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General Introduction

FAT GRAFTING

Facial appearance is an important function of the face.1 Within the spectrum of surgical 
procedures with an aesthetic objective, facial fat grafting is an established technique to restore 
facial volume, to correct volume deficiencies and to improve soft tissue contours in combination 
with, e.g., orthognathic surgery or reconstructive surgery.2-4

Fat grafting literally means transplantation of autologous adipose tissue to another part of the 
body. The term fat grafting is often used in the context of lipofilling: the injection of autologous 
adipose tissue, harvested by liposuction, into subcutaneous tissues.5,6 Fat grafting can be used 
in different locations of the body, but is mostly applied in the face and breast.7

Fat grafting is a widely applicable technique because adipose tissue is abundantly available 
in most subjects and the fat needed for the grafting can be easily obtained through manual 
liposuction.8,9 The injected adipose tissue, the so called fat graft, survives in the recipient site 
but, unfortunately, decreases in volume during the first year after transplantation.10 Although 
fat grafting is commonly applied, uncertainty still exists about the percentage of the retained 
volume of the fat graft. Researchers are pursuing predictable results to attain a proper insight 
into retainable fat volumes one year after grafting is important for the surgical planning of the 
procedure in order to meet the expectations of the patient.11,12

Unfortunately, the mechanism of fat graft retention is not clearly understood at this moment but 
a few theories exist. The “host cell replacement theory” states that the fat graft will necrotize 
and will be replaced by fibrotic tissue and/or new metaplastic adipocytes.13 The “cell survival 
theory” poses that the transplanted adipocytes will survive at the recipient site, particularly when 
viable adipocytes are transplanted to “favorable” recipient sites.14 In 2012, Eto et al.15 have 
introduced the “compensatory proliferation theory” which encompasses three different zones 
after fat grafting: the peripheral zone (adipocytes survive by plasmatic diffusion of oxygen 
and nutrients; adipose stromal cells (ASCs) survive), the regeneration zone (adipocytes die 
due to limited diffusion; ASCs survive) and the necrotic zone (both adipocytes and ASCs die). 
If ASCs survive in the regenerating zone, they become activated leading to the generation of 
adipocytes. In the latter theory, the thickness of the regenerating zone is an important factor for 
predicting the volume of the fat graft. However, the retention of adipocytes in the regenerating 
zone depends on the micro environmental conditions such as vascularity and attachment to the 
surrounding tissues.15 This dynamic remodeling of the “compensatory proliferation theory” is 
currently the most adhered to in literature16 whereupon it is hypothesized that adding ASCs to 
a fat graft may improve its volume retention.7,11,17
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FACIAL FAT GRAFTING TECHNIQUES

Several fat grafting techniques are available for harvesting, processing and injecting the 
lipoaspirate. One has to work gently at the donor site to get a substance that can pass through 
a thin injection cannula as well as to maintain a sufficient fraction of living adipocytes and other 
cells during the whole procedure from harvesting to injecting (Figure 1).8,9

For a long time, the so called Coleman technique was considered the gold standard. This 
technique includes infiltrating the subcutaneous adipose tissue of the donor site with a 
tumescent solution (saline with a local anesthetic) followed by liposuction with a small cannula 
under manual negative pressure. To get an optimal injectable graft, the lipoaspirate must be 
processed to remove infiltrated fluid and blood. The Coleman technique involves centrifuging 
the harvested adipose tissue at 3000 rounds per minute for 3 minutes.18 Many modifications to 
the Coleman technique have been proposed to improve the viability of the adipocytes and to 
optimize the graft: different tumescent solutions, different sizes of harvesting cannulas, different 
negative harvesting pressures and different processing techniques.8,9,19 It is not clear yet which 
processing technique is the best to give the highest yield of viable adipocytes and the highest 
volume retention.

Figure 1: Schematic illustration of processing the lipoaspirate. The lipoaspirate contains adipocytes and other 
cell types, including ASCs, extracellular matrix, infiltrated fluid, blood and oil originating from ruptured adipocytes. 
The goal of processing the lipoaspirate is to optimize the fat graft by removing any blood, oil and infiltrated fluid by 
centrifugation, washing, decantation and filtering.
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OUTCOMES OF FACIAL FAT GRAFTING

The outcome of facial fat grafting can be divided into objective (e.g., visible volumetric effect) 
and subjective (patients’ satisfaction).  Although many studies have tried to assess the effect 
of facial fat grafting, most did not use a validated measurement tool. This lack of a validated 
measurement tool hampers a valid comparison of the studies’ results.

Volumetric effect
3D stereophotogrammetry is currently the most used imaging modality to measure the visible 
volumetric effects of facial fat grafting. 3D stereophotogrammetry is a quick, non-invasive, 
non-irradiating and patient friendly method to capture the facial surface in order to calculate 
volume differences.20 Other modalities are computed tomography (CT) and magnetic 
resonance imaging (MRI), which focus more on volume retention of the graft than on the visible 
volumetric effect at the surface. Furthermore, on being injected into subcutaneous areas, the 
graft is not easy to distinguish from the other tissues present at the recipient site.

