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Introduction

Human facial contour is a system composed of skeleton structure, 
soft tissue structure and skin (1). Ageing is an inevitable process in the 
human body. Aging and other abnormal changes will attract people’s 
attention and cause some psychological pressure (2, 3). For the prob-
lem of facial aging, the traditional treatment is rhytidectomy, which 
can improve the relaxation of facial skin by tightening the skin and 
removing excess tissue. Rhytidectomy alone cannot solve the prob-
lems such as dull skin and poor elasticity. The therapeutic effect is 
limited (4). With the continuous development of medical technology, 
facial filling technology has sprung up and become the mainstream 
way to improve facial aging (5).

Collagen and hyaluronic acid, though effective, are costly and 
short-lived solutions for age-related facial issues. Autologous fat 
transplantation, developed by Illouz in 1986, offers a safer alternative 
since it uses the patient’s own fat tissue, avoiding rejection and 
allergies (6, 7). However, this method has drawbacks, including strict 
recipient site conditions, poor infection resistance, easy liquefaction, 
and limited one-time transplantation amounts. Fat retention rates 
range from 30 to 60%, with some fat cells failing to absorb nutrients, 
limiting its broader use.
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Yoshimura et al. (8) achieved better results using vascular matrix 
components (SVF) cells to assist fat transplantation. However, 
obtaining SVF cells through enzymatic digestion poses safety 
risks  and faces regulatory limitations in most countries (9, 10). 
Some researchers have obtained SVF-rich adipose stem cell gel (SVF-
GEL) through a purely physical process, improving fat retention 
compared to conventional methods (11, 12). However, SVF-GEL 
requires significantly more fat extraction. However, it is worth noting 
that it is necessary to obtain as much pure fat as possible without 
increasing the liposuction site of the patient, and the upper and 
middle fat after centrifugation should be used to prepare SVF-GEL 
for filling fine areas such as around the eye and lacrimal sulcus. The 
lower layer of high-density fat is used for volume filling in larger 
areas. Although many studies on the application value of high-
density fat-bound adipose stem cell glue in facial fat transplantation 
have been carried out in the past, there are great differences in 
experimental design, observation index and object of previous 
research. As a result, the conclusions are lack of persuasion and 
consistency. It is necessary to carry out further research. Based on 
this, 100 patients who received facial fat transplantation from August 
2020 to August 2022 were investigated in this study. This study aims 
to provide a theoretical framework supporting the clinical application 
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of high-density fat combining with fat stem cell glue for facial filling 
therapy.

Materials and methods

General information

We conducted a randomized controlled trial including 100 patients 
who underwent facial fat transplantation at our hospital between 
August 2020 and August 2022. The patients were classified into two 
groups, with 50 cases in each group. In the control group, patients 
accepted traditional Coleman fat transplantation, while in the 
observation group, patients accepted high-density fat combined 
with adipose stem cell glue. There were eight men and 42 women in 
the observation group, aged from 35 to 51 years old. The body mass 
index (BMI) was 17.83–37.29 kg/m2. There were five men and 45 
women in the control group. Age 34~50 years old. BMI ranged from 
18.05 to 36.61 kg/m2. No noticeable difference was found in base-
line related data (P > 0.05), which was comparable, as shown in 
Table 1. 

The inclusion criteria included the following: 1) patients had the 
relevant conditions for facial granule autologous fat transplantation 
and can adapt to this study; 2) patient tolerance of this surgical and 
pharmacological treatment; 3) patients had no other serious primary 
diseases; 4) patients had normal mental state and normal 
communication; 5) patients had no other major diseases, no history 
of allergy or heredity; 6) the clinical data of the patients were 
complete, and the relevant consent forms were signed.

The exclusion criteria included the following: 1) those who were 
uncomfortable with the indications related to facial granule 
autologous fat transplantation; 2) those with serious primary diseases 
such as cardio-cerebrovascular, liver, kidney and hematopoietic 
system; 3) patients with abnormal behavior or mental disorders, 
people with allergic constitution; 4) those with communication 
disorder and unable to communicate normally; 5) those with organ 
dysfunction; 6) those who suffered from other major diseases and 
were allergic to the drugs adopted in the study; 7) those who had a 
history of allergy or genetic history; 8) those who did not take drugs 
in accordance with the regulations and were unable to judge the 
efficacy or safety of the drugs.

