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Specific Impairment of Smiling Increases the Severity of Depressive
Symptoms in Patients with Facial Neuromuscular Disorders
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Abstract. Depressive symptoms and related emotional distress perience. Specific impairment of smiling and physical disabil-
are prevalent among patients with facial neuromuscular disor- ity, but not global impairment of facial motion, were key pre-
ders, and the psychological distress impacts the functional dis- dictors of depression in patients with facial neuromuscular dis-
abilities associated with the facial impairment. A specific im- orders. The results emphasize the need to assess and treat
pairment in the ability to smile may elevate the risk for depres- depression and anxiety in patients with a facial neuromuscular
sion, with patients experiencing a reduced physiological disorder.
feedback associated with smiling as well as the social conse-
qguences of the inab_ility to comm_uqicatta_ positivg emotior_L_ We Key words: Facial nerve diseases—Facial paralysis—
tested the hypothesis that specific impairments in the ability to Psychology
smile increase the severity of depressive symptoms in patients
with facial neuromuscular disorders. Twenty-nine consecutive
patients (mean age, 50.2 years; SD, 17.0 years; range, 18-81
years) with a facial neuromuscular disorder, who volunteered
and completed all of the assessment measures participated. Faln patients with facial neuromuscular disorders, depres-
cial neuromuscular impairments were assessed using multipleSive symptoms and related emotional distress are com-
measures of facial motility and dysfunction, and emotional mon [8,14,28,31,38], are often severe [24,38], and exac-
functioning was assessed using self-report measures of depreserbate the functional disabilities associated with their im-
sion, anxiety, and positive and negative affect. Severity of glob- pairments [6,24,39,40]. Approximately 40% of such
al facial impairment was statistically controlled in evaluating patients experience depressive symptoms in the mild
the association between specific impairment in smiling and the range and another 25% experience symptoms in the more
degree of depressive symptoms. Separate hierarchical linearserious moderate to severe range typical of major depres-
regression analyses indicated the specific impairment of smil- sive disorder [40]. The approximately 65% prevalence of
ing contributed to the prediction of depressi®f = .41, df = depression among outpatients with a facial neuromotor
3,25,p = .00) and anxietyR® = .35, df = 3,25,p = .00), disorder is three to five times higher than the rate found
controlling first for the contribution of global impairment and  in unselected community [10,29] and general medical
facial physical disability. The specific impairment of smiling [21] samples. Depression and emotional distress increase
did not contribute to the prediction of positive emotional ex- lead to social isolation and maladaptive coping

[14,24,38] and heighten the impact of neuromuscular im-

pairment on functional disability [40].

