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Summary Background: Autologous facial fat grafting is used to restore volume loss in the 
facial region. The volume retention after grafting is not stable over time. 
Objectives: The aim of this study was to assess long-term visible volume retention measured 
with 3-dimensional surface imaging and long-term patient-reported satisfaction 5 years after 
facial fat grafting. 
Methods: Twelve patients were included for 3-dimensional analysis and satisfaction measure
ments with 5 years of follow-up. Volume was measured with a validated automatic algorithm 
using three-dimensional surface imaging and patient satisfaction was recorded with the FACE-Q 
questionnaire. 
Results: After 5 years, the face volume increase was associated with the weight gain of the 
person and not with the injected volume. Weight gain beta (95% confidence interval) = 1.40 
(0.37; 2.42), p = 0.013. Injected volume beta (95% confidence interval) = 0.30 (−0.28; 0.88), p 
= 0.268. Satisfaction returned to pre-operative levels (facial appearance score pre-operative) 
median 45.0 (IQR 25.5; 47.3); after 5 years median 39.0 (IQR 28.0; 57.0). 
Conclusion: After 5 years of facial fat grafting, volume retention was related to weight gain. 
Patient satisfaction returned to pre-operative levels. An increase in volume due to weight gain 
does not lead to increased patient satisfaction. Repeated fat grafting is necessary which will 
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potentially increase satisfaction in the long term. Weight change as a confounder complicates 
long-term studies of volume retention. 
© 2025 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by 
Elsevier Ltd. This is an open access article under the CC BY license (http://creative
commons.org/licenses/by/4.0/).     

Autologous facial fat grafting is a procedure used to restore 
volume loss in the facial region due to aging, congenital 
defects, or trauma.1 It is a simple and safe method using 
adipose tissue obtained from liposuction of donor sites such 
as lower abdomen, hips, and thighs.2 The volume retention 
after grafting decreases over time.3–7 Follow-up of patients 
is often for the maximum duration of 1 year and graft vo
lume is considered stable after this time point.3 However, 
no objective evidence exists to support this. 

After transplantation, fat graft survival depends on the 
diffusion of nutrients until the reconnection with donor 
vasculature occurs.8 In this dynamic ischemia-reperfusion 
process, part of the graft does not survive and part of the 
graft regenerates from adipose-derived stromal cells to 
adipocytes.7 Data about retained volume after grafting 
range considerably between 20% and 90% because variety 
exists in processing methods, donor variation, injection 
site, recipient tissue type, injected particle size, and 
measurement methods.3 Differences in measurement 
methods can also explain variability in the results re
ported.3 

Currently, the preferred imaging modality to measure 
visible volume retention objectively is 3-dimensional (3D) 
surface imaging, because subjective surgeon and patient- 
assessed volumes with grading scales are prone to in
formation bias (observer bias and social desirability bias).9 

Computed tomography (CT) scanning involves ionizing ra
diation and magnetic resonance imaging (MRI) is time–
consuming, which makes them less practical for follow-up, 
although these modalities have the advantage that sub
cutaneous tissue can be distinguished. Measurement 
methods to assess visible volume with 3D surface imaging 
should be objective, reproducible, and validated. In this 
study we used an objective and validated method to mea
sure visible volume with an algorithm that matches an 
aesthetic template to the 3D scans of the patients, which 
delineates the face in certain areas.10 Patient satisfaction is 
often measured by non-validated outcome measurement 
tools.11 The FACE-Q questionnaire is a validated, patient- 
reported outcome measurement that assesses the overall 
appearance and specific sites of the face.12–15 

This study aimed to assess long-term visible volume re
tention measured with 3D surface imaging and long-term 
patient-reported satisfaction 5 years after facial fat 
grafting. 

