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PROLOGUE 
_____________________________________________  

 

Facial palsy is a disabling condition that has a profound effect on a patient that is not 

only physical, but also psychological and social. It is a condition that in many respects 

originates in the eye of the beholder due to the difficulties that arise when a person living with 

facial palsy tries to communicate their emotions to others using their facial expressions. After 

facial palsy this ability is significantly impaired and sufferers are left to mourn the loss of their 

smile, previously an effortless part of their personality.  

 

Over the last century, clinicians have developed techniques to restore facial balance and 

movement to facial palsy patients, now collectively known as facial reanimation procedures. 

However, whilst surgical techniques have progressed rapidly, our ability to quantify the 

outcomes of such interventions has not kept pace and presently there is no measure that 

objectively captures all domains that facial reanimation impacts for an affected individual.  

 

An objective assessment of the success of any one facial reanimation procedure should 

address all domains impacted by the disorder, measuring the physical impact through objective 

forms of smile measurements and analysis, the psychological effect on the individual through 

patient reported outcomes measures, and the social effect through layperson assessments.  

 

The aim of this thesis was to develop novel techniques that might enable a multi-modal 

approach to objectively quantify the success of smile reanimation surgery to restore normal 

smiles to facial palsy patients. To achieve this aim, this thesis had five objectives. First, to 

introduce the concepts of voluntary and spontaneous smiling and discuss the evolution of 
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surgical techniques for the reanimation of the smile in patients afflicted by facial paralysis. 

Second, to review the ability of existing measures of facial palsy severity and clinical outcome 

grading scales to quantify outcomes of smile reanimation procedures. Third, to determine the 

relative importance of voluntary and spontaneous smiling. Fourth, to measure facial 

movements on the healthy and diseased sides of the face and quantify the formation of the 

nasolabial fold, a key feature of successful smiling. Fifth, to automatically quantify the ability 

of smile reanimation techniques to restore successful spontaneous smiling, the most elusive 

attribute of a normal smile. 

To address the first objective, a review of facial reanimation principles and techniques 

was performed (Chapter One). To address the second objective, a literature review was 

conducted investigating facial palsy severity grading scales and outcome measures (Chapter 

Two). To address the third objective, a ranked preference methodology known as discrete 

choice experiment was used to determine the relative preferences of laypersons when choosing 

between surgical techniques that restore voluntary smiling versus those that also aim to restore 

spontaneous smiling (Chapter Three). To achieve the fourth objective, state of the art facial 

landmark recognition tools were utilised to quantify the formation of the nasolabial fold during 

smiling in unilateral facial palsy patients, comparing movement on the affected and healthy 

sides of the face (Chapter Four). To address the final objective, a stepwise process was 

undertaken to first define a technique to manually time-stamp spontaneous smiles in a videoclip 

then to use automated facial landmarking software to time-stamp in an automated fashion, and 

finally to use an emotion AI algorithm to quantify the ability of those detected spontaneous 

smiles to express joy, a novel measure of successful spontaneous smiling (Chapter Five).  

The thesis concludes with an Epilogue to draw together the linkages from the preceding 

chapters and suggest areas for further research. In the final Addendum, excerpts from a chapter 
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in Dr Rana el Kaliouby’s Autobiography are included to demonstrate the parallel perspective 

of a non-surgeon as she unexpectedly discovered the capabilities of her emotion AI algorithm, 

and her amazement that such a tool could impact the life of someone living with facial palsy.   
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OUTLINE OF THE THESIS 
_____________________________________________  

Normal smiling is a complex phenomenon comprising both a social, communicative 

function which is voluntary, and a spontaneous, emotional expression of joy which is innate. 

Loss of the ability to smile has a profound effect on quality of life. This thesis outlines the 

series of steps taken to objectively quantify the success of smile reanimation surgery to restore 

normal smiling in facial paralysis patients who have lost the ability to move one side of their 

face. Using advanced techniques from the fields of computer science and health economics, 

this thesis seeks to demonstrate the value of successful smile reanimation surgery and to 

establish a multi-modal, objective, automated, and quantifiable approach to measure its 

presence. This thesis contains five chapters, an introductory chapter that summarises the 

current state of facial reanimation surgery, and four subsequent investigative chapters as 

detailed below.  

Chapter One introduces the concepts of voluntary and spontaneous smiling and 

discusses the evolution of surgical techniques for the reanimation of the smile in patients 

afflicted by facial palsy.  

Chapter Two provides a literature review of the evolution of facial palsy grading 

scales, severity assessment measures and facial reanimation outcome measurement techniques. 

This work has been published in Facial Palsy, Springer. This chapter is accompanied by 

Appendix 1, a published comprehensive database of the full spectrum of facial palsy patients 

with complete photographic and videographic assessments, an aide to the development of 

rigorous novel outcome measures. This database was made freely available to all researchers 

and published in Laryngoscope.  
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Chapter Three investigates the relative importance placed on voluntary and 

spontaneous smiling. The chapter utilises the methodology of a novel health economic 

technique, known as the discrete choice experiment, to determine the preferred choice of nerve 

source to achieve both voluntary and spontaneous smiling. Conducted in 250 laypersons, this 

paper was published in Plastic and Reconstructive Surgery. The three appendices to this 

chapter focus on patient reported outcomes of quality of life following smile reanimation. First 

masseteric nerve driven smile reanimation was studied to discern the true amount of successful 

smile utilisation and patient satisfaction with this technique. Appendix 3 and 4 investigated the 

relative importance of loss of smile ability to the overall reduction in quality of life experienced 

by facial palsy patients. These studies were published in the Journal of Plastic Reconstructive 

and Aesthetic Surgery, JAMA Facial Plastic Surgery and Laryngoscope.  

