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Abstract 

There exists a need for the creation of an objective system for measuring facial attractiveness and along 
with it a detailed mathematical analysis and understanding of facial sexual dimorphism.  Both the areas 
of ophthalmic and facial plastic and reconstructive surgery and the areas of facial attractiveness and 
recognition research in psychology would greatly benefit from achieving these goals.  The objective of 
this work has been to: develop and test a system for measuring facial attractiveness in an objective 
manner; and analyze orbital and facial sexual dimorphism. 
 
A facial overlay system or mask variously called the phi, archetypal, golden, or golden ratio mask has 
been claimed to be capable of being adapted to create an objective system for measuring facial 
attractiveness.  The central hypothesis of the thesis is that the phi mask can be used to create an 
objective measurement system for facial attractiveness.   
 
Over a period of seven years, we have created a standardized high resolution photographic facial 
database of 18-30 year old male and female adults, as well as database of linked facial anthropometric 
and photogrammetric measurement data.  We have also designed a system using the phi mask that 
attempts to measure facial attractiveness objectively, and tested it against our facial database.  Finally, 
we have made a detailed analysis of the measurement data and previous literature with respect to 
precisely defining sexual dimorphism around the eyes and face. 
 
Results support our central hypothesis in that the phi mask in its current form does yield a measure for 
objective attractiveness that correlates to the current “gold standard” measure of attractiveness – ‘truth 
of consensus’.  However, while the mask is capable of explaining a major portion of the variance in 
facial attractiveness, it is not the final complete answer.   Strengths, weaknesses and limitations of the 
approach and the model used are discussed, and ideas and directions for further research to develop a 
more accurate system are suggested. 
 
The analysis of the orbits and the face for sexual dimorphism yielded a great deal of new data and have 
lead to an understanding of sexual differences that have practical implications for both surgery and 
further facial research. 
 
Applications of the research include: Preoperative aids for planning plastic and reconstructive surgery, 
cosmetic surgery, and sex-altering surgery; standards for analyzing the eyes for academic study; 
standards for quantifying the features of the eyes for use in an identification system; aid in application of 
cosmetics; aid in understanding the psychological impact of eyes on the judgment of attractiveness; 
creation of a standardized database of digital high-resolution facial photographs and linked 
anthropometric and demographic database to be made available to the world community of facial 
researchers; use of the databases by researchers for face recognition research, facial attractiveness 
research etc. 
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Chapter 1 - 

General Introduction 

"The butterfly's attractiveness derives not only from colors and symmetry: deeper motives contribute to 

it. We would not think them so beautiful if they did not fly, or if they flew straight and briskly like bees, 

or if they stung..."  

-- Primo Levi, (1919 - 1987) Italian writer, chemist 

 

Introduction 

Surgeons have as their mission to restore function and health to the patient, while minimizing morbidity 

and mortality, and maintaining or improving the final aesthetic outcome.  In the last twenty years the 

emphasis on aesthetic outcome has moved into the forefront, not just in plastic surgery, but in all fields 

of surgery.  Personally, as a facial plastic surgeon the most important thing to all my patients is the 

aesthetic outcome of the operation.  This holds true even when I am performing reconstructive and 

functional facial plastic surgery, and not just when performing pure cosmetic surgery.  Patients are very 

concerned about their facial appearance, and as surgeons (in the last few decades especially) we too 

have made aesthetic outcome a primary concern. 
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Coinciding with this new emphasis on aesthetic outcome, dramatic drives in cost containment and 

quality assurance have also been implemented in the health field.  Administrators and managers utilizing 

as their major tools various objective outcome measurement systems have helped bring these changes 

about.  In tandem with them, physicians have found these same tools to be an excellent means of self 

monitoring, allowing discrepancies and problems to be quickly picked up, and permitting objective 

surveillance of outcomes as changes in practice and technique are implemented. 

 

Mostly as a result of the fact that cosmetic surgery is an elective procedure not paid for by third party 

payers, it has managed to largely escape the outcomes knife and its associated good and bad spin-offs.  

Surgical aesthetic outcome is currently evaluated by completely subjective methods1.  Patient and 

surgeon subjectively decide if the aesthetic outcome is acceptable or not.  The subjective nature of this 

evaluation does not allow for statistical outcomes analysis of surgical results, or for quality control.  

Little has been done to quantify these qualitative results in an objective manner2-4.   Surgeons and 

patients and likely health administration and health payers would all benefit from an objective outcome 

measurement system. 

 

Recently some investigators have begun to talk about the need for outcomes analysis in the aesthetic 

surgery field1.  The approach they use is to create outcomes scales, and preliminary data indicates that 

they may have some utility2-4.  However, the scales are still based on patient subjective evaluation, and 

while we agree that this is a very relevant measure, a purely objective outcome scale would be extremely 

desirable. 

