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Altered spontaneous neural activity in experimental
odontogenic pain: a resting-state functional MRI study
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Abstract: Objective: This study aimed to evaluate the intrinsic cerebral activity alternations in experimental odon-
togenic pain with resting-state functional magnetic resonance imaging (fMRI). Materials and Methods: Forty-nine
participants in an odontogenic pain group and 49 participants in control group underwent imaging using fMRI in
this prospective study. Odontogenic pain was induced by experimental tooth movement. We calculated the frac-
tional amplitude of low-frequency fluctuation (fALFF) value to evaluate regional cerebral function and compared it
between the two groups utilizing a voxel-based two-sample t-test. Results: In comparison with the healthy controls,
the participants in odontogenic pain group showed increased fALFF value in the left cerebellum, right posterior
cingulate gyrus, and bilateral inferior temporal gyrus, as well as decreased fALFF in the medial prefrontal cortex,
the left anterior cingulate cortex, bilateral angular gyrus, left inferior parietal cortex, middle temporal gyrus, and
miscellaneous cerebral regions (P < 0.001 familywise error-corrected VOXEL > 100). Conclusion: The present study
showed abnormal cerebral activity in odontogenic pain, and reveled that the aberrant regional functional activities
were mainly located within the default mode network. The finding could provide insight into the underlying neural
mechanism of odontogenic pain. Registry of clinical trials (Trial number ChiCTR1800018589) - http://www.chictr.
org.cn/showproj.aspx?proj=31424.
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Introduction While it is known that the cortex undertakes the
final process of nociception, which is to deter-

Odontogenic pain, initiating from the dental mine the location, intensity, and duration of

pulp or periodontium and resulting from dental
or non-dental diseases, can severely affect
patients’ quality of life and daily activities [1].
Odontogenic pain is very common in the popu-
lation [2, 3]. Peripheral mechanisms associat-
ed with odontogenic pain have been well docu-
mented: the nociception is transmitted from
sensory nerve endings of first-order neurons in
trigeminal ganglia to second-order neurons,
which send this information to the thalamus,
and then the information is relayed to the cor-
tex by the thalamus [4]. We previously reported
that different subregions of thalamus are
involved in the perception of orofacial pain [5].

pain, limited studies have explored cerebral
structure or functional alteration in odontogen-
ic pain [6, 7].

Functional magnetic resonance imaging (fMRI)
measures cerebral activity non-invasively by
detecting blood oxygen level-dependent signals
[8]. Recently, fMRI has been used in oral neuro-
science in a broad range to explore the central
neural mechanisms underlying orofacial pain,
particularly non-odontogenetic pain. For exam-
ple, several studies showed neural activity
changes in the middle temporal gyrus, insula,
thalamus, and primary somatosensory cortex in
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the patients with idiopathic trigeminal neural-
gia [9, 10]. And a previous study in patients
with burning mouth syndrome showed function-
al differences in the hippocampus and medial
prefrontal cortex (mPFC) [11]. Altered neural
activities in middle frontal gyrus and insula
were also observed in patients with temporo-
mandibular disorders [12]. As for odontogenic
pain, several fMRI studies have revealed corti-
cal representation of pain induced by electrical
stimulation, thermal stimulation and mechani-
cal stimulation [13-15]. However, as far as we
know, most previous studies used tasking-state
fMRI, during which subjects were under a task-
ing state, and only a few researches have inves-
tigated alterations of spontaneous cerebral
activity in subjects with odontogenic pain by
resting-state fMRI [16]. In recent years, the use
of resting-state fMRI to study the central neural
mechanisms behind chronic pain has become
increasingly common, allowing a shorter time of
scanning and providing various results with
multiple analytic methods and it has been con-
sidered a sensitive and specialized technology
to study the changes in brain function [17, 18].
The amplitude of low-frequency fluctuations
(ALFF) is an index used to detect regional prop-
erties of spontaneous cerebral activity by rest-
ing-state fMRI [19], and the fractional ALFF
(fALFF) value is calculated as the ratio of
regional power spectrum of low frequency to
power spectrum of the whole frequency range,
improving sensitivity and specificity of detect-
ing spontaneous neural activity. Thus, our aim
in this study was to explore the intrinsic cere-
bral activity alternations in experimental odon-
togenic pain using fALFF by resting-state fMRI.

Materials and methods
Participants

Each participant was informed about the proto-
col and inherent risks prior to providing written
informed consent. The present study had for-
mal approval by the local ethics committee and
all the research procedures of the current study
followed the Declaration of Helsinki principle.