Material and methods 

This study was conducted in accordance with the principles 
of the Declaration of Helsinki and approved by the medical 
ethical review board of the University Medical Center 

Groningen (protocol no. NL51511.042.14). We performed an 
additional measurement of visible volume retention and 
patient satisfaction 5 years after inclusion in the study of 
the original study.4 

Clinical trial design 

A prospective cohort study was performed at the 
Department of Oral and Maxillofacial Surgery, University 
Medical Center Groningen, Groningen, the Netherlands be
tween March 2015 and January 2019.4 All female patients, 
older than 18 years, scheduled for a facial fat grafting 
procedure without any additional surgical procedure were 
asked to participate. Patients underwent the procedure 
either for aesthetic reasons or to restore a volume defi
ciency resulting from oncological ablative surgery or facial 
trauma. Exclusion criteria were pregnancy at the moment 
of the procedure, American Society of Anesthesiologists 
classification 3 or higher, use of anticoagulants that could 
not be stopped, other facial surgical procedures during the 
study, and a medical history of body dysmorphic disorder. At 
baseline, after 6 weeks, 6 months, 1 year and 5 years 3- 
dimensional photograph series were captured using the 
3dMDtrio system (3dMD Inc., Atlanta, GA, USA) following a 
standardized clinical three-dimensional photograph pro
tocol and the patient’s height and body weight were mea
sured. 

Patient selection 

Five years after inclusion in the study, patients were asked 
to participate in this follow-up study. Patients were in
cluded when they did not have had facial surgery, such as a 
facelift or osteotomy, cosmetic procedures, such as hya
luronic acid fillers, or additional fat grafting procedures in 
the last 5 years that could influence volume measurements 
in the regions of interest. During follow-up, patients were 
asked about their medical history and smoking habits in the 
past years. They were excluded from this study when they 
developed systemic diseases during follow-up. 

Fat grafting procedure 

Fat grafting was performed as described in the paper de
scribing results after 1 year follow-up 4. The fat grafting was 
performed under local or general anesthesia depending on 
the patient’s preference. The donor site (abdomen, flank, 
thigh, or inner knee) was infiltrated with a tumescent so
lution (5 ml xylocaine 2% in 45 ml Ringers lactate). The 
adipose tissue was manually harvested under a negative 
pressure of 2 cc using a Sorensen cannula (Tulip Medical, San 
Diego, CA, USA). The harvested tissue was processed with 
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the PureGraft 50 closed wash system (Cytori, San Diego, CA, 
USA) according to the manufacturer’s protocol. Processed 
adipose tissue was injected with a 0.9 mm blunt cannula 
(Tulip Medical, San Diego, CA, USA) in different sub
cutaneous layers (both deep and superficial). Data on the 
procedure, such as total harvested volume and injected 
volumes per aesthetic area, were collected. 

Three-dimensional visible volume measurements 

The most similar images compared with their initial three-di
mensional photographs were selected for analysis. Scans were 
first registered by one observer using a T-shape on the forehead 
and nose (areas of the face that were not treated) using the 
iterative closest point algorithm in 3DMedX® software 
(v1.3.0.0, 3D Lab Radboudumc, Nijmegen, The Netherlands). 
Visible volume was then calculated by matching a template 
over the face according to a previously published protocol 
(Figure 1).10 These measurements were valid and reproducible 
(root mean square errors < 1 mm [7]). To assess the inter-ob
server reliability of the registration process, one extra observer 
registered 3D data from 3 patients and volume measurements 
were repeated for these registrations. In the method we are 
using, only relative volumes or volume changes can be mea
sured. No absolute volume is known of the pre-operative scan. 
It is technically impossible to calculate a volume from a single 
3D surface scan since it is a surface. Volume changes are cal
culated by matching the surfaces of the post-operative time 
points to the pre-operative surface. Post-operative volume was 
measured directly post-operative, after 6 weeks, after 6 
months, after 1 year and after 5 years. 

Patient satisfaction 

Patient satisfaction was measured using the FACE-Q ques
tionnaire.12–15 Patients were informed that these 

questionnaires were analyzed anonymously. The FACE-Q was 
sent through email and was filled in at home without the sur
geon or researcher present. Rasch scores were then calculated 
from the FACE-Q scores according to the protocol of the FACE-Q 
editorial board.15 

Statistical analysis 

SPSS (IBM SPSS Statistics, IBM corporation 2023, 29.0.2.0) was 
used for statistical analyses. Descriptive statistics were calcu
lated for baseline characteristics, visible volume and RASCH 
FACE-Q scores. Univariate linear regression was performed with 
weight change and injection volume as independent variables 
and visible volume at 5 years follow-up as dependent variable. 
Residuals were checked for a normal distribution. We used non- 
parametric tests after inspection of histograms of visible vo
lume and FACE-Q scores. Differences between measured visible 
volume over time were tested with the non-parametric 
Friedman’s 2-way ANOVA by ranks, multiple comparisons step
wise step-down. FACE-Q scores were tested with non-para
metric testing using the Wilcoxon signed-rank test to compare 
the pre-operative score with the post-operative scores. 
Benjamini-Hochberg procedure was used to correct for multiple 
comparisons. 

