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IMPORTANCE Autologous fat grafting has revolutionized the field of facial soft-tissue

augmentation, despite a lack of standardization. Objective data are needed to arrive at
consensus regarding the best technique for optimal volume retention.
OBJECTIVE To compare 3 fat-processing techniques with 3-dimensional (3-D) technology to
explore the optimal fat-processing technique for improving the volume retention of grafted
fat.
DESIGN, SETTING, AND PARTICIPANTS From September 2015 to December 2016, patients with
facial asymmetry were treated by initial facial fat grafting at the Plastic Surgery Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College. Sixty-three patients
(21 per group) were randomized to 1 of 3 fat-processing techniques: sedimentation,
centrifugation, and cotton pad filtration. Patients underwent 3-D scanning preoperatively
and at 1, 3, 6, and 12 months postoperatively. Patients who did not complete preoperative or
postoperative follow-up and 3-D imaging were excluded from the analysis.
INTERVENTION Autologous fat grafting to correct facial asymmetry.
MAIN OUTCOMES AND MEASURES The percentage volume maintenance of each
fat-processing technique was measured with 3-D software and analyzed with variance
analysis.
RESULTS Of the 63 randomized patients, 30 (7 men, 23 women; mean [SD] age at surgery,
22.2 [8.0] years) completed follow-up. The mean (SD) percentage volume maintenance of
the 3 groups at 1, 3, 6, and 12 months postoperatively was, respectively, 49% (4%), 45%
(3%), 43% (3%), and 41% (3%) for the cotton pad filtration group; 41% (3%), 38% (4%), 36%
(4%), and 34% (3%) for the centrifugation group; and 37% (4%), 34% (4%), 31% (3%), and
31% (3%) for sedimentation group. The variance analysis showed that the cotton pad
filtration group demonstrated a statistically significant higher percentage volume
maintenance in comparison with the centrifugation and sedimentation groups.
CONCLUSIONS AND RELEVANCE The use of 3-D technology provides an objective and accurate
way to evaluate different fat-processing techniques. Autologous fat processed by cotton pad
filtration had a significant higher volume retention than did that processed by centrifugation
and sedimentation technique.
TRIAL REGISTRATION chictr.org.cn Identifier: ChiCTR-IOR-14005599
LEVEL OF EVIDENCE 1.

JAMA Facial Plast Surg. doi:10.1001/jamafacial.2017.2002
Published online January 11, 2018.

Author Affiliations: Department No.
16, Plastic Surgery Hospital, Chinese
Academy of Medical Sciences and
Peking Union Medical College,
Beijing, China.
Corresponding Author: Zuoliang Qi,
MD, Plastic Surgery Hospital, Chinese
Academy of Medical Sciences and
Peking Union Medical College, No. 33
Ba-Da-Chu Rd, Shi Jing Shan District,
Beijing 100144, China (qizuolianglhlh
@126.com).

(Reprinted) E1

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a Emory University User on 02/21/2018

Research Original Investigation

3-D Analysis of Fat-Processing Techniques for Facial Fat Grafting

A

utologous fat grafting has long been considered a wellestablished and frequently applied option for facial volume augmentation in plastic surgery.1,2 Despite its increasing popularity, the volume of transplanted fat has been
limited by a variable and unpredictable rate of fat absorption
(20%-90%).3-5 To minimize this drawback, a wealth of publications in the literature have proposed ways to optimize each
step of the fat grafting, including the techniques of fat harvesting, fat processing, and fat injecting. Unfortunately, no
standardized protocol has been adopted.6-9 The optimal fatprocessing technique remains one of the most controversial
issues. 1 0 , 1 1 To our knowledge, several common fatprocessing techniques have been widely applied in the clinic,
primarily based on sedimentation,12 centrifugation,13 and filtration principles.14,15 Many studies published in recent decades have demonstrated clinical results with a certain fatprocessing technique; however, it is hard to reach a consensus
on which fat-processing technique would reveal better volume retention without objective and comparative evidence.
Previous evaluations of fat grafting mainly relied on the
subjective assessment of 2-dimensional (2D) photographs or
questionnaires for patients.16 Although some measurement
methods existed that could provide objective values such as
the anthropometric method, water displacement, thermoplastic casting, computed tomography (CT), magnetic resonance
imaging (MRI), and ultrasonography, these can be inaccurate, cumbersome, and time-consuming.17-21 Currently, 3-dimensional (3-D) technology has become more important in
plastic surgery. Its accuracy and validation in evaluation of facial fat grafting has been proved by our group.22 Moreover, the
term percentage volume maintenance has emerged as a promising indicator in evaluating the effect of fat grafting with 3-D
technology.23 However, previous articles about 3-D tech-

