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ABSTRAC T

Background: Facial fat grafts decrease in volume after transplantation. This observation is 
based on overall facial 3D analyses, since there is sparse information on volume changes in 
well-defined aesthetic areas. We aimed to assess the overall and more specifically the local 
volumetric effects of facial fat grafting and relate these effects to patient satisfaction up to one 
year after treatment.

Methods: All consecutive adult female patients who were scheduled for facial fat grafting 
without additional surgical procedures were asked to participate. In all patients the same fat 
grafting method was used. An algorithm based personalized aesthetic template was applied 
to define specific aesthetic areas on the preoperative 3D image (3dMD). Objective outcome 
parameters (3D volume differences, patient satisfaction (FACE-Q questionnaire)) were 
measured at baseline, and 6 weeks, 6 months and 12 months after fat grafting.

Results: Of 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 too, while “lines lips” returned to baseline levels. The improvement in 
FACE-Q scales was in agreement with the objective change in volume.

Conclusion: Gain in overall and local volumetric effects is accompanied by comparable 
changes in patient satisfaction.
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INTRODUC TION

Autologous facial fat grafting is a widely used procedure in aesthetic and reconstructive facial 
surgery. It is a simple and safe method using subcutaneous autologous fat harvested from 
donor sites such as thighs, hips and lower abdomen to correct tissue volume deficiencies.1 
Unfortunately, the gain in volume after facial fat grafting is not stable as it has been shown to 
decrease with time.1-4 It is unclear whether this is an overall loss of volume or if it is site specific. 
For example, it has been assumed that the recipient location5 and the recipient tissue type6, 
e.g., injection in fat pads, subcutaneous or intramuscular, might affect the amount of fat volume 
loss in the grafted area.

Objective assessment of the volume retention of the fat graft and the resulting visible volumetric 
effect have always been a challenge. Since the introduction of three-dimensional (3D) 
stereophotogrammetry in the clinical setting, this technique has evolved to the leading tool 
for assessing visible volumetric effects as a function of time.4,7-9 Most clinical studies used 3D 
stereophotogrammetry to assess the overall visible volumetric effect, i.e., the volumetric effect of 
the total face.10,11 Occasionally, attempts have been made to assess local effects by manually 
selecting large, not strictly predefined areas on 3D images.12-14 It is rather difficult to reproduce 
and analyse such, manually selected, specific aesthetic facial areas on sequential images. 
Recently, we developed an automatized 3D method to study overall and local volumetric 
changes in predefined local aesthetic areas of the face.15 This 3D method uses an algorithm16 
to morph a standardized aesthetic template to a patients’ face resulting in a personalized 
template that can be used to measure changes in volume on sequential images. Using this 
personalized template, overall and local volume differences of well-defined aesthetic areas 
can be calculated as a function of time.

Besides the objectively measured visible volumetric effect, it is very important to know how 
patients rate the change, if any, in their facial appearance after the facial fat graft procedure. 
The validated FACE-Q questionnaire is a common patient reported outcome measurement 
(PROM) in aesthetic facial surgery that can be used for this purpose.17-19 An advantage of the 
FACE-Q questionnaire is that different modules exist assessing overall satisfaction as well as 
satisfaction related to local areas of the face such as the cheeks, the lips and the nasolabial 
area.17-19

Yet, to the best of our knowledge, no studies are available in the literature linking local volume 
changes to patients’ perception of these changes. Therefore, the aim of the current study was to 
assess the overall and more specifically the local volumetric effects of facial fat grafting and to 
relate them to patient satisfaction up to one year after fat grafting.
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ME THODS

A prospective observational study was performed at the department of Oral and Maxillofacial 
Surgery of the University Medical Center Groningen, Groningen, The Netherlands. The study 
was approved by the medical ethical review board of the University Medical Center Groningen 
(protocol no. NL51511.042.14) and registered in the Dutch Clinical Trial Center (NTR5325).

Patient selection
All consecutive female patients, above 18 years, that were scheduled for a facial fat grafting 
procedure without any additional facial surgical or cosmetic procedure at the department of 
Oral and Maxillofacial surgery in the University Medical Center Groningen were asked to 
participate in this study. Patients underwent the procedure either for aesthetic reasons or to 
restore a volume deficiency resulting from previous cancer surgery or facial trauma. Exclusion 
criteria were pregnancy at the moment of the procedure, ASA classification 3 or higher, use of 
anti-coagulants that could not be stopped and a medical history of body dysmorphic disorder.

