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Functional Magnetic Resonance Imaging to Evaluate Patient
Satisfaction Following Bimaxillary Surgery: A Preliminary Study

OtOH\ A O
O 1 T =

O O OtE L 72

RO 75X AP B

Ol |2

Jae-Seung Kim, DDS', Mina Park, MD?, Moon-Jung Hwang, PhD?, Won-Jin Moon, MD**

'Department of Dentistry, Konkuk University Medical Center, Seoul, Korea

’Department of Radiology, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, Korea

*GE Healthcare, Seoul, Korea

Although bimaxillary surgery enhances patients' self-esteem and mood by improv-
ing their facial appearance, surgical outcome assessments for this procedure are
limited. This preliminary study investigated differences in brain activity on function-
al magnetic resonance imaging (fMRI) during self-face evaluation before and after
bimaxillary surgery. Three patients (1 man and 2 women, age range: 20-27 years)
underwent fMRI while viewing self-face images before and after bimaxillary surgery
for maxillofacial deformity. The activation in the left postcentral gyrus, and medial
orbital frontal cortex was significantly great in response to after-surgery self-face
images compared to before-surgery images. Our preliminary results may facilitate
the development of an objective measure for patient satisfaction after orthognathic

surgery including bimaxillary surgery.
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INTRODUCTION

With the development of advanced plastic surgery techniques
and increasing interest in facial attractiveness in modern soci-
ety, the number of facial plastic surgeries has dramatically in-
creased over the past decade. Approximately 5000 cosmetic bi-
maxillary surgeries are reportedly performed annually in Korea
(1). Bimaxillary surgery or orthognathic surgery is a unique
category of surgery that improves both the patient’s appearance
and dental occlusal function by correcting maxillo-facial defor-
mity. Accordingly, bimaxillary surgery has a tremendous effect
on patient self-esteem and well-being (2). At present, the surgi-

cal outcome of bimaxillary procedures is only assessed via sub-
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jective patient responses to a questionnaire (3). Thus, there is a
need for a more objective tool for measuring surgical outcomes
and patient satisfaction in the field of orthognathic surgery.
With the advent of functional magnetic resonance imaging
(fMRTI), blood-oxygen level-dependent activity can be measured
in vivo as a surrogate for brain activation during task perfor-
mance. Previous fMRI studies have revealed that the orbito-
frontal cortex (OFC) is prominently activated in response to at-
tractive faces compared to unattractive faces (4, 5). The OFC is
an important brain area involved in reward, and it functions to-
gether with the ventral striatum and ventral tegmental areas in
the brain reward system (4). In the present study, we assessed

neural activity using fMRI during the evaluation of self-face im-

Copyrights © 2018 The Korean Society of Radiology


http://crossmark.crossref.org/dialog/?doi=10.3348/jksr.2018.78.6.412&domain=pdf&date_stamp=2018-05-30

ages from before and after bimaxillary surgery in order to assist
the development of a new approach for predicting patient satis-
faction with regard to surgical outcomes. Specifically, we devised
a new fMRI-based test of patient satisfaction based on the as-
sumption that brain areas related to reward processing would
show greater activation in response to postoperative faces than

preoperative faces.

Bimaxillary surgery for maxillofacial deformity was performed
on 3 patients (1 man and 2 women, age range: 20—27 years)
who subsequently underwent fMRI while viewing self-face im-
ages before and after surgery. None of the patients had a history
of neurologic disorder or psychiatric illness, and all patients
were right-handed. The study was approved by the Institutional
Review Board and each subject provided written informed con-

sent for participation.

Image Preparation

Presurgical and postsurgical face images were prepared for
each patient. All images were photographed and obtained un-
der the same lighting conditions from different views (frontal,
30° rightward from the frontal view, and 30° leftward from the
frontal view). Face photographs were taken with a neutral facial

expression with eyes directed toward the front.

MR Acquisition

fMRI images were obtained using a 3T scanner with a 32-chan-
nel head coil (Skyra, Siemens Healthcare, Erlangen, Germany).
Three-dimensional (3D) anatomical volumes were collected
using a high-resolution T1 Magnetization Prepared Rapid Ac-
quisition Gradient Echo sequence. The fMRI images were ob-
tained using a gradient-echo echo planar imaging (EPI) se-
quence with 160 dynamic volumes: repetition time = 3000 ms,
echo time = 35 ms, flip angle = 90°, imaging matrix = 100 x
100, field of view = 200 x 200 mm, section thickness = 4 mm,
no gap, and 34 axial slices.