Calculation formula of sample size was as follows:
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The bilateral α is taken as 0.05 and β as 0.20, the therapeutic effect 
(excellent and good rate) is taken as the effect index, and set the 
parameters as: P1 = 0.94, P2 = 0.76. The sample size for each group 
was calculated to be 45 cases, and based on a 10% shedding rate, 
there were approximately 50 patients in each group for a total of 100 
patients.

Research technology roadmap

Figure 1 shows the research technology roadmap of this experiment.

Treatment methods

General anesthesia was used. Swelling infiltration anesthesia was per-
formed in the liposuction area with saline containing 0.001% epi-
nephrine, and adipose tissue was extracted with a liposuction needle 
with an internal diameter of 2.5 mm. The control group received tra-
ditional Coleman fat transplantation. The fat obtained was processed 
using the Coleman technique standard, which involved centrifuga-
tion to separate the fat layer (known as Coleman fat) for transplanta-
tion. After operation, the donor area was routinely dressed in 
body-shaping clothes, and antibiotics and non-steroidal anti-inflam-
matory drugs were taken orally for 3 days.

A combination of high-density fat and fat stem cell gel was used in 
the observation group. Swelling anesthesia was administered on the 
inner thigh under general anesthesia and the swelling solution was 
configured (500 mL of normal saline + 15 mL of 2% lidocaine + 0.3 mg 
of epinephrine). After the swelling anesthesia was fully effective, the 
20 mL syringe was used to connect the 2.5 mm inner diameter porous 
liposuction needle for manual liposuction with low negative pressure. 
A mount of 200 mLpure fat was extracted from each case and then 
centrifuged for 3 min at 1,200 g. (Xi’an Yizhikang YK-1001 low speed 
centrifuge).

Preparation of SVF-GEL: After the first centrifugation, the fat was 
removed from the lower liquid layer, and the lower layer was high 
density fat. The second time was used to prepare SVF-GEL, where the 
upper fat component needed to be retained for the preparation of 
SVF-GEL. The syringe was injected back and forth through a syringe 
attached to a bidirectional helical conversion head with an internal 
diameter of 1.4 mm, at a rate of 10 mL/s and a total injection time of 1 
min. The emulsified fat was filtered with a 500 μm diameter filter to 
remove the residual fibrous tissue, then centrifuged 3 min under the 
action of 2,000 g centrifugal force, and the lowest viscous whitish 
substance was SVF-GEL.

High-density fat was used for volume filling, such as forehead, 
question, and cheek filling. SVF-GEL was used for fine filling, such as 
upper eyelid, lacrimal groove, nasolabial groove filling. An 18G blunt 
needle connected to a 1 mL syringe was used to fill the high-density 
fat and a 23G blunt needle connected to a 1 mL syringe was used to 
fill the SVF-GEL. The injected layers included the periosteal layer, the 
superficial temporal deep fascia and the subcutaneous fat layer. The 
harvesting approach employed in this study enables “homologous 
use” by utilizing mechanically isolated, non-cultured adipose stem 
cells exclusively derived from subcutaneous tissue and introducing 
them into the same anatomical or histological environment (13).

After the operation, the liposuction area was fixed with plastic 
pants to accelerate the recovery of the liposuction area, and the filling 
area was fixed with 3M adhesive tape and oral antibiotics and non-
steroidal anti-inflammatory drugs for 3 days.

Table 1. The general data.
Group N Gender

(male / female)
Age (years) BMI (kg/m2) Donor area/case Years of education 

(years)

Abdomen Thigh Abdomen+thighs

Observation group 50 8/42 32.05 ± 8.09 24.92 ± 4.18 33 (66.00) 10 (20.00) 7 (14.00) 10.22 ± 1.20
Control group 50 5/45 31.83 ± 7.84 24.83 ± 3.36 35 (70.00) 9 (18.00) 6 (12.00) 10.29 ± 1.24
t/χ2 0.796 0.138 0.119 0.188 0.287
P > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
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Observation index

The main results are as follows:

1. Evaluation criteria of therapeutic effect. The therapeutic 
effect of the patients was evaluated 3 months after treat-
ment, and the evaluation criteria were established according 
to the clinical experience of doctors after referring to the rel-
evant literature (14). In this study, the therapeutic effect was 
classified into three levels, including excellent, good, and 
poor. Excellent means that the facial filler is natural and 
smooth, the ageing facial profile is noticeably altered and no 
complications occur. Good means that the facial filler is flat 
and wrinkles and depressions are improved with no compli-
cations or easily recoverable complications; however, the 
facial profile is improved to some extent but the results are 
not satisfactory and there are some complications. Poor 
means that the patient’s facial condition is largely unim-
proved and there are more complications. Excellent and good 
rate = (excellent + good + fair) / total number of cases × 100%. 