Previous research has identified the severity of facial

Parts of the study were presented at the Plastic Surgery Re-neuromuscular disorder and associated disability in fa-
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activity [16], elicits reciprocal positive interactions ability (n = 8), mild to moderate depression & 23),
[12,17], and promotes social cohesion [15]. Individuals and moderate anxiety(= 20). Sixty-nine percent of the
who are impaired in their ability to smile and communi- patients were depressed (BDI sceré0;n = 18), com-
cate positive emotion may, as a consequence, experiencgared to 62% of the patients who were included in the
less frequent positive social interaction and greater social study analyses.
isolation, which are frequently observed in patients with  Participants with complete data were 29 patients with
facial neuromuscular disorders. a facial nerve disorder of various etiologies (e.g., Bell's
In individuals without facial neuromuscular disorder, palsy, cranial-base and facial tumor removal, congeni-
activation of the zygomaticus major in smiling is tal). Twenty-three were women and six were men (mean
strongly associated with positive emotion (initially de- age, 50.2 years; SD, 17.0 years; range, 18-81 years). The
scribed by Darwin [13]) [9], while decreased tonic acti- mean duration of facial neuromuscular symptoms was 6
vation is strongly associated with depression [39]. Based years (range, 1 to 40 years).
on theory [18,37] and some data, several investigators
have suggested that activation of the zygomaticus major procedures
is sufficient to produce feelings of positive emotion and
emotion-specific changes in peripheral physiology Measurement of Facial Motio.he Maximal Static Re-
[23,36]. Patients with specific impairment of smiling ex- sponse Assay (MSRA), described in detail elsewhere
perience attenuated facial feedback; this, together with [19], was used to record facial motion. Briefly, the assay
the social consequences of a specific impairment in smil- is a videographic system that quantifies region-specific
ing, may further predispose them to become depressed.motion of the face during maximal voluntary movement
The present study tests the hypothesis that specific by tracking specific facial points. Blue adhesive markers
impairments in the ability to smile increase the severity 0.25 in. in diameter are placed in predefined locations on
of depressive symptoms in patients with facial neuro- the face, and a 2-cm ruler is applied to the tip of the nose
muscular disorders. Facial neuromuscular impairments using soft plastic tape to provide a standard measure in
were assessed using multiple measures of facial motility the video recording for the calibration of distances. The
and dysfunction, and emotional functioning was assessedposition of the facial markers is recorded at rest and
using self-report measures of depression, anxiety, andwhen the patient attempts the following (bilateral) vol-
positive and negative affect. The severity of global facial untary facial movements: (1) maximal brow lift, (2)
impairment was statistically controlled in evaluating the maximal tight eye closure, (3) maximal smile, and (4)
association between specific impairment in smiling and maximal pucker.
the degree of depressive symptoms. The videotape is reviewed and the repose image and
each of the maximal response images are digitized for
computer display. Images are calibrated on the computer
screen and geometrically normalized for variation in po-
sition, rotation, and scale. Transcanthal and transnasal
Subjects andy axes are assigned, enabling the identification of a
common origin and Cartesian coordinate system for each
All patients who were seen at the Facial Nerve Center at image. The position of each predefined facial marker in
the University of Pittsburgh Medical Center between the repose image is subtracted from the position of the
May and October 1995 were given the opportunity to markers in the images captured at the peak of each of the
participate in the study. Ninety-nine patients were ap- maximal voluntary facial movements to derive a measure
proached and 56 patients gave informed consent to par-of facial displacement. The andy coordinates and the
ticipate. The participants in this study were the patients computed displacement for each marker position are
who completed all of the following clinical assessments: saved in a Microsoft Excel spreadsheet for analysis. Data
(1) the Maximal Static Response Assay of facial motion are recorded as lateral or medial displacement (positive
[19], a quantitative measure of impairment; (2) the Facial or negativex coordinate) and elevation (positive,co-
Disability Index [39], a self-report, region-specific index ordinate) or depression (negatiwecoordinate).
of physical and social disability related to facial impair-
ment; (3) the Positive Negative Affect Schedule [42—44], Quantification of Global Impairment of Facial Mo-
a self-report measure of dimensions of emotional expe- tion. To quantify global impairment of unilateral facial
rience related to general factors of personality; and (4) motion we used the results of the MSRA for representa-
the Beck Depression Inventory [5] and Beck Anxiety tive facial movements. A summary score was determined
Inventory [3], self-report assessments of depressed moodfrom the peak displacement of facial markers in expected
and anxiety, respectively. Five patients who incorrectly directions of movement for voluntary maximal attempts
completed one or more of the assessments, and 22 pato raise the eyebrows, close the eyes tightly, and pucker,
tients for whom data were missing or who had not com- similar to the determination of the Anatomic Index of
pleted one of the assessments were excluded from theFacial Motion, described previously [1].
study. Based on the mean of the data that were collected, Facial muscles have known anatomic orientations, and
the patients excluded demonstrated moderate to severanuscle contraction produces motion, apparent in the
global facial motion impairmenin(= 6) and facial dis- overlying skin, of one end of the muscle moving toward

Methods
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quadrant for expected tive angle was subtracted from 360°, enabling all angles
smile motion to be expressed as a positive value from 0 to 360°. Vector
magnitudes for the anatomic motion of smiling were de-
termined using the Pythagorean Theorem andtiedy
coordinates representing horizontal and vertical change
in position of the marker for the modiolus with smiling
(as described above for the quantification of global im-
pairment).

