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Abstract:

Introduction:

Aesthetic facial surgeries historically rely on subjective analysis in
determining success. This subjectivity limits our ability to objectively
compare and track surgical outcomes due to the inherent biases within
the examination. This study examines the use of the artificial intelligence
software: FaceReader, to objectively compare three aesthetic surgical
techniques for facial rejuvenation.

Methods:

32 patients who underwent facial rejuvenation surgery with concomitant
procedures (Chart 1) between 01/01/2015 and 12/31/2017 were
identified.10 patients underwent a SMAS plication facelift (Group A), 7
had a SMASectomy facelift (Group B), and 15 had a high SMAS facelift
(Group C). Neutral repose (no expressed emotions) images pre- and
post-operatively (average >3 months) were analyzed using the
FaceReader software. The software tracks nearly 500 key locations on
the face to accurately measure 28 action units and 7 cardinal emotions
within the face. The action units and emotion are assessed for presence
and intensity of functioning.

Abstract:

Results:

Across the procedures only Group C, the high SMAS facelift, experienced
a change in emotional expression and action unit functioning (Graph 1).
Post-operatively, 11/15 Group C patients’ experienced activation of the
lip corner puller AU, increasing in average intensity from 0% to 18.7%.
This action unit pattern correlated with an average increase in detected
happy emotion from 1.03% to 13.17% (p=0.008). Conversely, the
average angry emotion detected decreased from 14.66% to 0.63%
(p=0.032). Group A experienced a decrease in happiness by 0.84% and
a decrease in anger by 6.87% (P>>0.1). Group B had an increase in
happiness by 0.77% and an increase in anger by 1.91% (P>>0.1). Both
Group A and B did not show any discernable action unit patterns.
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Conclusion:

This study provides the first proof of concept for the use of a machine
learning software application to objectively compare aesthetic surgical
outcomes in facial rejuvenation. This study demonstrates the objective
increased efficacy in high SMAS facelift facial rejuvenation over other
compared techniques. Future applications of this software include large
patient population assessment of various facial surgeries to uncover
which have the greatest impact on functioning and emotional expression.
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Group | Avg | Sex Avg Facelift Concomitant Procedures (% of total)
(n) | Age Follow- | Type
u
( Kih ) Browlift | Blepharoplasty | Necklift Skin Lip Fat Lipectomy Chin
months
Revitalizing | Aug. | Grafting Aug.
A 70 | 9F =45 SMAS 0 40% 70% 0 0 50% 20% 0
(10) ™ Plication (4/10) (7/10) (5/10) (2/10)
B 69 | 7F =2 SMAS- | 29% 29% 0 43% 29% 71% 0 0
() ectomy | (2/7) 27) (37) 217y (5/7)
C 57 | 11F =3 High 73% 53% 0 0 0 87% 0 20%
(15) aM SMAS | (11/15) (8/15) (13/15) (3/15)

Chart 1. 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).
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Figure 2. Representative images of the FaceReader analysis. The facial images are overlayed with a virtual
mesh with labelled action units with their respective functioning. The patient images are preoperative on the
left and post-operative on the right (3 months post-operatively). The patient is a 49-year-old female who
underwent high SMAS facelift with lateral temporal endoscopic browlift, bilateral canthopexy, and fat

transfer to the lower eye lids, midface face, jawline, chin, and upper and lower lip.
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Figure 1. Pre- and post-operative repose images. Figures A and B are exemplary images from Group A, C
and D are images from Group B, and E and F are from Group C. Images A, C, and E show the preoperative
images while images B, D, and F show post-operative images. The patient in Image A and B (3 months
post-operatively) is an 89-year-old female who underwent a SMAS plication with fat grafting and a
blepharoplasty. The patient in Image C and D (4 months post-operatively) is a 78-year-old female who
underwent a SMASectomy facelift with fat grafting, dermabrasion, and lip augmentation. The patient in
Image E and F (3 months post-operatively) is a 49-year-old female who underwent a high SMAS facelift with
browlift, canthopexy, and fat grafting.
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Perceived Change in Emotion Across Surgical Procedure
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Chart 2. 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.
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Chart 3. Outputted analysis of the perceived emotions and action unit of interest post-operatively relative to
preoperatively. Inflections below the x-axis represent decreases after surgery while positive inflections
represent increases after surgery. An Asterix denotes a statistically significant p value <0.05.
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Abstract:

Introduction:

Aesthetic facial surgeries historically rely on subjective analysis in determining success. This
subjectivity limits our ability to objectively compare and track surgical outcomes due to the
inherent biases within the examination. This study examines the use of the artificial intelligence
software: FaceReader, to objectively compare three aesthetic surgical techniques for facial

rejuvenation.