The minimal required sample size was calcu-
lated using G*Power software (ver. 3.1; Hein-
rich-Heine-Universitat Dusseldorf, Disseldorf,
Germany) [1], based on the mean pain intensity
of 10.9 and the standard deviation of 16.9
estimated according to a previous study [2].
Utilizing a power of 0.8 and an alpha of 0.05,
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39 participants were calculated for each group.
Assuming a small attrition rate, 49 consecutive
participants were included in the odontogenic
pain group in this prospective study, and 49
healthy controls were included and matched to
the pain group for age and gender. Inclusion cri-
teria of participants were as follows: (I) right-
handed; (ll) aged from 18 to 45 years; (lll)
capable of undergoing MRI examination. The
exclusion criteria were as follows: (l) partici-
pants with existing maxillofacial diseases that
cause orofacial pain, such as gingivitis, peri-
odontitis, or pulpitis; (Il) with history of neuro-
logic dysfunction; (lll) with history of drug or
alcohol abuse; (IV) contraindicated for MRI; (V)
having severe malocclusion (particularly those
having abnormal/open interproximal contacts
between the lower left second premolar and
the first molar); (VI) with a history of prior ortho-
dontic treatment. Five participants were ex-
cluded due to significant head motion (exceed-
ing 2 mm or 2°) during scan. Finally, 44 partici-
pants with odontogenic pain and 49 healthy
controls were enrolled in the present study.

Study design

A 4 mm elastic separator (Morelli-Sorocaba-SP,
Brazil) was placed between the second bicus-
pid and the first molar of the lower jaw in the
odontogenic pain group by a trained orthodon-
tist, which could result in a non-physiologically
reversible load on the periodontium and pain
after a period of time, and fMRI scans were
taken 24 h after the placement of the separa-
tors [20-23]. In the healthy control group, par-
ticipants were scanned with no separator. The
pain of the participants was quantified using a
visual analogue scale (VAS) - where O indicat-
ed “no pain” and 100 indicated “the most
intense pain imaginable”. The Symptom Che-
cklist-90-Revision (SCL-90-R) was used for psy-
chological evaluation. Pain and psychological
evaluation were obtained twice in pain group:
once before placement of the separator and
then, 24 h later, before performing the scan,
while at baseline in control group.

MRI data acquisition

Functional MRI data were obtained with a
Siemens 3-Tesla MR scanner (Trio; Siemens,
Erlangen, Germany). Participants were scanned
with a standard eight-channel phased-array
head coil, and foam pads were fixed on both
sides of the head. During imaging, all the par-
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Table 1. Participant demographics and evalu-
ation of pain

Odontogenic pain Control group P

group (n=44) (n=49) value
Age 21.0+£0.9 21.6+0.9 0.991
Sex ratio 24/20 27/22 0.957
VAS 14.7+£17.0 13.7+16.4 0.768

SCL-90-R 27.7+11.0 26.4+11.1 0.573

VAS, Visual Analogue Scale; SCL-90-R, Symptom
Checklist-90-Revision. All values are mean + standard
deviation (SD).

ticipants were told to remain still and keep their
eyes closed but stay awake, not to engage in
active thinking. The scanning parameters were
as follows: repetition time (ms)/echo time (ms),
2000/30; matrix size, 64 x 64; field of view,
240 x 240 mm?; voxel size, 3.75 x 3.75 x 5
mm?; slice thickness, 5 mm; and flip angle, 90°.
Further, each fMRI sequence contained 205
image volumes.

MRI data processing and analysis

The fMRI data were preprocessed by using
SPM8 package (SPMS8, http://www.fil.ion.ucl.
ac.uk/spm/software/spm8). To enable magne-
tization equilibrium, the first 10 time points for
each participant were excluded. The remaining
195 scans were used for further analysis and
were subjected to slice timing and realigned
for head movement correction. The resulting
functional images were spatially normalized to
the Montreal Neurological Institute space and
smoothing were performed with a 4 mm full-
width at half-maximum Gaussian kernel; each
voxel was resampled to 3 x 3 x 3 mm?.

We calculated the fALFF with Resting-State
fMRI Data Analysis Toolkit (REST) (http://www.
restfmri.net/forum/REST, version 1.8) [24].
The time series of the whole-brain signal were
converted to the frequency domain power spec-
trum by a fast Fourier transform. We calculated
the mean square root of the power spectrum at
each frequency at the range of 0.01-0.1 Hz,
which was regarded as ALFF. The fALFF value
was calculated as the ratio of the power spec-
trum of low-frequency (0.01-0.1 Hz) to that of
the entire frequency range.

