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Injectable Tissue-Engineered Soft Tissue for Tissue 
Augmentation

Soft tissue augmentation is a process of implanting tissues or materials to treat wrinkles or 
soft tissue defects in the body. Over the years, various materials have evolved to correct 
soft tissue defects, including a number of tissues and polymers. Autogenous dermis, 
autogenous fat, autogenous dermis-fat, allogenic dermis, synthetic implants, and fillers 
have been widely accepted for soft tissue augmentations. Tissue engineering technology 
has also been introduced and opened a new venue of opportunities in this field. In 
particular, a long-lasting filler consisting of hyaluronic acid filler and living human 
mesenchymal cells called “injectable tissue-engineered soft tissue” has been created and 
applied clinically, as this strategy has many advantages over conventional methods. 
Fibroblasts and adipose-derived stromal vascular fraction cells can be clinically used as 
injectable tissue-engineered soft tissue at present. In this review, information on the soft 
tissue augmentation method using the injectable tissue-engineered soft tissue is provided. 
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INTRODUCTION

Tissue engineering is a novel technology that combines biode-
gradable polymer scaffolds with various cells to generate new 
tissue for graft, repair, or replacement (1-3). Autogenic cultured 
dermal fibroblasts have been successfully used as key cells for 
tissue-engineering of soft tissue to correct dermal and subcuta-
neous deficiencies since 1995 (4). The introduction of this strat-
egy opened a new possibilities for physicians. In this review, our 
experiences with soft tissue augmentation using tissue-engineer-
ing technology based on hyaluronic acid (HA) fillers and mes-
enchymal cells are presented. 

SOFT TISSUE AUGMENTATION

What is soft tissue augmentation?
Collagen and elastic fibers in the skin begin to breakdown as 
we age, and wrinkles emerge. In addition, some subcutaneous 
fat is lost on our bodies. In particular, the soft tissue atrophy on 
the face leads to a hollow or skeletal look. Some people want to 
modify their facial contours for aesthetic purposes. For exam-
ple, the most common complaints among Asians include a flat 
or low nasal dorsum.
 Soft tissue augmentation is a process of implanting tissues or 
materials where needed to restore a youthful or more aesthetic 
look to the face. The tissues or materials can be implanted in 
the face, including the nasal dorsum, lips, the nasolabial folds, 
the orbital regions, and the cheeks. This strategy is minimally 

invasive and may also treat problems such as depressed scars. 
Furthermore, soft tissue augmentation has been used widely 
for reconstruction purpose to treat various conditions or defects 
due to congenital anomalies or trauma (5).

Who is a candidate for soft tissue augmentation?
Soft tissue augmentation has been performed on nearly all body 
areas including the face. However, the most commonly used 
areas are the nasal dorsum, lips, the nasolabial folds, the orbital 
regions, the glabella, and the forehead. This method has also 
been used to restore the depressed scars on the face and to aug-
ment soft tissue on the buttocks and sternum.
 The area being treated should have appropriate blood circu-
lation so that the transplanted tissues are properly nourished 
and form their own blood supply. Patients to be treated must 
be emotionally stable and have realistic expectations of the re-
sults of the treatment.

