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Abstract
Background: Aesthetic facial surgeries historically rely on subjective analysis in determining success; this limits objective 
comparison of surgical outcomes.
Objectives: This case study exemplifies the use of an artificial intelligence software on objectively analyzing facial rejuve-
nation techniques with the aim of reducing subjective bias.
Methods: Retrospectively, all patients who underwent facial rejuvenation surgery with concomitant procedures from 2015 
to 2017 were included (n = 32). Patients were categorized into Groups A to C: Group A—10 superficial musculoaponeurotic 
system (SMAS) plication facelift (n = 10), Group B—SMASectomy facelift (n = 7), and Group C—high SMAS facelift (n = 15). 
Neutral repose images preoperatively and postoperatively (average >3 months) were analyzed using artificial intelligence 
for emotion and action unit alterations.
Results: Postoperatively, Group A experienced a decrease in happiness by 0.84% and a decrease in anger by 6.87% 
(P >> .1). Group B had an increase in happiness by 0.77% and an increase in anger by 1.91% (P >> .1). Both Group A and 
Group B did not show any discernable action unit patterns. In Group C, the lip corner puller AU increased in average inten-
sity from 0% to 18.7%. This correlated with an average increase in detected happiness from 1.03% to 13.17% (P = .008). 
Conversely, the average detected anger decreased from 14.66% to 0.63% (P = .032).
Conclusions: This study provides the first proof of concept for the use of a machine learning software application to ob-
jectively assess various aesthetic surgical outcomes in facial rejuvenation. Due to limitations in patient heterogeneity, this 
study does not claim one technique’s superiority but serves as a conceptual foundation for future investigation.
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Emotional expression has been a fundamental aspect of 
human communication and social connection throughout 
our species’ evolution.1 The practical importance of 

emotional expression for human interaction is accompa-
nied by the aesthetic value humans place on these emo-
tions, as seen by the implementation of surgeries such as 
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facial rejuvenation.2 Universal emotional expression by 
means of facial movements have been subdivided into 7 
categories: sadness, happiness, anger, neutrality, surprise, 
fear, and disgust.3,4 These emotions have been systemati-
cally linked to the functioning of facial muscle action units 
through the Facial Action Coding System originally devel-
oped by Ekman and Friesen in 1978.3,4 This system has 
been used as a means for analyzing facial expressions 
and the emotions they emit.4-6

Throughout the past century, surgical interventions have 
been employed for altering apparent undesired emotional 
expression from facial aging.2,6,7 When reviewing clinical 
practice literature, it becomes apparent that the lack of 
standardization in surgical techniques plagues the facial 
surgery profession.2,5 The utilization and adoption of so 
many varying surgical techniques are partially a lack of ob-
jective preoperative and postoperative analysis.2,5 Without 
an objective measure of surgical outcomes, techniques will 
continue to vary and patient outcomes will remain at the 
discretion of the patient, the operating team, and their col-
leagues.2 Subjective analysis is a common but unstandard-
ized practice for determining the success and efficacy of 
surgical interventions and is subject to many biases.2

These outcome measures remain crucial in the evaluation 
of a successful surgery; however, objective emotional ex-
pression as a form of unbiased evaluation of outcome 
can be an additional valuable measure of success.

The presented research assesses the techniques of facial 
rejuvenation through a high superficial musculoaponeurotic 
system (SMAS), SMAS plication, and SMAS-ectomy facelift 
using objective artificial intelligence outputs of emotion 
and action unit functioning. These patients often present ex-
pressing that their faces appear tired, sad, or angry, even 
when in a neutral repose. Our aim was to use artificial intel-
ligence to determine if the software can observe a reversal 
in this facial wearing. The foundation provided by this case 
study of artificial intelligence efficacy in surgical evaluation 
and comparison will further the investigation into improved 
postoperative assessments.

METHODS

In an attempt to demonstrate the ability to use artificial in-
telligence to compare surgical techniques, we examined 
facial rejuvenation patients at a tertiary medical center 
with stratification by procedure type. With IRB approval 
by the Mayo Clinic and written consent provided by pa-
tients for the use of their images in evaluation, all patients 
who underwent facial rejuvenation surgery (high SMAS, 
SMAS plication, and SMAS-ectomy facelift, with possible 
concomitant procedures; Table) between January 2015 
and December 2017 were retrospectively identified. The 
identified patients were then subcategorized by their face-
lift type for evaluation of the surgical techniques. The 
groups were defined into the SMAS plication (Group A), 
SMAS-ectomy (Group B), and high SMAS facelift (Group 
C), categories. The surgeries were completed by 3 sur-
geons over a 2-year span. Two surgeons completed the 
surgeries in Groups A and B, while 1 surgeon completed 
Group C surgeries. We excluded those patients without 
postoperative photographs, those who did not want their 
photographs shown, those with concomitant diagnoses 
such as facial paralysis, and patients who underwent addi-
tional complex head and face reconstructive procedures.