Statistical analyses

Demographic and clinical variables were asse-
ssed using two-sample t-tests or chi-square
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tests with IBM SPSS software (version 20,
Chicago, USA). Differences in clinical variables
recorded before and after the placement were
assessed using the paired t-tests. The fALFF
distinctions between the two groups were sta-
tistically analyzed using two-sample, two-sided
t-tests, with framewise displacement, age, and
sex as covariates. The voxel-based statistical
tests were corrected for multiple comparisons
with familywise error (FWE) correction. The sig-
nificance level was set to be equal to 0.05.
Pearson correlation analyses were performed
to reveal the relationships between the fALFF
values in the entire brain and VAS score. P <
0.05 (AlphaSim corrected) was set as signifi-
cance level.

Results
Demographic and clinical characteristics

Forty-four participants with odontogenic pain
and 49 healthy controls were finally included in
the present study. Demographic information for
the participants is summarized in Table 1, and
the results indicated non-significant differenc-
es between odontogenic pain group and healthy
control group in age distribution, sex ratio, VAS
or SCL-90-R at base line. Paired t-tests showed
that the VAS score in the odontogenic pain
group increased significantly 24 h after place-
ment of the elastic separators (6.8+16.7, t=-2.7,
P=0.01), and there were no statistically signifi-
cant differences in SCL-90-R before and after
the placement of separators (1.6+8.2, t=-1.3,
P=0.206).

FALFF differences

In comparison to the healthy controls, the
odontogenic pain group exhibited increased
fALFF in the left cerebellum, right posterior
cingulate cortex (PCC), and bilateral inferior
temporal gyrus, while exhibiting widespread
decreased fALFF in the mPFC, the left anterior
cingulate cortex (ACC), bilateral angular gyrus,
left inferior parietal cortex, middle temporal
gyrus, and miscellaneous cerebral regions (P <
0.001 FWE corrected VOXEL > 100) (Figures 1
and 2).

Correlation analysis
The correlation analysis showed there was no

statistically significant relationship between
the fALFF values and the VAS scores.

Am J Transl Res 2022;14(11):8398-8406



Neural activity alteration in odontogenic pain

Figure 1. Transverse plane. Images showing the results of the fractional amplitude of the low-frequency fluctuation
(FALFF) analysis. Compared with the controls, the odontogenic patients show an increased fALFF (red) in the left
cerebellum, bilateral inferior temporal gyrus, and a decreased fALFF (blue) in the medial prefrontal cortex, the left
anterior cingulate cortex, bilateral angular gyrus, left inferior parietal cortex, middle temporal gyrus, and miscella-
neous cerebral regions (P < 0.001, familywise error corrected VOXEL > 100).

Discussion

In the present study, we used non-invasive
functional MRI to examine the cerebral regional
activity in participants with experimental odon-
togenic pain by measuring fALFF value of the
whole brain. In comparison to the healthy con-
trols, the odontogenic pain group exhibited
abnormal patterns of brain activity.

8401

ACC

We found significantly decreased fALFF in the
left ACC in odontogenic pain group, which is
consist with other brain imaging studies on
chronic facial pain. ACC, considered as the cor-
tical area exceedingly related to the experience
of pain, participates in signaling the unpleas-
antness in acute pain, and contributes to the
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Figure 2. Sagittal plane. Images showing the results of the fractional amplitude of the low-frequency fluctuation
(fALFF) analysis. Compared with the controls, the odontogenic patients show an increased fALFF (red) in the left
cerebellum and right posterior cingulate cortex and a decreased fALFF (blue) in the medial prefrontal cortex, the
left anterior cingulate cortex, bilateral angular gyrus, left inferior parietal cortex, middle temporal gyrus, and miscel-
laneous cerebral regions (P < 0.001, familywise error corrected VOXEL > 100).

affective component of chronic pain [25]. Pain
is an experience integrated sensory and emo-
tional aspects, and ACC has been shown to play
a crucial role in the emotional aspects of pain
[26-29]. The ACC receives inputs from both the
medial thalamus and primary somatosensory
cortex, integrates the nociceptive information
and regulates the aversive response to pain
[30]. Moreover, an animal experiment revealed
that microinjections of oxytocin into the ACC
could reduce chronic-pain-induced anxiety
[31]. In addition, it has been well documented

8402

that odontogenic pain is accompanied with
negative affect, such as anxiety [32-35]. Thus,
the decreased fALFF in the ACC in our results
may suggest that there might be functional
abnormality in ACC, which may partly underlie
neural mechanism of negative affect related to
odontogenic pain.