2. Before and 3 months after treatment, the facial subcutaneous 
fat thickness was measured by Japan Fujiwara fujiwara porta-
ble subcutaneous fat thickness meter (FMH- 1), and the frontal 
subcutaneous fat thickness and temporal subcutaneous fat 
thickness were compared between the two groups. The probe 
was placed on the patient’s forehead and temporal area, and 
the instrument could automatically read and display the thick-
ness of subcutaneous fat. Three places on the forehead and 
temporal area was measured and the results were averaged.

3. The retention rate of fat transplantation. At 3 months after 

treatment, the fat transplantation retention rates of the two 
groups were compared (Fat graft retention is the volume 
retention rate 3 months after fat grafting, which is the pro-
portion of stable surviving fat to the total grafted fat. Fat graft 
retention rate = fat retention/fat injection × 100% 3 months 
post treatment). 

4. The improvement of facial skin quality, fine lines, color spots 
and pores before and 3 months after treatment were assessed 
by Canfield VISIA system spot residual score (15). Better 
improvement is measured by a lower score.

5. Life quality score. The health status questionnaire (SF-36) (16) 
was adopted to assess the improvement of patients’ life qual-
ity, which involved 8 dimensions. In this study, only five 
dimensions were selected, including social functioning, phys-
ical functioning, health status, mental health, and physical 
illness. The patients were evaluated before and 3 months 
after treatment. 

6. The incidence of postoperative complications. Statistics were 
made on the number of all kinds of complications occurred 
within 3 months after operation (common complications 
included fat liquefaction, infection, nodules, necrosis, hema-
toma, etc.), and the total incidence of complications was calcu-
lated. The total incidence of complications = the sum of the 
number of complications/the total number of cases × 100%. 
Fat liquefaction is the rupture of fat cells at the incision after 
surgery, where fat particles from the ruptured fat cells spill out 
and break down to form a liquid oil-like substance. An infection 
is a result of the invasion of pathogens, such as bacteria and 
viruses, into the body, causing a localized tissue and systemic 

Figure 1. Research Technology Roadmap.
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inflammatory response. Nodule is a palpable, round, ring-
shaped, or oval-shaped localized substantial injury, mostly in 
the dermis or subcutaneous tissue, >1 cm in diameter. Necrosis 
is the death of localized tissues and cells in vivo in response to 
injury factors. Haematoma is the rupture of a blood vessel 
under external forces, with the spilled blood separating from 
the surrounding tissue and forming a blood-filled cavity.

7. Therapeutic satisfaction. Three months after surgery, patients’ 
treatment satisfaction was surveyed using our own treatment 
satisfaction questionnaire, which focuses on overall satisfac-
tion, skin improvement and post-filler fullness. The evalua-
tion results were classified into four levels, including very 
pleased, pleased, general and displeased. Patients can score 
against the appropriate entries and rate their satisfaction 
with this treatment accordingly. Total satisfaction = (very 
pleased + pleased + average) / total number of cases × 100%. 
The overall Cronbach α coefficient of the scale was 0.92, the 
Cronbach α coefficient of each factor was 0.82–0.88, and the 
CVI value was 0.9016. The reliability and validity of the scale 
were satisfactory.

Statistical analysis

The data were analyzed and processed by SPSS21.0 statistical soft-
ware. A ( x  ± s) symbol is used to indicate measurements with a nor-
mal distribution or approximate normal distribution. Comparison of 

the two groups was done using paired t-tests, while comparing the 
two groups separately using independent sample t-tests. The n (%) 
was adopted to represent the counting data, and χ2 test was adopted. 
P < 0.05 was considered statistically remarkable.

