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Fluctuating facial asymmetry and visual perceptive 
background during a tissue diagnostic histopathological
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Abstract
Background. Fluctuating facial asymmetry (FFA) is accentuated throughout life and has perceptual psychological implica-
tions; tissue diagnosis shows interindividual differences at first glance, for example, in the number of fixations, but no 
reports are available regarding the visual perceptual background in relation to individuals with less or more FFA during 
the tissue diagnostic task. 
Materials and methods. In medical students, including 13 men (SD = 19.4 years) and 8 women (SD = 18.1 years), FFA was 
determined as follows: n = 9 <FFA and n = 12 >FFA. The entire population performed tissue diagnostic analysis of normal 
skin and skin with squamous cell carcinoma pathology from digital images to establish the duration and number of fixa-
tions and the total time taken for diagnosis. 
Results. Individuals with > FFA show significant differences in the visual perceptual background during diagnostic analysis 
of normal and pathological skin, which are magnified by the fixation duration and the number of fixations when the tissue 
diagnosis is pathological. 
Conclusion. Compared to those with lower FFA, medical students with greater FFA performing tissue diagnosis of patho-
logical tissue have visual perceptual backgrounds characterized by less time spent in each fixation but with more fixations.
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Introduction

Fluctuating asymmetry (FA) is the extent to 
which an average individual deviates from perfect 
symmetry [1,2]. For human populations, FA refers to 
random variation in terms of the standard deviation 
(SD) from a symmetrical trait [3]. In this dimension, 
the symmetry of the human face exhibits fluctua-
tion in the middle and lower regions, i.e., fluctuating 
facial asymmetry (FFA) [4], as a manifestation of un-
stable genomics during embryonic development 

[1,5], which is postnatally accentuated throughout 
life, resulting in perceptual psychological implica-
tions [6].

The challenge of tissue diagnosis has large inter-
individual perceptual differences [7]. For example, 
individuals who make a normal or pathological di-
agnosis for the first time present greater saccadic 
movements at first glance [8,9] a phenomenon that 
can be related to cognitive strategies of initial 

searching for symmetrical morphological patterns 
[10]. Principles of continuity and similarity of the 
observed forms [11], or the perception of contrast 
relative to the background [12]. All these relation-
ships explain the cognitive optimization of image 
identification among initial visual stimuli [13]. Re-
cently, studies with tissue diagnostic exercises have 
demonstrated visual perceptual backgrounds quan-
tifying the number of fixations [14], but the associa-
tions with the FFA of those who make the tissue di-
agnosis have not been documented. Thus, the 
objective of this research was to evaluate the visual 
perceptual background of FFA in a group of medical 
students during histological diagnosis of normal 
and pathological skin with squamous cell carcino-
ma under the hypothesis that the visual perceptual 
background differs among individuals with less 
(<FFA) and more (>FFA) FFA during this diagnostic 
challenge. 
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Materials and methods

Population

Sixty third-year medical students of the School of 
Medicine of Universidad Militar without congenital 
disease, glasses or contact lenses, a history of aes-
thetic surgical, pathological, or neurological inter-
ventions, or a history of consumption of medica-
tions, alcohol, or cigarettes and with nocturnal sleep 
patterns between 7 and 8 hours who were nonre-
peating and active within the 2016 academic cycle 
were considered for the study. The final selection 
included 21 students, including 13 men and 8 wom-
en, with average ages of 19.4 and 18.1 years, respec-
tively.

Analysis of FFA

A 2D digital photograph of the face was taken 
from the participants in the Frankfurt plane with a 
Nikon Coolpix L120 camera of 14.1 megapixels at-
tached to a tripod at a distance of one meter and at 
right angles to the ground and perpendicular to the 
height of the subjects’ faces. The digitized photos 
were printed at a 1:1 scale, and a sagittal line was 
traced by two independent researchers to calculate 
FFA, as suggested by Liu et al. [15], that is, with an 
American Optical micrometer, and to measure the 
bilateral craniometry points, medial corner of the 
canthus of the eye, zygomatic arch, ala of the nose, 
and gonion on the edge of the upper lip and the edge 
of the lower lip considering the Huang methods for 
normal young adults [16]. With the measurements 
obtained, the FFA was calculated using protocol pre-
sented by Klingenberg [3] with the following formu-
la:

Asymmetry Index:

Asymmetric (or > FFA) individuals were those 
whose measurements exceeded one SD of the FFA in 
the total study population, and symmetric (or <FFA) 
individuals were those whose measurements did 
not exceed one SD of the FFA of the population.