Key Points
Question Which of 3 fat-processing techniques results in better
volume retention in recipient sites in autologous fat grafting to
correct facial asymmetry?
Findings This randomized clinical trial using 3-dimensional
volumetric analysis found that the cotton pad filtration technique
demonstrated a statistically higher percentage of volume
maintenance of grafted fat in comparison with the centrifugation
and sedimentation techniques within a 1-year follow-up period.
Meaning Autologous fat processed by means of a cotton pad
filtration technique is an effective method of fat grafting that
improves the volume retention of grafted fat.

niques have not gone beyond emphasizing the importance of
a certain fat-processing technique. Thus, the aim of this study
was to compare different fat-processing techniques (sedimentation, centrifugation, and cotton pad filtration) with 3-D volumetric analysis and then to objectively determine the optimal fat-processing technique.

Methods
Patients
From September 2015 to December 2016, 63 patients with facial asymmetry undergoing initial facial fat grafting at the Plastic Surgery Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, were enrolled in this study. They
were randomly allocated to 1 of 3 fat-processing groups: sedimentation, centrifugation, or cotton pad filtration (Figure 1).
Patients underwent 3-D facial scanning preoperatively and

Figure 1. CONSORT Flowchart
82 Patients assessed for eligibility

19 Excluded
6 Did not meet inclusion criteria
8 Declined to participate
5 Pregnant

63 Randomized

E2

21 Randomized to receive cotton
pad filtration technique
19 Received cotton pad filtration
technique as randomized

21 Randomized to receive
centrifugation technique
17 Received centrifugation
technique as randomized

21 Randomized to receive
sedimentation technique
17 Received sedimentation
technique as randomized

4 Lost to follow-up
5 Discontinued cotton pad
filtration technique
5 Sought additional surgery
before last follow-up

3 Lost to follow-up
4 Discontinued centrifugation
technique
4 Pregnant

5 Lost to follow-up

10 Data assessed for analyzability
10 With analyzable data included
in the analysis

10 Data assessed for analyzability
10 With analyzable data
included in the analysis

12 Data assessed for analyzability
10 With analyzable data
included in the analysis
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postoperatively at 1-, 3-, 6-, and 12-month follow-up with the
Artec Spider 3D Scanner (Artec 3D). The protocol (Supplement
1) was approved by the Ethical Institutional Committee of the
Plastic Surgery Hospital, Chinese Academy of Medical Sciences and registered with ChiCTR (ChiCTR-IOR-14005599). After written informed consent was obtained, patients who did
not complete preoperative or postoperative follow-up and 3-D
imaging were excluded.

Surgical Techniques
The procedure was performed under sedative anesthesia in
clinic operating rooms. Apart from different fat-processing
techniques, the fat-harvesting and fat-injecting techniques applied were the same for patients. The lower abdomen was chosen to be the donor site for all patients. After infiltration with
tumescent solution, fat tissue aspiration was manually performed using a blunt-tipped cannula (2.5 mm in diameter) connected to a 20-mL syringe. Next, the harvested fat was washed
with normal saline twice and then processed with one of the
following fat-processing techniques: (1) For the sedimentation technique, the syringes filled with lipoaspirates were held
upside down statically for 15 minutes to let gravity separate
the contents into distinct layers. The top layer of fatty oil was
decanted, and the bottom aqueous layer was drained away
through the syringe’s outlet. The remaining middle layer of fat
tissue was then transferred for fat grafting (eFigure 1A and B
in Supplement 2). (2) For the centrifugation technique, the syringes were placed in a centrifuge and spun at 1000 rpm (161
g) for 3 minutes. Similarly, the top free lipid and lower mixture of fluids, blood cells, and cellular debris in the syringes
were discarded. Similarly, the middle layer of refined fat tissue was reserved for fat injection (eFigure 1C and D in
Supplement 2). (3) For the cotton pad filtering technique, harvested fat was directly poured from each syringe onto a sterilized cotton pad (30 × 20 × 1.5 cm), which was wrapped with
multiple pieces of gauze. The aspirated fat was gently rolled
and kneaded along the cotton pad using a sterile scalpel handle
for 5 minutes, allowing the oil and aqueous portions to be absorbed by the cotton pad. Finally, the residual fat tissue left
on the cotton pad was collected for implantation (eFigure 1E
and F in Supplement 2). The volume of injected fat was recorded in milliliters.
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as the reference, and the postoperative image (Figure 2B) was
automatically matched with the reference to integrate 3-D superimposed data by a best-fit algorithm. The 3-D superimposition was an integral image showing the difference between
preoperative and postoperative data, which can be manifested by a 3-D chromatogram (Figure 2C). From this colored
hypsography, the zone of facial discrepancy was highlighted
and used to select the recipient sites. Moreover, the depth of
morphological changes was also noted. Next, the software’s
cutting tool was used to eliminate irrelevant areas of preoperative and postoperative data, generating 2 sectional models in the recipient sites (Figure 2D). The spatial region (arrowhead) between the preoperative and postoperative models can
be regarded as the increased area of soft-tissue augmentation
(Figure 2E). The volume difference was precisely calculated
with a Boolean operation by means of 3-matic 7.0 (Materialise) software, with the result measured in cubic millimeters.
Finally, the percentage volume maintenance of grafted fat was
obtained using the following equation: volume maintenance
(%) = (3-D volume difference/injected fat amount) × 100.