Ethics

This study was performed in accordance with the Declaration of 
Helsinki. Informed consent forms were signed by all patients for this 
study, which was approved by our hospital’s Medical Ethics Council. 
See Figure 2 in the inclusion process.

Results

The general data of patients

No statistical difference was found in gender, age, BMI, donor area 
and years of education (P > 0.05, Table 1).

Comparison of therapeutic effects 

In the observation group, the curative effect was excellent in 25 peo-
ple, good in 16 people, fair in eight people and poor in one person, 
and the excellent and good rate was 98.00%. In the control group, the 
curative effect was excellent in 18 people, good in 19 people, fair in 
three people, and poor in 10 people, and the excellent and good rate 
was 80.00% (P < 0.05, Table 2).

Table 2. The excellent and good rates [n (%)].
Group N Excellent Good can Difference Excellent and good rate(%)

Observation group 50 25 (50.00) 16 (32.00) 8 (16.00) 1 (2.00) 49 (98.00)
Control group 50 18 (36.00) 19 (38.00) 3 (6.00) 10 (20.00) 40 (80.00)
χ2 8.274
P < 0.05

Figure 2. Schematic diagram of screening into groups.
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The average thickness of frontal and temporal subcutaneous fat 
before and after treatment

Before treatment, no noticeable difference was found in forehead 
subcutaneous fat thickness and temporal subcutaneous fat thickness 
(P > 0.05). Three months after treatment, the thickness of frontal sub-
cutaneous fat and temporal subcutaneous fat increased noticeably in 
both groups, and the frontal subcutaneous fat thickness and tempo-
ral subcutaneous fat thickness in the observation group were notice-
ably higher (P < 0.05, Table 3). 

The fat transplantation retention rate after treatment

The fat transplantation retention rate of the observation group was 
noticeably higher 3 months after treatment (P < 0.05, Figure 3). 

VISIA scores of facial color spots, facial pores and facial wrinkles 
before and after treatment

Before treatment, no noticeable difference was found in VISIA scores 
of facial color spots, facial pores and facial wrinkles (P > 0.05). After 3 
months of treatment, both groups indicated a significant reduction in 
VISIA scores for facial spots, pores, and wrinkles. However, the reduc-
tion in VISIA scores for facial spots, pores, and wrinkles was even 
greater in the observation group (P < 0.05, Table 4).

The life quality scores 

No noticeable difference was found in the scores of life quality before 
treatment (P > 0.05). The scores of physiological functions, health sta-
tus, social function, mental health, and somatic diseases in both 
groups significantly improved after treatment compared to before 
treatment. Furthermore, the scores in the observation group were 
noticeably higher (P < 0.05, Table 5). 

The postoperative complications

In the observation group, one person had infection and one person 
had hematoma, and the incidence of complications was 4.00%. In 
the control group, there were three people of fat liquefaction, four 
people of infection, one person of nodule and three people of 
hematoma, and the incidence of complications was 22.00% 
(P < 0.05, Table 6).

Therapeutic satisfaction between the two groups

In the observation group, 30 people were very pleased, 10 people 
were pleased, nine people were general, and one person was not 
pleased; the satisfaction rate was 98.00%. In the control group, 18 
people were very pleased, 20 people were pleased, five people were 
average, seven people were not pleased, and the satisfaction rate was 
86.00% (P < 0.05, Table 7).

Discussion

Facial filling is one of the common medical plastic surgeries, which 
can solve the phenomena of tissue atrophy, deepening wrinkles and 
sagging skin caused by aging or other reasons (17, 18). Depending on 
the specific location of the patient’s hollows, appropriate fat fillers 
can address the ageing problem to a certain extent and rejuvenate 
the face as a whole.

Finding suitable filling materials has always been one of the 
important contents of cosmetic plastic surgery research. Autologous 
fat filler is a surgical procedure in which the patient’s own fat tissue is 
extracted, transplanted and injected into the desired area to refine 
the contours, improve local lines and rejuvenate the face. At present, 
it has been widely used in augmentation mammoplasty, breast 
reconstruction, sunken scar treatment, facial soft tissue filling, facial 
contour adjustment, hip filling, and penile thickening (19–21). The 
concept of high-density fat was first proposed by Allen et al. (22) in 

