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Fetal Face as Predictor of Fetal Brain
Toshiyuki Hata

ABSTRACT
We present recent topics regarding four-dimensional (4D) 
ultrasound assessment of fetal facial expressions to predict the 
development of the fetal brain. In several recent studies, the 
frequencies of seven facial expressions (mouthing, sucking, 
yawning, blinking, tongue expulsion, scowling/grimace, and 
smiling) were evaluated using 4D ultrasound. Fetal mouthing, 
sucking, yawning, blinking, tongue expulsion, scowling/grimace, 
and smiling may relate to feeding, feeding and purposeful 
behavior, sleep and arousal, wakefulness, feeding and speech 
functions, awareness, and emotion after birth respectively. 
Studies of the fetal face using 4D ultrasound will help elucidate 
the functioning of the fetal brain and the central nervous system 
(CNS), and help shed light on unknown areas of human biology.
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INTRODUCTION

In utero, no modality exists that can directly assess the 
fetal brain and CNS. However, it is considered that the 
movement and behavior of fetuses are related to them.1 
The observation of fetal behavior is significant because, 
through it, the developmental and maturing functions 
of the fetal brain and CNS can be directly assessed. 
Therefore, fetal movements and behaviors have been 
reported to indicate the development of the fetal brain and 
CNS.2,3 Recent advances leading to the development of 4D 
ultrasound have facilitated the straightforward detection 
of fetal movements, behaviors, and facial expressions. 
With 4D ultrasound, fetal movements and behavioral 
patterns during pregnancy can now be visualized.4-6 In 
this review article, we present recent topics on 4D ultra-
sound assessment of fetal facial expressions to predict the 
development of the fetal brain.
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FETAL MOVEMENTS LATE IN THE FIRST 
TRIMESTER AND EARLY SECOND TRIMESTER

At 14 to 19 gestational weeks, Sajapala et al7 used 4D ultra-
sound to examine the frequency of eight fetal movements 
in normal singleton pregnancies. As per their findings, 
isolated arm movements were the most common fetal 
movements at 14 to 16 and 17 to 19 gestational weeks, 
with the sole significant difference being the frequency of 
mouthing movement between 14 to 16 and 17 to 19 gesta-
tional weeks. In conclusion, they stated that the difference 
in the frequency of mouthing movement at 14 to 16 and 
17 to 19 gestational weeks could be due to increased fetal 
swallowing caused by the increasing amniotic fluid early 
on the second trimester.

With the application of 4D ultrasound, differences in 
the fetal behavior before 20 gestational weeks between 
singleton and twin fetuses were assessed by AboEllail 
et al.8 They found that arm and general movements 
were the most common in singletons, but only general 
movement was significantly more frequent compared 
with other six movements in twins at 12 to 13 gestational 
weeks. Significantly higher frequencies of arm and 
leg movements compared with those of the other six 
movements were noted at 14 to 19 gestational weeks in 
singletons, but only arm movement showed a signifi-
cantly higher frequency than the other movements in 
twins. When fetal movements between singletons and 
twins were compared, the only significant difference 
was arm movement at 12 to 13 weeks, but the frequen-
cies of all movements in singletons showed significantly 
higher values than twins at 14 to 19 gestational weeks. 
It was suggested that the limitation of space due to 
crowding of twin fetuses with gestational advancement 
markedly affects twin fetal movements on comparison 
with singletons, with this also true during the first half 
of pregnancy.

FETAL FACIAL EXPRESSIONS

Recent review articles on 4D ultrasound assessment of 
fetal facial expressions revealed the possibility that those 
expressions might be an important predictor of fetal brain 
function and development.4-6,9-12 In many recent studies, 
the frequencies of seven facial expressions (mouthing, 
sucking, yawning, blinking, tongue expulsion, scowling/ 
grimace, and smiling) during 15-minute recordings were 
assessed (Figs 1 to 7). Fetal mouthing, sucking, yawning, 
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blinking, tongue expulsion, scowling/grimace, and 
smiling may lead to feeding, feeding and purposeful 
behavior, sleep and arousal, wakefulness, feeding and 
speech functions, awareness, and emotion after birth 
respectively. In the latest study, mouthing was the most 
frequent facial expression at 36 to 40 weeks, followed by 
blinking.13 Both facial expressions are significantly more 
frequent than other expressions. This facial expression 
pattern is different from that before around 9 months of 
gestation.14-16

A diverse range of expressions, emotion-like move-
ments, and reactions to various stimuli are shown by the 

fetal face. These represent the maturity and development 
of the brain and CNS. Such specific responses to stimuli 
also indicate high-level brain development and function. 
In utero, the facial movements and expressions captured 
may parallel the fetal brain function and development at 
various fetal stages. As such, the fetal face may be key to 
fully clarifying brain development and function, helping 
to elucidate the functional development of the human 
brain from the fetal period.11

Figs 1A to D: Consecutive 4D ultrasound observation of fetal mouthing movements (a→d) at 34 weeks and 6 days of gestation

Figs 2A and B: Consecutive 4D ultrasound observation of fetal 
sucking movements (a→b) at 33 weeks and 4 days of gestation

Fig. 3: Fetal yawning at 37 weeks and 2 days of gestation

Fig. 4: Fetal eye opening at 37 weeks and 2 days of gestation Fig. 5: Fetal tongue expulsion at 38 weeks and 2 days of gestation
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KURJAK’S ANTENATAL 
NEURODEVELOPMENTAL TEST

With the use of Kurjak’s Antenatal neurodevelopmental 
test (KANET), Hata et al17 assessed the sex-related differ-
ences in fetal behavior. They found that the total KANET 
score was normal in both males and females with the 
total KANET score showing no significant differences. 
On comparing single KANET parameters, there were 
no significant differences in all eight of the parameters 
examined. As a result, fetal neurobehavioral functions 
and developmental and maturational processes of the 
brain and CNS were concluded to be the same between 
males and females. Thus, any 4D ultrasound study on 
fetal behavior may not have to consider fetal sex.

