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Summary: Obtaining regenerative cells from adipose tissue and their clinical use

has become one of the most popular subjects of plastic surgery. However, there is no
accepted classification in terms of methods. In this study, classification is proposed
for the first time as a new idea. Accordingly, stromal cells can be obtained from
adipose tissue by two approaches: direct methods for the bonds between parenchy-
mal and stromal cells, and indirect methods, which target parenchymal cells rather
than strong bonds, and increase the stromal cell ratio relatively. These methods
can also be subclassified as fat (+), fat (-), fat () in terms of using the remaining
fat in the final product as a graft. Direct methods include adinizing and enzymatic
techniques; indirect methods include emulsification and micro-fragmentation/
micronization techniques. In the enzymatic method, the fat tissue in the final prod-
uct is considered dirty because it contains enzymes and must be discarded. That
is why it is a fat (-) method. The adinizing method using ultra-sharp blades is fat
(+) because the adipose tissue after the procedure can be used. Because the fat tis-
sue is exposed to blunt pressure in emulsification techniques, it cannot be used as
a graft. Thus, these are fat (-) methods. In micronization techniques using filter
systems, there may still be intact adipocytes; therefore, it should be classified as fat
(). Adinizing provides both the highest efficiency and the full use of the end prod-
uct. This classification will guide clinicians in terms of choosing the right product.
(Plast Reconstr Surg Glob Open 2022; 10:¢4712; doi: 10.1097/GOX.0000000000004712;
Published online 13 December 2022.)

INTRODUCTION

The purpose of all regenerative applications from fat
is to expose the stromal cells. However, stromal cells in
adipose tissue are connected to parenchymal cells, namely
adipocytes, by very tight bonds and bridges.' There are
only two ways to obtain these cells: either by directly tar-
geting these ligaments and bridges and exposing the stro-
mal cells; or indirectly, the proportion of stromal cells is
increased, which is possible by eliminating or reducing
the parenchymal cells.

The general approach focused on two different meth-
ods: enzymatic and mechanical.” In this study, a new classi-
fication was presented for obtaining stromal from adipose
tissue using different criteria.
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NEW CLASSIFICATION

Direct Methods

Direct methods separate the stromal cells without
killing the directly affected parenchymal cells by the
bonds and bridges between parenchymal and stromal
cells.

A. Fat (+) methods: Adinizing is a method where
adipocyte and stromal cells are separated with
ultra-sharp blades; the fat tissue can be used after
the procedure and the ECM is preserved. Copcu
and Oztan named the final product obtained in
this method TOST (total stromal-cell).?

B. Fat (-) methods: These involve obtaining stro-
mal cells via enzymatic methods. The final prod-
uct is called SVF (stromal vascular fraction); the
fat obtained during this process is not used.” It is
considered waste because of the potential risk of
enzymes being in it. Sese et al* showed that the
main stromal cells are in the waste adipose tissue.
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The loss is about 90%), and almost 10 times as many
cells can be obtained by mechanical methods.”

Indirect Methods

The aim in these methods is to remove the parenchy-
mal cells completely or partially and to ensure that rela-
tively more stromal cells remain in the final product.

A. Emulsification: Adipocytes, which are extremely
sensitive to trauma, are emulsified by passing fat tis-
sue between two syringes with the help of a nanofat
connector’; stromal cells, which are more resistant
to trauma, remain in the environment. The prin-
ciple used here is Poiseuille law: The velocity of the
steady flow of a fluid through a narrow tube varies
directly as the pressure and the fourth power of the
radius of the tube and inversely as the length of
the tube and the coefficient of viscosity.” Because
the blunt pressure created removes the parenchy-
mal cells, they cannot be used for fat grafting.® So
this method is fat (-).