What kinds of methods are used? 
Various materials have evolved to correct soft tissue defects, in-
cluding a number of tissues, polymers, and cell populations (3, 
6-10).
 Autogenous dermis, fat, or dermis-fat grafts have long been 
used for soft tissue augmentation to treat wrinkles and soft tis-
sue defects in the body. Allogenic dermis has also been a widely 
accepted acellular human dermal matrix for skin and soft tissue 
applications. The cells and epidermis are removed from donat-
ed human skin since they lead to tissue rejection and graft fail-
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ure. The implanted allogenic dermis is transformed into the host 
tissue, ultimately producing the effect of soft tissue augmenta-
tion by revascularization and cell migration from the host tis-
sue. Therefore, allogenic dermis has been commonly used as a 
biologic implant to correct soft tissue defects or wrinkles. 
 However, as more patients look for aesthetic improvement 
through less invasive procedures than before, the demand for 
injectable soft tissue fillers to treat wrinkles in the body or to 
augment soft tissues has grown dramatically (11). Various com-
mercially available biologic injectable fillers such as collagen 
and HA have been developed and are widely used (12). Human 
(both autogenic and homogenic), animal, and micribial sourc-
es are now clinically available. Each product has its own advan-
tages and disadvantages. HA fillers are promising novel products 
that have exciting potential for soft tissue augmentation. Com-
pared with collagen, HA is identical across all species and is syn-
thesized from various cells. It can be stored at room tempera-
ture for more than 1 yr. Furthermore, since HA has the identical 
chemical structure in all species, it does not create immunolog-
ic rejection or foreign body reactions. Therefore, preliminary 
skin testing is not necessary. HA filler has been approved to be 
close to the ideal filler material for soft tissue augmentation. Cur-
rently, HA-based fillers have become the material of choice for 
use in soft tissue and dermal correction.
 Although injectable filler substances are replacing conven-
tional tissue transfer and the number of biocompatible fillers 
continues to increase, rapid absorption and overall disappoint-
ing long-term outcomes are common drawbacks for nearly all 
natural fillers, which are available at present, including HAs.

TISSUE-ENGINEERED SOFT TISSUE

What is injectable tissue-engineered soft tissue?
Ideal filler should have properties that are autogenic and appli-
ed without difficulty, can bring long-term effects, require less 
invasive procedure, and demonstrate minimal donor site mor-
bidity. Although many HAs have been presented with better 
biocompatibility, convenience of administration, and chemical 
modifications for a long-lasting effect, they have not obtained a 
long-term corrective effect due to their rapid absorption. HA is 
absorbed in several weeks to months, depending on the inject-
ed area. This variable degree of resorption requires repeated per-
cutaneous injections. 
 The authors have devised a long-term filler system consisting 
of a mixture of HA filler and living human mesenchymal cells 
to sustain the effect of soft tissue augmentation (13, 14). This strat-
egy is called “injectable tissue-engineered soft tissue”.
 Fibroblasts and adipose-derived stromal vascular fraction 
(SVF) cells can be clinically used for injectable tissue-engineer-
ed soft tissue.

What is the advantage of injectable tissue-engineered soft 
tissue? 
Injecting tissue-engineered soft tissue has many advantages. It 
can be carried out simple and easy because the procedure is 
performed at an out-patient clinic without entering the surgery 
room. It provides long-term effects, requires less invasive pro-
cedure, and demonstrates minimal donor site morbidity. In ad-
dition, it can minimize communication errors between the py-
sician and patient, since patients can immediately notice the 
outcomes. Furthermore, patients are psychologically comfort-
able because autogenic tissue is applied. Therefore, this strategy 
may meet the demand as ideal filler.

Basic mechanism of injectable tissue-engineered soft 
tissue
Injecting tissue-engineered soft tissue is based on the hypothe-
sis that injecting cells which produce extracellular matrices leads 
to a long-term corrective effect than that obtained using a HA 
filler without cells. HA filler is expected to show an early effect 
and cells to give a long-term effect.
 We reported in previous animal and clinical studies that hu-
man fibroblasts and SVF cells suspended in HA filler can pro-
duce extracellular matrices with long-lasting stability. The cell-
HA filler mixtures remained in place for > 1 yr; demonstrating 
the advantage of adding cells to HA fillers.