 

In a recent review by Ching et. al.1 of outcomes measurements for aesthetic surgery (facial and 

otherwise) 53 identifiable instruments were found in the literature extending back to 1961.  These 
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instruments were divided into four subtypes, satisfaction assessments (6 found), objective assessments 

(5 found), psychological assessments (34 found) and quality of life assessments (8 found).  For 

assessment the most commonly used method in all 53 identified instruments is comparison of 

preoperative and postoperative photographs, usually by a surgeon or an independent observer.  Ching et. 

al.1 feel that this method is limited “because there are no validated and reliable means to quantify results 

to make meaningful comparisons.”  For another identified satisfaction assessment instrument, facial 

halves comparison by Hamra5, where two halves of a face one preoperative and one postoperative are 

combined together in a photograph, Ching et. al. state that its “evaluation is subjective, without a 

numerical assessment.”   

 

In their review of objective assessments only five methods were found, which we ourselves have looked 

at in detail.  These included Tapia et. al.6 who looked at their results of 685 rhytidectomies (face-lifts) by 

analyzing 4110 preoperative and postoperative digitized photos.  They create a scoring system on twelve 

aspects of facial aging, 3 surgeons visually and subjectively score the preop photos (average score 9.75) 

and postop photos (average score 2.84) using this scoring system, and note an average improvement of 

6.91 points.  Tapia et. al. also looked at two objective measurements, the cervicomental angle (which 

improved an average of 20 º) and lifting of the eyebrows (the medial eyebrow average lift was 0.1275 

cm, the central eyebrow average lift was 0.2259 cm, and the lateral eyebrow average lift was 0.2877 

cm).  No correlation between the subjective score and objective measurements was attempted; 

furthermore no mention is made of how the change in cervicomental angle relates to the improvement in 

patient result, and for the eyebrow measurements all that is said is: “we noticed a clear relation of 

greater lifting of the eyebrow corresponding to more satisfactory overall final results.”  No data, 

statistical or otherwise was provided.  
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The second objective assessment identified by Ching et. al.1 was in Pitanguy et. al.7  In fact Pitanguy and 

his Brazilian colleagues designed an elegant objective system to model soft tissue changes with aging, 

not an objective system for assessing aesthetic outcomes, or capable of measuring facial attractiveness.  

The study was conducted using 40 women who had photographs of their face at least 5 years apart in 

time.  These photographs were marked with 26 characteristic points (see Figure 1) (of interest to us is 

that 24 of these points were identical by chance to the 24 of the 37 points we used in our study).  These 

points were used to calculate various linear distances on the face in each photograph and the change in 

the distance was normalized by dividing by the interpupillary distance for that subject (again this is of 

interest to us, because we also normalized the placement of the phi mask using the interpupillary 

distance).  These normalized changes in anthropometric distances over time were fit by least squares 

using the second order polynomial that produced the smallest error.  (See Figures 2 and 3 and refer to 

Pitanguy et. al.7 for more details).  Essentially their method allows, after measuring and normalizing a 

photograph of a woman, prediction with a known amount of error, the appearance of that woman at a 

different age.  In fact their method has been used to create a warping (aging/de-aging) program for facial 

photographs. 
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Figure 1 - Characteristic points defining the aging parameters.7 
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The third objective assessment identified was in Yousif et. al.8 Yousif et. al. again did not directly create 

an objective system for assessing aesthetic outcomes, or capable of measuring facial attractiveness.  

They looked at a very specific facial feature the nasolabial fold using photogrammetry (anthropometric 

measurements from photographs)  noting that with “aging there is anterior, lateral, and inferior 

displacement of the cheek mass with a resultant deepening of the nasolabial fold, while relationships 

between the upper lip and the fold itself remain constant.”8  This evidence was used to support the 

theory that the nasolabial fold is created by loss of support of the cheek mass complex, through 

gravitation and aging. 

 

The fourth objective assessment identified was in Mishima et. al.9  This paper essentially announces that 

the authors have created two software systems that allow them to: (i) use a 3-D digitizer to automatically 

identify (AI) facial landmarks from a wire frame model of a plaster cast (only the area around the nose is 

described) and capture their 3-D coordinates and (ii) allow automatic superimposition (AS) of a 

postoperative wire frame model and calculate the displacement of the 3-D coordinates.  Again this paper 

does not directly describe an objective system for assessing aesthetic outcomes, or capable of measuring 

facial attractiveness.  It is of interest in that it looks at the displacement of essentially a 3D 

anthropometric wire model to evaluate the face pre-and postoperatively looking at the change in fit of 

the model as an objective measure of improvement. 
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Figure 2 - General aging curves for (a) the eyelids; (c), (d), (e), and (b) the central and lateral 

pouches of the face; (f) width of the nose.7 
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Figure 3 - General aging curves for (a) the height of the lips; (b) and (c) central and lateral height 

of the forehead; (d) height of the nose; (e) central midfacial tissues (height of the upper lip); (f) 

palpebral pouches; and (g) nasolabial fold.7 
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