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Increasing attention is being given to developing quantitative measures of facial
expression. This study used quantitative facial expression analysis to examine associ-
ations between smiling intensity and psychosocial functioning in patients with head
and neck cancer (HNC). Smiling intensity of 95 HNC patients was measured using
48 quantitative measures calculated from facial photographs with and without a
smile. We computed a composite smiling intensity score for each patient representing
the degree of similarity to healthy controls. A lower composite score indicates that
the person is less expressive, on average, than healthy controls. Patients also com-
pleted self-report measures assessing domains of body image and quality of life
(QOL). Spearman rank correlations were computed to examine relationships between
composite scores and psychosocial functioning. Composite scores were significantly
correlated with multiple measures of body image and QOL. Specifically, decreased
smiling intensity was associated with feelings of dissatisfaction with one’s body,
perceived negative social impact of body image, increased use of avoidance as a
body image-coping strategy, reduced functional well-being, and greater head and
neck cancer-specific issues. To the best of our knowledge, this is the first study to
demonstrate associations between an objectively quantified facial expression (i.e.
smiling) and psychosocial functioning. Most previous studies have measured facial
expression qualitatively. These findings indicate that smiling intensity may serve as
an important clinical indicator of psychosocial well-being and warrants further
clinical investigation.

Keywords: facial expression; smiling, body image; quality of life; head and neck
cancer

Introduction

Research is increasingly devoted to developing objective quantitative measures of facial
expression. For patients with trouble forming facial expressions due to facial paralysis,
objective quantitative measures of facial expression have been used to evaluate medical
and surgical treatments (Hontanilla & Auba, 2008; Johnson, Bajaj-Luthra, Llull, &
Johnson, 1997; Sawyer, See, & Nduka, 2010). Other work has quantified expression
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differences between patients with neuropsychiatric disorders such as schizophrenia and
healthy controls (Alvino et al., 2007; Verma et al., 2005; Wang et al., 2008).

Much research indicates that impaired ability to form facial expressions is related to
functional limitations and decreased quality of life (QOL). For example, patients with
facial paralysis who have difficulties forming facial expressions report high levels of
concern (Neely & Neufeld, 1996). Moreover, problems with eating and speaking, and
greater difficulties with social functioning have been demonstrated for patients with
facial paralysis (Beurskens, Oosterhof, & Nijhuis-van der Sanden, 2010; Coulson,
O’dwyer, Adams, & Croxson, 2004).

Patients with head and neck cancer (HNC) can also experience difficulties forming
facial expressions. These patients have a high risk of experiencing changes in facial shape
and structure due to the disease and/or treatment. Such changes in facial morphology can
significantly impact the formation of facial expressions. Not surprisingly, these patients
report high rates of body image concerns and decreased psychosocial and functional well-
being (Fingeret, Vidrine, Reece, Gillenwater, & Gritz, 2010; Hagedoorn & Molleman,
2006; Millsopp et al., 2006). A particular area of clinical interest is the manner in which
patients’ facial smile is affected. Our goal was to utilize objective quantitative facial
expression measures capturing smiling intensity and evaluate associations between these
measures and self-reported psychosocial functioning for patients with HNC.

Materials and methods
Datasets

This study included 95 adult patients with HNC prior to undergoing major facial recon-
structive surgery at a comprehensive cancer center. Participants were selected from a larger
ongoing trial, which had recruited 99 participants to date. Four patients with difficulty pos-
ing a facial smile due to a facial tumor or nerve defect were excluded. Under an approved
IRB protocol, anterior-posterior (AP) facial photographs were obtained using a Canon
EOS REBEL Tli (Canon, USA). For each patient, two AP photographs were obtained; one
with a peak smile (patients were asked to smile as they reflected on a time when they were
extremely happy and overjoyed) and another with neutral expression.

The Binghamton University 3D facial expression database (BU-3DFE) (Yin, Wei,
Sun, Wang, & Rosato, 2006) was used as a control dataset. This dataset consists of 3D
facial images of 100 healthy subjects depicting seven facial expressions, including smil-
ing, at four intensity levels, as well as a neutral expression. Subjects were mostly uni-
versity students, ages 18—70. Prior research indicates age is not associated with intensity
of smiling (Kunz, Mylius, Schepelmann, & Lautenbacher, 2008). We used 2D texture
images of the 3D facial images from the BU-3DFE database as they provide comparable
imaging data to the AP photographs in our patient dataset. The images of subjects smil-
ing with the highest intensity and of subjects with neutral expression in the control data-
set correspond, respectively, to the images of peak smile and neutral expression in our
patient dataset.

