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General Discussion

GENERAL DISCUSSION

Facial fat grafting is used to restore volume deficiencies in the face as well as to improve soft 
tissue contours. In the maxillofacial region fat grafting can be used as a solitary procedure, 
but can also be used as an adjunct in orthognathic surgery and reconstructive surgery. 
Unfortunately, the volumetric effect after a facial fat graft procedure decreases, particularly 
during the first postoperative year.1-3

Thus far, studies aiming to evaluate the effect of facial fat grafting have used a variety of grafting 
techniques and non-validated measurement tools to assess the outcome. This variety impedes 
comparisons of the results of fat grafting between studies. Hence, there is still uncertainty as 
to which current fat grafting technique is the best and what volumetric result can be expected 
after facial fat grafting.4-6

The overall aim of the research described in this thesis was to assess the volumetric outcome 
of and patient satisfaction with facial fat grafting when applying the best current processing 
technique and validated measuring tools. First, the most optimal fat grafting technique was 
deducted from a systematic review of the literature. Next, a valid measurement tool was 
developed to reliably assess both the overall volumetric outcome and the local outcomes of 
facial fat grafting. After validating this measurement tool, the volumetric outcome and patient 
satisfaction after facial fat grafting were assessed in a clinical study. In the evolving field of 
facial fat grafting, the potential of adding a stromal vascular fraction (SVF) to a fat graft to 
improve graft retention was explored through a systematic review of the literature. Finally, the 
sterility and endotoxins of the fractionation of adipose tissue was tested. This is needed for the 
non-homologous use of SVF in clinical studies.

Processing techniques
As deducted from the systematic review of the literature (Chapter 2), processing techniques 
with the least mechanical stress, such as filtering and washing, are superior to centrifugation 
regarding adipocyte cell viability. This is supported by a study of routine fat grafting procedures 
which describes that adipocyte membrane leakage and disruption occurs due to centrifugation 
forces.7 This is an important observation as adipocytes are the main component of adipose 
tissue, making up more than 90% of its volume.8,9 Most processing techniques aim to keep the 
adipocytes viable to maintain the volume of the graft, but the question is whether processing 
techniques that yield a higher percentage of viable adipocytes in vitro also result in a higher 
retention of facial fat graft volume in vivo. It is still unknown whether the surviving adipocytes 
of the fat graft or the growth of new pre-adipocytes are responsible for the volume retention.
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The review revealed that closed washing systems have a slight advantage, supported by the 
only human 3D volumetric comparison study.10 Therefore, in 2015, we decided to use the closed 
washing system (PureGraft) for our clinical study. Ever since, a number of clinical studies was 
published that assessed the visible volumetric effect after different processing techniques.11-13 
Our choice for the closed-filter technique was supported by Wang et al.6 who concluded in 
their recent systematic review that, with regard to retention of the visible volumetric volume, the 
sedimentation technique is also inferior to filter-wash and centrifugation techniques. Although 
uncertainty remains as to which processing technique is the best for clinical studies, due to 
differences in study design, we consider the filter-wash (PureGraft) system that we have used 
for our clinical trial is one of the most optimal processing techniques to obtain a good volumetric 
effect.6

Measurement tools

Visible volume analysis
In the study described in Chapter 3, we used stereophotogrammetry to assess visible volume 
changes of the surface of the face. This technique has evolved into the leading tool for assessing 
visible volumetric effects as a function of time in facial fat grafting because it is patient friendly 
and easy to use.10-12,14,15 Many of the recently published articles on volumetric outcomes after 
facial fat grafting use the term volume retention after applying 3D stereophotogrammetry.6,10-12,16 
However, in our opinion, ‘volume retention’ is an incorrect term to use in fat graft studies 
because it encompasses more than visible chances of the surface, which cannot be measured 
with 3D stereophotogrammetry. True volume retention can be assessed by other modalities 
such as directly assessing the fat graft after excision (often used in animal studies) or indirectly 
by using MRI (often used in breast fat grafting)17-21. The final outcome of facial fat grafting is 
the visible effect at the skin surface which is, of course, very important for patients. Therefore, 
we used 3D stereophotogrammetry as a tool to measure what we termed the visible volumetric 
effect.