Methods:

32 patients who underwent facial rejuvenation surgery with concomitant procedures (Chart 1)
between 01/01/2015 and 12/31/2017 were identified.10 patients underwent a SMAS plication
facelift (Group A), 7 had a SMASectomy facelift (Group B), and 15 had a high SMAS facelift
(Group C). Neutral repose (no expressed emotions) images pre- and post-operatively (average >3
months) were analyzed using the FaceReader software. The software tracks nearly 500 key
locations on the face to accurately measure 28 action units and 7 cardinal emotions within the

face. The action units and emotion are assessed for presence and intensity of functioning.

Results:

Across the procedures only Group C, the high SMAS facelift, experienced a change in emotional
expression and action unit functioning (Graph 1). Post-operatively, 11/15 Group C patients’
experienced activation of the lip corner puller AU, increasing in average intensity from 0% to
18.7%. This action unit pattern correlated with an average increase in detected happy emotion
from 1.03% to 13.17% (p=0.008). Conversely, the average angry emotion detected decreased
from 14.66% to 0.63% (p=0.032). Group A experienced a decrease in happiness by 0.84% and a
decrease in anger by 6.87% (P>>0.1). Group B had an increase in happiness by 0.77% and an
increase in anger by 1.91% (P>>0.1). Both Group A and B did not show any discernable action

unit patterns.

Conclusion:
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This study provides the first proof of concept for the use of a machine learning software
application to objectively compare aesthetic surgical outcomes in facial rejuvenation. Future
applications of this software include large patient population assessment of various facial

surgeries to uncover which have the greatest impact on emotional expression and facial function.
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Introduction:

Emotional expression has been a fundamental aspect of human communication and social connection
throughout our species’ evolution.! The practical importance of emotional expression for human
interaction is accompanied by the aesthetic value humans place on these emotions; as seen by the
implementation of surgeries such as facial rejuvenation.? Universal emotional expression by means of
facial movements have been subdivided into seven categories: sadness, happiness, anger, neutrality,
surprise, fear, and disgust.>* These emotions have been systematically linked to the functioning of facial
muscle action units through the Facial Action Coding System originally developed by Ekman and Friesen
in 1978.3# This system has been used as a means for analyzing facial expressions and the emotions they
emit.*®

Throughout the past century, surgical interventions have been employed for altering apparent undesired
emotional expression from facial aging.>%” When reviewing clinical practice literature, it becomes
apparent that the lack of standardization in surgical techniques plagues the facial surgery profession.?>
The utilization and adoption of so many varying surgical techniques is partially a lack of objective pre-
and postoperative analysis.>> 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 colleagues.? Subjective analysis is a common but unstandardized practice for determining the
success and efficacy of surgical interventions and is subject to many biases.> These outcome measures
remain crucial from the evaluation of a successful surgery, however, objective emotional expression as a
form of unbiased evaluation of outcome can be an additional valuable measure of success.

The presented research comparatively assesses the techniques of facial rejuvenation via high SMAS,
SMAS plication, and SMAS-ectomy facelift with concomitant procedures using artificial intelligence (see
figure 1). These patients often present expressing that their faces appear tired, sad, or angry, even when in
a neutral repose. In this paper, we examine the use of artificial intelligence and deep learning software as

a novel objective measure for comparing surgical outcomes in facial rejuvenation patients. The aim of this

http://mc.manuscriptcentral.com/asjournal



Aesthetic Surgery Journal

research is the examination of the efficacy of three facelift techniques and the exploration of a universal

objective measure of surgical outcomes with respect to emotional expression.

Methods

I an attempt to demonstrate the ability to use artificial intelligence to compare surgical techniques, we
examined facial rejuvenation patients at a tertiary medical center with stratification by procedure type.

All patients who underwent facial rejuvenation surgery (high SMAS, SMAS plication, and SMAS-ectomy
facelift with possible concomitant procedures (see figure 1)) between January of 2015 and December of
2017 were retrospectively identified. The identified patients were then subcategorized by their facelift type
for evaluating the differences between 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 three surgeons over a 2-year span. Two surgeons completed the surgeries in
Groups A and B while 1 surgeon completed the Group C surgeries. We excluded those patients without
postoperative photos, those who did not want their photos shown, ones with postoperative photos without
resolution of bruising, those with concomitant diagnoses such as facial paralysis, and patients who
underwent additional complex head and face reconstructive procedures.