B. Microfragmentation/micronization: The aim is
to fragment and eliminate the parenchymal cells,
or to decrease their efficiency and increase the
relative stromal cell rate. For this purpose, filter,”
bead,” centrifuge,” membrane systems,'” and blunt
pressure systems are used.” In fact, there is little or
no amount of adipocyte spring in the final prod-
uct. Although these can be fat (+) depending on
the extent of the pressure applied in the proce-
dure, there will definitely be some adipocyte death;
so most of the adipocytes will never survive, as in
adinizing (Figures 1-2 and Supplemental Digital
Contents 1-6). (See table, Supplemental Digital
Content 1, which shows the main view of new clas-
sification.  http://links.lww.com/PRSGO/C306.)
(See figure 1, Supplemental Digital Content 2,
which shows the detailed explanations of new
classification for the methods of obtaining stro-
mal cells from adipose tissue. http://links.lww.
com/PRSGO/C307.) (See figure 2, Supplemental
Digital Content 3, which shows the appearance of
tools used in all techniques in obtaining stromal
cells from adipose tissue: enzymatic, mechanical
[ultra-sharp blades, emulsification, and microfrag-
mentation]). http://links.lww.com/PRSGO /C308.
(See Figure, Supplemental Digital Content 4, sche-
matic view of the ultra-sharp blade system and the
adinizing method. The bridges and bonds are cut
by ultrasharp blades without blunt pressure, and
parenchymal cells [adipocytes] can be used after
obtaining of stromal cells. http://links.lww.com/
PRSGO/C344). (See Figure, Supplemental Digital
Content 5, macroscopic views of the end product
in all methods, http://links.Jww.com/PRSGO/
C345). See Figure, Supplemental Digital Content
6, A schematic view of the general principles of
the ARAT [Adjustable Regenerative Adipose-tissue
Transfer] approach described by Copcu and Oztan.
A: Thicker adipocytes can be applied deep [eg,
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Takeaways

Question: How should the techniques of obtaining regen-
erative cells from adipose tissue be classified?

Findings: There are two purposes in all methods: either
the bonds and bridges between parenchymal and stromal
cells are directly targeted and they are eliminated, or by
applying blunt pressure or high force to the adipocytes,
the stromal cell ratio is relatively increased, and the stro-
mal cells are released. The use of adipocytes in the final
product should be considered.

Meaning: This classification allows the clinician to choose
the right path and scientists to evaluate existing prod-
ucts with a common approach. The highest efficiency is
achieved in the adinizing technique and adipocytes can
be used for grafting.

on the periosteum], whereas thinner ones can be
applied to the surface. This approach allows for
the application of fat grafts to different anatomical
areas and different depths, just as in the application
of hyaluronic acid. Thus, both more natural results
are obtained, and visibility complications are pre-
vented. MEST [Mechanical stromal-cell Transfer],
on the other hand, can be applied to any area that
requires regeneration. B: With ultra-sharp blades,
the stromal cells, which are connected to the
parenchyma with very tight bonds and bridges, are
released, whereas stromal cells in quiescent mode
are converted to regenerative mode. This should
be considered as simultaneous cell-enriched lipo-
transfer. In other words, ultra-sharp blades not only
allow adipocytes to reach the desired diameter, but
also reveal their regenerative properties. http://
links.lww.com/PRSGO/C346.)

DISCUSSION

The aim in enzymatic methods is to release the stro-
mal cells by dissolving the bonds between parenchymal
and stromal cells such as collagenase or trypsin.? However,
this process is considered biological drug production by
authorities such as the FDA and EMA, and ¢cGMP/GLP
standards must be provided for it to be performed.’
Enzymatic methods are much more expensive, more time-
consuming and complicated. They require more equip-
ment and staff than mechanical methods.” In addition,
because the adipose tissue used in enzymatic methods is
considered dirty, it must be discarded after the stromal
cell is obtained. In mechanical methods, the aim is to
cut the ligaments directly with ultra-sharp blades, which
was defined as “adinizing” by Copcu et al.'"' Mechanical
methods are classically defined as “emulsification” and
“micronization/microfragmentation.” The populariza-
tion of mechanical methods occurred with the definition
of “nanofat” by Tonnard in 2013, and it has become one of
the most widely published topics in the literature in recent
years.” However, although the term nanofat contains the
word “fat,” there are no viable adipocytes in the final
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1. DIRECT METHODS