Chapter Four details the use of state-of-the-art techniques for objectively measuring 

facial movements using facial landmark tracking software. The chapter demonstrates that 

manually placed facial tracking markers can enable identification of the movement of the 

nasolabial fold which is a notoriously difficult facial landmark for computer vision software 

algorithms to recognise given its absence in repose in young people and wide variation in 

morphology. This paper was published in Surgery and Orthodontic Craniofacial Research. 

The appendices to this chapter outline efforts to use a machine learning approach to enable 

automated placement of facial landmarking dots, known as Emotrics, automated measurements 

of facial displacements, and ultimately the development of automated facial palsy severity 

grading scales, known as Auto eFace. These papers have been published in Facial Plastic 

Surgery Aesthetic Medicine and JAMA Facial Plastic Surgery. 

Chapter Five comprises two papers that document a stepwise approach to development 

of a novel objective measure of spontaneous smiling in facial palsy. The first step was to 
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reliably define and identify when spontaneous smiles occurred in healthy and diseased faces. 

An objective technique known as time-stamping was defined to manually quantify spontaneous 

smile occurrences from video recordings of facial expressions of healthy volunteers and facial 

palsy patients while they watched humorous videoclips. This paper was published in JAMA 

Facial Plastic Surgery. The second step was to combine the capabilities of automated facial 

landmarking, Emotrics, and automated emotion detection to create a system of automated 

identification and quantification of successful spontaneous smile reanimation. This paper was 

published in Plastic and Reconstructive Surgery. The appendix to this chapter, and its ensuing 

correspondence in this literature, is a paper that outlines the development and validation of the 

use of an emotion detection algorithm to measure the probability of a perceived emotion from 

the facial expressions of facial palsy patients when attempting to smile voluntarily. This paper 

and its accompanying Invited Discussion, Letter to the Editor and Response were also 

published in Plastic and Reconstructive Surgery.  

The Epilogue summarises the main findings of the thesis, discusses limitations and 

details implications for clinical practice and future research.  

In the final Addendum, excerpts from a chapter in Dr Rana el Kaliouby’s 

Autobiography are included to demonstrate the parallel perspective of a computer software 

engineer who was amazed to discover that a facial recognition artificial intelligence algorithm 

that she had developed to measure the facial expressions of people watching TV advertisements 

could impact the life of someone living with facial palsy.   
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Preface 
_____________________________________________  

 

Smiling is a fundamental part of our personalities simultaneously enabling effective 

non-verbal communication and exposing our irrepressible emotions such as joy and laughter. 

A primary goal of patients living with facial palsy is to restore their ability to express joy by 

smiling. In the 20th century, surgeons began utilising nerve and muscle transfer procedures to 

reanimate the paralysed sections of the face through a series of procedures collectively known 

as Facial Reanimation.  

The aim of this chapter is to review the pertinent literature to introduce the concepts of 

voluntary and spontaneous smiling and to provide a summary of the surgical techniques that 

have been developed to restore animation to the smiles of patients living with facial palsy.   
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Why do we smile? 
_____________________________________________  
 
 
 

 

 

 

 

 

 

 

 

In the study of human emotion, one of the most intensely analyzed questions over the 

past century has been: “Why do we smile?”. To approach this question, it is useful to divide 

smiling into two categories: voluntary and spontaneous. A voluntary smile is a highly effective 

means of non-verbal communication, commonly used as a greeting and to send messages of 

agreement and empathy.1,2 A smile may also be spontaneous, believed to represent the 

experience of a positive emotion such as happiness or joy, often occurring during amusement 

or laughter.3 In facial palsy (FP), the absence of voluntary smiling can have profound impacts 

on one’s ability to engage in non-verbal communication and represents one of the most 

important problems reported by patients and their families, severely reducing their quality of 

life.4 However, amongst smile reanimation specialists, the recreation of a spontaneous smile 

(also known as an involuntary, true, or emotional smile) is often considered the most 

aspirational goal of reconstruction.5–7 Whether voluntary or spontaneous, many nuances of 

“The power of communication between the members of the same tribe by means of language has been 

of paramount importance in the development of man; and the force of language is much aided by the 

expressive movements of the face … 

… every true or inherited movement of expression seems to have had some natural and independent 

origin. But when once acquired, such movements may be voluntarily and consciously employed as a 

means of communication … 

… certain expressive states of the mind are the direct result of the constitution of the nervous system, 

independent of will and, to a large extent, of habit. These movements are the result of excessive nerve-

force dependent on the connections of the nerve cells …” 
 

Charles Darwin The Expression of Emotions in Man and Animals. 1872.10 
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smiling exist. Affective psychologists have tried to classify this variance, using our facial 

expressions to decode our emotional experience.  

 

Sir Charles Bell, in his Essays on the Anatomy of Expression in Paintings (1806), was 

the first to analyze the expressions of man and relate them to an anatomical understanding of 

the facial muscles and nerves.8 In 1862, Duchenne de Boulogne, a French neurologist and 

electrophysiologist, first used electrical current and clinical photography to characterize 

individual facial expressions in living subjects.9 In 1872, Charles Darwin published The 

Expression of the Emotions in Man and Animals, in which he asserted that several of the chief 

facial expressions were universal between cultures and even between species, serving as 

evidence of a common ancestral linkage between humans and to an extent animals as well.10 

During the twentieth century, many authors studied the specific muscles implicit in individual 

facial expressions of the basic emotions: anger, disgust, surprise, joy, fear, and sadness.3,11 

Perhaps the most important contribution was development of a system for quantifying 

contributions of individual muscle groups to facial expressions, originally developed by 

Swedish anatomist, Carl-Herman Hjortsjö.11 In 1978, Paul Ekman and Wallace Friesen 

published the facial action coding system (FACS) using frame-by-frame, expert-trained 

analysis of videos taken in emotion-generating situations.12–14 This system created a common 

data-driven language enabling the myriad facial expressions to be decoded into discrete muscle 

action units (AU).13,14 

 