Table 3. The average thickness of frontal and temporal subcutaneous fat before and after treatment ( x ± s, n = 50).
Group Thickness of subcutaneous fat in forehead(mm) Thickness of temporal subcutaneous fat(mm)

Before treatment 3 months after treatment Before treatment 3 months after treatment

Observation group 1.08 ± 0.16 1.93 ± 0.44a 1.06 ± 0.14 1.95 ± 0.42a

Control group 1.05 ± 0.49 1.27 ± 0.52b 1.12 ± 0.39 1.41 ± 0.55b

t 0.412 6.851 1.024 5.518
P > 0.05 < 0.05 > 0.05 < 0.05
Note: compared with the observation group before treatment, aP < 0.05; compared with the control group before treatment, bP < 0.05.

Figure 3. The fat transplantation retention rate after treatment.
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2013, while other scholars confirmed that this part of fat has certain 
advantages in clinical transplantation (23). After centrifugation of the 
aspirated adipose tissue at 1,200 g for 3 min, the adipose tissue was 
separated into upper, middle, and lower layers (24). The high-density 
fat was located in the lowest layer. Due to its high concentration of 
adipose stem cells and growth factors associated with the vascular 
system, high-density fat is more likely to live longer. The main 
component of SVF-GEL for fine facial fillers is an extracellular matrix 
rich in fat stem cells, and the main volume component of the filling 
process is extracellular matrix such as collagen and elastin, so there is 
no problem of graft survival. The SVF-GEL cell group contains a large 
number of fat stem cells and endothelial cells (25). These cells can 
improve the local blood microenvironment after transplantation and 
participate in the later process of differentiation of adipogenesis. In 
this study, it was found that in the observation group, 25 people were 
excellent, 16 people were good, eight people were fair, one people 
was poor, and the rate of excellent and good treatment was 98.00%. 
In the control group, 18 people were excellent, 19 people were good, 
three people were fair, 10 people were poor, and the excellent and 
good rate was 80.00%. The thickness of subcutaneous fat in the 

forehead and the thickness of subcutaneous fat in the temporal 
region in the observation group were noticeably higher 3 months 
after treatment, and the VISIA scores of facial spots, facial pores and 
facial wrinkles were lower. Compared to traditional Coleman fat 
grafting, high density fat combined with adipose stem cell gel 
provides better facial filler results, noticeably increasing the patient’s 
subcutaneous fat thickness after treatment, reducing facial blemishes, 
facial pores and VISIA scores of facial wrinkles, and achieving better 
aesthetic results. In the early stage of fat transplantation, the 
transplanted fat cells are exposed to a period of ischemia and hypoxia; 
those that receive sufficient nutrients survive, while those that do not 
will apoptosis (26, 27). Because adipocytes are high energy-
consuming cells, they are very sensitive to the supply of nutrients, 
resulting in a survival area of only about 300 μm (28). Fat cells larger 
than 300 μm will not survive conventional fat grafting, whereas fat 
stem cells, which are tolerant of ischemic and hypoxic conditions, will 
survive and participate in the process of fat cell regeneration after 
revascularization.

Previous studies have indicated that during the process of fat 
transplantation, the lipid components carried in by the transplant or 

Table 6. The complications [n (%)].
Group N Fat liquefaction Infected Nodule Necrotic Hematoma Total incidence rate (%)

Observation group 50 0 (0.00) 1 (2.00) 0 (0.00) 0 (0.00) 1 (2.00) 2 (4.00)
Control group 50 3 (6.00) 4 (8.00) 1 (2.00) 0 (0.00) 3 (6.00) 11 (22.00)
χ2 7.162
P < 0.05

Table 7. Therapeutic satisfaction [n (%)].
Group N Very pleased Pleased General Not pleased Total satisfaction rate (%)

Observation group 50 30 (60.00) 10 (20.00) 9 (18.00) 1 (2.00) 49 (98.00)
Control group 50 18 (36.00) 20 (40.00) 5 (10.00) 7 (14.00) 43 (86.00)
χ2 4.892
P < 0.05

Table 5- Continued Table
Group Mental health Somatic disease

Before treatment After treatment Before treatment After treatment

Observation group 48.23 ± 4.81 55.41 ± 5.22a 47.83 ± 5.42 56.92 ± 4.12a

Control group 49.03 ± 4.88 51.03 ± 5.14b 48.01 ± 5.39 51.49 ± 5.18b

t 0.826 4.228 0.167 5.801
P > 0.05 < 0.05 > 0.05 < 0.05
Note: compared with the observation group before treatment, aP < 0.05; compared with the control group before treatment, bP < 0.05.