Baseline data
At baseline, during the preoperative consultation, information about demographics, medical 
history, medication and smoking/alcohol habits were collected. Bodyweight and height were 
measured. A baseline 3D photo series was captured using the 3dMDtrio system (3dMD LLC, 
Atlanta, USA) following a standardized clinical 3D photo protocol.15 In this 3D photo protocol, 
1 test photo and 4 photos with instructions “relax your face, open your eyes, close your lips 
gently” were taken. In addition, the following scales of the FACE-Q were examined: “Satisfaction 
with facial appearance overall”, “Psychological wellbeing”, “Social function”, “Satisfaction 
with cheeks”, “Satisfaction with lips”, “Lines lips” before the start of the procedure.17-19

Preoperatively, a blood sample was collected to measure cotinine to objectify smoking, and 
17ß-estradiol and anti-Müllerian hormone (AMH) levels to objectify menopausal status.

Fat grafting procedure
The fat graft procedure was performed under local or general anaesthesia depending on 
the patient’s preference. The donor site (abdomen, flank or inner knee) was infiltrated with 
tumescent solution (5ml xylocaine 2% in 45ml Ringers lactate). The adipose tissue was 
manually harvested under negative pressure of 2cc using a Sorensen cannula (Tulip Medical, 
San Diego, USA). The harvested tissue was processed with the PureGraft 50 closed wash 
system (Cytori, San Diego, USA) according to the manufacturer’s protocol. Processed adipose 
tissue was injected with a 0.9 mm blunt cannula (Tulip Medical, San Diego, USA) in different 
subcutaneous layers. Data of the procedure, such as total harvested volume and injected 
volumes per aesthetic area, was collected.
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Follow-up
Follow-up visits were scheduled 6 weeks, 6 months and 12 months after the fat grafting 
procedure. During these visits, adverse effects, complications were queried, bodyweight 
was measured, and standardized 3D photos series were made according to the baseline 3D 
photo protocol (1 test photo and 4 photos with specific instructions). All preoperative FACE-Q 
questionnaires were examined as well as two additional FACE-Q outcome scales: “Satisfaction 
with outcome”, and “Satisfaction with decision”.

Control group for satisfaction with facial appearance
155 predominantly Caucasian women, around The Netherlands, between 18 and 80 years 
old, who had not undergone any type of aesthetic facial surgery were randomly asked to 
complete the same baseline FACE-Q questionnaire modules to create normative values of 
satisfaction with facial appearance.20

3D volume measurements
After all the 3D photo sessions of the patient were completed, the most similar images per 
session based on facial expression were selected for further analysis according to our 
previously published protocol15. A standard aesthetic template (Figure 1) was morphed to the 
baseline 3D image of the patient using a coherent point drift algorithm16 in Matlab (MATLAB 
v2017a, The Mathworks Inc., Natick, MA, USA) resulting in a personalized aesthetic template. 
This personalized template was used to determine specific aesthetic areas on all consecutive 
3D images of the same patient. The personalized template was aligned to all 3D images 
using a ray-casting algorithm21 in Matlab. All post-operative 3D images (with the aesthetic 
template) were matched to the baseline image. This matching was based on the forehead and 
nose region. Volume differences were calculated between the baseline image and the 3 post-
operative 3D images.

Data analysis
Only patients with a complete 3D follow up dataset were included for analysis. Raw FACE-Q 
scores were translated to the equivalent RASCH score following the protocol of the FACE-Q 
editorial board.17 FACE-Q scores were compared to scores of the control group. The outcome 
differences between treatment for aesthetic reasons or for reconstructive reasons were analysed.

For sub-analysis, volumetric and satisfaction results of patients that received fat injection in the 
zygomatic area or lip area were used. These areas were chosen because the lip and zygomatic 
areas were most often injected. The volumetric effect of the zygomatic area was calculated 
by the sum of volume differences of both zygomatic areas (left/right). This volumetric effect 
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was compared to the FACE-Q “satisfaction with cheeks”. The volumetric effect in the lips was 
calculated by the sum of upper and lower lip areaThis volume effect was compared to FACE-Q 
“Satisfaction with lips” and “Lines lips”.

Figure 1: Standard aesthetic template with 12 aesthetic areas per facial half used for 3D analysis. Standard 
aesthetic template 1 forehead/nose; 2 eye; 3 temporal area; 4 zygomatic area/cheeks; 5 nasolabial; 6 upper lip; 7 
lower lip; 8 chin; 9 prejowl area; 10 mandibular angle area; 11 submandibular area; 12 submental area.