According to Ekman, happiness, or joy, is expressed by activation of bilateral lip corner 

pull, cheek raise, and lid tighten leading to fine crease-lines in the area lateral to the orbital 

region colloquially known as crow’s feet. The combination of all three of these action units is 

also commonly known as a Duchenne smile due to his earlier recognition of this pattern 
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characterizing a true, emotional smile. Disgust is composed of upper lip raise, wrinkled nose, 

and cheek raise, and contempt is a variant of disgust characterized by a unilateral upper lip 

raise also known as a smirk.13,15 See Table 1. Each AU can be modified by intensity codes 

ranging from weak to strong usually qualified by the depth of skin creases such as the 

nasolabial fold, crow’s feet, and lower eyelid wrinkles. Psychologists have used this system to 

ask fundamental questions about the nature of emotion and also sought to quantify methods of 

suppressing emotions and the facial expressions of lying.3,13,15 However, whilst clearly a useful 

tool, FACS analysis of a video of facial expressions requires a high degree of training, is time-

consuming, and has low inter-rater reliability.12  

 

AU 
Number 

FACS Name Muscular Basis Facial Display 
Modifier 

Contribution to 
Emotion 

6 Cheek Raiser orbicularis oculi  
(pars orbitalis) 

Crow’s feet Bilateral: Joy 
Unilateral: Contempt 

7 Lid Tightener orbicularis oculi  
(pars palpebralis) 

Lower eyelid 
creases 

Bilateral: Joy 
Unilateral: Contempt 

9 Nose Wrinkler levator labii superioris 
alaeque nasi, nasalis 

Bunny lines Bilateral: Disgust 
Unilateral: Contempt 

10 Upper Lip Raiser levator labii superioris,  
caput infraorbitalis 

Bunny lines, 
Show canine 

Bilateral: Disgust 
Unilateral: Contempt 

11 Nasolabial 
Deepener 

zygomaticus minor Nasolabial fold Bilateral: Joy 
Unilateral: Contempt 

12 Lip Corner 
Puller 

zygomaticus major Nasolabial fold, 
Show premolars 

Bilateral: Joy 
Unilateral: Contempt 

14 Dimpler buccinator Dimple Bilateral: Joy 
Unilateral: Contempt 

 
Table 1. Muscle Action Units (AU) relevant to the facial expressions associated with smiling. 
Excerpt taken from the Facial Action Coding System (FACS) by Ekman and Friesen (1978).14 
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Recent advancements in machine learning facial recognition algorithms have enabled 

analysis of facial expressions to become automated.16 A commercially-available facial 

recognition and emotion detection system has been developed from 5 million videos of normal 

subjects from 75 countries resulting in over 2 billion facial frames (Affectiva, Boston, USA).17–

21 This advance has enabled real-time analysis of the phenomenon known as emotionality, the 

observable behavioral and physiological component of emotion.22 It is important to note that 

facial expression analysis alone is unable to definitively determine the felt emotional state of 

an individual, as the system has no way of comprehending the context of the individual. 

Therefore, the results of any facial expression analysis ought to be considered a prediction of 

felt emotional state or, in the case of voluntary facial expression, the emotional state that the 

subject is trying to communicate.  
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Evolution of Surgical Techniques to Restore Smiling 
in Facial Palsy 
_____________________________________________  

 

There are many purported goals of facial reanimation including restoration of oral 

competence, eye closure, brow elevation, lip pucker and smile. However, when patients are 

asked to prioritise the goals of their own treatment, they usually focus on improvement of eye 

comfort, speech, swallowing, and return of their normal smile. Facial reanimation procedures 

can be divided into static and dynamic categories, where the primary goal of static procedures 

is to improve the symmetry of the face at rest and that of dynamic procedures is to improve the 

symmetry of the face during animation.  

 

Smile reanimation procedures can be broken down into nerve transfers, regional muscle 

transfers and neurotised free muscle transfers. The respective advantages and disadvantages of 

each approach have been well studied and are traditionally measured by the overall success 

rate of the procedure, the complication rates and the degree of oral commissure excursion 

created by the procedure (measured in mm).23 The ability of each procedure to deliver 

spontaneous smiling is the subject of much debate and until the present study, no objective tool 

has existed to measure its absence or presence in post-operative patients (see Chapter 5).  

 

Smile reanimation procedures can also be divided into procedures that utilize the 

ipsilateral or contralateral facial nerve as a source of motor nerve input, versus procedures that 

utilize non- facial nerve sources, such as nerve to masseter, hypoglossal nerve, deep temporal 

nerve, and / or spinal accessory nerve.23 In recent times dual or triple innervation techniques 

have also been developed to improve reliability of single nerve driven approaches and to 

improve spontaneity of smiling.5-7  
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It is widely accepted that the facial nerve is the best source of nerve input for creating 

spontaneous smiling in unilateral facial palsy. However, this neural input usually must be 

diverted from the healthy contralateral side of the face and can diminish in potency by the time 

the regenerated nerve axons reach the affected side.24 Conversely, the nerve to masseter has a 

reliable pool of axons that can be diverted in very close proximity to the facial nerve branches 

and give motor input to the denervated facial muscles or free tissue muscle transfer.23 The nerve 

to masseter is renowned for yielding high success rates of muscle reinnervation and strong oral 

commissure excursion measurements but lower rates of spontaneous smile.25 Other neural 

inputs have also been used with variable degrees of reported success at restoring spontaneity 

including hypoglossal nerve, spinal accessory nerve and deep temporal nerve. What is less well 

known is the potential rate of spontaneity that can be generated from non-facial nerve inputs. 