Statistical Analysis
Statistical analysis was performed with SPSS, version 17.0. The
percentage volume maintenance in the 3 fat-processing groups
was calculated with 3-D technology and was analyzed with
variance analysis, which was expressed as mean (SD). A value
of P < .05 was considered statistically significant. In other studies, patient sex, age, fat-processing group, and body mass index (BMI) at 1-, 3-, 6-, and 12-month follow-up have been associated with the percentage volume maintenance, so these
variables were recorded and analyzed with covariance analysis to estimate the reliability of the study.

Results

The facial scanning was obtained preoperatively and postoperatively at 1-, 3-, 6-, and 12-month follow-up through the Artec
Spider 3D Scanner, with high resolution (up to 0.01 mm) and
superior accuracy (up to 0.03 mm). During image acquisition, patients were instructed to close their eyes and sit upright, with the Frankfurt horizontal plane parallel to the ground.
A skilled technician held the scanner to capture facial images
with an optimum object-to-scanner distance of 450 to 700 mm.
The total scanning time was approximately 10 seconds. If the
patient moved during the scan, the procedure was repeated.
After image acquisition, the preoperative and postoperative 3-D data were converted into reverse-engineering software Geomagic Qualify 12.0 (Raindrop Geomagic) for image
registration. The preoperative image (Figure 2A) was defined

Of the 63 randomized patients with a diagnosis of facial asymmetry, 30 (7 men, 23 women) completed follow-up after undergoing initial facial fat grafting. The mean (SD) age of these
patients at surgery was 22.2 (8.0) years. In the lipotransfer, all
fat used was harvested from the abdomen, and the mean volume of fat injected in the face was 27.5 mL. Patients obtained
excellent outcomes, and no early or late complications were
recorded. However, among the patients who did not complete follow-up were 5 in the cotton pad filtration group who
were too impatient to wait until 12-month follow-up before undergoing further facial plastic surgery procedures. Other patients in the centrifugation and sedimentation groups completed the first 3 follow-up visits but did not do the 3-D scanning
at 12-month follow-up. Thus, 8 cases were excluded at 12month follow-up.
The operation of the 3-D scanner and the volumetric calculation using the 3-D software was performed by the same
technician (B.L.). The percentage volume maintenance in each
fat-processing group in the 30 cases was recorded (eTable 1 in
Supplement 2). The mean (SD) percentage volume maintenance at 1-, 3-, 6-, and 12-month follow-up was, respectively,
49% (4%), 45% (3%), 43% (3%), and 41% (3%) for the cotton
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Figure 2. Three-Dimensional (3-D) Volumetric Analysis
A Preoperative 3-D image

B

C

Postoperative 3-D image

3-D chromatogram comparing preoperative
and postoperative 3-D data
9.893
8.359
6.826
5.292

A001
D:
Dx:
Dy:
Dz:

4.976
2.104
−2.947
3.413

3.759
2.225
0.692
−0.692
−2.225
−3.759
−5.292
D Volume difference in recipient sites after cutting

E Volume difference of increased fat grafts

The arrowhead in E indicates the spatial region between the preoperative and
postoperative models, which can be regarded as the volume difference of the

increased fat grafts. D indicates distance; Dx, x-axis distance; Dy, y-axis
distance; Dz, z-axis distance.

pad filtering group; 41% (3%), 38% (4%), 36% (4%), and 34%
(3%) for the centrifugation group; and 37% (4%), 34% (4%), 31%
(3%), and 31% (3%) for the sedimentation group. These data
showed that grafts processed by means of cotton pad filtration had the highest percentage volume maintenance, followed by the centrifugation and sedimentation methods. Variance analysis revealed that the cotton pad filtering group
demonstrated a statistically significant higher percentage volume maintenance in comparison with the centrifugation group
and the sedimentation group at 1-, 3-, 6-, and 12-month follow-up (eTable 2 in Supplement 2).
Covariance analysis revealed that the fat-processing
method was associated with the percentage volume maintenance (eTables 3-6 in Supplement 2). Factors such as sex, age,
and BMI at 1-, 3-, 6-, and 12-month follow-up had no association with the percentage volume maintenance (eTables 3-6 in
Supplement 2). These results confirmed that the superiority
of cotton pad filtration was not confounded by other factors.

