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Oral frailty has been recently proposed as a novel frailty 

phenotype and defined as a decrease in oral function 

coexisting with a decline in cognitive and physical 

functions [1]. Oral frailty is currently attracting 

attention, especially in relation to cognitive function [2]. 

Recent clinical studies have found that patients with 

Alzheimer’s disease (AD) have impaired masticatory 

function from an early stage of mild cognitive 

impairment (MCI) [3]. 

The histopathological analysis is essential to clarify 

whether oral frailty with cognitive decline is caused 

by abnormalities in the masticatory muscles, such as 

sarcopenia, or abnormalities in the trigeminal nuclei, 

which is essential for controlling mastication, or both. 

It is, however, impossible to perform highly invasive 

histopathological analysis in humans in the MCI 

stage. Further, there are many variations in the causes 

of MCI, including the early stage of Alzheimer’s 

disease, Parkinson’s disease, dementia with Lewy 

bodies, vascular dementia, frontotemporal dementia 

[4], making it even more difficult to investigate the 

etiology of oral frailty. Therefore, it is practical to 

elucidate the pathological mechanism of oral frailty 

using mouse models of dementia. 

 

 
 

Figure 1. Newly developed closed-loop system and correlative electro- and force myograph (CLEF) analysis. (A) A closed-loop 
system to measure the bite force and EMG, simultaneously. The video data, EMG data, and bite force data were stored on a personal 
computer (PC) with Bonsai software. The bite force values were processed online in Bonsai; when the bite force values exceeded the 
threshold value, the PC output a signal to reward the mouse with water. (B) First, we created a scatter plot showing the correlation between 
EMG muscle activity and bite force when a mouse chewed a bite force sensor. A non-linear regression curve was created from the scatter 
plot. Then, the bite force during the mouse chewing sunflower seeds was estimated from EMG muscle activity based on the regression curve. 
For more details, see text and Kuramoto et al., 2022 [5]. 
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To evaluate oral frailty in humans, a number of methods 

have been proposed to examine dental status and oral 

function. For example, evaluation items for the dental 

states include the number of natural teeth and functioning 

teeth, tongue thickness as a marker of oral nutrient status, 

and turbidity of mouth-rinsed water as a marker of oral 

hygiene. Evaluation items for oral function include 

maximum occlusal force, chewing ability as a marker of 

general masticatory performance, maximum tongue 

pressure, repetitive saliva-swallowing test, tongue-lip 

motor function test (oral diadochokinesis) with three 

different sounds (“pa,” “ta,” and “ka”), and oral 

wettability [6]. However, it is difficult to apply these 

methods to mice without modification. In mice, oral 

function is particularly difficult to assess, with only a few 

previous studies measuring maximum bite force under 

restraint stress conditions [7]. In order to evaluate the 

natural oral function of mice, it is best to evaluate the bite 

during food chewing. 

We recently reported a novel system to simultaneously 

record bite force and electromyogram (EMG) of the 

masseter muscle in mice, and a new analysis, correlative 

electro- and force myograph (CLEF) analysis (Figure 1) 

[5]. This system and CLEF analysis allow for highly 

accurate estimation of bite force and energy during food 

mastication in mice, i.e., quantitative evaluation of 

masticatory function in mice. Evaluation of masticatory 

function in triple transgenic AD model (3×Tg-AD) male 

mice with human APPSwe, PS1M146V, and TauP301L gene 

mutations [8] by the CLEF analysis showed less bite 

force and energy when eating sunflower seeds compared 

to control mice, C57BL/6J mice. Further, EMG analysis 

revealed that the masticatory rhythm was delayed in 

3×Tg-AD mice. Immunohistochemistry of the trigeminal 

nuclei revealed that the most intense amyloid β and 

phosphorylated-tau immunoreactivities were present in 

the mesencephalic trigeminal nucleus (Vmes) among the 

trigeminal nuclei of 3×Tg-AD mice at 3 months of age. 

In addition, a decrease in the number of axons projecting 

from the Vmes to the trigeminal motor nucleus (Vmo) 

was found, while no histological changes were observed 

in the masseter muscle. The Vmes receives sensory input 

from the periodontal ligament and the masseter muscle 

spindle and transmits the sensory information to the 

Vmo, which innervates the masticatory muscles and has 

the important function of regulating masticatory 

movements. Altogether, AD pathology in the Vmes of 

3×Tg-AD mice might cause the impaired masticatory 

function. Therefore, it is concluded that the decreased 

masticatory function observed in 3–4-month-old 3×Tg-

AD mice is due to AD pathology in the Vmes and  

the Vmo. Our novel quantitative analyses of  

masticatory function using a mouse model of AD 
enabled a comprehensive understanding of oral frailty 

pathogenesis. This CLEF analysis can be widely applied 

not only to the analysis of the causal relationship 

between AD pathology and masticatory function but also 

to the evaluation of sarcopenia and the decline of oral 

function due to aging. 
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