We obtained preoperative and postoperative repose affect 
images for all patients (n = 32), for a total of 64 images. The 
postoperative photographs were taken on follow-up with 
slight variation between the groups in the average length of 
follow-up (Table). Photographs were obtained using a 
Canon XH-A1S 3CCD HDV Camcorder (Ota City, Tokyo, 
Japan) positioned 1.5 m away from the patient. Full-face imag-
es were analyzed using a commercially available facial 
expression recognition software package (FaceReader, 
Noldus Information Technology BV, Wageningen, the 
Netherlands). The data generated from the software reflected 
the proportion of each of the 7 cardinal emotions and the as-
sociated functioning of the facial action units.8-10

The emotion results outputted by FaceReader are in per-
centages with the total equaling 100%. Therefore, a 5-point 

Table. Description of the Facelift Type and Type of Concomitant Procedures Categorized into Groups: SMAS Plication Facelift 
(Group A), SMASectomy Facelift (Group B), and High SMAS Facelift (Group C)

Group 
(n)

Avg 
age

Sex Avg follow-up 
(months)

Facelift type Concomitant procedures (%total)

Browlift Blepharoplasty Necklift Skin 
revitalizing

Lip 
augmentation

Fat 
grafting

Lipectomy Chin 
augmentation

A (10) 70 9F 
1M

>4.5 SMAS 
Plication

0 40% 
(4/10)

70% 
(7/10)

0 0 50% 
(5/10)

20% 
(2/10)

0

B (7) 69 7F >2 SMAS-ectomy 29% 
(2/7)

29% 
(2/7)

0 43% 
(3/7)

29% 
(2/7)

71% 
(5/7)

0 0

C (15) 57 11F 
4M

>3 High SMAS 73% 
(11/15)

53% 
(8/15)

0 0 0 87% 
(13/15)

0 20% 
(3/15)

SMAS, superficial musculoaponeurotic system.
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increase in an emotion across the surgery would represent 
a change in perceived emotion from a value of n% to a value 
of n + 5%. The emotions of most keen interest were happi-
ness, sadness, surprise, and anger, due to the aim of the sur-
geries being a reduction in negative emotion with an 
increase in appearing happy and youthful without the crea-
tion of a surprised complexion. The action unit function in-
tensity is reported as a value of 0 through 5 with 0 being 
undetected and 5 being maximal functioning. Therefore, a 
1-point increase in functioning across the surgery would 
represent a change of intensity of 20%. Action units involv-
ing the lower half of the face were of most keen interest due 
to their direct change from the facelift surgery. Differences 
between variables were assessed for variation within the 
samples before comparative analysis using dependent 
and independent t-tests. A value of P < .05 was considered 
statistically significant. The authors have no disclosures 
with regard to the production of this original article.

RESULTS

A total of 32 facial rejuvenation patients (27 females and 5 
males) were included in the study after exclusion require-
ments were met. All patients were Caucasian of 
Fitzpatrick type III or lower with an average age of 63.7 
years. Exemplary images of the patient images preopera-
tively and postoperatively are provided in Figure 1, with a 
FaceReader analysis examples shown in Figure 2. No com-
plications requiring reoperation occurred.

Group A and Group B

Demographically, Group A had an average age of 70 
(range, 56-89) with a male-to-female ratio of 1:9. Group B 
was similar with an average age of 69 (range, 56-78) with 
a male-to-female ratio of 0:7. No complications requiring re-
operation occurred. Among Group A (n = 10) and Group B 
(n = 7), there was no observed significant change across 
the surgery in either perceived emotional expression or ac-
tion unit functioning (Figure 3). Among the average emo-
tional changes in Group A, happiness decreased from 
3.57% to 2.73%, sadness decreased from 4.8% to 4.61%, 
surprise increased from 7.35% to 9.5%, and anger de-
creased from 8.69% to 1.82% (no values observed to be 
statistically significant). As exemplified in Figure 1A and B, 
1 patient from Group A was found to have 0% happiness be-
fore surgery and 12.1% happiness post surgery. For the oth-
er emotions, surprise increased from 0% to 5.7%, and 
sadness and anger were not detected at either time point. 
This was a slightly larger net effect in terms of happiness 
and surprise relative to the whole group. The average emo-
tional changes for Group B were observed as an increase in 
happiness from 0% to 0.77%, an increase in sadness from 

12% to 13.1%, an increase in surprise from 0.96% to 2.57%, 
and an increase in anger from 1.86% to 3.77% (no values ob-
served to be statistically significant). In Figure 1C and D, the 