Cell Count Report Cell Count Report 1/2
File name Date File name Date
ENZYME 23 Mar,, 2022, 15:23 ULTRA-SHARP BLADE 23 Mar., 2022, 16:29
Cell count results. Protocol Cell count results Protocol
[Total cell]: 1.03 x 107 cells/mL Protocol name: DEFAULT [Total cell]: 1.49 x 10”7 celis/mL. Protocol name: DEFAULT
[Nucleated cell): 2.16 x 10* cells/mL Dilution factor: 1.11 [Nucleated cell): 5.88 x 10* cells/mL Dilution factor: 1.11
[Non-nucleated cell]: 8.15 x 10* cells/mL Min. cell size: 3 ym [Non-nucleated cell]: 9.03 x 10* cells/mL Min. cell size: 3 ym
Viabillity of nucieated cell: 99.0 % Max. cell sizo: 60 ym Viabillity of nucleated cell: 95.0 % Max. cell size: 60 ym
Average nucleated cell size: 7.1 ym Size gating: 3 ~ 60 um Average nucleated cell size: 8.4 um Size gating: 3 ~ 60 um
Total cell number: 4626 Noise reduction: § Total cell number: 6688 Noise reduction: 5
Nucleated cell number: 969 Roundness: 60 % Nucleated cell number: 2636 Roundness: 60 %
Live nucleated cell number: 959 Fluorescence threshold: 5 Live nucieated cell number: 2505 Fluorescence threshold: 5
Dead nucleated cell number: 10 Groen exposure: § Dead nucleated cell number: 131 Green exposure: 8
Non-nucleated cell number: 3657 Red exposure: 4 Non-nucleated cell number: 4052 Red exposure: 7
Green calibrated value: 0x7AEQ Green calibrated value: 0x7AEQ
Red calibrated value: 0x5505 Red calibrated value: 0x5505
Cell Image (Average ntensty 70) Cell Image (Average ntensty. 85)

ENZYME GROUP ULTRA-SHARP BLADE
Nucleated cells 1216 X 106 Nucleated cells :5.88 X 106
Viability :99.0% Viability : 95.0%

Fig. 1. Detailed view of the direct methods. Dual fluoroscopy results, histopathological microscopic images, nucleated
cell count and cell viability are presented. 10 cc condensed fat was harvested from abdominoplasty specimen and used
for enzyme and mechanical methods with ultra-sharp blades. Cell viability and count were made by dual fluoroscopy
technique with acridine orange/propidium iodide stain. Histopathological assessment was made with hematoxylin
eosin staining X 500 magnification. Results of each technique were presented with reports of dual fluoroscopy and
microscopically. Cell amount and viability were also presented.
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2. INDIRECT METHODS

File name Date
FILTER 23 MAR,, 2022, 17:25
Cell count results Protocol

[Total cel]: 1.41 x 107 celis/mL. Protocol name: DEFAULT
[Nucieated coll]: 7.20 x 10* celis/mL Dilution factor: 1.11

[Non-nucieated cell]: 1.34 x 10 celis/mL
Viabillity of nucleated cell: 63.8 %
Average nucleated cell size: 9.9 ym
Total coll number: 6341
Nucieated cell number: 323

Live nucleated cell number: 206

Dead nucleated cell number: 117
Non-nucleated cell number: 6018

Coll Image (Average rtenssy. 49)

MICRO-FRAGMENTATION GROUP

Min. cell size: 3 ym
Max. cell sizo: 60 ym

Size gating: 3 ~ 60 um

Noise reduction: 5
Roundness: 60 %
Fluorescence threshold: 5
Green exposure: 5

Red exposure: 8

Green calibrated value: 0x7AEQ
Red calibrated value: 0x55D5

Nucleated cells

Viability

. 720X10°

1 063.8%

Cell Count Report

File name
CONNECTOR

Cell count results

[Total cell): 3.62 x 107 cells/mL.
[Nucleated cell]: 6.82 x 10* celis/mL.
[Non-nucieated cell): 3.55 x 107 celis/mL.
Viability of nucieated cell: 26.5 %
Average nucieated cell size: 3.3 um
Total cell number: 5408