Statistical analysis
Descriptive analysis was performed of the patients with complete 3D data. Due to differences 
in injected volume standard error of the mean was calculated for 3D volume analysis. 
Demographics of missing patients was compared with the study group. Between subject 
factors such as the patient population (aesthetic/reconstructive), menopausal status and 
smoking to volumetric effect and satisfaction were analysed by a repeated measurements 
linear model. Paired T-tests were performed to calculate differences between preoperative 
and postoperative FACE-Q scores. Predictors of FACE-Q modules ‘satisfaction with facial 
appearance overall’ and ‘satisfaction with result’ were evaluated by linear multiple regression 
to assess the effect of volumetric outcome, population (aesthetic or reconstructive), and the 
preoperative psychological well-being.
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RESULTS

All eligible 33 consecutive patients agreed to participate, none of them was excluded based 
on the exclusion criteria. Of the 33 patients that underwent facial fat grafting, 23 patients had 
complete 3D data that could be used for analysis. Of the 10 patients with incomplete data, 
two patients were lost to follow up, one patient due to pregnancy and one patient due to 
recurrence of a tumour in the oral cavity, the other 8 patients missed one of the three follow up 
appointments. No significant differences were seen in baseline data (age, injection volume, 
FACE-Q scores, aesthetic/reconstructive purpose) between the 10 missing patients and the 23 
patients included in the analysis which was therefore totally at random.

Table 1: Demographics of included patients.

Total

Number  23

Age, years 49.4 (sd 14.0)

Length, cm 168 (sd 6)

Weight, kg 63.9 (sd 6.7)

Weight change during follow up

No 20 (87%)

Yes, between +2 and +4kg 1 (4%)

Yes, between -2 and -4kg 2 (9%)

Medication use, yes 14 (61%)

Psychological treatment 

No 17 (74%)

Yes, current treatment 2 (9%)

Yes, in the past 4 (17%)

Smoking (serum level cotinin >0.5µg/ml) 6 (26%)

Menopause (serum level AMH <0.1µg/ml) 15 (65%)

Previous facial procedures or surgery

Congenital disorders 2 (9%)

Tumors and neoplasm 8 (35%)

Trauma 1 (4%)

Population

Aesthetic patients 12 (52%)

Reconstructive patients 11 (48%)
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Demographics of the included patients with a complete follow up are described in Table 1. 
Twelve patients received fat grafts for aesthetic purposes and 11 patients for reconstructive 
purposes. On average, a total of 20.4 cm3 processed adipose tissue was injected in different 
aesthetic areas (Table 2).

Table 2: Details of fat grafting.

Anaesthesia

Local 20 (87%)

General 3 (13%)

Harvest location

Abdomen 16 (80%)

Knee 4 (17%)

Flank 2 (9%)

Hip 2 (9%)

Thigh 1 (4%)

Total harvested volume (cm3) 72.2 (sd 27.8)

Total injected volume (cm3) 20.1 (sd 14.7)

Injected volume in injected zygoma areas (N=16) 12.8 (sd 7.6)

Injected volume in injected lips (N=12) 3.6 (sd 2.3)

Objective volume effect
The highest volumetric effect was seen 6 weeks postoperatively, with an average increase in 
visible volume of 23.9 cm3 (Figure 2). Between 6 weeks and 12 months postoperative, the 
average gain in visible volume decreased to 10.4 cm3 in comparison with the pre-operative 
situation. The visible volumetric effect was independent of the reconstructive or aesthetic nature 
of the procedure, menopause and smoking (Table 3).

Subjective patient satisfaction
Satisfaction with overall facial appearance had significantly increased after 6 weeks 
(p=0.001), 6 months (p=0.003) and one year (p=0.005) compared to baseline (Figure 2, 
Table 4). Psychological well-being and social functioning had increased significantly at all 
time points after grafting (Figures 3 and 4, Table 4). The increase of “Satisfaction with facial 
appearance overall” was comparable between aesthetic and reconstructive patients after 
facial fat grafting (Figure 5). Both groups had preoperative scores lower than the average 
scores of satisfaction in the control group, but had scores within the normal range one year 
after the fat graft procedure.
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A1 A2 A3 

B1 B2 B3 

C1 C2 C3 

Figure 2: Volumetric effect (mean ± SEM, B) and patient satisfaction (FACE-Q score (mean ± SD),  C) per 
injected aesthetic area (A). Group 1 (green): all patients with facial fat grafting (n=23); Group 2: patients with 
fat grafting in zygomatic area (n=16); Group 3 (red): patients with fat grafting in the lip area (n=12). A1. All fields 
of the aesthetic template except eye, forehead/nose, submental and submandibular area (green) (n=23 patients). 
A2 Zygomatic areas (blue) (n=16 patients). A3 Lip area (upper lip and lower lip) (red) (n=12 patients). B1-B3: 
Volume differences compared to the T0 3D image as a function of time in cm3. Therefore, volume effect at T0 was not 
displayed.. C1-C3 Patient satisfaction as a function of time. C1: “Satisfaction with facial appearance overall” (green). 
The dashed line represents the mean and the dotted lines the standard deviation of the controls. C2: “Satisfaction with 
cheeks” (blue). C3: “Satisfaction with lips” (red). T0 baseline; T1 6 weeks after fat grafting; T2 6 months after fat 
grafting; T3 one year after fat grafting.
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Table 4. Patient satisfaction measured by FACE-Q questionnaires at baseline (T0) and after 6 weeks (T1), 6 months 
(T2) and one year (T3).