Measurement of DisabilityThe patient’s perspective of
disability was assessed using the Facial Disability Index
(FDI) [39]. The facial disability index is a brief, disease-
specific, self-report questionnaire of facial disability,
with physical and social well-being subscale compo-
nents. The FDI was developed and validated to provide
an account of the patient’s daily experience while living
with a facial nerve disorder. The FDI has physical dis-
ability and social disability components, with subscale
Fig. 1. Horizontal and vertical axes through the left modiolus scores for each transformed to a 100-point basis. Higher
(e.g., corner of the mouth). The arrow represents the direction scores on the FDI physical and FDI social subscales
of a vector representing motion of the left modiolus with smil-  represent less disability. Since the results of our previous
ing in the quadrant for expected smile motion, 0 to 90°. study revealed psychological distress to be a linking fac-
tor between impairment and social disability [40], we did

_ ) ~not include social disability with psychological distress
the other end of the facial muscle. For brow raise, motion 55 g variable in the present study, using only physical

of the brow is expected superiorly; for tight eye closure, disability in the present analyses.
the margins of the eyelids and the surrounding supra- and

infraorbital tissues are expected to move toward each p\jaasurement of Psychological and Emotional Adjust-
other; and for pucker, motion of the corners of the mouth \,ant. Symptoms of anxiety and depression were as-
is expected in a medial direction toward the center of the gaggeq using the Beck Anxiety Inventory (BAI) [3] and
face. To quantify the anatomic motion, vector magni- e Beck Depression Inventory (BDI) [5]. These instru-
tudes (cm) are calculated using the _F;}'thaQOfea” Theo-ments have been widely used to assess anxiety and de-
rem [vector magnitude in cre (x° +y*) ™%, with xand pression in psychological research and practice and have
y referring to the horizontal and vertical change in posi- | nown reliability and validity [3-5,35]. A BDI score

tions of facial markers. The vector magnitudes for uni- higher than 10 was used to identify patients who were
lateral maximal brow raise, eye closure, and pucker are depressed [4].

summed, and a ratio of the affected side to the unaffected Trait positive affect was assessed using the Positive

side is calculated. The ratio represents the global impair- 5,4 Negative Affect Schedule [44]. The Positive and

ment of facial motion score. Negative Affect Schedule, expanded version (PANAS-
T . . . . X), is a self-report instrument used to assess dimensions

Quantification of Specific Impairment in Smilin&e- of emotional experience which are related to general fac-

cently, Johnson et al. [20] described a method by which 45 of personality [42,43]. The PANAS-X has been used
to determine the direction of the vector of movement of in previous studies of trait emotion [43,44].

the modioli (corners of the mouth) while smiling. For

example, while smiling, the modioli move in an upward

and lateral direction due presumably to the predominant Statistical Analysis

action of the zygomaticus major muscle (Fig. 1). The

movement corresponds to motion of the modioli in the Descriptive statistics were used to describe facial impair-

quadrant from 0 to 90°, with 0° located on thexis and ment, physical disability, positive affect, and self-

90°, perpendicular to theaxis. Johnson et al. reported a reported anxiety and depression for the group of patients

mean, 58.3°, and range, 32.5 to 83.1°, for the direction of who were and were not depressed, as defined by a BDI

vectors of the movement of the modioli with smiling score higher than 10. Differences between the group of

recorded for a group of individuals without facial im- patients who were depressed and the group who were not

pairment [20]. depressed were determined using an indepenidesst
Direction of motion for each modiolus was quantified for comparison.

by assigning an angle of direction to each vector. Direc-  In separate hierarchical linear regressions, we exam-

tion was first calculated in radians and then converted to ined the impact of a specific impairment of smiling on

degrees as described in the Appendix. A positive result depressive symptoms, on anxiety, and on positive affect.