Facial asymmetry is a group of complex deformities that feature differences in the location of anatomic landmarks, and in

the volume of tridimensional surfaces. Herein we summarize
the outcomes of 1 patient with a diagnosis of hemifacial microsomia in each fat-processing group. Using the cotton pad
filtering technique, 35 mL of purified fat was injected into the
right side of the face of a 19-year-old woman. With 3-D volumetric analysis, the zone of facial discrepancy was clearly highlighted and the depth of morphological changes was noted at
1-, 3-, 6-, and 12-month follow-up (Figure 3B-E). The facial volumetric difference for this patient at 1-, 3-, 6-, and 12-month follow-up was, respectively, 15.770 mL (eFigure 2 in Supplement
2), 15.484 mL (eFigure 3 in Supplement 2), 15.227 mL (eFigure 4 in Supplement 2), and 14.551 mL (eFigure 5 in Supplement
2). The percentage volume maintenance was 45%, 44%, 44%,
and 42%. Using the centrifugation technique, a 19-year-old
woman was treated by facial fat grafting on the left side of the
face. The injected fat volume was 29 mL; postoperative 3-D
chromatograms at 1-, 3-, 6-, and 12-month follow-up
(Figure 4B-E) showed percentage volume maintenance of, respectively, 42%, 39%, 38%, and 36%. Using the sedimentation technique, 25 mL of purified fat was implanted into the
left side of the face to obtain facial symmetry for a 20-yearold woman. Results from 3-D colored hypsography were pre-
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Figure 3. Three-Dimensional (3-D) Volumetric Analysis of Cotton Pad Filtration Technique
A Preoperative clinical photograph

B

C

3-D chromatogram at 1-mo follow-up
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A001

7.986
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D:
Dx: 0.626
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Dz: 1.044

6.484
4.981
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D:
Dx: 0.694
Dy: −0.978
Dz: 1.087

−4.513

3-D chromatogram at 12-mo follow-up

9.488

A001

−1.833

−1.813

D 3-D chromatogram at 6-mo follow-up

3-D chromatogram at 3-mo follow-up
9.873

F

Postoperative clinical photograph at 12-mo follow-up

A001
1.482
D:
0.538
Dx:
Dy: −0.887
1.058
Dz:

3.479

1.834

1.977

0.494
−0.494

0.474
−0.474

−1.834
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−1.977
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sented at 1-, 3-, and 6-month follow-up (Figure 5B-D). The percentage volume maintenance was, respectively, 37%, 33%, and
32%.

Autologous fat has already been accepted as an excellent softtissue filler in correcting facial asymmetry, given its abundance, ease of harvest, and natural appearance. However, many
patients have needed repeated fat grafting because of the
variable rate of fat absorption. Thus, surgeons go to great
lengths to carefully process the harvested fat in the hope of
improving the volume retention of the grafts. The proper fatprocessing technique should maximize the volume of viable
and intact fat granule while minimizing trauma and removing nonviable components of lipoaspirates such as free lipids
from ruptured adipocytes, tumescent solution, blood cells,
and debris.11,24,25 In evaluating the efficacy of fat grafting, some
surgeons have used 2-D photographs or questionnaires before and after surgery.16 However, these methods are subjective. Some investigators have advocated measuring tools such
as the anthropometric method, animal experimentation, or
water displacement; however, these have been criticized as
being inaccurate and impractical. Other scholars have
promoted objective measurements such as CT, MRI, and
ultrasonography.17-20 Although CT has long been successful in
capturing details of hard tissues, it cannot image soft tissues