Results 

Inclusion 

Seventeen patients from the 29 patients of the original 
study were considered eligible for inclusion in this study on 
the 5-year follow-up, 14 were not suitable for inclusion 
(secondary fat grafting, n=7; facelift, n=2; pregnant, n=1; 
mandibular resection, n=1; hyaluronic acid fillers, n=1; 
multiple missing data, n=1; and 1 person died). 12 patients 
were included in the final analysis (Table 1). 

Figure 1 Automatic algorithm with predefined areas for volume calculation.  
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Visible volume effect 

The inter-observer reliability showed a mean difference of 
1.5 ml between 2 observers with a standard deviation of 5.5 ml. 

The overall visible volume (all sites n=12) and the visible 
volume in the zygoma region (n=9) decreased during the 
first year but then increased 5 years after inclusion 
(Table 2). The longitudinal development of visual volume is 
illustrated in Figure 2. 

Simple linear regression analysis showed that body 
weight change was significantly associated with the volume 
of the face measured at 5-year follow-up (Table 3;  
Supplemental Figures 3, 4). 

There was no significant difference in measured visible 
volume between the time points 5 years, 1 year and 6 
months when compared to the measured visible volume 
after 6 weeks (Table 2). Since it is not possible to compare 
the absolute volume pre-operatively with the absolute vo
lume of the follow-up points, we used the relative volume 
change at 6 weeks as a comparison for the follow-up points. 

All patients experienced weight loss or weight gain more 
or less. One kg was the smallest weight gain. In this patient, 
there was 21 ml injected in the face and after 5 years was 
measured to be 1.3 ml increase in volume. In another pa
tient with a 1.2 kg reduction of weight, 10 ml was injected 
in total and a volume loss of 3.7 ml was measured. When we 
look at the data, it seems that in the patients with the least 
amount of weight change, there was generally (almost) no 
volume difference compared to the pre-operative values. 

Patient satisfaction 

Social function was significantly better in the year after 
surgery compared with before. At 5 years follow-up the 
difference was not significant. Facial appearance, psycho
logical well-being and satisfaction regarding the zygomatic 
region did not show differences (Table 4). 

Discussion 

In this prospective observational study, overall and zygo
matic visible volume was measured with a follow-up of 
5 years. Visible volume decreased during the first year after 
fat grafting but then increased after 5 years. This increase 
was associated with the increase in weight of the persons. 
Patient satisfaction was back at pre-operative levels after 

Table 1 Baseline characteristics of participants (n=12) 
and details of fat grafting.    

Characteristic Descriptive statistics  

Median age at baselinea, yr 35.6 (27.3; 60.6) 
Median lengtha, cm 165.3 (167.5; 173.3) 
Median weight at baselinea, kg 62.0 (58.0; 69.3) 
Median weight change after 5 yearsa, kg 2.7 (1.3; 8.0) 
Medication use, yes (n) 7 
Psychological treatment (n)  

No 71 
Yes, current treatment 1 
Yes, in the past 4 

Smoking, yes (n) 4 
Menopause, yes (n) 6 
Population (n)  

Aesthetic 5 
Congenital disorders 1 
Tumors and neoplasm 5 
Trauma 1 

Anesthesia  
Local 9 
General 3 

Harvest locationb  

Abdomen 9 
Knee 3 
Flank 3 
Hip 0 
Thigh 1 

Median total injected volumea, cm3  

(n=12) 
14.9 (11.7; 20.7) 

Median injected volume in injected 
zygoma areasa (n=9) 

11.0 (9.6; 15.3) 

Injected volume in injected lips (n=1) 3.5  
a Interquartile range are reported.  
b In some patients, multiple harvest locations were used; 

After inspection of histograms, a skewed data distribution data 
was noted hence Med = Median.    

Table 2 3D visible volume measurements.       

