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Analysis of oral function and sleep disorder in children with signs 
of autism spectrum disorder 
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Investigation of the Bilateral Trigeminal Sensory System  
Fabillar Jaime Jr.,  

Jaime Fabillar Jr., Akari Shibagaki, Mizuki Shinkai, Yoshitaka Suzuki, 
Yoshizo Matsuka

Department of Stomatognathic Function and Occlusal Reconstruction, Graduate School of Biomedical 
Sciences, Tokushima University 

. Purpose 
 
Anatomic studies indicate a strict midline 

separation in the standard cutaneous innervation 
maps in the peripheral trigeminal system 1). 
Similarly, in the central nervous system, the 
established orofacial pain pathway suggests no 
direct anatomic connection between the bilateral 
trigeminal nerves 2). However, a previous study 
demonstrated pain attenuation after botulinum 
neurotoxin type A injection contralateral to the 
nerve injury, suggesting an association between the 
trigeminal nerves 3). Therefore, this study aims to  
investigate the potential link between the right and 
left trigeminal nerves. 

 
Methods 

 
  Neuropathic pain model was established by doing 
an infraorbital nerve constriction (IONC) surgery 
intraorally (Fig. 1A) in 5-week-old male 
Sprague-Dawley rats (120-360 g, CLEA, Osaka 
Japan). 
  The pain conditions were assessed through 
behavioral testing by subjecting the rats to 
mechanical and thermal stimulations using von Frey 
Anesthesiometer (1601C, IITC Instruments, USA) 
and Thermoception Analyzer machine 
(Intercross-212, Intercross Inc., Tokyo, Japan), 
respectively. The assessments were conducted 
before and 7 days after the IONC surgery (Fig. 1B). 
  The bilateral trigeminal ganglia were collected 
(Fig. 1G) processed and prepared for reverse 
transcription-quantitative polymerase chain reaction 
(RT-qPCR) analyses (Fig. 1C) and 
immunofluorescence staining (Fig. 1D) against glial 
fibrillary acidic protein (GFAP) and activation 
transcription factor 3 (ATF3), glial cell activation 
and neuronal injury markers, respectively.  
  Additionally, in a separate experiment, a neuronal 
tracer, fluorogold, was intradermally administered 

into the rat’s whisker pad unilaterally (Fig. 1E). 
One group was subjected to a full-thickness skin 
incision surgery at the midline of the rat’s snout 
(Fig. 1F) one day before the administration of 
fluorogold. The bilateral trigeminal ganglia were 
collected 5 days after the neuronal tracer 
administration. Subsequent tissue processing was 
performed and prepared for fluorescent microscope 
observation of the labeled neurons.  
  All animal care and experimental procedures 
were approved by the Animal Research Committee 
of Tokushima University (T2020-108, T2023-90). 
 
Fig. 1 

Results and Discussion 
 

The decrease in head withdrawal threshold 
(HWT) was recorded following the infraorbital 
nerve constriction (IONC). Notably, this decrease 
was observed not only in the ipsilateral side but also 
in the contralateral area relative to the nerve injury. 
A statistically significant difference in HWT on the 
contralateral side was noted when comparing pre- 
and post-IONC measurements following both 
mechanical and cold stimulations (p=0.001; 
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p=0.000,). Furthermore, a decline in HWT during 
heat stimulation was recorded on the contralateral 
side seven days post-IONC, although this change 
did not reach statistical significance (p=0.055). 
(Fig. 2) 
Fig. 2 Bilateral decrease of head withdrawal 

threshold 
 
  Following IONC, the activation of satellite glial 
cells (SGC), marked by immune reactivity (IR) to 
GFAP was observed in the bilateral trigeminal 
ganglia (TG). Similarly, the bilateral TG showed IR 
of the neurons to ATF3. (Fig. 3) 

Fig. 3 Bilateral upregulation of glial fibrillary 
acidic protein (GFAP) and activating transcription 
factor 3 (ATF3)  
 
Fig. 4  

Furthermore, RT-qPCR 
analysis showed that GFAP 
in the contralateral TG is 
upregulated and revealed a 
statistically significant 
difference with Naïve 
group (p=0.34). Although, 
it also showed a significant 
difference with ipsilateral 
TG (p=0.048). 