precisely. Moreover, exposure to multiple CT scans is associated with potential radiation exposure and high cost. Although MRI and ultrasonography are adaptable for imaging soft
tissues, these techniques cannot distinguish the transferred
fat from fat tissues previously at the implantation sites. In addition, patients must stay in a supine position when examined by CT or MRI, and any position changes will affect the
volumetric calculation of grafts.26 On the basis of a thorough
review of the present scientific literature and clinical experience, the American Society of Plastic Surgeons Fat Graft Task
Force proposed that no consensus statement be issued on
which fat-processing technique is superior to the others unless there is evidence-based and comparative study.27
Recently, 3-D technology has been introduced to evaluate the efficiency of fat grafting with the metric percentage volume maintenance.23 Although metrics such as graft take or percentage survival28 also suggest the ability to quantify the
volume of grafted fat, this is unscientific in clinical practice because it is the volume that we can measure objectively and not
the adipocyte survival. Therefore, we do not speak of percentage survival in evaluating fat grafting but recommend use of
the term percentage volume maintenance. The structure of the
face is tridimensional, and 3-D technology serves as a valuable tool to capture photorealistic images of facial soft tissues. The Artec Spider 3D scanner used in the present study
weighs only 850 g, making it portable and convenient to use.
There is no need for markers to be placed on patients’ faces,
and there are no complicated post-processing procedures.
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Figure 4. Three-Dimensional (3-D) Volumetric Analysis of Centrifugation Technique
A Preoperative clinical photograph

B

C

3-D chromatogram at 1-mo follow-up
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The scanner can capture up to 7.5 frames per second and ultimately obtain brilliant color, as well as high-resolution, accurate
3-D images. After scanning, the preoperative and postoperative
data were analyzed with 3-D software for volumetric analysis. To
acquire precise volumetric changes in the recipient sites, we used
the best-fit module to automatically compare the preoperative
and postoperative images. Based on this accurate registration,
volumetric discrepancies of facial asymmetry can be visually
manifested with a 3-D chromatogram. Then, detailed information including the depth and the volume difference of facial discrepancy can be objectively quantified.
Previous 3-D research has emphasized the importance of
one fat-processing technique or another without reporting any
data that objectively compare techniques with 3-D technology. For the sedimentation technique, no evidence has been
provided to quantify the 3-D volume retention. For the centrifugation technique, no consensus has been accepted because various centrifuge speeds in surgery produced different outcomes. Guibert et al 29 reported that the volume
retention for 11 children treated with centrifuged fat (3000 rpm,
2 minutes) was 41% at 3-month follow-up and 36% at 6-month
follow-up. Meier et al3 found a mean percentage volume maintenance in aesthetic surgery of 31.8%, without centrifugation
parameters mentioned. For the cotton pad filtration technique, few 3-D volumetric analyses have been investigated. Use
of filter media such as cotton gauze or cotton towel has been
reported in animal experiments, but weight or volume of grafts
has been measured with rough tools.14 The sole finding of adequate precision is that of Gerth et al,30 who reported a 3-D
E6

F

3-D chromatogram at 12-mo follow-up

10.400

A001

0.520
−0.520

−2.166

D 3-D chromatogram at 6-mo follow-up

3-D chromatogram at 3-mo follow-up

volumetric retention with closed-membrane filtration of 41.2%.
Moreover, this finding was significantly higher than the 31.8%
noted in their prior study with centrifugation. In addition, they
supposed that purer grafted fat with less contamination led to
the increased graft volume. Our findings coincide with their
conclusion. The cotton pad filtration method demonstrated a
statistically significant higher percentage volume maintenance in comparison with the centrifugation and sedimentation techniques during the entire follow-up period. A higher
proportion of oil and aqueous contents were filtered out and
a higher concentration of fat contents was reserved for implantation. In contrast, the oil and aqueous portions were not
drained adequately in the sedimentation method. Additionally, more manipulation was used in centrifugation, which may
result in higher fat absorption than cotton pad filtration. Moreover, factors such as sex, age, and BMI at 1-, 3-, 6-, and 12month follow-up were not associated with the percentage volume maintenance, which helps to eliminate bias and increase
the reliability of this study.

Limitations
This study has some limitations. Patients underwent 3-D scanning preoperatively and at 1, 3, 6, and 12 months postoperatively. The poor adherence of patients was the main concern.
The cost of several follow-up visits was high and troublesome. Some patients were too impatient to wait until 12month follow-up and sought other facial esthetic surgical procedures. Other patients, although they completed the first 2
or 3 follow-up visits, did not do the subsequent 3-D scanning.
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Figure 5. Three-Dimensional (3-D) Volumetric Analysis of Sedimentation Technique
A Preoperative clinical photograph

B
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The number of follow-up cases needs to be increased and emphasized in further study.

Conclusions
Three-dimensional technology is an objective and effective
way to quantify facial volumetric differences in fat grafting.

In this comparative study, cotton pad filtration demonstrated a statistically significant higher volume retention
of grafted fat in comparison with the centrifugation
and sedimentation techniques. The superiority of the cotton
pad filtration makes it worthwhile for clinical application.
The long-term volumetric retention of transplanted fat
needs to be elucidated further, and these studies are
under way.
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