Quantitative measures of smiling intensity

The quantitative measures of smiling intensity consist of 48 features F, which are 24
length-normalized distances and 24 slopes based on 27 facial landmarks on the patient’s
facial photograph (Figure 1). Smiling intensity S; is given as



Psychology, Health & Medicine 471

Figure 1. Quantitative measures of smiling intensity. This figure shows a total of 27 facial land-
marks on the facial photograph of a patient (a), 24 distance features (b), and 24 slope features (c)
obtained from those 27 facial landmarks (Tang & Huang, 2008). Twenty-four distance features
were divided corresponding one of five facial animation parameter units (Pandzic & Forchheimer,
2002) by facial regions, which are eye (ESO or IRISDO), nose (ENSO or MNSO), and mouth
(MNSO or MWO0) shown in (d).

Si=Fipg —Fine, 1=1,2,...,48 (1)

where i indexes the measure, and PE and NE refer to the peak smile and neutral expres-
sion, respectively. Further details for computing each component (i.e. F;) can be found
elsewhere (Lee et al., 2013).

Composite score of smiling intensity
We derived a composite score summarizing the overall degree of similarity in smiling
intensity of each patient compared to that of the healthy controls:

48

Score; = Z

i=1

-1
NE .
w') ,  foreach jth patient, 2)

g

where y; and o; refer to the mean and standard deviation of ith measure (i.e. S;) obtained
from the healthy population. The parameters y; and o; were computed from the BU-
3DFE dataset using Equation (1). Equation (2) represents how similar a patient is to the
healthy controls in terms of smiling intensity relative to the mean of the healthy con-
trols. A lower composite score indicates that a subject is less expressive than the aver-
age healthy control.

Self-report measures

Body image

Body image dissatisfaction was measured using Hopwood’s Body Image Scale (BIS)
(Hopwood, Fletcher, Lee, & Al Ghazal, 2001) and the Perceived Social Impact subscale
of the Adapted Satisfaction With Appearance (ASWAP) scale (Heinberg et al., 2007).
Body image coping, which refers to cognitive and behavioral responses to address body
image challenges, was measured using the Body Image Coping Strategies Inventory
(BICSI) (Cash, Santos, & Williams, 2005). The BICSI contains three subscales:
appearance fixing, avoidance, and positive rational acceptance. These measures have
been validated by prior research and demonstrate good internal consistencies in this
study (a’s range from 0.72 to 0.96).
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Quality of life (QOL)

QOL was assessed with the Functional Assessment of Cancer Therapy-Head & Neck
(FACT-HN) questionnaire (List et al., 1996), where a total score can be calculated along
with five subscales: physical well-being, functional well-being, emotional well-being,
social/family well-being, and HNC-specific concerns. The FACT-HN is well validated
and widely used with cancer patients (D’Antonio, Zimmerman, Cella, & Long, 1996;

Zabora et al., 2001).

Table 1. Patient demographic and clinical characteristics (N = 95).

Variable/subgroup Mean (SD) No. of patients
Age 61 years (14)
Gender
Male 65
Female 30
Ethnicity
Not Hispanic or Latino 91
Hispanic or Latino 4
Race
White 89
Black or African American 4
Asian 1
Other 1
Marital status
Married/domestic partnership 62
Divorced/separated 20
Single/never married 9
Widowed 4
Disease histology
Squamous cell carcinoma 48
Melanoma 16
Basal cell carcinoma 12
Sarcoma 5
Mucoepidermoid carcinoma 4
Adenoid cystic carcinoma 4
Pleomorphic adenoma 1
Adenocarcinoma 1
Other 4
Disease sites®
Oral cavity 31
Mandible 13
Maxilla 15
Nose 12
Cheek 9
Ear 2
Forehead/scalp 3
Parotid 2
Oropharynx 2
Orbit 3
Chin 1
BMT 27.8 (5.2)

“Frequencies may not add up to the total sample size because patients may belong to more than one subgroup.
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Table 2. Spearman rank correlation coefficients and corresponding p-values between the
composite scores and psychosocial outcomes.