 
  After unilateral intradermal injection into the 
whisker pad, the FG was observed to have localized 
in the bilateral TG neurons. However, the labeling 
of neurons in the contralateral TG was significantly 
decreased in a group with full-thickness skin 
incision performed at the midline of the snout 
separating the two whisker pad areas 1 day before 
the FG administration. These results indicate that 
bilateral transport of neuronal tracer happens at the 
peripheral level, implying a bilateral interaction of 
trigeminal nerve fibers. (Fig. 5) 

Fig. 5 Fluorogold (FG) labelled bilateral trigeminal 
ganglia (TG) neurons 

 
  A previous study by Brown et al. suggested that 
the interconnections between the facial and 
trigeminal nerves on the face may traverse the 
midline and act as an afferent pathway for 
proprioceptive inputs to the muscles involved in 
facial expression 4). Thus, the neurons on each side 
may naturally project axons that cross the midline 
to innervate the structures on their contralateral 
sides. These midline crossovers could explain the 
contralateral behavioral and molecular changes 
following unilateral nerve injury; and the FG 
labeling of the contralateral neurons after unilateral 
intradermal administration. 
 

References 
 

1) Chen Ling, et al. Sturge-Weber Syndrome. 
Ann Dermatol. 2011 Nov;23(4):551–3.  

2) Renton Tara & Egbuniwe Obi. Pain part 2a: 
trigeminal anatomy related to pain. Dent 
Update. 2015 Apr 2;42(3):238–44.  

3) Waskitho Arief, et al. Peripherally 
Administered Botulinum Toxin Type A 
Localizes Bilaterally in Trigeminal Ganglia 
of Animal Model. Toxins. 2021 
Oct;13(10):704. 

4) Brown Henry. Anatomy of the Spinal 
Accessory Nerve Plexus: Relevance to Head 
and Neck Cancer and Atherosclerosis1. Exp 
Biol Med. 2002 Sep 1;227(8):570–8. 

 
 

 

27



一般口演　④

28



29



 
 

 

 

一般口演　⑤

30



 
 

 

 

 

 

 

 

 

31



 

 

 

 

 一般口演　⑥

32



®

 

–

 

 

33



 
一般口演　⑦

34



35



一般口演　⑧

36



37



一般口演　⑨

38



 

 

 

39



®

®®

一般口演　⑩

40



:

;;

* *

* *
;;

3

S p e a r m a n
;  0 .

p = 0 . 2 2 5

S p e a r m a n
;  - 0 . 6 7 7

p < 0 . 0 0 1

41



 
 

Development of a Chewing Motion Recognition Algorithm Using a Depth Camera 
and Markerless Motion Capture 

1) 1) 2) 3)  
4) 5) 6) 7) 6)  8)  9) 

Ayaka Murashima Yousuke Manda Jumpei Okawa Kota Amano Yasuhiko Oga Hisaki 
Ogihara  Satoko Takeuchi Miki Nakaza Naohiro Nishimura Akitomo Watanabe Naoki Kodama 

1)   2)   3)  
 4)   5)  6)

 7)  8)
9)  

1 Department of Occlusal and Oral Functional Rehabilitation, Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences 2) 
Division of Comprehensive Prosthodontics, Faculty of Dentistry and Graduate School of Medical and Dental Sciences, Niigata University 3) Department of 

Dysphagia Rehabilitation, Asahi University school of dentistry 4) Department of Orthodontics and Dentofacial Orthopedics, Field of Developmental Medicine, 
Health Research Course, Graduate School of Medical and Dental Sciences, Kagoshima University 5) Department of Fixed Prosthodontics, Tsurumi University School 

of Dental Medicine 6) Department of Removable Prosthodontics and Gerodontology, Graduate School of Dentistry, Osaka University 7) Department of Oral & 
Maxillofacial Biology, Graduate School of Oral Medicine, Matsumoto Dental University 8) Department of Maxillofacial Function and Occlusal Reconstruction, 
Course of Oral Sciences, Graduate School of Oral Sciences, Tokushima University 9)Department of Prosthodontics, Division of Dentistry, Okayama University 

Hospital

 
 

1 Mediapipe  

一般口演　⑪

42



–

 

 

2  

43



44



 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

73

 

73  

45



73  

 
 

2024 3 28  

501-0296 1851 

 

73  