represents a cephalad angle (0 to 180°), while a negativeTo control for the impact of global impairment and dis-

result represents a caudal angle (0 to —180°). The nega-ability, global impairment and physical disability were
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entered into the regression equations prior to the entry of Table 1. Psychological distress, clinical factors, and charac-
specific facial impairment, as illustrated for depression: teristics of patients with facial neuromuscular disorders.

depression=global facial impairment + disability + Depressed Not depressed
impairment of smiling. (n=18) (n=11)

Age (years)

Thus, the contribution of the specific impairment of smil- Mean 49.3 51.6
ing was tested after controlling for global facial impair- sSD 15.7 19.8
ment and disability. For the regression analyses, the puration of disorder (years)

angles of direction assigned to the vectors for smiling  Mean 6.87 4.50
were transformed to a reference axis bisecting the quad- SD 11.89 5.60
rant of expected smile movement (0 to 90°; Fig. 1). An Global impairment (0-1)

angle of 45° in the quadrant was designated 180°, while Mean ;2 fg

vectors at an angle 180° to the 45° angle were designatedS ific i . ¢ smili
0°, representing the severity of impairment of a smile SPeCc impairment of smiling

whose vector was opposite the expected direction for Mégﬁgrees) 168.4* 68.9

motion of the modioli with smiling. Angles located sSD 99.1 40.3

clockwise and counterclockwise from the designated pjsapility (0-100)

180° angle on the reference axis in the quadrant of ex- Mean 62.2% 77.7

pected smile motion were expressed as positive values SD 16.2 18.6

representing a rank ordering of vectors relative to the Depression (BDI) (0-63)

vector of a smile that bisected the quadrant. Mean 17.6* 4.5
SD 8.2 2.8

Anxiety (BAI) (0-63)

Resu'ts Mean 35.8* 22.5
SD 12.4 1.4

The patients studied demonstrated moderate to severd’ AM(EQNAS'X) (0-5) 3.1* 3.7

facial motion impairment and moderate disability in ) 38 6

physical functions involving the face. Positive affect was

mildly decreased and depression was mild to moderate* pifferent compared to patients not depressed (independent

for the group (Table 1). Based on a cutoff score for test, df = 1,27,p < 0.05).

depression of 10 on the BDI [4], 18 patients had mild to

moderate depression and 11 patients were not depressed.

The group of patients with depression demonstrated nocial physical disability and the specific impairment of

greater global impairment of facial motion than the smiling were independent predictors of depressiRin=

group of patients who were not depressed. Compared0.41; df = 3,25;F = 5.51;p = 0.00); (2) facial physical

with the individuals with a facial neuromotor disorder disability was the only independent predictor of anxiety

but without depression, the group of patients with de- (R* = 0.35; df = 3,25;F = 6.12;p = 0.00); and (3)

pression demonstrated a greater impairment of smiling there was no significant contribution of global impair-

motion, physical disability in facial function, and posi- ment, facial physical disability, or smiling impairment to

tive affect (Table 1). The direction of the vectors repre- the prediction of positive affecR¢ = 0.07; df = 3,25;

senting the specific impairment of smiling for patients F = 1.71;p = 0.19).

who were depressed were located predominantly in

guadrants other than the quadrant for expected smile mo-

tion, in contrast to the position of the smile vectors for Discussion

the patients who were not depressed (Fig. 2). Vector

magnitude for smiling did not differ between the group Depressive symptoms are commonly experienced by pa-

of patients who were depressed (0.48 cm) and the grouptients with facial neuromuscular disorders, and a signifi-

who were not depressed (0.47 cm) <€ 0.015,p = cant proportion of these patients experiences symptoms

0.99). in the moderate to severe range associated with major
Hierarchical linear regression analyses indicated the depressive disorder [40]. The prevalence of depression in

specific impairment of smiling contributed to the predic- these patients led us to the current exploration of the

tion of depression (Table 2) and anxiety (Table 3) while relation among impairment, disability, depressive symp-

first controlling for the contribution of global impairment  toms, and positive affect. The purpose of this study was

and facial physical disability to the prediction. The spe- to identify clinical (impairment and disability) variables

cific impairment of smiling did not contribute to the that may contribute to the prediction of depression and

prediction of positive emotional experience as measured reduced positive affect in patients with facial neuromus-

by the PANAS-X, controlling initially for global impair- cular disorders.