Various authors attest that cortical adaptation occurs after non-facial nerve smile reanimation 

and that this is believed to be the cause of spontaneous smiles in the absence of facial nerve 

input.26 An alternative hypothesis, particularly for nerve to masseter driven smiles, is that a 

subgroup of patients may co-contract their masseter and facial muscles when smiling a priori 

and thus post-operative spontaneity is a function of this pre-operative co-incidence.27   

 

 In a recent systematic review of smile reanimation techniques, it was found that facial 

nerve driven reanimation did deliver the best chance of smile spontaneity and dual innervation 

techniques were superior to single non-facial nerve sources.28 They also noted that only a 

minority of studies defined how they elicited or measured spontaneous smiles and an even 

smaller proportion used an independent means of assessment. 
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 Facial palsy affects patients of all ages and all backgrounds. When it occurs at a very 

young age it may potentially be due to congenital birth defect, birth trauma or a developmental 

anomaly. It can also occur due to a defined cause such as a benign or malignant tumour, trauma, 

from infection or post-viral reactivation, such as in Bell’s Palsy or Ramsay Hunt Syndrome 

(also known as Herpes Zoster Oticus). These clinical scenarios may present differing degrees 

of denervation to the facial musculature yet one constant remains that if the intrinsic facial 

musculature lacks a nerve supply completely for more than 18 months, the neuromuscular 

junction is very unlikely to be recovered even with the most robust renervation procedure.23 

As such, differing approaches are taken by facial reanimation specialists in various timepoints 

of recovery.  

 

When within the 18 month window of potential renervation, direct nerve coaptation, 

nerve grafting, and nerve transfer procedures are the mainstay of treatments. However, once 

the facial musculature has been lost, after the 18 month window has closed, regional and free 

muscle transfers become the procedures of choice to restore animation to the smile. The most 

performed regional flap procedures in this situation are the temporalis muscle transfer, made 

popular by Gillies29, McLaughlin30 and most recently Labbé31, and the masseter muscle transfer 

has also been described.32 As expected the motor source for these muscle transfers is via the 

mandibular division of the trigeminal nerve and activation of the smile is achieved with a 

voluntary masticatory effort. It is believed that some smile spontaneity can be achieved in this 

patient population, particularly with extensive physiotherapy and neuromuscular retraining 

although objective testing is lacking.33 The most frequently performed procedure to reanimate 

a long-standing facial palsy is functional free muscle transfer, utilising donor muscle options 

such as gracilis, pectoralis minor, latissimus dorsi, and serratus anterior. Free tissue transfers 
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are most often innervated by the nerve to masseter, hypoglossal, cross facial nerve graft (in one 

or two stages) or using a combination of multiple nerve sources.23  

 

A recent systematic review of 68 studies reporting the results of 2674 smile reanimation 

patients, comprising nerve transfer (15%), regional muscle transfer (6%) and free muscle 

transplantation (79%) procedures, found that facial nerve-driven smile reanimation resulted in 

the highest proportion of spontaneous smiles (83%).28 This was followed by hypoglossal 

(45%), masseteric (32%) and spinal accessory nerve-driven smile reanimation (32%). They 

also found that dual innervation resulted in a higher proportion of spontaneous smiles and 

postoperative physical therapy resulted in a significantly higher proportion of spontaneous 

smiles. Importantly, they noted that a minority of studies reported their method of assessing 

spontaneous smile outcome and even fewer used an independent means of assessment. Given 

the amount of time both patient and surgeon have invested in generating a positive outcome in 

smile reanimation procedures there is a strong possibility of reporter bias, and the lack of 

objective assessment methods raises concern as to the validity of these figures.34  
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Preface 
_____________________________________________  

 

As new surgical techniques have evolved and evidence-based practice has been 

embraced within the medical specialties, it has become necessary to express the likely post-

surgical outcomes in an objective manner. In the field of facial palsy, clinician-graded tools 

were created to assess the severity of facial palsy at diagnosis. However, these are not 

sufficiently sensitive to quantify post-operative changes and were never developed to do so. In 

the late 20th century, a new raft of outcome measures were developed to capture the various 

domains of post-operative recovery more fully.  The aim of this chapter was to detail and 

critique outcome measures following facial reanimation surgery and propose a multi-modal 

approach to objective outcome measurement. This chapter was published in Facial Palsy. Tzou 

CH.J., Rodríguez-Lorenzo A. (eds). Springer, Cham., 2021.   

Dusseldorp JR, Meares C, Hadlock TA. A Multi-modal Approach to Outcome Tracking in 

Facial Palsy. In: Tzou CH.J., Rodríguez-Lorenzo A. (eds) Facial Palsy. 2021. Springer, Cham. 

https://doi.org/10.1007/978-3-030-50784-8_2 

One of the major challenges to successfully validating outcome measures, particularly 

automated ones, is to ensure their ability to measure various degrees of difference between 

patients of all degrees of severity within the spectrum of facial palsy. Appendix 1 details the 

development steps taken to create a freely-available, comprehensive database of facial 

 
“When you can measure what you are speaking about, and express it in 

numbers, you know something about it, but when you cannot express it in 
numbers, your knowledge is of a meager and unsatisfactory kind.” 

 
 

 

Lord Kelvin. Electrical Units of Measurement, delivered 3 May 1883 
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photographs of patients with all possible degrees of facial palsy. This data set is the ideal testing 

group to validate a facial palsy outcome measure against the full spectrum of disease severity 

and its open source nature makes rapid validation of novel tools for outcome assessment 

possible. This paper was evaluated and findings published in Laryngoscope, 2020.  