Table 5. The life quality scores ( x ± s, n = 50, points).
Group Physiological function Health condition Social function

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group 41.55 ± 4.13 50.71 ± 4.34a 41.92 ± 4.21 45.24 ± 4.07a 37.93 ± 4.51 46.63 ± 4.51a

Control group 42.08 ± 4.18 45.83 ± 4.02b 42.01 ± 4.33 51.93 ± 5.12b 37.82 ± 4.94 41.03 ± 4.39b

t 0.638 5.833 0.105 7.232 0.116 6.292
P > 0.05 < 0.05 > 0.05 < 0.05 > 0.05 < 0.05
Note: compared with the observation group before treatment, aP < 0.05; compared with the control group before treatment, bP < 0.05.

Table 4. VISIA scores of facial color spots, facial pores and facial wrinkles before and after treatment ( x ± s, n = 50).
Group VISIA score of facial spots Facial pore VISIA score VISIA score of facial wrinkles

Before treatment 3 months after 
treatment

Before treatment 3 months after 
treatment

Before  treatment 3 months after 
treatment

Observation group 116.48 ± 25.06 66.83 ± 20.28a 22.39 ± 1.26 12.46 ± 2.05a 9.73 ± 0.71 4.26 ± 0.36a

Control group 117.05 ± 27.63 85.26 ± 21.05b 23.01 ± 2.05 16.25 ± 2.18b 9.58 ± 0.66 5.83 ± 0.52b

t 0.108 4.458 1.822 8.956 1.094 17.553
P > 0.05 < 0.05 > 0.05 < 0.05 > 0.05 < 0.05
Note: compared with the observation group before treatment, aP < 0.05; compared with the control group before treatment, bP < 0.05.
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released by the apoptosis of cells can induce inflammatory reactions 
and postoperative swelling (29, 30). There may be complications such 
as calcification and oil sac formation if too much fat is transplanted or 
if there is a large amount of fat cell apoptosis. The results of this study 
indicated that the life quality scores of the observation group after 
treatment were higher, and the incidence of postoperative 
complications was noticeably lower in the observation group at 
4.00% compared to 22.00% in the control group, indicating that 
adipose-derived stem cell-enriched lipograft transplantation can 
noticeably enhance the life quality of patients undergoing fat 
transplantation, with a lower risk of postoperative complications. 
During conventional fat grafting, the fat cells are stratified during 
centrifugation due to differences in particle size, with fat cells rich in 
lipid droplets being less dense and located at the top after 
centrifugation, and fat cells with lower lipid droplets being relatively 
dense and located at the bottom after centrifugation. The lipid 
content carried by the high-density fat selected for transplantation in 
our study was low, and the amount of lipid released after cell 
apoptosis was also small. In the preparation of SVF-GEL, shear forces 
are used to break down the fat cells in the lower layer of low-density 
fat and a second centrifugation process releases the oil droplets 
completely, resulting in a mixture consisting mainly of SVF cells and 
extracellular matrix components. As a result, patients who received 
high-density fat combined with SVF-GEL grafts indicated lower 
swelling and faster recovery, with a lower incidence of complications 
(31). The treatment satisfaction of the patients in the observation 
group in this study was also noticeably higher, which may be related 
to the fewer postoperative complications and noticeable 
improvement in the life quality of patients in the observation group.

Following-up data were not available in this study because the 
sample size was small. It is recommended that future studies include 
multi-center, large sample studies to obtain more precise evidence to 
better serve clinical practice.

SVF-GEL facial fillers can achieve good clinically satisfactory 
results, better improve patients’ life quality and reduce the risk of 
post-operative complications. SVF-GEL facial fillers require a relatively 
large amount of fat extraction and cannot be widely used in people 
with low BMI. Therefore, we believe that combining high-density fat 
with SVF-GEL for facial fillers has the following advantages: 1) better 
clinical results can be achieved; 2) SVF-GEL is effective in filling fine 
areas; and 3) the amount of fat extracted is relatively small compared 
to pure SVF-GEL facial grafts. 
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