Chapter 3 describes the 3D stereophotogrammetry method that we developed and validated 
to measure volumetric changes of well-defined aesthetic areas in the face. This method uses 
personalized aesthetic templates to define the aesthetic areas. Previous clinical studies did 
not use standardized protocols that took facial expression into account and/or applied an 
inadequate reproducible determination of target areas.10,12,16,22,23 Doing a volumetric analysis 
from the developed clinical 3D protocol and applying an algorithm based projection of a 
standardized template was adequate for both overall and local assessments.
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The developed 3D method was shown to be very sensitive. In fact, it was so sensitive that even 
a slight gain in body weight resulted in an increase in visible volume of the face. This finding 
should be taken into account when interpreting the results of facial fat grafting as a function of 
time in future studies.

Patient satisfaction
The FACE-Q questionnaire used in the study described in Chapter 4 was designed for the 
assessment and validation of the outcome of aesthetic facial surgery. 24-26 First, it was translated 
and validated for application in The Netherlands. We tested the FACE-Q questionnaire on 
women who had not been subjected to any kind of aesthetic facial procedures and showed 
that satisfaction with overall facial appearance is not associated with age. Thus, it is in line 
with the original validation studies of the FACE-Q that assessed age-relatedness in patient 
populations that underwent aesthetic facial surgery.24-26

The obtained normal values for the Dutch population (Chapter 4) are important when measuring 
and comparing satisfaction with facial appearance after aesthetic surgical procedures. 
Namely, it is important to be able to judge whether the obtained effect is comparable with 
what is considered to be ‘normal’ in the Dutch population. A limitation of our study is that the 
Dutch average scores we obtained were not corrected for social economic status and cultural 
differences. The latter is an omission since intercultural differences may result in different normal 
scores with regard to aesthetic ideals and aesthetic demands.27 The great variety of subcultures 
and nationalities in The Netherlands makes it nearly impossible to define them all and to correct 
for any possible deviation from the Dutch average.

Clinical outcomes
The study described in Chapter 5 shows that patient satisfaction after fat grafting coincides 
with the overall and local visible volumetric effects of fat grafting. An increase in patient 
satisfaction was seen after 6 weeks followed by a slight decrease up to one year post surgery. 
This decrease in patient satisfaction was in line with the decrease in visible volumetric effects. 
Notwithstanding this decrease, overall patient satisfaction and visible volumetric effects were 
still significantly higher after one year compared to the preoperative scores.

Our study is one of the first studies to compare volumetric outcome and patient satisfaction as a 
function of time up to one year after facial fat grafting. Most studies either assessed the visible 
volumetric outcome11,12,28 or patient satisfaction29,30 as a function of time. The only other study 
that assessed both outcomes also reported a good match between volumetric outcome and 
patient satisfaction, but only measured them at two time points, preoperatively and one year 
postoperatively whereas we measured them at three time points, preoperatively and then 6 
weeks followed by one year postoperatively.16



156

Chapter 9

An interesting observation was that the recipient site appears to be a factor influencing the 
visible volumetric effect of the graft. The zygomatic area showed better volume retention after 
one year than the lip area. Although the important role of the recipient site with regard to 
retention of the fat graft was suggested by an earlier clinical study, it was based on differences 
in patient satisfaction for different areas.29 To the best of our knowledge, differences in the 
effect of fat graft volumes between different aesthetic facial areas in humans have never been 
objectified before in clinical studies using 3D volumetric measurement tools.

The role of the recipient site has gained more interest over the last few years. Currently, recipient 
site aspects such as vascularization, pro-adipogenic factors and physical/mechanical forces 
on adipocytes31 are considered as factors that influence the balance between degeneration 
and regeneration of the grafted adipose tissue as well as the final volume retention of a fat 
graft.