    N Average SD p-value*

Total (N=23)

“Satisfaction with facial appearance”

Control 155 60.8 14.0

T0 22 41.3 17.3

T1 20 58.7 19.3 0.001*

T2 22 54.9 16.9 0.003*

  T3 21 52.8 18.1 0.005*

“Psychological well-being”

Control 155 71.5 17.8

T0 22 54.3 16.7

T1 20 63.1 19.0 0.006*

T2 22 62.7 19.9 0.018*

T3 21 60.8 14.7 0.028*

“Social Function”

Control 155 66.1 19.8

T0 22 48.0 23.0

T1 20 57.1 19.8 0.001*

T2 22 60.4 23.3 0.001*

T3 21 62.3 20.6 0.022*

Sub-analysis

Zygomatic area (N=17)

“Satisfaction with cheeks”

Control 155 74.2 21.7

T0 17 38.2 18.0

T1 14 61.3 20.0 0.002*

T2 16 54.3 25.7 0.009*

  T3 16 50.5 24.1 0.047*

Lip area (N=12)

“Satisfaction with Lips”

Control n/a** n/a**

T0 11 51.6 14.4

T1 9 64.9 17.5 0.015*

T2 11 62.5 19.0 0.027*

T3 12 57.7 19.5 0.227 

“Lines Lip”

Control n/a** n/a**

T0 9 47.1 26.2

T1 6 76.3 27.8 0.013*

T2 7 55.0 24.4 0.039*

  T3 8 49.5 21.8 0.688

*statistically significant to baseline score based on paired T-test
** Control values not given due to differences between age groups of normative controls 
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Preoperative psychological well-being was strongly associated with “Satisfaction with facial 
appearance overall” and “Satisfaction with result” after one year (p<0.005). In contrast, the 
visible volumetric effect and the aesthetic or reconstructive purpose were not associated to 
those FACE-Q modules (Table 5).

Table 3. Analysis of possible associated factors to visible volumetric effect one year after fat grafting by multiple 
regression analysis. No associated factors were objectified.

Multiple regression analysis Coefficient p-value

Measured volumetric effect after one year

Menopause (yes 1; no 0) -0.267 0.230

Smoking (yes 1; no 0) -0.307 0.943

Goal: reconstructive (1) / aesthetic (0) -0.256 0.873

Sub-analysis of zygomatic and lip area
Of the 23 patients, 17 patients had fat grafting in the zygomatic area and 12 patients in the lip 
area. These patients were used for sub-analysis of these specific aesthetic areas (Figure 2). The 
average gain in visible volume in the zygomatic area was 5.1 cm3 after one year, the trend line 
of the volumetric effect was comparable to the trend line of the total volumetric effect. This is in 
contrast with the lip area, where no gain in visible volume (0.0 cm3) was measured after one 
year. Satisfaction with cheeks was significantly increase at all time points after grafting (Figure 
2, Table 4), while the FACE-Q modules “satisfaction with lips” and “Lines lips” only showed 
a temporary increase (Table 4, Figures 2 and 6). No differences in volumetric effect were 
objectified between aesthetic patients and reconstructive patients.
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Table 5. Analysis of possible associated factors to patients’ satisfaction one year after fat grafting by multiple regression 
analysis. Preoperative psychological well-being was significantly associated to patients’ satisfaction.

Multiple regression analysis Coefficient p-value

FACE-Q ‘Satisfaction facial appearance overall’ after one year

Volume difference after one year 0.204 0.292

Goal (aesthetic (0) or reconstructive (1)) 0.233 0.227

Preoperative psychological well-being 0.609 0.005*

FACE-Q ‘Satisfaction with result’ after one year

Volume difference after one year -0.041 0.832

Goal (aesthetic or reconstructive) 0.393 0.053

Preoperative psychological well-being 0.577 0.008*

Figure 6: FACE-Q module “Lines lips” in patients with fat grafting in lip area (mean ± SD). Caution: Question 
of the module “Lines lips” are asked in the opposite way of the satisfaction modules: “How much have you been 
bothered by lip lines”.
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DISCUSSION

In this prospective observational study, overall and local visible volumetric effects of fat grafting 
were measured with a follow up of one year after grafting. This study showed that a substantial 
volumetric effect was still present overall and in the zygomatic area, while this effect was lost in 
the lip area. Patient satisfaction was consistent with these overall and local volumetric effects.

