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A Review of Brain Imaging Studies on Classical Fear Conditioning
and Extinction in Healthy Adults
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Fear conditioning and extinction, which are adaptive processes to learn and avoid potential threats, have essential roles in the patho-
physiology of anxiety disorders. Experimental fear conditioning and extinction have been used to identify the mechanism of fear and
anxiety in humans. However, the brain-based mechanisms of fear conditioning and extinction are yet to be established. In the current
review, we summarized the results of neuroimaging studies that examined the brain changes—functional activity and structures—re-
garding fear conditioning or extinction in healthy individuals. The functional activity of the amygdala, insula, anterior cingulate gy-
rus, ventromedial prefrontal cortex, and hippocampus changed dynamically with both fear conditioning and extinction. This review
may provide an up-to-date summary that may broaden our understanding of pathophysiological mechanisms of anxiety disorder. In
addition, the brain regions that are involved in the fear conditioning and extinction may be considered as potential treatment targets
in the future studies.
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Records excluded (n=61)

> - Systematic review or meta-analysis (n=56)
- Animal studies (n=4)
- Full-text unavailable (n=1)

Articles excluded (n=113)
» - No classical fear conditioning (n=45)

: No conditioning (n=24)

: Contextual conditioning (n=15)

: Appetitive or disgust conditioning (n=6)
- Patient or adolescent subjects (n=35)
- Interventional studies (n=19)
- No brain imaging (n=14)
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o Records identified from PubMed
=
= (n=183)
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ks}
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Records screened
(n=183)
o Y
£
§ Articles assessed for eligibility
3 (n=122)
- <<
Y
)
o
% Arficles included in review
3 (n=23)
<
-

Arficles identified by cross-referencing of systematic
review or meta-analysis (n=14)

Fig. 1. Framework of the literature review process (PRISMA flow diagram).
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Table 2. Characteristics of neuroimaging studies on fear extinction (continued)

Main finding

Other assessments

CS-US
contingency
CS1+: 30%—70%

CS2+: 70%—30%

CS

Subjects
Mean age

n (M/F)
24 (15/9)

Study

[Functional connectivity]

SCR

Electric

Geometrical

23.8

Martynova

- Immediately after fear extinction

shock

figures

etal’’

1 L amyglala-precuneus, postcentral gyrus, MTG,

R SMA, superior temporal pole

L SFG, L MFG, midcingulate area

- 24h after fear extinction

1 L amyglala-R temporal gyrus, R cuneus,

L precentral gyrus

- 7 days after fear extinction

1 L amyglala-temporal gyrus, midcingulate area,

calcarine sulcus, SFG, R STG,

R cingulate cortex

n, number; M, male; F, female; CS, conditioned stimulus; US, unconditioned stimulus; MRI, magnetic resonance imaging; SCR, skin conductance response; CS+, conditioned stimu-

lus followed by unconditioned stimulus; CS-, conditioned stimulus not followed by unconditioned stimulus; EP, early phase; L, left; WP, whole phase; dACC, dorsal anterior cingu-

late cortex; PAC, primary auditory cortex; vmPFC, ventromedial prefrontal cortex; IFG, Inferior frontal gyrus; PCC, posterior cingulate cortex; MTG, middle temporal gyrus; Al, ante-

Brain Imaging on Classical Fear Conditioning and Extinction 1 Kang |, et al

rior insula; SMA, supplementary motor area; R, right; OFC, orbitofrontal cortex; ITG, inferior temporal gyrus; SMG, supramarginal gyrus; LP, late phase; FE, fear extinction; rem,

reminder group; non-rem, non-reminder group; SFG, superior frontal gyrus; MFG, middle frontal gyrus; STG, superior femporal gyrus
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