Full face, med ml (IQR) (n=13) Zygoma, med ml (IQR) (n=9) Lip (ml) (n=1)  

Injected volume 14.0 (11.5; 17.7) 11.0 (9.55; 15.3) 3.5 
Measured volume 
Post-op 11.9 (4.6; 15.2) 6.0 (1.6; 10.7) 1.1 
6 weeks −0.5 (−2.8; 6.3) 0.4 (−2.2; 4.5) 0.3 
6 months 2.5 (−0.8; 7.2) 

p = 0.646 
0.4 (−2.9; 5.4) 0.4 

1 year −0.4 (−4.2; 4.1) 
p = 0.209 

0.3 (−3.3; 3.2) −1.1 

5 years 6.4 (0.22; 15.5) 
p = 0.117 

6.7 (−0.9; 12.4) −0.9 

Tests were performed with the related samples Wilcoxon signed-rank test. The measured volume after 6 weeks was compared with the 
volume after 6 months, 1 year and after 5 years. med = median, IQR = interquartile range, ml = millilitres.  
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5 years. Repeated fat grafting procedures could therefore 
be necessary that will potentially increase patient sa
tisfaction in the long term. 

To the best of our knowledge, there is no literature 
published on long-term volume retention after facial fat 
grafting. In a meta-analysis of 27 studies, the maximum 
follow-up duration was 24 months and the retention rate 
varied from 26% to 83% measured with 3D surface imaging or 
CT scanning.3 Volume is known to decrease during the first 
year after grafting.16,17 Part of the graft dies, part re
generates and part survives.7 However, compared with the 
temporary effects of hyaluronic acid fillers, facial fat 
grafting is often marketed as being permanent after 1 
year.18 In this study, measured visible volume increased 

after 5 years although not associated with injection volume 
and patient satisfaction was back at pre-operative levels. 
For the overall measured visible volume, this could be ex
plained by an increase in body weight. However, visible 
increased volume due to weight change did not lead to in
creased patient satisfaction. 

Body weight increase is a significant confounder to 
measuring objectively visible volume increase in the face. 
In our cohort, many patients increased in body weight 
considerably. Subtle weight changes are known to influence 
facial volume.19 Our results were therefore influenced by 
these weight changes. Although weight increase over 5 
years was similar in other studies of the general population, 
it influenced our results considerably.20 In a study of ob
structive sleep apnea, weight decreased by approximately 
8 kg. The associated volume decrease measured with CT in 
the mid-and lower face was 8 cm3 (or ml).21 Those outcomes 
correspond to our results of the regression analysis: for 
every kg body weight change a change of 1.4 ml of facial 
visible volume was found. Also, in our validation study of 
the aesthetic template that we used, we already discovered 
that facial visible volume increased in volunteers with a 
weight change of 2 kg.10 However, other factors can also 
influence facial volume during follow-up such as sub
cutaneous changes due to aging, facial expressions or skin 
disturbances.22,23 

Figure 2 Volumetric changes over time. The figure shows the median of the measured visible volume with the interquartile range. 
The volume effect of the lip was only for one patient. Our data suggests that on average there was no volume increase after 6 weeks 
and 1 year for the overall effect. 

Table 3 Regression analysis of measured visible volume 
with coefficients of injected volume and weight change.     

Measured volume after 5 
years 

Coefficient (95% CI) p  

Full face   
Constant −1.3 (−10.9; 8.4) 0.771 
Injected volume 0.3 (−0.28; 0.88) 0.268 
Weight change 1.4a (0.37; 2.42) 0.013  

a Considered significant p < 0.05.    
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Volume retention in current literature is often expressed 
as a percentage of the measured surface volumetric effect 
divided by the total injected volume. This definition sug
gests that the part of the graft that is not retained was 
resorbed or that part died. However, the injection volume is 
not equal to the surface visible volume i.e. surface pro
jection effects but depends on localization and the quantity 
of the injection volume. The degree to which the injected 
volume leads to surface projection is also called the sur
face-volume coefficient (visible measured volume = surface 
projection divided by injection volume). A recent study 
showed that the surface-volume coefficient for the deep fat 
compartment of the medial cheek was 0.29 and for the 
suborbicularis oculi fat compartment was 0.95.24 These 
numbers indicate that for the deep fat compartment of the 
medial cheek only 29% and for the suborbicularis oculi fat 
compartment approximately 95% of the injected volume 
can be measured as the surface-volume effect. We there
fore chose to report the visible volume in ml compared with 
baseline and not in percentages. However, because injec
tion volume is not equal to visible surface volume, we 
suggest that when percentages are used in literature, they 
should not be defined relative to the injection volume but 
to the measured volume after 6 weeks since this would 
better approximate the graft loss. 