In our experimental design, before-surgery blocks and after-
surgery blocks were alternated 4 times in a random order in each
session. Each block consisted of 10 images presented for 1 s each.

Once the image had disappeared, a small fixation cross appeared
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in the center of the screen. The time required for each activation
block was 30 s, and a 30 s rest block was inserted between the
activation blocks (before-surgery blocks and after-surgery
blocks). During the rest block, a small fixation cross on a black
background was presented. The session acquisition time was 8
min (Fig. 1). Subjects were asked to lie still and focus on the im-
ages that appeared on a screen visible through an overhead mir-
ror within the magnetic resonance scanner. Subjective postsur-

gical satisfaction was also recorded.

Data Analysis

Functional data analysis was performed using SPM 8 software
(www.fil.ion.ucl.ac.uk/spm/). The first 4 volumes of each data
set were discarded to allow for equilibration effects. EPI images
were corrected for slice time differences and realigned to the
first scan by rigid body transformation to correct for head move-
ment. EPT and structural scans were normalized to the EPI stan-
dard template in the Montreal Neurologic Institute (MNI) space
(MNTL: International Consortium for Brain Mapping) using lin-
ear and nonlinear transformations, and finally, were smoothed
with an 8-mm full-width at half-maximum Gaussian kernel.
The voxels representing active structures were overlaid on 3D
T1-weighted anatomical images in MNI coordinates.

Given that only 3 cases were analyzed in the present study, we

performed single subject analyses using a general linear model.

Before—surgery block
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Fig. 1. Functional magnetic resonance imaging experimental design.
Before surgery blocks and after-surgery blocks were alternated 4 times
in a random order in each session. Each block consisted of 10 images
presented for 1 s each. Once the image had disappeared, a small fixa-
tion cross appeared in the center of the screen. The time required for
each block was 30 s, and a 30 s rest block was inserted between the
activation blocks (before surgery blocks and after surgery blocks). Dur-
ing the rest block, a small fixation cross on a black background was
presented.
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As the foci of activation were predicted a priori, correction for
the entire brain volume was not carried out, and uncorrected
statistics were used to reject the null hypothesis. The threshold
of significance was set at p < 0.001 and p < 0.01 at the voxel level
(uncorrected for multiple comparisons) with an extent threshold

of 10 contiguous voxels and 5 contiguous voxels, respectively.

fMRI Results
All three patients reported that they were satisfied with the

surgical result in terms of facial attractiveness. fMRI revealed
that images of faces taken after surgery produced greater activa-
tion in the left postcentral gyrus [brodmann area (BA) 3 and
BA40], cerebellar vermis, and right medial OFC (BA11) than
images taken before surgery (p < 0.001 and a cluster size of 10
voxels) (Table 1, Fig. 2). With a threshold of p < 0.01 and a cluster
size of 5 voxels, the left medial OFC was also more highly acti-
vated in response to images of faces after surgery versus before

surgery.

Table 1. Montreal Neurological Institute Coordinates of Neural Activation in 3 Subjects

After > Before

Before > After

Region XY, Z Region )
Case 1 Left postcentral -46, -34, 54 Right posterior cingulate 4,-40, 16
Left Precuneus -10,-42,74 Right angular gyrus 46, -68, 46
Right medial orbital frontal (BA11) 10, 14, -18* Right superior medial frontal gyrus 4,52,42
Left superior medial frontal gyrus -2,62,10
Left supplementary motor area -2, 14, 66
Left inferior frontal gyrus (triangular) -40, 10, 24
Left angular gyrus -40, 68, 40
Case 2 Vermis 4-5 0,-50, 6 Calcarine, right 24,-48, 4
Left medial orbital* frontal (BA11) -12, 14, 22* Middle frontal, left -34, 46, 2
Case 3 Right medial orbital frontal (BA11) 10, 50, -26 Left medial frontal gyrus -4,54,-12
20, 50, -16* Left middle temporal gyrus -48, -60, -2

Peak voxel sizes for all regions were obtained from a whole-brain random-effects contrast of before surgery and after surgery face stimuli. p < 0.001, un-

corrected at the voxel level with extent of 10 contiguous voxels or more.

*p < 0.01, uncorrected at the voxel level with extent of 5 contiguous voxels or more.

BA = brodmann area

After > Before

P<0.001 (uncorrected)

Fig. 2. Increased activation in response to after-surgery faces versus before-surgery faces. Images of faces taken after surgery revealed greater
activation in the left postcentral gyrus, cerebellar vermis, and right medial orbitofrontal cortex than images taken before surgery (p< 0.001 and a
cluster size of 10 voxels) and left medial orbitofrontal cortex (p < 0.01 and a cluster size of 5 voxels). Brain left is on the figure left.