Greene JJ, Guarin DL, Tavares J, Fortier E, Robinson M, Dusseldorp JR, Quatela O, Jowett 

N, Hadlock TA. The Spectrum of Facial Palsy: The MEEI Facial Palsy Photo and Video 

Standard Set. Laryngoscope. 2020 Jan;130(1):32-37 
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Preface 
_____________________________________________  

 

 

 

 

 

 

 

  

 

Facial reanimation specialists may perceive a successful smile reanimation result 

differently to patients or layperson observers. For example, if a patient can make a powerful, 

symmetrical voluntary smile by biting down when the patient visits the clinic the surgeon may 

think the result is perfectly successful. However, if the patient then leaves the clinic and rarely 

uses this ability in their daily lives, and still feels self-conscious of their facial difference when 

laughing in public or eating meals is this truly a successful outcome? Furthermore, if a 

layperson observer were to see a persistent facial asymmetry while the patient laughs at a joke, 

what would their impression be of the success of the procedure? 

 

 These fundamental questions about the importance of spontaneous versus voluntary 

smiling in the eyes of patients and laypersons form the basis of investigation in this chapter. 

The aim of this chapter was to understand what factors would influence a naïve layperson to 

choose a masseteric nerve-driven smile with lower chance of spontaneity versus a cross facial 

nerve graft-driven smile with a higher chance of spontaneity. A market research tool known as 

“… To understand, as far as possible, the source or origin of the various 

expressions which may be hourly seen on the faces of the men around us, not 

to mention our domesticated animals, ought to possess much interest for us. 

From these several causes, we may conclude that the philosophy of our 

subject has well deserved the attention which it has already received from 

several excellent observers, and that it deserves still further attention, 

especially from any able physiologist …” 

 
 

Charles Darwin The Expression of Emotions in Man and Animals. 1872. 
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“discrete choice experiment” was employed to investigate the key decision-making factors 

used by 250 laypersons to decide between spontaneous and voluntary smile outcome and to 

determine the relative importance of each factor. This chapter has been published in Plastic 

and Reconstructive Surgery. 

 

Dusseldorp JR, Naunheim MR, Quatela O, Fortier E, Hadlock TA, Jowett N. Neurotization 

Preferences in Smile Reanimation: A Discrete Choice Experiment. Plast. Recon. Surg. 2021 

Sep 1;148(3):407e-415e 

 

 

In the appendices presented the patient-reported experience of nerve to masseter driven 

smile reanimation was investigated using a retrospective survey and the effect of facial 

dysfunction on patient-reported quality of life was also analysed from two distinct perspectives. 

After masseteric nerve-driven smiling patients reported reliable rates of voluntary smile ability 

but disappointingly low rates of spontaneous smiling. Poor oral commissure excursion with 

smiling was the single most important eFACE item predicting lower quality of life and poorer 

quality of life was predicted by severity of palsy. These additional studies demonstrate the 

patient reported importance of normal smiling in determining quality of life and the inability 

of nerve to masseter to achieve this outcome successfully in most cases surveyed in a single 

institution’s experience.  

Appendix 2 

van Veen MM, Dusseldorp JR, Quatela O, Baiungo J, Robinson M, Jowett N, Hadlock TA. 

Patient Experience in Nerve-to-Masseter-Driven Smile Reanimation. J Plast Reconstr Aesthet 

Surg. 2019 Aug;72(8):1265-1271 
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Appendix 3  

van Veen MM, Tavares-Brito J, van Veen BM, Dusseldorp JR, Werker P, Dijkstra PU, 

Hadlock TA. Association of Regional Facial Dysfunction with Facial Palsy–Related Quality 

of Life. JAMA Facial Plast Surg. 2019 Jan 1;21(1):32-37  

Appendix 4  

Tavares-Brito J, van Veen MM, Dusseldorp JR, Bahmad F, Hadlock TA. Facial Palsy-

Specific Quality of Life in 920 Patients: Correlation with Clinician-Graded Severity and 

Predicting Factors. Laryngoscope. 2019 Jan;129(1):100-104   
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Preface 
_____________________________________________  

 

 

 

 
 

 

 

 Surgical recreation of smiling requires a precise understanding of what movements the 

smile muscles usually create and how neural and muscular interventions can and cannot restore 

those movements. The key muscles responsible for oral commissure excursion are the 

zygomaticus major and minor muscles which arise from the zygomatic bone and insert into a 

condensation of connective tissue in the cheek just adjacent to the corner of the mouth, known 

as the modiolus. There are also muscular fibres that insert into the ala of the nose and the dermis 

between the ala and the modiolus. With smiling, these additional fibres form a crease line 

known as the nasolabial fold. This fold is absent at rest except in those of advanced age and 

only usually visible with strong smiling, such as with laughter.  

 The nasolabial fold holds a paramount importance to the aesthetic appearance of normal 

smiling as evidenced by its inclusion in multiple items of the eFACE assessment tool yet 

remains an elusive characteristic to measure in an objective way because it is absent at rest and 

varies considerably in its morphology between patients. The aim of this chapter was to use 

state of the art facial landmark recognition tools to quantify nasolabial fold during smiling and 

thus define nasolabial fold dynamics in unilateral facial palsy by comparing the affected side 

to the healthy side. The chapter was published in Orthodontic and Craniofacial Research.    

“... By the drawing backwards and upwards of the corners of the mouth, 

through the contraction of the great zygomatic muscles, and by the raising of 

the upper lip, the cheeks are drawn upwards. Wrinkles are thus formed under 

the eyes, and, with old people, at their outer ends; and these are highly 

characteristic of laughter or smiling …” 

 Charles Darwin The Expression of Emotions in Man and Animals. 1872. 
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Dusseldorp JR, Faraway J, Razavi L, Hadlock TA, Trotman CA. Nasolabial Fold Dynamics: 

Implications for Facial Paralysis and Facial Reanimation Surgery. Orthod. Craniofac. Res. 

2020. 00:1–8.  

 In the appendices presented, an algorithm for automated identification of facial 

landmarks in facial palsy patients was developed and used to quantify facial displacements 

both manually, and subsequently in an automated fashion, leading to an automated facial 

symmetry assessment tool in facial palsy, known as Emotrics. This tool is now routinely being 

employed in the field of facial reanimation and the paper has received 126 citations since 

publication. 