ment and facial physical disability (Table 4). Subsequent Patients with specific impairment in the ability to

stepwise linear regression analyses indicated that (1) fa-smile showed more severe levels of depressive symp-
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Fig. 2. Direction of vectors representing the motion of the
modiolus with smiling for patients with a facial neuro-
muscular disorderDashed arrowsrepresent the vector
direction of smiles for patients who were not depressed;
solid arrowsrepresent the vector direction of smiles for
patients who were depressed.

Table 2. Hierarchical regression analysis of global impairment, disability, and impairment of smiling on depression.

Variable R Change inR? p (of change) Adjusted®?® p

Added
Global impairment 0.39 0.15 <0.04 0.12 <0.04
Disability 0.54 0.14 <0.03 0.24 <0.00
Smile impairment 0.68 0.18 <0.00 0.41 <0.00

toms. This difference could not be accounted for by [26] [e.g., prosody (Cohn and Katz, in press)], they may
variation in global impairment or disability alone. Al- experience increased social isolation and depression. The
though the reasons for the greater depression in patientdinding that specific impairment of smiling was related to
with impairment of smiling were not assessed, basic re- depression but not trait emotion suggests that social pro-
search in emotion implicates both intra- and interper- cesses may be especially important in producing depres-
sonal processes. Theory and some empirical researchsion in these patients.

suggest that activation of the zygomaticus major and The results indicated a specific impairment of smiling
peripheral feedback from smiling may contribute to posi- affected depression and anxiety, negative affects, but not
tive emotion [11,44,45]. Smiling occurs primarily in so- positive affect. No contribution was found for global
cial contexts, and the communication of positive emotion impairment, facial physical disability, or the specific im-
through smiling promotes reciprocal social exchanges. If pairment of smiling to the prediction of positive affect.
patients with facial neuromuscular disorders are unable Only perceived facial physical disability related to posi-
to find alternative modes of nonverbal communication tive affect (Pearson correlation coefficient= 0.40,p
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Table 3. Hierarchical regression analysis of global impairment, disability, and impairment of smiling on anxiety.

Variable R Change inR? p (of change) Adjustedr® p
Added
Global impairment 0.39 0.16 <0.04 0.12 <0.04
Disability 0.62 0.24 <0.00 0.34 <0.00
Smile impairment 0.65 0.03 <0.24 0.35 <0.00

Table 4. Hierarchical regression analysis of global impairment, disability, and impairment of smiling on positive affect.

Variable R Change inR? p (of change) Adjustedr® p
Added
Global impairment 0.21 0.04 <0.28 0.01 <0.28
Disability 0.40 0.12 <0.07 0.10 <0.10
Smile impairment 0.41 0.01 <0.59 0.07 <0.19

