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SUMMARY

Facial fat grafting is used to restore volume deficiencies of the face as well as for improvement 
of the appearance of soft tissue after other surgical procedures. Fat grafts can add volume at 
the recipient site, but unfortunately some of the added volume decreases with time, particularly 
during the first year after transplantation. Commonly, studies that have researched facial fat 
grafting use different grafting techniques and non-validated measurement tools to assess the 
outcome of facial fat grafting. Therefore, a comparison of the results of fat grafting between 
studies is difficult. The overall aim of the research described in this thesis was to assess the 
volumetric outcome and patients’ satisfaction of facial fat grafting when applying the currently 
best processing technique and validated measuring tools.

In Chapter 2, a systematic review of literature was described to find the most optimal processing 
technique for facial fat grafting. PubMed, Embase, Cinahl, and Cochrane databases were 
searched until August 2015. Studies comparing different fat grafting processing techniques 
were included that assessed the outcomes viability of adipocytes, number of adipose-derived 
stromal/stem cells (ASC) and growth factors in vitro, volume and quality of the graft in animal 
studies, and satisfaction and volume retention in human studies. Thirty-five studies were included 
in this systematic review. Adipocyte viability and ASC numbers were optimal using the gauze/
towel technique (permeability principle) compared to centrifugation. The animal studies’ and 
patients’ satisfaction results were not distinctive. The only study assessing volume retention in 
humans showed that a wash-filter device performed significantly better than centrifugation. 
It was concluded that processing techniques using permeability principals prove superior 
to centrifugation (reinforced gravity principle) regarding viability and ASC number. Due to 
the variety in study characteristics and reported outcome variables, none of the processing 
techniques demonstrate any clinical evidence. Based on the outcome of the systematic review, 
it was decided to use the wash/filter technique in our clinical study.

The goal of Chapters 3 and 4 was to develop reliable measurement tools to assess the clinical 
objective and subjective outcome of facial fat grafting. In Chapter 3 a new three-dimensional 
(3D) volumetric analysis based on a personalized aesthetic template is presented. Accuracy 
and reproducibility of this new 3D method were assessed. Six female volunteers were 
photographed using the 3dMDtrio system, according to a clinical protocol twice at baseline 
(T1) and after one year (T2). A styrofoam head was used as a control. A standardized aesthetic 
template was morphed over the baseline images of the volunteers using a coherent point drift 
algorithm. The resulting personalized template was projected over all sequential images to 
assess surface area differences, volume differences and RMS errors. It was shown that in the 12 
well-defined aesthetic areas, the mean average surface area and volume differences between 
the two T1 images ranged from 7.6 to 10.1mm2 and  -0.11 to 0.13cm3 respectively. T1 RMS 



172

Chapter 10

errors ranged between 0.24-0.68mm (sd 0.18-0.73). Comparable differences were found 
between the T2 images. An increase in volume between T1 and T2 was only observed in 
volunteers who gained in body weight. It was concluded that personalized aesthetic templates 
are an accurate and reproducible method to assess changes in aesthetic areas.

Subjective outcome after aesthetic facial surgery can be assessed by patient reported outcome 
measurements such as the often used FACE-Q questionnaire. It is poorly researched what the 
average scores of normal satisfaction are and if age effects the normal satisfaction of facial 
appearance. Therefore, in the study described in Chapter 4, the effect of age to average facial 
appearance satisfaction was assessed in women who never received any kind of aesthetic 
facial procedures. Dutch women aged between 18 and 85 years from all over the country were 
randomly asked to participate and fourteen modules of the validated FACE-Q questionnaire 
were examined. The data were analyzed as a function of age (18-30 years, 30-39 years, 
40-49 years, 50-59 years, 60+) by a Kruskal-Wallis test. 155 of the 180 volunteers who 
signed the informed consent completed the FACE-Q questionnaires. The median satisfaction 
of the “Facial appearance overall” module was 59 (IQR 51-70). Although older women 
gave significantly higher scores for the aging face modules such as wrinkles, lip-lines, upper 
eye lids, and nasolabial folds, there were no significant association between age and the 
scores for the module “facial satisfaction overall” (p=0.776). Low psychological wellbeing 
scores were strongly associated with low satisfaction scores with overall facial appearance 
(0.621, p<0.001). It was concluded that satisfaction with overall facial appearance was not 
associated with age in women who have had not been subjected to any kind of aesthetic facial 
procedures.

