and HyaFilia, it was 

analyzed that the concentrations were 20 mg/mL for 

Restylane, 24 mg/mL for Juvederm, and 20 mg/mL for 

HyaFilia. Also, the complex viscosity analyzed using a 

rheometer revealed 1,702,587 cP for Restylane, 945,794 

cP for Juvederm, and 1,026,793 cP for HyaFilia. The 

Cohesive Property, which exhibits the adhesive 

characteristics, was 0.195 N for Restylane, 0.619 N for 

Juvederm, and 0.389 N for HyaFilia. As a whole, it was 

determined that HyaFilia had properties between those of 

Restylane and Juvederm. 

The Stereoimage Optical Topometer System used in 

this experiment was created using the concept of 

“stereoimage,” which is based on the way the human eyes 

perceive objects. However, the measurement of changes 

in the volume using the SOT system failed to measure the 

actual volume through a measurement unit, however, it 

measured changes in the volume by comparing the 

intensity of brightness of each pixel of the photographed 

cross-section expressed through the photograph, which 

leads to a limitation that it only reflects the volume 

comparison and volume change of each object.3 

In this experiment, six injection sites were selected on 

the back of the hairless white rats to compare each 

administration group through the experimental design, but 

the results may have differed due to cephalic caudal 

differences. Therefore, to reduce such an error, HyaFilia 

was injected into the middle rather than the upper or lower 

parts, which can be relatively affected. 

The results of this experiment revealed that HyaFilia 

was superior or at least non-inferior to the conventional 

products, Restylane and Juvederm, in terms of soft tissue 

augmentation. However, it seems that additional studies, 

such as research using actual human injections, should be 

considered in order to apply this product clinically. 

 

 

 

 

Ⅴ. Conclusion 
 

HyaFilia, which is a newly developed hyaluronic acid, 

was confirmed to be non-inferior in effectiveness to 

conventional products, Restylane and Juvederm. 
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