= 0.02). The difference in the relations of negative and romotor disorders undergoing facial rehabilitation, some
positive affect with smiling impairment is consistent patients varied the symmetry of voluntary facial move-
with prior research, suggesting that positive and negative ment by fluctuating movement of the uninvolved side of
affect represent separate dimensions of emotional expe-the face.
rience [41]. Self-report and behavioral measures of nega- In a pilot study of the psychological impact of func-
tive and positive emotion have only a low to moderate tional limitations and disability of facial paralysis, Neely
correlation [25,41]. Thus an important consideration is et al. [28] reported differential impact of regional facial
that facial neuromuscular disorders may differentially af- dysfunction for patients with facial neuromuscular dis-
fect positive and negative emotion. orders. In the early stages of facial paralysis, problems
An additional factor contributing to depression in in- related to function of the eye were most disturbing. Later
dividuals with facial neuromotor disorders may be problems in oral function were more disruptive to psy-
changes in the pattern of smiling on the uninvolved side chosocial well-being [28]. Findings of the present inves-
of the face. Altered facial movement of the uninvolved tigation further define the oral function to a specific im-
side of the face has been reported by several investiga-pairment of smiling as a key factor in psychological dis-
tors [2,34,27] for individuals with a facial nerve disorder. tress of patients with a facial neuromotor disorder.
Johnson et al. [20] indicated among individuals with Similarly, Neely et al. [28] emphasized the importance of
longstanding unilateral facial paralysis, the angle and the ability to smile, reporting that the patients studied
magnitude of the vector for smile motion on the unaf- wished most for a “normal smile.”
fected side of the face were lower than similar values in  The results of this study of a group of individuals with
a comparison group of individuals without a facial neu- a facial neuromotor disorder indicate the specific impair-
romotor disorder. After surgical free muscle reanimation ment of smiling and the physical disability associated
procedures, the magnitude of the vector for smile on the with the disorder contribute to psychiatric symptoms (de-
unaffected side of the face was reduced by more than pression and anxiety) and a diminished ability to expe-
one-third, demonstrating the adaptive response to therience positive emotion. Though surgical procedures and
contralateral change in facial movement. Comparing pat- conservative rehabilitative measures such as physical,
terns of facial movement in individuals with facial neu- occupational, and speech therapy may restore facial
romotor disorders involving synkinesis (i.e., abnormal movement and posture, the process is typically gradual
movement of the face accompanying intended voluntary and prolonged. For many, facial reanimation and reha-
facial movement) to hemifacial motion in individuals bilitation takes place over months to years, and the out-
without impairment, Bajaj-Luthra et al. [2] described re- come may be a more acceptable appearance, communi-
duced motion about the brow and eye and increased mo-cation, and expression, but often not “normal.” The
tion of the corner of the mouth in the horizontal plane of prevalence, the severity, and the scope of the psycho-
the unaffected side of the face of the patients. Other logical distress associated with facial neuromotor disor-
investigators [27,34] reported abnormal positioning of ders [40], and the likelihood of a long duration of the
the corner of the mouth on both the involved and unin- disorder, emphasize the need for professional attention to
volved sides of the face following voluntary movement the psychiatric signs and symptoms in addition to inter-
attempts in patients with synkinesis. The change in po- vening for the facial impairment and disability. From the
sition might be assumed to influence the pattern of sub- outset of a facial neuromotor disorder, treating the rec-
sequent facial expressions. In our experience, repeatingognized psychiatric symptoms, as well as the physical
assessments of individuals with longstanding facial neu- impairment (e.g., primary prevention), may optimize pa-
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tient outcomes, improve the rate of recovery, and prevent
chronic disability, including the loss of work and in-
creased utilization of health care services that commonly
accompany chronic disability [7,30].

Conclusions

A specific impairment of smiling and physical disability,
but not global impairment of facial motion, were key
predictors of depression in patients with facial neuro-
muscular disorders. The findings support the work of

[&)]

neuropsychologists on the relations between specific fa- 6.

cial actions and specific emotional states, and of social
psychologists who have described the role of smiling in
experiencing positive social interactions and social co-
hesion. From the patient’s perspective, the recovery of
health means the recovery of physical function, but also
the recovery of emotional and social well-being. The ¢
relation of smiling impairment with psychological and
emotional distress emphasizes the need to assess and
treat depression and anxiety in patients with a facial neu-

romuscular disorder to improve the outcome of interven- 9.

tion, the recovery of health.

10.

Appendix: Calculating the Angle of Direction for
Each Vector

11.
Calculation of Direction in Radians
12.
e
2 y 13.
Angle in radiangA) = arctan-
X 14.
-7
2

15.

wherex = movement in the horizontal axig foordinate
(cm)] andy = movement in the vertical axiy [coordi-

nate (cm)] with smiling. 16
Conversion of Radians to Degrees 17.
180 18.
o 180
Direction =A| —
v
-180 19

where A = the angle of the vector of movement with
smile (radians).

20.
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