The overall aim of this thesis was to assess the volumetric outcome and patients’ satisfaction 
of facial fat grafting when applying the currently best processing technique and validated 
measuring tools. This research question is researched in Chapter 5. Therefore, an observational 
study is described assessing the overall and more specifically the local volumetric effects 
of facial fat grafting. These effects were related to patients’ satisfaction up to one year after 
grafting. Equal fat grafting methods were used in all patients. Outcome parameters (3D 
volume differences (3dMD), patient satisfaction (FACE-Q questionnaire)) were measured at 
baseline, and 6 weeks, 6 months and 12 months after fat grafting. Of the 33 female patients 
that underwent a facial fat graft procedure, 23 patients had complete 3D data and were 
eligible for analysis. Highest volume gain was observed 6 weeks after grafting and was 
followed by a gradual loss thereafter. Overall and in the zygomatic area, a substantial gain in 
volume was still present 1 year after grafting, while this effect was lost in the lip area. FACE-Q 
scales “Satisfaction with facial appearance overall” and “satisfaction with cheeks” improved 
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too, while "lip lines" returned to baseline levels. The improvement in FACE-Q scales was in 
agreement with the objective change in volume. It was concluded that the gain in overall and 
local volumetric effects is accompanied by comparable changes in patients’ satisfaction.

One of the patients initially included in the study described in Chapter 5 became pregnant 3 
weeks after the fat grafting procedure. It is known that weight gain can affect the volume of a 
facial fat graft, resulting in unfavorable asymmetries. Weight gain during pregnancy is even 
more complex and does not just entail an increase in adipose tissue. Therefore, in Chapter 6 
we objectified in this patient whether pregnancy results in volume changes of a facial fat graft. 
The 24-year-old female received a fat graft (7ml) in the mandibular area to mask a volume 
deficiency. This deficiency occurred after a fibula reconstruction of a mandibular defect resulting 
from the removal of an ameloblastoma. Standardized three-dimensional photographs (3dMD) 
were available preoperatively, and at 7 weeks (first trimester), 6 months (second trimester), 
9 months (third trimester), and 14 months (4 months after delivery) postoperatively. Three-
dimensional analysis revealed that no substantial volume changes of the fat graft occurred 
during pregnancy other than the overall proportional gain in facial volume. It was concluded 
from this case that pregnancy apparently does not affect the volume of a small unilateral fat 
graft applied in the facial region.

It has been hypothesized that addition of adipose derived stromal cells (ASCs), e.g. as present 
in stromal vascular fraction (SVF), to a regular fat graft may improve the volume retention of the 
fat graft. Therefore, we assessed in the studies described in Chapters 7 and 8 whether it might 
be feasible to use SVF for future trials. Intraoperative application of stromal vascular fraction 
(SVF) of adipose tissue requires a fast and efficient isolation procedure of adipose tissue. In a 
similar fashion to selecting the best method for facial fat grafting, we systematically reviewed 
the literature to assess and compare procedures currently used for the intraoperative isolation 
of the enzymatic processed single cell SVF (cSVF) and mechanically processed tissue-derived 
SVF (tSVF) that also contains extracellular matrix (Chapter 7). Pubmed, EMBASE and The 
Cochrane Central Register of controlled trials databases were searched for studies that compare 
procedures for intraoperative isolation of SVF (searched 28th of September, 2016). Outcomes 
of interest were cell yield, viability of cells, composition of SVF, duration, cost and procedure 
characteristics. Procedures were subdivided in procedures resulting in a cSVF or tSVF. Thirteen 
out of 3038 studies were included, evaluating eighteen intraoperative procedures, were 
considered eligible. In general, cSVF and tSVF intraoperative procedures had comparable 
cell yield, cell viability and SVF composition compared to a non-intraoperative (i.e. culture 
lab-based collagenase protocol) control group within the same studies. The majority of 
intraoperative isolation procedures are less time consuming than non-intraoperative laboratory 
procedures. We can conclude that intraoperative isolation procedures are less time-consuming 
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than non-intraoperative procedures with similar cell yield, viability of cells and composition of 
SVF and therefore more suitable for use in the clinic. Nevertheless, none of the intraoperative 
isolation procedures could be designated as preferred procedure to isolate SVF.

Before intra-operative isolation procedure (tSVF) can be applied in the clinic for non-
homologous use it has to be assessed whether the sterility and purity of a fractionation of 
adipose tissue (FAT procedure) procedure for obtaining SVF is acceptable (Chapter 8). The 
FAT-procedure was performed following elective clinical liposuction procedures in three 
patients. Two aliquots of tissue (A and B) were obtained from of each the four phases of the FAT 
procedure (in total 24 samples). Each aliquot was tested for bacterial growth using Agar plates 
and a non-selective highly sensitive Fastidious Bacteria (FB) broth. The supernatant from the 
tissue samples was subjected to an endotoxin test (in total 12 samples). None of the samples 
yielded bacterial outgrowth on standard Agar plates. In our opinion, the FAT procedure can be 
safely applied for therapeutic use from a sterility and purity point of view.

In the general discussion (Chapter 9) the results of the studies described in Chapters 2-8 were 
discussed in a broader perspective and some perspectives for future studies are given.
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