Nucleated cell number: 102

Live nucleated cell number: 27

Dead nucieated cell number: 75
Non-nucleated cell number: 5306

Coll Image (Average ntensty 110)

1/2

Date
23 Mar,, 2022, 20:18

EMULSIFICATION GROUP

Nucleated cells
Viability

- 6.82X10°
1 26.5%

Fig. 2. Detailed view of the indirect methods. Dual fluoroscopy results, histopathological microscopic images, nucle-
ated cell count and cell viability are presented. 10 cc condensed fat was harvested from abdominoplasty specimen and
used for micro-fragmentation and emulsification techniques. Cell viability and count were made by dual fluoroscopy
technique with acridine orange/propidium iodide stain. Histopathological assessment was made with hematoxylin
eosin staining X 500 magnification. Results of each technique were presented with reports of dual fluoroscopy and
microscopically. Cell amount and viability were also presented.
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product.” The concept of micronization has a much lon-
ger history and was first used for drug administration in
1947." This term was mostly used in adipose tissue instead
of “microfragmentation,” and the first use of this concept
was by Carelli et al for a device in which stromal cells were
obtained mechanically from adipose tissue."”

Copcu and Oztan have published a rather detailed
review of mechanical methods.” In this study, they showed
the evolution of mechanical methods and presented them
in four steps. These are: Nanofat defined by Tonnard,” a
“beads” system defined by Tremolada,” a “connector and
filter system” defined by Cohen,® and, finally, ultra-sharp
blade systems defined by Copcu and Oztan," whose exten-
sive literature review showed that the highest efficiency
in terms of both cell number and viability is in the exact
blade systems. They called the cutting of fat tissues with
ultra-sharp blade systems “adinizing.” This method is not
microfragmentation because it directly targets the stromal
and parenchymal intercellular bonds, and while obtaining
stromal cells, the parenchymal cells are not damaged.

Copcu and Oztan described a new approach in fat graft-
ing applications and named it adjustable regenerative adi-
pose-tissue transfer.'" In this approach, the aim is to apply
different sizes of adipose tissue to different areas, as in hyal-
uronic acid filling applications. The authors have specu-
lated that this approach allows the liberated stromal cells to
switch from quiescent to regenerative mode, and provides
the desired diameter in adipose tissue using an ultra-sharp
blade system."" They named this approach simultaneous cell-
enriched lipotransfer. It has been proved histopathologically
that the integrity of the structure of the adipose tissue is pre-
served when the size of the adipose tissue is reduced from
4000 to 100 um."" This approach will be highly advantageous
in male and female genital applications, where a 400/600 pm
diameter fat graft will be applied in thin-skinned and super-
ficial areas, and at the same time significant skin improve-
ment will be achieved with regeneration." Similarly, while
large-diameter fat grafting can be placed intramuscularly in
breast tissue, applying a smaller diameter fat graft in areas
closer to the surface will both increase the chance of success
and reduce the risk of complications such as fat necrosis and
microcalcification.” This approach applies to high-volume
gluteal fat grafting. Preferring the desired fat size will not
only create the desired result, but also allow for regeneration
in the superficial area.'®

In order for the fat graft to be successful in radiation
injury and burn reconstruction, two basic problems must
be solved. These are high pressure and vascular insuffi-
ciency.'” The larger the fat graft, the higher the risk of
compression. Low-diameter adipose tissue in this area will
reduce the possibility of pressure. For vascular support,
the liberation of stromal cells will increase regeneration
or, in other words, angiogenesis, with cytokines.

CONCLUSIONS
Acceptance of this new classification will be a guide for
surgeons. The viability of the adipose tissue as the final
product has been shown, as well as the cell number and
viability of the existing methods. Thus, if both regenerative

application and fat grafting are planned in the same ses-
sion, the right product will be selected.
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