CLINICAL APPLICATION

Injectable soft tissue using fibroblasts
A skin biopsy (around 1 cm2) is taken from a patient’s inguinal 
or gluteal area and sent to a Food and Drug Administration (FDA)-
approved laboratory for fibroblast culture. Briefly, fibroblasts 
are isolated using collagenase and propagated for subsequent 
passaging. About 6 weeks are required to obtain twenty million 
cultured fibroblasts, which is a sufficient number for injection. 
Cell density is determined using a hematocytometer, and via-
bility is assessed by trypan blue exclusion. Second or third pas-
sage cultures are used for injection.
 The twenty million cultured fibroblasts are suspended in 1.0-
1.5 mL HA filler. After preparing the skin around the injection 
site with antiseptics, the fibroblast-filler mixture is injected into 
the intradermal, subdermal, and/or subcutaneous layers using 
a 23 and/or a 26-gauge needle (Fig. 1). 
 Finger pressure is applied for immediate molding to prevent 
possible irregularity of the injected implant. At a point that the 
patient is most satisfied with the augmentation effect, an 0.1-0.5 
ml of the bioimplant is additionally injected to obtain approxi-
mately 30% overcorrection. The average total amount of inject-
ed bioimplant per patient is 0.6-1.5 mL.
 This implant is not injected into an area with high densities 
of sebaceous glands or large skin pores, e.g. nasal tip. 
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Injectable soft tissue using adipose-derived SVF cells 
Compared with the method using fibroblasts, SVF cells are easy 
to obtain in large quantities without culture. Therefore, they are 
readily available. Even though autogenic cells are used, patients 
do not need to wait because the cell culture step is omitted. In 
addition, SVF cell therapy does not need FDA approval in many 
countries including Korea. However, it is hypothesized that adi-
pose-derived SVF cells mixed in HA filler may possibly generate 
variety of tissues after injection since they are a heterogenic cell 
population including fibroblasts, smooth muscle cells, preadi-
pocytes, various progenitor cells, endothelial cells, and stem cells 
(15-17). We have performed a research to find out what kinds of 
tissues are created from injection of human SVF cells suspended 
in a HA filler. The conclusion was that transplanting human adi-
pose-derived SVF cells mixed with HA filler produce fibrovascu-
lar tissue. No other tissue, including fat, cartilage, bone, or nerve is 
created (18). This finding suggests the possibility of using this 
material as a long-term filler for soft tissue augmentation.
 Abdominal adipose tissues are taken from a patient by lipo-
suction to obtain adipose-derived SVF cells. The samples are 
washed with Dulbecco’s phosphate-buffered saline (DPBS), and 
then incubated in Dulbecco’s Modified Eagle Medium/Ham’s 
F-12 containing 0.075% collagenase type I for 2 hr at 37°C. The 
top layer of lipid is removed, and the remaining solution is cen-
trifuged at 300 × g for 10 min at 4°C. The resulting pellet is treat-
ed with 160 mM NH4Cl for 10 min to lyse the red blood cells. 
The remaining cells are then rinsed twice in 40 mL DPBS, re-
suspended in 5 ml DPBS, and filtered through a 100 µm nylon 

mesh. Cell density is determined with a hemocytometer, and 
cell viability is assessed by trypan blue exclusion. The number 
of isolated SVF cells has been assessed. Ashjian et al. (19) report-
ed that processing 1 ml of suctioned adipose tissue routinely 
yields about 1.2 × 106 SVF cells. Suga et al. (20) demonstrated 
that 1.0 × 106 SVF cells could be obtained from 1 g of adipose 
tissue. However, based on our experience, 6.3 × 104 to 3.5 × 105 
metabolically active SVF cells can be isolated per ml of aspirat-
ed adipose tissue (21).
 The isolated SVF cells (as many as possible) are suspended 
in 1.0-1.5 mL HA filler. All conditions, including skin prepara-
tion and injection techniques, are identical to those used for 
dermal fibroblast injection.

Precautions
There is an important technical point that we would like to em-
phasize when applying this method for augmentation rhino-
plasty. When injecting the cell-filler bioimplan in the nasal dor-
sum, the medical practitioner should be very careful to inject it 
at the exact midline. Although slight asymmetry may be correct-

ed by using finger pressure, delayed deviation is possible. We 
have experienced this phenomenon in the first patient. Imme-
diately after injecting the bioimplant, the augmented nasal dor-
sum was deviated slightly. This could be corrected with finger 
pressure immediately and the dorsum appeared to remain in 
the midline of the nose until 3 months after the injection. How-
ever, we noticed that the augmented nasal dorsum was deviat-
ed again after that period. 