Although vascularization is often mentioned as an important recipient site factor influencing 
fat graft volume retention,32 Shi et al.33 showed that other factors are also involved. Despite 
intramuscular layers having better vascularization, the retained volume of the fat grafts injected 
into mice’ intramuscular layers was lower than in the fat pads. They suggested that tissue-
resident adipose stromal/progenitor cells play a leading role in fat graft retention in the fat 
pads by generating pro-adipogenic circumstances. Their hypothesis supports our finding 
(Chapter 5) that the visible fat graft retention in the zygomatic area (a fat pad site) was better 
than in the lip area (a subcutaneous and muscle layer site).

Physical or mechanical forces on adipocytes at the recipient site, such as pressure or movement 
of the recipient site, can also be linked to differences in visible fat graft retention between 
the lips and the zygomatic area. Adipocytes are mechanosensitive cells and it is posed that 
external mechanical forces on or the movement of adipocytes might negatively affect tissue 
growth and cellular function and thus influence fat graft survival.31 Supporting this hypothesis 
is the finding that muscular layers in mice retain a fat graft better after being immobilized by 
denervation compared to muscular layers which have not been immobilized.34

Another important observation (Chapter 5) was that the patients’ FACE-Q scores for 
‘preoperative psychological well-being’ were associated more strongly with the FACE-Q 
score ‘satisfaction with the result’ than the objective volumetric visible effect of the fat grafting 
procedure. Even though the objective result of the fat graft may be good, a patient may 
remain dissatisfied. This does not mean that surgeons should not operate on patients with low 
psychological well-being, but they should definitely be aware of the fact that the expected 
satisfaction with the results after facial fat grafting can be lower compared to patients with a 
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normal or high level of psychological well-being. Surgeons should discuss this issue with their 
patients and use the outcome of the discussion in their decision making as to whether they 
should or should not operate on patients with low psychological well-being.

On comparing the fat grafted patient population’s results with the control population’s 
normative dataset, a similar strong association was found between psychological well-
being and satisfaction with the overall facial appearance among women (Chapter 3). The 
women with low psychological well-being ratings gave significantly lower scores for overall 
satisfaction with their facial appearance. Apparently those two factors go hand-in-hand in 
all women. However, a major difference was that the average preoperative scores of the fat 
grafting patient population were lower than the controls’ scores.

Stromal vascular fraction
The last part of this thesis focused on the clinical application of stromal vascular fraction (SVF). 
According to the the systematic review (Chapter 7) it can be concluded that non-enzymatic 
intraoperative isolation procedures (tissue derived SVF (tSVF), also containing extracellular 
matrix) are less time-consuming than intraoperative enzymatic isolation procedures (single cell 
SVF (cSVF)) and that they result in similar cell yields, cell viability and composition of tissue-
derived SVF. Therefore, non-enzymatic isolation procedures (tSVF) are currently considered to 
be the most suitable for clinical use.

It is very important to point out the difference between the isolation techniques to obtain a 
SVF and the processing techniques to obtain a fat graft. Whereas the aim of the processing 
techniques is to maintain the adipocytes, the aim of the isolation techniques is to disrupt and 
remove the adipocytes in order to only obtain SVF. In contrast to the processing techniques 
where many different procedures are used, such as decantation, filtration or centrifugation, 
almost all studies recommend using a form of centrifugation for the SVF isolation procedures.