Appendix 5: 

Guarin D, Dusseldorp JR, Hadlock TA, Jowett N. A Machine Learning Approach for 

Automated Facial Measurements in Facial Palsy. JAMA Facial Plast Surg. 2018. Jul 

1;20(4):335-337 

Appendix 6: 

Guarin DL, Yunusova Y, Taati B, Dusseldorp JR, Mohan S, Tavares J, van Veen MM, Fortier 

E, Hadlock TA, Jowett N. Toward an Automatic System for Computer-Aided Assessment in 

Facial Palsy. Facial Plast Surg Aesthet Med. 2020 Jan;22(1):42-49 
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Preface 
_____________________________________________  

 

 

 

 

  

 

 

 

 There has never been a tool that could quantify the spontaneous smiling ability of a 

reanimated smile. Yet clinicians and patients continue to make complex decisions regarding 

their chosen surgical treatment approach based on their likelihood of developing this elusive 

capability. The preceding chapters have demonstrated the importance of smile spontaneity and 

the capabilities of advanced facial recognitions to recognise subtle changes in naso-labial fold 

morphology.  The aim of this chapter was to describe a stepwise approach to developing an 

objective measure of smile spontaneity.  

The first step was to reliably define and identify when spontaneous smiles occurred. A 

technique, known as time-stamping, was developed to manually quantify spontaneous smile 

occurrences from video recordings of facial expressions of healthy volunteers and facial palsy 

patients while they watched humorous videoclips. This paper was published in JAMA Facial 

Plastic Surgery. 

“It has often struck me as a curious fact that so many shades of expression 

are instantly recognized without any conscious process of analysis on our 

part … 

… We have also seen that expression in itself, or the language of the 

emotions, as it has sometimes been called, is certainly of importance for the 

welfare of mankind.” 
 

Charles Darwin The Expression of Emotions in Man and Animals. 1872. 
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Dusseldorp JR, van Veen MM, Guarin DL, Quatela O, Jowett N, Hadlock TA. Spontaneity 

Assessment in Dually Innervated Gracilis Smile Reanimation Surgery. JAMA Facial Plast 

Surg. 2019 Dec 1;21(6):551-557 

The second step was to combine the capabilities of automated facial landmarking 

(Emotrics – Appendix 5) and automated emotion detection algorithms to create a system of 

automated identification and quantification of successful spontaneous smile reanimation. This 

paper was published in Plastic and Reconstructive Surgery. 

Dusseldorp JR, Guarin DL, van Veen MM, Miller, M, Jowett N, Hadlock TA. Automated 

Spontaneity Assessment after Smile Reanimation: A Machine Learning Approach. Plast. 

Recon. Surg. 2022 June; 149(6):1393-1402  

The presented appendix in this chapter outlines the development and validation of the 

use of an emotion detection algorithm to measure the probability of a perceived emotion from 

the facial expressions of facial palsy patients when attempting to smile voluntarily. This paper 

was controversial, as it represented the first time an Artificial Intelligence algorithm had been 

utilised in the field of facial reanimation surgery, and so it was accompanied by an Invited 

Discussion at the time of publication and subsequent correspondence was published in Letters 

to the Editor of PRS. This correspondence and the Response are included at the end of the 

appendix having been published in Plastic and Reconstructive Surgery. 

Appendix 7: 

Dusseldorp JR, Guarin DL, van Veen MM, Jowett N, Hadlock TA. In the Eye of the Beholder: 

Changes in Perceived Emotion Expression after Smile Reanimation. Plast. Recon. Surg. 2019 

Aug; 144(2):457-471 
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Chuang D. In the Eye of the Beholder: Changes in Perceived Emotion Expression after Smile 

Reanimation. Plast. Recon. Surg. 2019 Aug; 144(2):472-473 

And Letter to the Editor with Response: 

Response to Gulbitti, et. al. Dusseldorp JR, Hadlock TA. Using artificial intelligence to 

measure facial expression following facial reanimation surgery.  Plast. Recon. Surg. 2022 

Jan;149(2):343e-345e  
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 Response to Gulbitti, et. al. Dusseldorp JR, Hadlock TA. Using artificial intelligence to 

measure facial expression following facial reanimation surgery.  Plast. Recon. Surg. 2022 

Jan;149(2):343e-345e  
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Conclusions 
_____________________________________________  
 

 

 

 

 

The aim of this thesis was to develop tools that could enable a multi-modal approach 

to assessing successful smile reanimation outcome in unilateral facial palsy patients. Chapter 

One introduced the concepts of voluntary and spontaneous smiling and the various procedures 

that are used to reanimate faces of patients living with facial palsy. The key outcome domains 

that ought to be assessed for someone undergoing surgery to correct their facial palsy were 

defined as the physical, psychological, and social domains. Chapter Two comprised a 

comprehensive review of existing outcome assessment tools in use in the field of facial 

reanimation and identified deficiencies in assessing these domains objectively, particularly 

regarding smile spontaneity. Chapter Three demonstrated the importance of spontaneous 

smiling relative to voluntary smiling and identified the impact of loss of smile ability on overall 

quality of life using a patient-reported outcome measure: the FaCE scale. It was apparent that 

existing PROMs such as the FaCE scale adequately captured relevant quality of life data and 

thus routine implementation of such PROMs to assess the psychological domain of facial 

reanimation outcomes is warranted.  

In the physical domain, it was demonstrated that existing assessment tools were 

insufficient and so new tools were developed to objectively quantify specific facial movements. 

The first step in this process was developing the Emotrics app, a machine learning algorithm 

that was able to predict facial landmark positions from frontal photographs of facial palsy 

 

“Every time you smile at someone, it is an action of love,  
a gift to that person, a beautiful thing… 

 
We shall never know all the good that a simple smile can do.” 