Eye tracking

Digitized photographs of 40X histological sec-
tions of normal skin from the School of Medicine 
Universidad de La Sabana HISTOTECA (Virtual Atlas 
of Histological Preparations, in Spanish) were dis-
played on a laptop computer along with photo-
graphs of squamous cell carcinoma provided by Dr. 
Ghassan A. Tranesh, MD, MSPath – Skin nonmelano-
cytic - Chief Resident, Pathology Department, Saint 
John Hospital and Medical Center – Detroit, Michi-
gan, USA. Subjects performed tissue diagnostic with 
no time limitations. The visual perceptual back-

ground based on the optical path and the number 
and duration of fixations was measured with a GP3 
Eye Tracker Gazepoint device (Vancouver, Canada) 
at 60 H, which was connected to the monitor at a 
visual angle of 0.50° to 1° for analysis with the pro-
gram Gazepoint Pro Version 3.1. (Vancouver, Cana-
da).

Statistical analysis

The Mann–Whitney U test and inferential statis-
tics with 95% confidence intervals were applied. To 
establish the correlation between the indices of fa-
cial asymmetry with the perceptual background 
based on the number and duration of fixations and 
the total time for normal and pathological diagnosis, 
the Pearson correlation coefficient was calculated, 
and the interpretation criteria for the correlation 
were established as follows: <0.1 negligible, 0.1 to 
0.3 small, 0.3 to 0.5 moderate, 0.5 to 0.7 large, 0.7 to 
0.9 very large, and 0.9 to 1.0 almost perfect. A value 
of p <0.05 was considered statistically significant. 
Statistical analysis was performed using IBM SPSS 
Statistics 23 analysis software.

Ethical considerations

The methods were considered innocuous, and 
the research was classified as minimal risk – Art. 11 – 
Resolution 8430 of 1993 of the Ministry of Health of 
the Republic of Colombia. Once the intervention 
was explained, all participants signed an informed 
consent form, and feedback was given regarding 
each participant’s results.

Results

During the study, a total facial asymmetry index 
of 9.1 mm (SD +/- 7.8 mm) was found. Visual percep-
tual backgrounds for <FFA and >FFA individuals 
showed significant differences in the duration of fix-
ations for tissue diagnosis of both normal skin (p = 
0.011) and pathological skin with squamous cell car-
cinoma (p = 0.088) (see Figure 1).

Regarding the number of fixations, <FFA and 
>FFA individuals differed significantly in their per-
ceptual background in the diagnosis of both normal 
skin tissues (p = 0.014) and skin with squamous cell 
carcinoma (p = 0.013) (Figure 2).

The correlation coefficients (see Figure 2) during 
the diagnostic exercise were always negative for 
normal skin, with values of 0.09644 and -0.8008 be-
tween symmetric individuals (<FFA) and asymmet-
ric individuals (>FFA), respectively, and for patho-
logical skin, with values of -0.9742 and of -0.4177 
between symmetrical (<FFA) individuals and asym-
metric (>FFA) individuals, respectively.

Regarding the total time required for diagnosis 
between <FFA and >FFA individuals, no significant 
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differences were found in the diagnosis of normal 
skin (p = 0.741) or pathological skin (p = 0.05) (see 
Figure 3).

Discussion

During visual exploration of images, a perceptu-
al background of gaze fixation with short-duration 
patterns has been demonstrated to be cognitively 
related to context or environmental attention pro-
cessing, while long-duration patterns are cognitive-
ly related to focal attention processing [3,17], the 
latter of which may be negligible in the absence of 
cognitively assigned identification tasks. 

For this research, the cognitive task involved ex-
amining a digital tissue image to diagnose normal 
skin or skin with squamous cell carcinoma. Differ-
ences were found in the duration of fixations at first 

glance, indicating a mode of environmental atten-
tional cognitive processing and greater compensato-
ry perceptual background with a greater number of 
fixations for >FFA individuals. Thus, as they are as-
sociated with the cognitive effort of identifying digi-
tal images, when fixations are longer (Meghanathan 
et al. 2015; Raptis et al. 2016) [18], this could explain 
why individuals with >FFA exert less cognitive ef-
fort in the tissue diagnosis of normal and pathologi-
cal skin: with a greater number of fixations, these 
individuals would extract diagnostic information 
but would do so from the tissue context, either by 
contrast or by disorganization of what was ob-
served, and not from the cognitive effort required to 
identify normal or pathological tissue structures.