A B

C D

E F

Figure 1. Preoperative and postoperative repose images. Group 
A: exemplary (A) preoperative and (B) 3-month postoperative 
images of an 89-year-old female who underwent a SMAS plication 
with fat grafting and a blepharoplasty. Group B: (C) preoperative 
and (D) 4-month postoperative images of a 78-year-old female 
who underwent a SMASectomy facelift with fat grafting, 
dermabrasion, and lip augmentation. Group C: (E) preoperative 
and (F) 3-month postoperative images of a 49-year-old female who 
underwent a high SMAS facelift with browlift, canthopexy, and fat 
grafting. SMAS, superficial musculoaponeurotic system.
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exemplary patient was found to have no detected happiness 
or anger before or after surgery. After the procedure, sad-
ness had decreased from 15.5% to 0% and surprise 
had increased from 0% to 7.6%. These findings were similar 
to the whole cohort in terms of the minimal to no discernable 
change in happiness or anger but did show larger effects in 
surprise and sadness relatively. Evaluation of the action units 
provided no discernable patterns in either group.

Group C

Demographically, Group C varied from the other groups with 
an average age of 56 (range, 46-68) with a male-to-female ra-
tio of 4:11. No complications requiring reoperation occurred.

In terms of emotion, the discernable pattern in Group C 
was an increase in average overall perceived happiness 
from 1.03% to 13.17% (P < .01) (Figure 4). Conversely, the aver-
age angry emotion detected decreased from 14.66% to 
0.63% (P = .03) (Figure 4). Other analyzed emotions fluctuat-
ed; however, these were determined to be statistically insig-
nificant. The exemplified patient in Figure 1E and F did not 
show detected happiness but did have a reduction in anger 
after the surgery from 9.9% to 9.4%. There was an increase in 
surprise and fear for this patient from 0% to 7.6% and 12.6%, 
respectively.

Specific analysis of the facial action units uncovered a cor-
relative finding to the emotional analysis. Preoperatively, 

there was no activation of the lip corner puller action unit in 
any of the patients on software analysis. After a high SMAS 
facelift, 11 of the 15 patients had activation of the lip corner 
puller action unit, ranging in intensity from 1/5 to 3/5 
(Figure 4). This was the most distinct and nearly universal 
change in the muscle action units. No other discernible pat-
terns were observed across the examined cohort. The find-
ings of this group had been previously published in a short 
communication.11

DISCUSSION

Our report demonstrates the use of artificial intelligence 
in the objective analysis of emotion and facial functioning 
in 3 groups of facial rejuvenation techniques. These ob-
jective values of emotional expression and action unit 
functioning create a foundation for comparing and con-
trasting surgical techniques in the future. Our reported 
findings are significantly tempered by the heterogeneity 
between the groups. The findings are intended to func-
tion as a case study for the utility of artificial intelligence 
instead of functioning as a direct superiority analysis so 
of the 3 techniques.

Within our 3 groups, the artificial intelligence software re-
liably outputted values of emotional expression and the 
corresponding action unit functioning. Within Group C, 
postoperatively, it was shown that there was a significant 

A B

Figure 2. Representative images of the FaceReader (Noldus Information Technology BV, Wageningen, the Netherlands) analysis. 
The facial images are overlayed with a virtual mesh with labeled action units with their respective functioning. A 49-year-old 
female patient who underwent high SMAS facelift with a lateral temporal endoscopic browlift, bilateral canthopexy, and fat transfer 
to the lower eyelids, midface face, jawline, chin, and upper and lower lip is shown (A) preoperatively and (B) 3 months 
postoperatively. SMAS, superficial musculoaponeurotic system.
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increase in the functioning of the lip corner puller action 
unit,11 a trend unobserved in the other surgical groups. As 
well, Group C had significant increases in perceived happi-
ness in the face.11

These findings are unsurprising as the high SMAS facelift 
raises the SMAS in the vector of the zygomaticus major6,12-16

resulting in the observed increase in the lip corner puller ac-
tion unit functioning. The increase in happiness correlates 
with the understanding that the lip corner puller action unit, 
the action unit of zygomaticus major, is crucial for the forma-
tion of a smile.17,18 As well, the perception of anger and hap-
piness should be inversely correlated by the nature of human 
emotion. Group C had also observed significant decreases in 
perceived anger. The correlated increase in both happiness 
and the lip corner puller action unit functioning with a concur-
rent decrease in anger shows internal validity for the correct 
objective analysis by the artificial intelligence.

However, it is accepted that general elevation along an 
acute angle relative to the oral commissure will result in 
rejuvenation.6,12-16 All 3 examined techniques function 
along the vector of the zygomaticus major and should re-
sult in a similar pattern, albeit with potential variability by 
surgical technique. Within Groups A and B, it was observed 
that emotions and action unit functioning fluctuated across 
the procedure, but no discernable pattern was seen.