Mother Teresa “The Best Gift is Love: Meditations” Servant Books, 1993 
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patients. By training this computational model further it was possible to generate automated 

assessments of numerous eFACE variables and test their validity against a standardised set of 

the full spectrum of facial palsy photographs. A major obstacle was to find a way to quantify 

objectively the nasolabial fold motion in smiles of healthy volunteers and in unilateral facial 

palsy patients. In Chapter Four, state-of-the-art facial landmarking and 3D vector analysis 

demonstrated that the degree and vector of nasolabial fold excursion is similar to oral 

commissure excursion, albeit in a 3-dimensional plane that is not well visualised from a 2D 

frontal facial photograph. As the nasolabial fold is not a facial landmark that has been routinely 

trained into any existing facial recognition algorithm future work ought to concern itself with 

manual markings and training of an advanced facial palsy specific model to enable real time 

quantification of this elusive facial feature.  

The focus of the final chapter of the thesis, Chapter Five, was to validate tools to 

objectively quantify the ability of reanimated smiles to communicate joy to a naïve observer, 

thus addressing the social domain of outcomes assessment. The first step in this process was to 

develop a standardised method for eliciting and quantifying spontaneous smiles. The validated 

Spontaneous Smile Assay, a series of humorous videoclips, was used to elicit spontaneous 

smiles. Next, video recordings were made of the facial expressions of normal subjects, as well 

as pre-op and post-op reanimation patients while watching these clips. To quantify spontaneous 

smiling, a blinded method was described for detecting healthy side oral commissure deviations 

and it found that clinically relevant spontaneous smile events occurred when the oral 

commissure deviation was more than 80% of normalized maximal displacement and lasted 

longer than one second. The method was termed “Manual time-stamping” and enabled an 

objective assessment of smile synchronicity which is a measure of how well synchronised the 

affected side oral commissure is to the healthy side. However, what this approach lacked was 
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the ability to tell if the resulting smile would have been viewed as joyful in the eye of a naïve 

observer.  

A novel machine learning algorithm, known as Affdex, provided by an Emotion AI 

company Affectiva, was employed to quantify the success of a smile to demonstrate joy to a 

naïve observer.  The algorithm had been developed from 5 million videos of normal subjects 

from 75 countries, resulting in over 2 billion facial frames in which Facial Action Coding 

System action units were expertly recognized and labelled. It was clearly apparent how well 

the algorithm was able to detect the faces of facial palsy patients despite there being no known 

cases of facial palsy included in the training set of the algorithm. As the videos of pre-operative 

flaccid unilateral facial palsy patients were processed it became clear that not only was joy not 

being expressed but that contempt and disgust were being perceived with high probability. To 

measure joy and negative emotion expression in spontaneous smiles the next problem was to 

be able to identify when in a recorded videoclip the patient was smiling spontaneously. This 

required performing the analysis in real-time, using dual machine learning algorithms. First, 

Emotrics was used to measure oral commissure displacements via automated facial 

landmarking. The Emotrics model was trained further specifically to recognise facial palsy 

patients and became sufficiently reliable to measure oral commissure displacements in real-

time and determine during which exact frames Spontaneous Smile Events were occurring 

during the recording. This method was termed “Automated time-stamping”. Second, selected 

time-stamped frames were analysed by the Affdex algorithm and probabilities of joy and 

negative emotion perception were measured during each of the Spontaneous Smile Events, 

which had been identified by Emotrics from clinically significant healthy side oral commissure 

deviations.  
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The significance of this development was immediately apparent. The algorithm was 

able to differentiate normal smiling from pre-operative flaccidity with 100% probability of joy 

perception in the normal state and 0% in the flaccid facial palsy state. What was most 

interesting was, for the first time, to be able to quantify smile spontaneity outcomes following 

various reconstructive facial reanimation procedures. In a subset of consecutive patients, 

reviewed retrospectively, there was most improvement in spontaneous joy expression in cross-

face nerve graft innervated gracilis smile reanimation (82%, 77 IQR) and this was superior to 

dual innervation (10%, 98 IQR) and masseteric nerve-driven gracilis (0%, 3 IQR) which 

exhibited significantly lower probabilities of joy while smiling spontaneously.  

 

Reproduced from: Dusseldorp JR, Guarin DL, van Veen MM, Miller, M, Jowett N, 
Hadlock TA. Automated Spontaneity Assessment after Smile Reanimation: A Machine 
Learning Approach. Plast. Recon. Surg. 2022 June; 149(6):1393-1402 
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Another interesting finding was the reduction in negative emotion expression following 

smile facial reanimation procedures. This was a feature of both flaccid and non-flaccid 

(synkinetic) facial palsy and may constitute an equally important outcome of facial reanimation 

surgery that can now be routinely measured, particularly because increased joy expression does 

not seem to sufficiently explain all the improvement that can occur in layperson-assessed 

disfigurement after reanimation.   

The ability of the algorithm to process large volumes of data quickly and to identify 

outliers in a dataset was also useful. For instance, when comparing the results of Affdex to 

layperson assessments of the same images assessing for disfigurement, there was a moderate 

correlation between Affdex and layperson-detected disfigurement.  Higher probability of joy 

expression correlated with lower disfigurement scores and higher probability of negative 

emotion correlated with higher disfigurement scores. This finding suggested future studies 

formally comparing AI to layperson assessment ought to be considered and raised the 

possibility of AI becoming a layperson-equivalent in the future avoiding the need for complex 

logistical arrangements showing confidential post-operative photographs and videos of 

people’s faces before and after smile reanimation procedures to naïve observers.  