Besides the use of SVF as an additive to facial fat grafting, the potential regenerative capacities 
of SVF in fibrosis and osteoarthritis have gained attention in the last few years.35-38 Sterility 
and purity tests are mandatory for non-homologous clinical SVF applications i.e., therapeutic 
use in other structures than subcutaneous layers. However, those test are not mandatory for 
homologous use of SVF, such as subcutaneous injection. In the study described in Chapter 8, 
the sterility and purity (level of endotoxins) of the Fractionation of Adipose Tissue39, also known 
as the FAT-procedure, were tested. The FAT-procedure was chosen because this is one of the 
most optimal SVF isolation techniques (Chapter 7) and is already being used in a number of 
Dutch clinical trials for homologous use (subcutaneous). No contamination was seen in the 
standard contamination tests.
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Future perspectives

Outcomes
We introduced a reproducible measurement tool in Chapter 3 to measure volume differences 
between different aesthetic areas with the use of a personalized aesthetic template. This 
measurement tool enables a more standardized and automated selection of aesthetic areas 
and can be used in future clinical trials to compare different predefined aesthetic areas and to 
assess the role of the different recipient sites in facial fat grafting.

Although our 3D analysis method is accurate and can be used in the clinic, the template 
projection technique should be optimized further in order to reduce measurement variation. 
Moreover, standardized templates could also be designed for other types of facial surgery 
such as in oncologic resection patients, Graves ophthalmopathy patients, and cleft and 
syndromatic patients.

The clinical study (Chapter 5) focused on volumetric outcome as the primary aim and patient 
satisfaction as a secondary aim. It can be assumed that with the increased attention to 
personalized medicine, patient satisfaction will replace the volumetric outcome as the primary 
outcome of studies assessing the results of fat grafting.

The incorporation of personalized care as a leading decision factor in aesthetic surgery in 
order to adapt the procedure and expectations of the procedure to the perception of the 
patient was suggested by Selvaggi et al.40. The suggestion is only operate on those patients 
who are expected to appreciate the outcome of aesthetic facial surgery. The importance of this 
suggestion is underlined by our observation (Chapter 5) that patients with a low psychological 
well-being are more likely to be dissatisfied with the result of the facial fat graft. Nowadays, it 
is not standard for clinics to assess the preoperative psychological well-being with validated 
questionnaires. We feel that such an examination should be incorporated in the standard of care 
in the future. Preoperative questionnaires, such as the psychological modules of the FACE-Q, 
and their correlation to the expected results, may help patients and surgeons to gain better 
insight into the expected post-operative satisfaction. Expectation management can influence 
the decision on whether or not an aesthetic facial surgery will meet the patient’s goals. Further 
research is needed to refine the predictors for optimal patient satisfaction.

In addition to patient satisfaction and volumetric outcome, other factors have been suggested 
as outcome measurements after facial fat grafting, e.g., skin quality and pore size.41-45 These 
outcome variables are linked to the hypothesis that certain components of a fat graft, e.g., 
adipose stromal cells, have a regenerative potential. Chapter 3 reported that women within the 
normative dataset are very conscious of their skin quality. Apparently, no woman is perfectly 
satisfied with her facial skin, in contrast to the other parts of the face such as cheeks and lips. 
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Therefore, women in the general population are more likely to undergo facial fat grafting or an 
SVF injection to improve the skin than to correct volume deficiencies. Once fat grafting and / 
or SVF injections are indeed capable of improving skin quality significantly, skin improvement 
will potentially become another important indication to perform facial fat grafting for facial 
rejuvenation.

Techniques
As described in Chapter 5, and as discussed before, fat grafting had different volumetric effects 
during the follow-up period among the different recipient sites of the face. Chapter 5’s study 
design was observational and not specifically to assess the volumetric effects of fat grafting on 
different aesthetic areas. Further research is needed to get more evidence on whether there is a 
difference between aesthetic areas. We hypothesize that areas with fewer mechanical forces 
and containing adipose tissue (such as fat pads) provide a better environment for transplanted 
adipocytes to survive and may therefore result in better fat retention.

Optimization of the circumstances for fat grafts to retain their volume in the recipient area will 
gain increasing attention in studies on facial fat grafting, e.g., to create a better environment 
for adipocytes to survive or for pre-adipocytes to grow within the transplantation niche. 
Theoretically, this can be accomplished by optimizing the recipient site or by optimizing the 
graft itself.