These varying output patterns by groups are impacted 
by the nature of the cohort and the limitations of the 
study. In particular, the groups differ substantially in a 
few categories. Demographically, Groups A and B had 
an average age over 10 years older than Group 
C. Younger patients generally respond better to rejuvena-
tion perhaps in part due to lifestyle or intrinsic physiologic 
differences making the comparative analysis biased. As 
well, Group B had less than half the average follow-up 
time compared to Group A. Although we were not exam-
ining long-term outcomes, and facial rejuvenation impact 
should be observed after swelling and bruising have re-
solved in 4 to 6 weeks, the variation presents confound-
ing factors. Finally, the ratio of males to females in the 
study was not equivalent further introducing potential 
bias.

For the studied groups, a large confounding factor was 
the concomitant procedures. These are to be expected in 
facial rejuvenation surgery but they were not uniformly ob-
served in the cohorts. The techniques such as browlift and 
chin augmentation may result in more dramatic, and un-
known, alterations in emotional expression, whereas vari-
ability in fat grafting can subtly alter the facelift 
procedures. Concomitant procedures impact on the pa-
tients is exacerbated by the 3 primary surgeons on the 

Figure 3. Graphical representation of the change in perceived emotional expression at neutral repose after surgery relative to 
before. Inflections below the x-axis represent decreases after surgery, while positive inflections represent increases after surgery. 
SMAS, superficial musculoaponeurotic system.
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cases which have alterations in technique and skill. In com-
bination with their personal choice for a certain technique, 
the nonstandardized approach limits claims made about 
specific facelift techniques.

With limitations being acknowledged, it is evident that 
this case study cannot make claims as to the superiority 
of one facelift technique over the other. However, the out-
putted values demonstrate how in a homogenous popula-
tion, surgical techniques can be assessed and compared 
for differential efficacy. In particular, facial rejuvenation 
aims at reversing facial wearing and thus being able to 
measure these historically subjective outcomes will ulti-
mately inform surgical decision making.

If a subset of surgical techniques is deemed the stan-
dard, techniques should be examined and compared 
objectively so that patients’ satisfaction can only in-
crease by ensuring the most effective surgery is provid-
ed. Previous attempts at this goal have included patient 
satisfaction surveys, perception of the patients by other 
people, quality-of-life measurements, anthropometric 
measurements, 3-dimensional digitization of landmarks, 
and eye-tracking techniques.5,7,17,19,20

One major point of contention for the use of these 
methods is the innate biases such as subconscious 

perception and contextual information that impact their 
results.9,10 For examining aesthetic surgeries, it is possi-
ble to say that the patient’s satisfaction is the most cru-
cial postoperative analysis6; however, this lacks the 
objectivity required for comparison. Our favorability falls 
on the artificial intelligence software, Facereader, which 
removes these biases through its developmental pro-
cess and extensive testing. The software’s capability 
to classify facial expressions was achieved by training 
an artificial neural network, using more than 10,000 im-
ages of males and females of varying races that were 
manually annotated by trained experts. The system as-
sesses the movements of more than 500 facial land-
marks on each face to perform the classification. It 
utilizes the pioneered Facial Action Coding System by 
Ekman and Friesen in 1978 to develop a comparative ac-
curacy of 80%.3,19,21 In conjunction with the removed bi-
ases and variability, our research demonstrates that the 
software is able to quantify the subjective measures in a 
standardized way allowing for direct comparison of sur-
gical techniques. Due to our limitations, direct group 
conclusions cannot be drawn and future work will re-
quire more homogenized cohorts for examining surgical 
efficacy relative to other techniques.

Figure 4. Outputted analysis of the perceived emotions and action unit of interest postoperatively relative to preoperatively. 
Inflections below the x-axis represent decreases after surgery, while positive inflections represent increases after surgery. An 
asterisk denotes a statistically significant P value <.05. SMAS, superficial musculoaponeurotic system.
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CONCLUSIONS

Due to the ease and availability of the artificial intelligence 
software from Noldus Information Technology, its efficacy 
must be assessed for measuring aesthetic outcomes in fa-
cial surgery. The outputted numerical values for historically 
subjective measures like perceived emotions provide a re-
liable and comparable measure that can avoid the inter- 
and intra-observer biases. Removal of these biases with 
the direct production of quantitative results created the av-
enue for direct surgical comparison. This technique will aid 
in informing patients of the rationale for technique selec-
tion as well as how it may impact their complexion. 
Especially as surgical techniques become more abundant, 
it will be crucial for surgeons to be able to assess and com-
pare techniques to ensure the greatest chance of success 
for their patients.
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