The measurement method is also a contributor to the 
variability of volume retention reported in the literature.3 

Often, non-validated and non-reproducible areas have been 
applied. We have used a registration method based on a T- 
shape on the forehead using the iterative closest point algo
rithm and then used a validated algorithm-based aesthetic 
template to calculate the volume in the areas of the face.10 

This procedure eliminates the possibility of manual selection of 
areas of interest that can vary per observer or patient. How
ever, 3D surface imaging does not measure the volume of 
subcutaneous tissue but measures a surface and the difference 
between 2 surfaces then renders a visible volume difference. 
This difference completely depends on the correct registration 
of the images for a correct volume measurement, which in
fluences volume measurements considerably.25 Slight changes 

in muscle tension in the forehead (the area used for registra
tion) could potentially influence registration quality. 

Limitations 

Our study has some limitations. We included patients for sev
eral indications such as congenital disorders, trauma, aesthetic, 
and oncological reasons. These different indications might have 
introduced variations in our results. However, in our previous 
study, indication did not affect measured visible volume.4 

Multiple injection sites and volumes were used in these pa
tients, due to the variety of indications to undergo fat grafting 
which introduced heterogeneity in our data but despite this 
heterogeneity effects of weight change were found in this small 
sample size follow-up. 

Conclusion 

We have shown that long-term follow-up after fat grafting 
showed a visible volume increase related to body weight 
increase and patient satisfaction returned to baseline le
vels. The increase in volume did not lead to increased pa
tient satisfaction. Future observational cohort studies 
should focus on improving sample size in homogeneous pa
tient populations with fixed injection volumes. 

The FACE-Q subgroups of zygomatic area and lip area are 
the components of the FACE-Q with specific questions on the 
perceived satisfaction with these anatomical areas. Only 
patients who were injected in that area were included in 
these subgroups. 

Ethical approval statement 

This study was conducted in accordance with the principles 
of the Declaration of Helsinki and approved by the medical 

Table 4 3D visible volume measurements and FACE-Q score.         

Pre median (IQR) 6 wks median (IQR) 6 mnths median (IQR) 1 yr median (IQR) 5 yrs median (IQR)  

Facial appearance 45.0 (25.5; 47.3) 
n=12 

62.5 (46.0; 73.0) 
n=12 

54.5 (46.0; 67.0) 
n=12 

50.0 (37.0; 65.5) 
n=10 

39.0 (28.0; 57.0) 
n=10 

Psychological well-being 52.5 (45.0; 61.0) 
n=12 

61.5 (49.0; 78.5) 
n=12 

71.0 (41.8; 84.5) 
n=11 

61.0 (47.5; 69.5) 
n=10 

53.5 (52.0; 60.3) 
n=11 

Social function 49.0 (37.8; 61.0) 
n=12 

62.0 (43.0; 65.0)a 

n=11 
62.0 (46.8; 90.5)b 

n=11 
62.0 (48.3; 65.0)c 

n=10 
49.0 (25.3; 60.3) 
n=11 

Subgroups 
Zygomatic area 39.5 (22.5; 66.3) 

n=9 
56.5 (35.0; 73.5) 
n=9 

56.5 (36.3; 94.3) 
n=9 

37.5 (35.0; 68.3) 
n=7 

45.0 (18.5; 61.0) 
n=8 

Lip area 53.0 
n=1 

64.0 
n=1 

47.0 
n=1 

50.0 
n=1 

42.0 
n=1 

After testing with the related samples Wilcoxon signed-rank test, critical p-values were calculated according to the Benjamini-Hochberg 
method. Values marked with a symbol were considered significantly different compared to the pre-operative FACE-Q value, other values 
were above the critical p-value.  

a p = 0.035; crit-p = 0.0375.  
b p = 0.017; crit-p = 0.025.  
c p = 0.017; crit-p = 0.025.    
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