Evidence for recipient site optimization, particularly through the enhancement of vascularization 
by soft-tissue expansion or carbon dioxide laser, is mostly based on preclinical evidence.46-48 
The only published human study described external tissue expansion before breast fat grafting.19

Optimization of a fat graft could be obtained by adding SVF to the fat graft (Figure 1). Some 
animal and human studies show that combining a fat graft with SVF results in significant 
improvement of the volumetric effects.12,18,21,49-52 The leading hypothesis for this effect is that 
the ASCs that are present in the added SVF secrete stimulating factors at the recipient site. 
These factors can improve adipocyte survival and/or stimulate pre-adipocytes to grow 
from the transplanted fat graft. Furthermore, SVF contains factors with pro-angiogenic and 
anti-inflammatory effects31,53,54. Yet, an unanswered question is: What is the most optimal 
concentration of SVF that has to be added?. Recently, no differences were reported when fat 
grafts were enriched with intra-operatively derived SVF or with different doses of lab-cultured 
ASCs (up to 20 times more cells).18

Another important research question is: Will the addition of SVF to a fat graft result in better 
visible volumetric effects than fat grafting alone when studied in a randomized placebo 
controlled clinical trial using validated 3D volumetric measurement tools?. Based on the 
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research in this thesis, our suggested optimal technique for enriching the fat graft would be a 
filter/wash processing method (Chapter 2) in combination with mechanical isolation to obtain 
tissue derived SVF (tSVF, Chapter 7). Both the FAT (fractionation of adipose tissue)55 and the 
REF (residual tissue of emulsified fat) 56 mechanical isolation procedures have given good 
results. These procedures can be combined  with facial fat grafting using a filter/wash method. 
None of the clinical studies published so far have used this combination for fat graft enrichment 
for humans.

Figure 1: Schematic illustration of fat graft enrichment. The lipoaspirate contains adipocytes, other cell types, 
including ASCs, and extracellular matrix in a mix of infiltration fluid, blood and oil originating from ruptured adipocytes. 
A fat graft results from a removal of blood, oil and infiltration fluid from the lipoaspirate. Stromal vascular fraction (SVF) 
results from an enzymatic or mechanical removal of adipocytes next to removal of infiltration fluid, blood and oil from 
the lipoaspirate. To enrich the fat graft, SVF is added to the fat graft.

As stated before, the potential of SVF is developing beyond its use as an additive to a fat graft. 
SVF derived from adipose tissue was shown to have anti-inflammatory properties.57,58 Therefore, 
it is hypothesized that injecting SVF into osteoarthritic joints (knee, temporomandibular joint 
(TMJ)) might reduce inflammation.59-62 This hypothesis is supported by an animal study where 
the exosomes of injected stromal cells induced an early reduction in inflammation (less pain and 
tissue degeneration) followed by restoration of the TMJ osteochondral tissues with increased 
matrix synthesis.63 Many bridges have to be crossed before the potential of SVF injections 
in TMJ osteoarthritis in human is met. Currently, the preparation and injection of SVF into the 
TMJ is labeled by the Dutch Central Committee on Research Involving Human Subjects as 
an Advanced Therapeutic Medicinal Product (ATMP). An intra-articular injection is seen as 
a non-homologous application of SVF (thus ATMP) whereas a SVF injection in a subdermal 
layer, as used in enriched fat grafting, is considered to be a homologous application. A non-
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homologous application requires additional sterility and purity tests during the SVF isolation 
procedure, such as performed in Chapter 8, which is mandatory before starting any clinical 
trial.

Conclusion
We designed and validated a 3D measurement tool to evaluate the visible volumetric outcome 
of and patient satisfaction with facial fat grafting. We proved an increase in both visible 
volumetric effect and patient satisfaction one year after regular facial fat grafting. Furthermore, 
satisfaction with the result is strongly associated with the patient’s preoperative psychological 
wellbeing. We provide clinicians with new insights for their decision making on whether or not 
to perform facial fat grafting in the individual subject.
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