The overall visible volumetric effect up to one year after grafting observed in our study matches 
the observed overall effect in previous studies using 3D stereophotogrammetry.7,10,12-14,22 A one 
to one comparison of the observed effects in the various studies is difficult to perform because 
of differences in injected volumes, fat grafting techniques, and different evaluated regions 
between the studies. Notwithstanding these differences in design of the studies, similar effects 
were reported in general. Almost all studies evaluated the full face10,14 or roughly manually 
defined large local areas such as the zygoma/cheek12,13 and temporal area22. In none of these 
studies an automated objective 3D analysis was performed and therefore selection bias due to 
manual selection of areas of interest could not be ruled out.

As we objectified local effects between predefined aesthetic areas, we were able to show 
that the volumetric gain of the lip was more likely to decrease than the volumetric gain in the 
zygomatic area. This finding might indicate that the recipient location influences the visible 
volumetric effect over time. In the zygomatic area, fat is usually injected mainly in adipose 
fat pads, in contrast to the lip area, where fat is injected in intramuscular, subcutaneous and 
submucosal layers. The role of the different tissue components into which the graft is injected on 
retention of fat is not clear yet. Factors such as vascularization, pro-adipogenic circumstances 
and physical/mechanical forces to adipocytes23,24, are considered to have influence on the 
balance between degeneration and regeneration of the grafted adipose tissue at the recipient 
site, and thus on the final volume retention. Although vascularization is often mentioned 
as an important factor at the recipient site,24 it has been shown that it is not the only factor 
influencing volume retention of the fat graft. Despite the fact that intramuscular layers are 
better vascularized, a lower volume retention of fat grafts was reported in mice after injection 
into intramuscular layers compared with injection into fat pads.6 Shi et al.6 posed that tissue-
resident adipose stromal/progenitor cells presumably play a leading role in fat graft retention 
in fat pads by generating pro-adipogenic circumstances. This hypothesis supports the results 
shown in our study. Furthermore, physical or mechanical forces to adipocytes at the recipient 
site, such as pressure or movement, could be linked to differences in visible fat graft retention 
between the lips and the zygomatic area. Adipocytes are mechanosensitive cells. It is posed 
that external mechanical forces or movement might negatively affect tissue growth and cellular 
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function and thus influence fat graft survival.23 Supportive to this hypothesis is the finding that 
fat graft retention in mice was better in muscular layers that were immobilized by denervation 
compared to muscular layers which were not immobilized.25

Based on our findings and the recently published literature6,23-25, the role of fat grafting as a 
stable volume enhancer of the lips is arguable. It has been reported that patients were “less 
satisfied” with their lips than with their cheeks/malar area using non-validated measurement 
tools 23 months after facial fat grafting.5 Another study showed that hyaluronic acid, a powerful 
(non-permanent) filler, resulted in higher and longer lasting improvement of FACE-Q scores of 
lip line satisfaction than the improvement found after fat grafting of the same area in our study.26 
Unfortunately, no studies comparing the volumetric effect of facial fat grafting and hyaluronic 
acid fillers are available yet.

Patients with low preoperative scores on psychological well-being had significantly lower 
scores on the FACE-Q module “satisfaction with the result” after fat grafting. The preoperative 
psychological score had more influence on this module than the objective volumetric result of 
the procedure itself or the indication for the fat grafting (aesthetic or reconstructive). This implies 
that patients with low preoperative psychological well-being scores are more likely to be less 
satisfied with the obtained. The phenomenon that preoperative psychological well-being is a 
strong predictive factor for satisfaction with the result is of great concern for facial aesthetic 
surgery with regard to patient selection. Further research is needed to select only those patients 
for a fat grafting procedure who are presumed to benefit from a facial aesthetic procedure.

This study was designed as an observational study in a broad patient population to assess the 
overall volumetric effect and the patient satisfaction during one year follow up. This study was 
not powered to compare differences in local volumetric effects, but results of our study indicate 
that great differences exist in obtained volumetric effects between different aesthetic areas. This 
comparison is in need for further study. The same need for further study applies to the effects of 
smoking and menopausal state on volumetric effects.

In conclusion, an increase in overall and local volumetric effects up to one year after facial fat 
grafting is accompanied by comparable changes in patient satisfaction.
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