 Thus, as they are associated with the cognitive 
effort of identifying digital images, when fixations 
are longer [18], this could explain why individuals 

FIGURE 1. The duration of fixations for symmetric (<FFA) and asymmetric (>FFA) individuals when diagnosing normal skin 
(significant (p = 0.00116)) and pathological skin with squamous cell carcinoma (significant (p = 0.088)

FIGURE 2. The numbers of fixations for symmetric (or <FFA) and asymmetric (or >FFA) individuals during the scan paths 
for the diagnosis of both normal skin (p = 0.014) and pathological skin with squamous cell carcinoma were significant  
(p = 0.013)
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with >FFA exert less cognitive effort in the tissue di-
agnosis of normal and pathological skin: with a 
greater number of fixations, these individuals 
would extract diagnostic information but would do 
so from the tissue context, either by contrast or by 
disorganization of what was observed, and not from 
the cognitive effort required to identify normal or 
pathological tissue structures.

Interestingly, looking at disorganized images 
stimulates a greater number of saccadic move-
ments, resulting in increases in the number of fixa-
tions [1,2,6]; this fact may explain why in >FFA indi-
viduals performing diagnosis of pathological skin, 
where the disorganization of squamous cell carcino-
ma is conspicuous, a diagnostic strategy is useful.

However, based on principles of “similarity” 
with the environment within Gestalt’s laws of per-

ceptual organization, another strategy used for im-
age recognition, a specific benefit in assigning the 
area of interest to identify digital images [20]; It is 
noted when observing the optical path during the 
diagnosis of skin with squamous cell carcinoma by 
>FFA subjects (figure 4A); here, patterns of greater 
fixation numbers of short durations are observed, 
which are distributed among the epithelial disor-
ganization represented in the eosinophilic “swirls” 
of keratinocytes and the stroma surrounding them, 
without concentrating in any area of interest; in 
contrast, the diagnostic path of <FFA subjects (figure 
4B) reveals how areas of visual interest with pat-
terns of low fixations and long durations are focused 
on the eosinophilic “swirls” of keratinocytes. 

This perceptual strategy outlined here can be 
validated for phylogenic reasons. For example, the 

FIGURE 3. The time required for histological diagnosis of normal skin and squamous cell carcinoma by symmetrical  
(or <FFA) and asymmetrical (or >FFA) individuals during the scan paths did not demonstrate significant differences  
(p = 0.741 and p = 0.05, respectively)

FIGURE 4. A. On the left: an example of an optical path pattern for the diagnosis of pathological skin with squamous cell 
carcinoma by an asymmetric (>FFA) individual. B. On the right: an example of an optical path pattern for the diagnosis of 
pathological skin with squamous cell carcinoma by a symmetrical (<FFA) individual. Each green circle represents an eye 
fixation, and a larger size represents a longer dwell time
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visual search for subtle hidden targets that preda-
tors use to identify prey establishes that this search 
is initially based on what stands out in the middle of 
the contrast 21, representing an evolutionarily suc-
cessful visual preference for a reasonably rapid pro-
cessing byproduct of cognitive recognition, illustrat-
ed in their work on eye tracking in humans 
compared to primates [19,20]. Finally, although in 
this study the speed for achieving tissue diagnosis 
did not show statistically significant differences be-
tween > FFA and <FFA individuals for normal (p = 
0.741) and pathological (p = 0.5) tissue (see Figure 3), 
> FFA subjects were qualitatively faster at the diag-
nosis of pathological skin.

The results presented here and in a simplified 
manner demonstrate only an associative relation-
ship between visual perceptual patterns in > FFA 
individuals and the task of tissue diagnosis, contrib-
uting to an understanding of the expertise required 
for this task, where visual and cognitive skills in the 
process of continuous integration have been specu-
lated to have a common origin [21]. However, be-
yond the focus of this study, the results allows us to 
reasonably conclude that >FFA individuals show 

more visual fixations than <FFA individuals during 
disorganized, cryptic, or hidden visual challenges, 
which then extend to morphophysiological spectra 
of visual perceptual performance and can be a prod-
uct of adaptations to body asymmetries caused by 
developmental instability [19].

Conclusion

Compared to those with lower FFA, medical stu-
dents with greater FFA performing tissue diagnosis 
of pathological tissue have visual perceptual back-
grounds characterized by less time spent in each fix-
ation but with more fixations.
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