A B C D

Fig. 1. Application methods for injectable tissue-engineered soft tissue using cultured fibroblasts. (A) Skin harvesting. (B) Hyaluronic (HA) filler (yellow arrow) and a cultured fi-
broblast pellet (black arrow). (C) Cultured fibroblasts are mixed with the HA filler. (D) The fibroblasts suspended in the HA filler are injected into the nasal dorsum.
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Clinical experience 
We have applied the injectable tissue-engineered soft tissue 
with HA filler mixed with autologous cultured fibroblasts or 
SVF cells for augmentation rhinoplasty and wrinkle correction 
since 2002. Patients show mild redness immediately after the 
injection at the injected area, but this usually disappears com-
pletely within a couple of days. Patients feel that the soft tissue 
augmentation effect appears to reduce during the first 1-4 month 
postoperative period. However, the volume is well maintained 
after this early period. The level of volume decrease is 20%-40% 
in usual cases. The majority of patients are satisfied with the nat-
ural shape and feel comfortable with the augmentation (Fig. 2-5).
 We have not experienced any abnormal laboratory findings 
during the follow-up period. No significant side effect such as 
overcorrection, granuloma or lump formation, keloid develop-
ment, infection, or rejection have been observed.
 The results of clinical use show that injection of the HA filler/

cell mixture may have promising possibility as a long-term in-
jectable soft tissue for soft tissue augmentation.

LIMITATION

What are the limitations of the present application? 
Approval by the FDA and time-consuming culture steps are 
needed for human fibroblasts. Therefore, utilizing cultured cells 
for clinical purposes may be difficult realistically. 
 It has not been possible to obtain exact data of the absorption 
after injection in the body for the injected tissue-engineered 
soft tissue in each patient. Because soft tissue augmentation is 
mainly a cosmetic procedure, it is not only possible to harvest 
tissue samples from the injected sites to investigate amount of 
the newly created tissue, but most of patients objected to further 
quantitative evaluation such as radiological or imaging studies, 
based on the time and cost (22).

Fig. 2. A 59-yr-old woman was treated with injectable tissue-engineered soft tissue using fibroblasts for augmentation rhinoplasty. (A) Preoperative view. (B) Immediate postop-
erative view. (C) Two weeks after the injection. (D-F) Six, 12, and 18 months after the injection. 
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Fig. 4. Deep glabellar wrinkles (arrows) of a 43-yr-old man were corrected by injecting stromal vascular fraction (SVF) cells suspended in a hyaluronic (HA) filler. (A) Preopera-
tive view. (B) One year after the injection. (C) Three years after the injection. (D-F) Three-quarter views.

Fig. 3. Profile views of the Fig. 2 case.
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What kind of research is required?
It was not possible to obtain exact data on the absorption degree 
of the injected bioimplant in each patient. Additional studies 
will be needed to resolve this limitation. Moreover, since there 

were no reports of tissue biopsies for injection sites, we have no 
information if the tissue remains as cells themselves, cell ex-
cretes, or others. More studies on this issue may be required.
 Research on the optimal conditions for the HA filler as a cell 

Fig. 5. A 30-yr-old woman was treated with injectable tissue-engineered soft tissue 
using stromal vascular fraction (SVF) cells for augmentation rhinoplasty. (A) Preopera-
tive view. (B) Six months after the injection. (C) One year after the injection. (D) Six 
years after the injection. 
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carrier should also be carried out. HA fillers have been basically 
developed to be used alone without cells. Studies of the optimal 
conditions of HA filler as cell delivery vehicles or as scaffolds, 
combined with cultured human dermal fibroblasts or SVF cells, 
to maximize the viability of injected cells is necessary. 
 Strategies to increase viability of suspended cells in HA fillers 
after injection should also be developed (23-25). Supplement-
ing materials can possibly be added to the bioimplant during 
the preparation process to maximize viability of the injected 
cells in the cell-HA filler bioimplant. In particular, we have ex-
plored using prostaglandin E1 (PGE1) and vitamin C, which 
have been commonly used in clinical settings. PGE1 mediates 
vasodilation and improves microcirculation perfusion. PGE1 
has been reported to stimulate fibroblast proliferation. Vitamin 
C promotes fibroblast production. Therefore, it can be hypoth-
esized that a combination of PGE1 and vitamin C in the cell-HA 
filler might accelerate cell viability and/or proliferation after in-
jection into the body. 

CONCLUSION

Despite that more studies are required to definitely determine 
the value of this method, injection of human dermal fibroblasts 
or adipose-derived stromal vascular cells mixed in HA filler 
may be a promising treatment for soft tissue augmentation. 
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