PA = patient
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Fig. 3. Increased activation in response to before-surgery faces versus
after-surgery faces. Images of faces taken before surgery revealed
greater activation in the right posterior cingulate cortex, bilateral infe-
rior parietal lobules, left superior frontal gyrus, bilateral medial frontal
gyri, left inferior frontal gyrus, right parahippocampal gyrus, left mid-
dle frontal gyrus, and left middle temporal gyrus than those taken af-
ter surgery (p < 0.001 and a cluster size of 10 voxels). Brain left is on
the figure left.

PA = patient

P<0.001 (uncorrected)

In contrast, fMRI revealed that images of faces taken before
surgery produced greater activation in the right posterior cin-
gulate cortex, bilateral inferior parietal lobules, left superior
frontal gyrus, bilateral medial frontal gyri, left inferior frontal
gyrus, right parahippocampal gyrus, left middle frontal gyrus,
and left middle temporal gyrus than those taken after surgery
(Table 1, Fig. 3).

This preliminary report identified prominent neural activation
in the medial OFC and left postcentral cortex in patients view-
ing photographs of their faces after bimaxillary surgery com-
pared to before surgery and found that it is feasible to identify the
after-surgery effect on patient satisfaction using fMRI by present-
ing the difference in neural activation.

The medial OFC is associated with decision making, reward
processing, planning, encoding new information into long term
memory, and reasoning. The medial OFC is also activated in
response to viewing attractive faces, and activation is further
enhanced by smiling facial expressions (5, 6). To this end, the
OFC is involved in processing at least some emotional facial ex-
pressions (5). The OFC is further involved in representing the

reward value of gustatory, olfactory, auditory, and somatosen-
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sory stimuli (5, 7) and is sensitive to abstract reinforcers such as
winning or losing money or positive and negative verbal feed-
back (5, 7). Previous studies have suggested that attractive faces
can act as a type of reward (5, 6). Given our result, higher acti-
vation in the medial OFC in response to viewing after-surgery
self-faces indicates that patients implicitly regarded after-surgery
photographs as more attractive and rewarding.

Our findings regarding the left postcentral gyrus can be inter-
preted as representing the primary somatosensory cortex (BA3)
and part of the supramarginal gyrus (BA40). Platek et al. (8)
contrasted activation in response to viewing self-faces and un-
known faces and revealed differential activation in the right
postcentral, supramarginal, and superior temporal gyri. Shen et
al. (9) reported that activation in the postcentral gyrus linearly
correlated with facial attractiveness. Our findings corroborate
and expand this previous result indicating that the postcentral
gyrus, in addition to representing one’s own face and body in
the cerebral cortex, may participate in aesthetic evaluation of
the faces and bodies (10).

Several areas were more strongly activated in response to be-
fore-surgery faces compared to after-surgery faces in our study
including the calcarine cortices and inferior parietal lobules.
Given a previous fMRI result that these areas were activated in
response to subjectively unattractive or neutral faces rather than
attractive faces (10), we can speculate that our subjects might have
regarded their own before-surgery faces as neutral or unattractive.

To the best of our knowledge, this is the first study to identify
differential neural activation in response to self-face evaluation
before and after bimaxillary orthognathic surgery using fMRI.
This fMRI test does not require any interventions such as blood
sampling or intravenous contrast agent administration; it only
requires 30 minutes of examination time and patient compli-
ance. The innate subjective nature of aesthetic surgery often in-
volves unnecessary medicolegal issues that have medico-social
implications and lead to increasing dissatisfaction for both the
surgeons and the patients involved. Further, malicious attempts
to obtain secondary gain can lead to an unreliable self-report on
postoperative satisfaction. Thus, a more objective test is needed.
In this respect, the results of this technical report are the first step
towards the development of a more objective test of satisfaction
after bimaxillary surgery.

There are a few limitations to our preliminary study. Too small
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a sample may prevent our findings from being generalized at
this moment. A further prospective study would be necessary
to confirm our findings in a larger cohort. Second, we did not
include the subjects who were not satisfied with their surgical
results. Inclusion of both satisfied and unsatisfied group over
their surgical results will be essential for the future study.

Our results suggest that the left postcentral gyrus and the
right or left medial OFC are involved in positive self-face evalu-
ation after surgery. This preliminary result may facilitate the de-
velopment of an objective tool for measuring patient satisfaction

with regard to surgical outcomes after orthognathic surgery.
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