Limitations of the Thesis 
_____________________________________________  

This thesis has several important limitations. The first was the lack of an agreed 

definition of spontaneous smiling in the field of facial reanimation. From this thesis, the 

empirical definition of a spontaneous smile event in unilateral facial palsy is a large, sustained, 

healthy side oral commissure movement triggered while viewing a humorous stimulus. This 

definition was based on numerous qualitative assessments of normal subjects and facial palsy 

patients. In these scenarios, manual and automatic time-stamping were similar, but there was 
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some discordance. Interestingly, when the discordant cases were reviewed, the automated 

approach was found to be more accurate at determining frames that coincided with clinically 

relevant healthy side oral commissure movement and often audible laughter. This definition 

will hopefully help to inform future studies of spontaneity outcomes. Another limitation was 

the use of the Spontaneous Smile Assay to elicit spontaneous smiles as, once patients had 

viewed the video, it became familiar, and it is reasonable to expect smiling was less 

spontaneous on a second viewing. In the future, having access to a range of validated videoclips 

to avoid familiarity with the stimulus material would be preferable. 

There are potential issues with using an artificially intelligent emotion detection 

algorithm as an outcome measure in facial palsy, particularly when the algorithm has not been 

trained on facial palsy patients. One criticism is that the algorithm analyses the whole face and 

thus may be influenced by activity on the healthy side. A counterargument is that laypersons 

also analyse the whole face, and what is important is if they perceive that the face fits into the 

realm of “normal”.  

Suggestions for Future Research 
_____________________________________________  

Further work is required to understand the correlation between emotionality assessment 

and layperson perceived disfigurement. Studies should compare layperson predicted joy and 

negative emotion expression to the algorithm to enable a more direct comparison. Similarly 

future research could try to understand the perception of negative emotion in the flaccid state 

and its resolution in the reanimated state.   

In the current era of evidence-based medicine and value-based healthcare it is critical 

that patients understand the true likelihood of developing a spontaneous smile after various 

types of smile reanimation procedures. Previously, reporting of smile spontaneity rates 
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achieved through various reanimation techniques has been subjective and prone to 

confirmation bias. By leveraging the power of machine learning, an automated and objective 

tool for smile spontaneity assessment now exists. This tool should ideally facilitate future long-

term, multi-centre outcome studies to delineate the most likely techniques to restore 

spontaneous, emotional smiling. It is possible that, after further validation efforts, an automated 

tool employing such an AI algorithm could become a layperson-equivalent obviating the need 

for cumbersome layperson assessments. Furthermore, this tool could be used to track recovery 

following facial nerve insult or reanimation procedure. It could also be deployed on a personal 

device to generate data from a patient’s home environment avoiding the need for long distance 

travel to facial nerve centres for long term follow-up assessments.  

Concluding Remarks 
_____________________________________________  

This thesis has applied state-of-the-art technology, in particular AI, to outcomes 

assessment in facial palsy. Furthermore, lessons were learned that are relevant to the field of 

medicine in general when considering implementation of AI algorithms into clinical practice. 

Clinicians ought to be aware of the limitations and biases of machine learning algorithms 

especially regarding the training datasets. Such biases stem from the data that are used to train 

the algorithm and the precision and accuracy of its training. By increasing the size of the 

training dataset relative to the overall database the error rate can be reduced but the manual 

process of training larger and larger datasets can be extremely time-consuming manual work. 

The training dataset must also represent the full spectrum of the subject matter in question or 

else the algorithm will be biased to see recognise only those features presented in the training 

dataset. For instance, if only Caucasian faces are included in a small dataset, a computer vision 

algorithm will fail to recognise the face of someone with darker skin tones or ethnically diverse 

facial features.  
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Regarding the method of training, machine learning models can either be trained in a 

supervised way (as in this thesis) or in an unsupervised way. There is an inevitable conflict 

between the use of unsupervised machine learning algorithms, such as neural networks, and 

evidence-based medicine, given such unsupervised models have not been prescriptively trained 

using datasets labelled by experts. It is perhaps still possible that we can find uses for such 

models in low risk, hypothesis generating applications, such as new drug discovery, so long as 

those utilising the outputs of the model know their limitations and that the findings of an 

unsupervised AI algorithm cannot be logically understood. 

Undertaking this thesis has taught me that the field of computational science has much 

to offer clinicians and what is lacking is not technological capabilities but rather the willingness 

to go through the arduous process of clinical translation, validating novel technologies and 

ensuring they are safely deployed within the various disciplines of medicine.  I now firmly 

believe that we all ought to be looking for ways to incorporate computerisation into our 

everyday practice to help us to gain valuable insights more quickly, to recognise patterns in 

common clinical scenarios and to objectively assess outcomes of our interventions, so that we 

may better serve the needs and desires of our patients.  

 

 

 

 

 

  



     155 

ADDENDUM 
_____________________________________________  

 

A chance meeting at an Emotion AI Summit in Boston set me on a path to incorporate 

machine learning into my practice as a reconstructive plastic surgeon. This experience has 

taught me that all medical fields could benefit from the incorporation of computerisation into 

our everyday practice.  

 

Dr Rana el Kaliouby was the computer scientist, turned start-up entrepreneur, who 

gifted us the use of her game-changing technology to test if her AI software could score 

patients’ smile results after facial reanimation surgery. It turns out it could, and the new 

approach led to insights that had not previously been considered. The algorithm also made it 

possible to analyse data at scale and make connections to other large datasets in real time 

opening fascinating opportunities to develop insights and providing the platform for exciting 

new models of care.  

 

It appears that while the impact of Dr el Kaliouby’s technology on me was profound, 

so too was the impact of our collaboration on her. Dr el Kaliouby reflected on the moment we 

met and on our collaboration in Chapter 21 of her autobiography “Girl Decoded”.1 In the 

following pages I have included excerpts from her book chapter titled “Secrets of a Smile” that 

highlight how using AI to solve a human problem can be very impactful even in the eyes of 

someone who had never met another person who had experienced facial palsy.  
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1. Rana el Kaliouby, Carol Colman. Girl Decoded. Penguin Publishing, 2021, ISBN 

9781984824783 
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