Coefficient

Domain  Construct Measure & subscale (p value)  p-value

Body Body image BIS —0.2397  0.0237*
image dissatisfaction

ASWAP — Perceived Social Impact —0.2710  0.0098*

Body image coping BICSI — Appearance Fixing -0.1319  0.2178
BICSI — Avoidance —0.2175  0.0406*

BICSI — Positive Rational Acceptance -0.0921  0.3934

QOL Physical well-being FACT HN - Physical Well-Being 0.1941  0.0668
Functional well-being FACT HN — Functional Well-Being 0.2336  0.0285%*
FACT HN — HNC Subscale 0.2238  0.0361*

Emotional well-being FACT HN — Emotional Well-Being 0.0857  0.4217

Social/family support FACT HN — Social/Family Well-Being 0.2023  0.0558
Overall QOL FACT HN total 0.2587  0.0149*

Note: BIS = body image scale, ASWAP = adapted satisfaction with appearance scale, BICSI = body image
coping strategies inventory, FACT HN = functional assessment of cancer therapy, QOL = quality of life.
*Statistically significant at p < .05.

Statistical analysis

To assess associations between smiling intensity and psychosocial functioning, we
conducted Spearman rank correlation analyses. Because studies have not previously
examined such associations, we conducted an exploratory analysis rather than setting up
a specific hypothesis. Thus, we considered the correlation coefficients to be statistically
significant with respect to the traditional threshold (p-value < 0.05) and no correction
for multiple comparisons was performed. Statistical toolbox (v.7.5, R201la) in
MATLAB (The Mathworks, Natick, MA) was used.

Results

Our patient sample has a wide range of cancers affecting the mid-face, cutaneous, and
oral cavity regions (Table 1). The average composite score of smiling in our sample
was 0.035 (SD = 0.082). Subscales measuring similar concepts (i.e. body image dissatis-
faction, body image coping, and QOL) were grouped together. Lower composite scores,
reflecting decreased smiling intensity from the average of the healthy controls, were sig-
nificantly related to various psychosocial measures (Table 2). We found significant nega-
tive associations between composite scores and measures of body image dissatisfaction
and body image coping: BIS (p = 0.0237), ASWAP-Perceived Social Impact
(p = 0.0098), and BICSI-Avoidance (p = 0.0406). Significant positive associations were
found between composite scores and overall QOL as measured by the FACT-HN total
score (p = 0.0149) and for subscales related to functional well-being: FACT-HN Func-
tional Well-Being (p = 0.0285) and the FACT-HN Head and Neck subscale
(p = 0.0361).

Discussion

We investigated associations between objectively quantified smiling intensity and
psychosocial functioning in patients being treated for HNC. We found that decreased
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smiling intensity, relative to the average of healthy controls, was associated with
increased body image concerns and decreased QOL. Decreased smiling intensity was
significantly correlated with dissatisfaction with one’s body, discomfort in social situa-
tions, increased avoidance as a body image coping strategy, reduced functional well-
being, and greater HNC-specific issues (e.g. speech and swallowing problems).

These results show, for the first time, a statistically significant linkage between
objectively quantified external characteristics (i.e. smiling intensity) and self-reported
measures of psychosocial functioning. Our findings complement previous literature
reporting associations between positive emotional expression (e.g. amusement) and psy-
chological well-being (Harker & Keltner, 2001). Most previous studies have measured
facial expression qualitatively utilizing Facial Action Coding System (Ekman & Friesen,
1978), which requires human inputs. Our proposed method can potentially reduce
human bias/error by using quantitative distances between facial fiducial points.

We provide evidence that smiling intensity is associated with body image and func-
tional well-being for patients with HNC. Body image is a critical psychosocial issue for
HNC patients, and is recognized to extend beyond how one views his/her physical
appearance to include how one perceives, thinks, and feels about his/her entire body
and its functioning (Fingeret et al., 2010). Our findings show, the degree to which
patients produce a maximum smile is associated with appearance satisfaction and the
degree to which they engage in avoidant behaviors related to their appearance. Further,
we found significant associations between smiling intensity and perceived functional
well-being for HNC patients prior to undergoing major reconstructive surgery where sig-
nificant changes to facial morphology were anticipated but had not yet occurred.

These findings should be further evaluated with healthy populations and other clini-
cal populations where the ability to form facial expressions is compromised. Particular
consideration should be given to evaluating changes in formation of facial expression
over time for patients undergoing medical treatment and how such changes contribute to
psychosocial functioning. One potential clinical application of our findings is that com-
promised smiling intensity may serve as a rough marker for body image/psychosocial
distress when psychosocial assessments are not administered but routine photographs
are available.

A primary limitation of this study involves its cross-sectional design. We were there-
fore only able to evaluation associations. Future work is needed to consider whether
there are any causal links between impairment in facial expressions and psychosocial
functioning.
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