We obtained pre- and post-operative images in repose for all patients (n=32), for a total of 64 images. The
post-operative photos were taken on follow-up with slight variation between the groups in the average
length of follow-up (figure 1). Photos were obtained using a Canon XH-A1S 3CCD HDV Camcorder
positioned 1.5 meters away from the patient. Images were analyzed using a commercially available facial
expression recognition software package (FaceReader™, Noldus Information Technology BV,
Wageningen, Netherlands). The data generated from the software reflected the proportion of each of the
seven cardinal emotions and the associated functioning of the action units. The software’s capability to

classify facial expressions was achieved by training an artificial neural network, using more than 10,000

http://mc.manuscriptcentral.com/asjournal

Page 10 of 17



Page 11 of 17

Aesthetic Surgery Journal

images that were manually annotated by trained experts.®!° The system assesses the movements of more
than 500 facial landmarks on each face to perform the classification.

The emotion results outputted by FaceReader are in percentages with the total equaling 100%. Therefore,
a 5-point 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 happiness, sadness, surprise, and
anger, due to the aim of the surgeries being a reduction in negative emotion with an increase in appearing
happy and youthful without the creation of a surprised complexion. The action unit function intensity 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 involving 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 < 0.05 was considered statistically significant.

The authors have no disclosures with regards to the production of this original article.

Results

A total of 32 facial rejuvenation patients (27 females, 5 males) were included in the study after exclusion
requirements 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 pre- and postoperatively are provided in Figure 2, with
a FaceReader analysis examples shown in Figure 3.

Group A and Group B:

Among the Group A (n=10) and Group B (n=7) cohorts, there was no observed significant change across
the surgery in either perceived emotional expression or action unit functioning (Figure 4.). Among the
average emotional 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 decreased from 8.69% to 1.82% (no

values observed to be statistically significant). The average emotional changes for Group B were observed
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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 observed to be
statistically significant). Evaluation of the action units provided no discernable patterns in either group.

Group C:

The unique discernable pattern in emotion for Group C was an increase in average overall perceived
happiness from 1.03% to 13.17% (p<0.01) (Figure 5). Conversely, the average angry emotion detected
decreased from 14.66% to 0.63% (p=0.03) (Figure 5). Other analyzed emotions fluctuated; however, these

were determined to be statistically insignificant.

Specific analysis of the facial action units uncovered a correlative 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 high SMAS facelift, 11/15 patients had activation of the lip corner puller action unit; ranging
in intensity from 1/5 to 3/5 (Figure 5). This was the most distinct and nearly universal change in the muscle

action units. No other discernible patterns were observed across the examined cohort.

Discussion

Our report demonstrates the use of artificial intelligence in the objective comparison of emotion and facial
functioning across three groups of facial rejuvenation techniques.

The repose image analysis showed that the surgical interventions varied in their ability to enact significant
change within the face. In particular, facial rejuvenation aims at reversing facial wearing and thus being
able to measure these subjective outcomes will ultimately inform surgical decision making.

Our examination of repose images of patients pre- and post- facial rejuvenation demonstrates an increased
efficacy with the high SMAS facelift technique of rejuvenation. Within Groups A and B, it was observed
that emotions and action unit functioning fluctuated across the procedure, but no discernable pattern was
seen. This result illustrates the power of the software to more objectively distinguish differences in outcome

across whole patient group analysis.
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On the other hand, Group C patients undergoing rejuvenation with a high SMAS facelift, were shown to
have a significant increase in happiness and a concurrent decrease in anger. This analysis of emotion
between groups shows the objective form of comparison for a previously subjective critique of post-
operative outcomes.

Unfortunately, the study has considerable limitations within the comparative groups making these findings
biased. In particular the groups differ substantially in a few categories. Demographically, for example,
Group A and B had an average age nearly a decade older than Group C. Younger patients generally respond
better to rejuvenation making the comparative analysis biased. As well, Group B had less than half the
average follow-up time compared to Group A. This may impact findings despite rhytidectomy resulting in
its final aesthetic impact on the face relatively quickly after the procedure has taken place.

As well, it is expected that concomitant procedures will be performed during rejuvenation but within our
examined patients, the 8 observed concomitant procedures were not uniformly distributed. In conjunction,
multiple surgeons completed the cases which can skew their concomitant procedure recommendations as
well as their variability in surgical efficacy. Finally, all the examined patients were of a low Fitzpatrick skin
type which limits the generalizability to patients with darker skin types.