A 3D stereophotogrammetric image has a system accuracy of 0.2mm (euclidean distance).21,22 
However, additional factors may further decrease the accuracy in the clinical setting, such 
as facial expression during the imaging process and inaccuracies related to the analysis of 
sequential images (matching of pre- and post- operative surfaces or repetitive selection of 
target areas). An accumulation of system accuracies and clinical factors is defined as clinical 
accuracy but clinical accuracy is lower than the accuracy of the camera system itself.23

Most clinical studies that assessed the volumetric effects of facial fat grafting did not attempt 
to improve the clinical accuracy of 3D stereophotogrammetry. Many studies lack a protocol 
for standardized imaging.4,24-27 Furthermore, most volumetric outcome assessments of facial 
fat grafting were from the full face24,25 or from large, rather inaccurately, manually selected 
areas around the fat graft.4,26,27 Since the current techniques selected large areas, it is still 
not clear whether the volumetric effect of facial fat grafting is region dependent. It has been 
hypothesized that there might be a difference in the volume gained between the target areas, 
e.g., between the zygoma and lips.28

Patients’ satisfaction
Apart from the objective volumetric result of fat grafting, the subjective outcome (patients’ 
satisfaction) after facial fat grafting is of utmost importance. Patient reported outcome 
measurements (PROMs) are increasingly used for subjective assessments of facial surgery. 
Although some studies assessed patients’ satisfaction after facial fat grafting25,28, none of them 
applied validated PROMs.
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The most frequently used validated PROM for aesthetic facial procedures is the FACE-Q 
questionnaire29-31. The FACE-Q contains appraisal scales for different parts of the face as 
well as quality of life scales (including psychological function and social wellbeing).29-31 The 
FACE-Q questionnaire has not yet been used to assess the outcome of facial fat grafting. Even 
more remarkable is that, of the studies that used the FACE-Q to assess the subjective outcome 
of aesthetic surgery, such as facelifts, blepharoplasties and orthognathic surgery32-40, none 
of them included control groups. Thus, the question remains whether the observed effects on 
patient satisfaction are of clinical relevance. Normative FACE-Q data are not available, which 
is an omission since they could provide insights into the clinical relevance. Some of the issues 
that need to be answered are: Can an aesthetic procedure improve patient satisfaction? Are 
postoperative satisfaction scores comparable to pre-operative / non-operative levels?.

POTENTIAL REFINEMENT OF THE FAT GRAFTING 
TECHNIQUE

Over the last decade, adipose tissue has not only been considered to be a volume enhancer, 
but also that components of this tissue have potential regenerative effects. 7,11,41-44 It was 
hypothesized that adding ASCs to a fat graft might result in better volume retention.7,11,17 A fat 
graft can be enriched with ASCs by adding the stromal vascular fraction (SVF) of the adipose 
tissue to the fat graft.
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Figure 2. Schematic illustration of isolating a SVF from the lipoaspirate. Blood, infiltrated fluid, oil from dead 
adipocytes and disrupted adipocytes are separated from the SVF. The remaining SVF contains many different cell 
types, including ASCs.

A SVF contains all the non-adipocyte cell types found in adipose tissue including ASCs, 
endothelial cells, smooth muscle cells, immune cells and fibroblasts (Figure 2).45 The precise 
mechanism that explains the volume enhancement of a SVF enriched graft is unclear, but 
animal studies have shown that some SVF cells in the connective tissue express the Von 
Willebrand factor, suggesting that increased angiogenesis could be a part of their mechanism 
of action.46 SVF is isolated from the lipoaspirate by removing the adipocytes but as to which 
technique is most suitable clinically regarding cell yield, cell composition, duration, costs and 
the applicability in the clinic is not set yet.

AIMS

The general aim of the research described in this thesis was to reliably assess the clinical 
outcomes of facial fat grafting with respect to the visible volumetric effect of and the patients’ 
satisfaction with facial fat grafting. Therefore, a number of studies were performed:

1. to select the best processing technique for facial fat grafting on the basis of a systematic 
review of the literature (Chapter 2). That technique was used for clinical evaluation in the 
studies described in Chapters 5 and 6;

2. to develop a valid method to measure volumetric changes in well-defined aesthetic areas 
as well as to assess the reproducibility of this technique when applied to the volunteers’ 
sequential images after one year (Chapter 3);

3. to assess whether measuring facial appearance with different modules of the FACE-Q 
questionnaire is age related by asking different aged women who had never undergone 
any aesthetic facial procedures to fill in the questionnaire (Chapter 4). This study also 
provided normative values for the various modules of the FACE-Q with respect to the 
Dutch population;

4. to assess the overall and the local volumetric effects of facial fat grafting as well as to 
compare these effects with patients’ satisfaction up to one year after fat grafting using the 
measurement tools developed in Chapter 3 (Chapter 5);

5. to assess whether pregnancy affects the visible volume of a facial fat graft (Chapter 6);
 
In addition, we recognized the potential of adding ASCs to the fat graft to optimize its retention, 
hence:
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6. the literature was systematically reviewed to select the best technique to isolate SVF for 
clinical use (Chapter 7);

7. the sterility and purity of SVF, processed according to the best isolation technique resulting 
from the systematic literature review, were tested (Chapter 8).
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