MPFC

We also found decreased fALFF in the mPFC.
And previous human MRI data have also shown
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that the mPFC activity correlates negatively
with pain intensity [36]. The mPFC was report-
ed to play dual and opposing roles in pain pro-
cessing, including regulating antinociceptive
effects and inducing pain chronification [37]. In
addition, increased activation of mPFC is also
associated with placebo analgesia [38]. A study
in hyperalgesia showed that the higher the acti-
vation in the mPFC, the smaller the hyperalge-
sic area [39]. Thus, decreased function of
mPFC may be related to modulation of odonto-
genic pain. However, the specific relationship
between activation of mPFC and odontogenic
pain needs to be further researched.

The default mode network (DMN)

Interestingly, we found that most of the regions
that displayed notable changes in activity were
the key nodes of the DMN, such as the PCC,
mPFC, inferior parietal cortex, and angular
gyrus. The DMN is the most stable network at
rest and has been reported to be more active in
passive tasks than in goal-directed tasks, and
it may participate in internally directed cogni-
tive activity and external environment monitor-
ing as a sentinel [40, 41]. Some investigations
have reported significant changes in the
DMN’s functions in different pain conditions
[42-44]. Consistent with these previous stud-
ies, we observed DMN functional changes in
participants with odontogenic pain. According
to a recent publication [43], pain is a stimulus
that demands attention and competes for cog-
nition. Functional changes in the DMN may
reflect the presence of pain per se and may
form the basis of some attention and cognitive
changes that occur during pain. Therefore,
DMN involved in the process of odontogenic
pain may cause some attention and cognitive
changes leading to attention and mental flexi-
bility deficits, which need to be paid attention
to during odontogenic pain treatments. Addi-
tionally, alterations in functional connectivity
between the nodes within the DMN need to be
examined. Moreover, dysfunction of the DMN is
involved in many psychiatric disorders, includ-
ing depression and anxiety [40], so it is also
essential to pay attention to mental health in
odontogenic pain, especially chronic pain. More
importantly, training for attentional focus, with
DMN nodes as the therapeutic targets, using
short-term mindfulness-based interventions
and long-term meditative practices, can be
used to relieve some unexplained odontogenic
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pain or odontogenic pain caused by treatment
with almost no side effects [45, 46].

Medial temporal lobe (MTL)

We also found decreased fALFF in the MTL. The
MTL is known to play an essential role in mem-
ory [47] and provides information from previous
experiences in the form of memory and associ-
ation, forming the basis of mental simulation
[40]. It’s reported dental patients tend to recall
more pain than they originally reported during
the dental procedures, and this phenomenon is
more pronounced in patients with dental fear
[48]. Therefore, the reduced functional activity
in the MTL may be due to its involvement in
memory encoding during odontogenic pain,
however further investigations are required for
its evaluation.

Cerebellum

It's interesting that we found increased fALFF
in the cerebellum. The fundamental function of
cerebellum has long been thought to be pos-
tural balance maintaining. Recently, the role of
the cerebellum in pain management has gath-
ered increasing interest [49, 50]. It was demon-
strated that the cerebellum played a previously
underestimated role in pain perception and
control [51]. A previous study revealed altered
function in cerebellum of idiopathic trigeminal
neuralgia patients [9]. And in earlier studies
[52, 53], researchers found that the cerebellum
is highly active during trigeminal nociception
and is involved in both sensory and cognitive
perception of pain. Thus, the cerebellum may
be important in perception and modulation of
odontogenic pain.

This study also has its limitations. First, we did
not analyze the functional connectivity between
these brain regions, which could provide com-
prehensive information about brain networks,
such as DMN. Further analysis of functional
connectivity may elucidate the underlying neu-
robiological mechanisms of odontogenic pain.
Second, the participants in the present study
were relatively young, and we should recruit
some older participants in future studies.

Conclusions

This study provides insight into the central neu-
ral mechanism of experimental odontogenic
pain. Our results revealed that the participants

Am J Transl Res 2022;14(11):8398-8406



Neural activity alteration in odontogenic pain

with experimental odontogenic pain have
abnormal cerebral activity in the cerebellum,
PCC, mPFC, ACC, angular gyrus, MTL and mis-
cellaneous brain regions, which are mainly
associated with pain modulation and emotional
regulation. And DMN is likely to play a key role
in the processing of odontogenic pain. A great-
er awareness of the roles of various cortical
regions in pain perception may contribute to
the development of new treatments to amelio-
rate odontogenic pain in the future.
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