With an understanding of the limitations of the analyzed groups we may be better equipped to evaluate the
use of artificial intelligence in their objective comparison. The emotion results outlined above show the
capability of the software for detecting differences in emotion post-operation. Furthering the software’s
utility, is the action unit analysis which can show correlative findings with emotion or separate muscle
functioning analysis.

Within Group C, post-operatively it was shown that there was a significant increase in the functioning of
the lip corner puller action unit, a trend unobserved in the other surgical groups. The high SMAS facelift
raises the SMAS in the vector of the zygomaticus major®!!-15, this results in the observed increase in its
perceived 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 formation of a smile!®!7. The correlated

increase in both happiness and the lip corner puller action unit functioning shows internal validity for the
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correct objective analysis by the artificial intelligence. It may be posited that the high-SMAS facelift is
better equipped at visualizing the plane and vector of the zygomaticus major,'! relative to the other two
techniques, especially with variability in the angle of vector of zygomaticus major.!"> However, it is
accepted that general elevation along an acute angle relative to the oral commissure will result in
rejuvenation. !> Once again, this support is to show how internal validity of the artificial intelligence
software for analysis as the many potential confounders may be the reason for the differential findings
between the groups.

Our aim was to examine the available methods of postoperative examination in hopes to have a standard
method of assessing surgeries and informing patient decision making. If a subset of surgical techniques is
deemed the standard, techniques should be examined and compared objectively so that patients' satisfaction
can only increase through ensuring the most effective surgery is provided. Previous attempts at this goal
have included patient satisfaction surveys, perception of the patients by other people, quality of life
measurements, anthropometric measurements, and three-dimensional digitization of landmarks.”16:13
Additional objective measures have been developed incorporating technology such as eye tracking for facial
procedures.>1°

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. *'° For examining aesthetic surgeries, it is
possible to say that the patient’s satisfaction is the most crucial post-operative analysis.® However, assessing
the success of a surgical technique requires objective evaluation which the previously mentioned techniques
lack. Our favorability falls on the artificial intelligence software, Facereader, which removes theses biases
through its developmental process and extensive testing. It utilizes the pioneered Facial Action Coding
System by Ekman and Friesen in 1978 to develop a comparative accuracy of 80%.31820 In conjunction with
the removed biases and variability, our research demonstrates that the software is able to quantify the
subjective measures in a standardized way allowing for direct comparison of surgical techniques. Due to
our limitations, direct group conclusions can not be drawn and future work will require more homogenized

cohorts for examining surgical efficacy relative to other techniques.
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Conclusion

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 facial surgery. The outputted
numerical values for historically subjective measures like perceived emotions provides a reliable and
comparable measure which can avoid the inter and intraobserver biases. Removal of these biases with the
direct production of quantitative results created the avenue for direct surgical comparison. This technique
will aid in informing patients for the rational for technique selection 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 compare techniques to ensure the greatest chance of success for their patients.
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Figure Legends

Chart 1. 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).

Figure 1. Pre- and post-operative repose images. Figures A and B are exemplary images from Group A, C
and D are images from Group B, and E and F are from Group C. Images A, C, and E show the preoperative
images while images B, D, and F show post-operative images. The patient in Image A and B (3 months
post-operatively) is an 89-year-old female who underwent a SMAS plication with fat grafting and a
blepharoplasty. The patient in Image C and D (4 months post-operatively) is a 78-year-old female who
underwent a SMASectomy facelift with fat grafting, dermabrasion, and lip augmentation. The patient in
Image E and F (3 months post-operatively) is a 49-year-old female who underwent a high SMAS facelift

with browlift, canthopexy, and fat grafting.

Figure 2. Representative images of the FaceReader analysis. The facial images are overlayed with a virtual
mesh with labelled action units with their respective functioning. The patient images are preoperative on
the left and post-operative on the right (3 months post-operatively). The patient is a 49-year-old female who
underwent high SMAS facelift with lateral temporal endoscopic browlift, bilateral canthopexy, and fat

transfer to the lower eye lids, midface face, jawline, chin, and upper and lower lip.

Chart 2. 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.
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Chart 3. Outputted analysis of the perceived emotions and action unit of interest post-operatively relative
to preoperatively. Inflections below the x-axis represent decreases after surgery while positive inflections

represent increases after surgery. An Asterix denotes a statistically significant p value <0.05.
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