Through examining the Asian and Caucasian popula-
tions, Hanaoka et al18 assessed the ethnic differences in 
fetal behavior. The total KANET score was normal in both 
populations, but a significant difference was noted in the 
total KANET scores on comparing Japanese and Croatian 
fetuses. On comparing single KANET parameters, four 
fetal movements showed no significant differences. 
However, two facial expression parameters showed a 
significant difference between the two populations. Based 
on this, ethnicity should be taken into consideration when 
assessing the fetal behavior, particularly on investigating 
the facial expressions of fetuses.

Antsaklis et al19 assessed whether there is a difference 
in the behavior of fetuses of diabetic pregnant women, 
compared with fetuses of nondiabetic pregnant women. 
In their results, the total KANET score in nondiabetic 
pregnant women was significantly higher than that in 
diabetic pregnant women. Looking at each KANET 
parameter, there were significant differences in three 
parameters: Isolated eye blinking, facial alterations, 
and finger movements. These authors stated that there 
are differences in the fetal behavior between diabetic 

and nondiabetic fetuses, and the specific parameters 
expressed by facial expressions were particularly different 
between the two groups.

RECENT STUDIES ON FETAL BEHAVIORAL 
ASSESSMENT USING 4D ULTRASOUND

At 14 to 39 gestational weeks, Lopez-Teijon et al20 used 4D 
ultrasound to examine the fetal facial expression in response 
to music applied intravaginally or abdominally. At > 16 ges-
tational weeks, the intravaginal music led to mouthing and 
tongue expulsion in 86.7% (p = 0.002) and 46.6% (p = 0.004) 
of all fetuses respectively, showing significant differences 
on comparison with abdominally applied music. As an 
explanation, the authors considered that neural pathways 
in the auditory-motor system are developed as early as 
week 16. It is possible that such findings will contribute to 
methods to diagnose prenatal hearing screening as well as 
research on fetal neurological stimulation.

There is an interesting study regarding the effect of 
maternal smoking on fetal mouthing movement assessed 
by 4D ultrasound at 24 to 36 weeks by Reissland et al.21 
Therein, fetuses of mothers who had a smoking habit 
showed a significantly higher rate of mouth-movements 
compared with fetuses of nonsmokers (p = 0.02). These 
differences increased between the smoking and non-
smoking groups with the progression of pregnancy. The 
authors concluded that smoking mothers have fetuses 
that show more immature behavioral patterns compared 
with those of nonsmokers.

In a study of the reaction to the maternal voice, Marx 
and Nagy22 assessed the fetal behavioral responses with 
4D ultrasound at 21 to 33 gestational weeks. Fetuses 
showed more movements of the arm, head, and mouth 
when the mother touched her abdomen and showed 
reduced arm and head movements in response to the 
maternal voice. In the third trimester, fetuses exhibited 

Fig. 6: Fetal scowling/grimace at 38 weeks and 2 days of gestation Fig. 7: Fetal smiling at 34 weeks and 6 days of gestation
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increased regulatory (yawning), resting (arms crossed), 
and self-touch (hands touch the body) responses on com-
parison with second trimester fetuses. It was found that 
fetuses showed an earlier selective response to external 
stimuli than reported. In response to external stimulation, 
the fetal behavior was actively regulated. These differ-
ential responses to the environment were influenced by 
fetal maturation.

It was reported that third trimester human fetuses 
prefer viewing face-like stimuli in comparison with the 
same stimuli adopting an inverted configuration, by Reid 
et al.23 They considered that this predisposition does not 
necessitate postnatal experience, and it was clarified that 
it is possible to deliver visual stimuli via maternal tissue 
to the fetus.

CONCLUSION

Diverse facial expressions are shown by the fetus, includ-
ing emotion-like movements and reactions responding to 
diverse stimuli. Such expressions and reactions exemplify 
the maturity and development of different regions of the 
brain and CNS. Furthermore, a high degree of brain devel-
opment and function is indicated by selective responses 
to stimuli. Therefore, in utero, movements and expressions 
discerned by 4D ultrasound can directly represent the 
fetal brain function and development in different fetal 
stages. As such, the fetal face may be key fully clarifying 
fetal brain development and function, helping to elucidate 
the functional development of the human brain from the 
early fetal period.11 The advent of 4D ultrasound has led 
to the development of novel academic disciplines, such as 
“fetal neurology” and “fetal psychology,” and heralded 
the dawn of a new phase in fetal behavioral science. It 
is my hope that this modality will markedly advance 
research on the fetal brain and CNS.10 Studies on fetal 
behavior will help elucidate the secret functioning of the 
fetal brain and CNS, and help shed light on unknown 
areas of human biology.
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