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Introduction 
• Tongue: important role in the oral and pharyngeal phases 

of swallowing 
• oral preparatory phase (bolus formation, placement, manipulation) 
• oral transit phase (posterior bolus transfer to the pharyngeal cavity) 
• pharyngeal phase (downward bolus propulsion into UES) 

 
• Abnormal tongue function can lead to oral and/or 

pharyngeal dysphagia 
• negative effect on health status 
• impairing quality of life 

 
• Therefore: identifying (i.e. measuring) tongue function is 

important to target remediation 



Existing literature 
• plenty of data on  

• speech and dysarthria 
• swallowing and dysphagia 

 
• mostly using the IOPI (MOST) 

 
• however… European data are lacking! 



Our study 
• To investigate the influence of  

• age 
• sex 
• bulb position 
• visual feedback 
• order of testing  

on maximum anterior and posterior tongue strength and 
endurance in healthy Belgian adults 

 
• To determine normative data to allow for future use 



Methods 
• subjects:  

• 420 healthy adults (20-95 years old) 
• 7 decades (20-30 / 31-40 / 41-50 / 51-60 / 61-70 / 71-80 / 80+) 
• 30 males and 30 females in each decade 
• in total 210 males and 210 females 

 
• exclusion criteria: 

• a history of dysphagia 
• oral cavity surgery (beyond routine dental surgery) 
• dyspnea (endurance) 
• dysarthria or apraxia 
• playing wind instruments 
• oral motor impairment (tongue structure or function) 



Methods 
• materials: 

• IOPI device - tongue force and endurance 

 
• measurements: 

• maximum isometric tongue strength (3 trials) 
• maximum tongue endurance (1 trial) 

 

• conditions 
• bulb position: anterior or posterior tongue 
• visual feedback: yes or no 
• order of testing: anterior vs posterior tongue first 



Results - data 
 
• strength: Normal distribution 

 
 
 
 

• endurance: non-Normal distribution  log transform 



Results - data 
• data 

Initial item Normality? Final item Normality? 

maxATKFB yes maxATKFB yes 

maxPTKFB yes maxPTKFB  yes 

ATKuith no  LG10ATKuith  yes 

PTKuith no  LG10PTKuith yes 



Results – interaction effect sex and age 

• MANOVA 
• not significant 
• allows for individual analysis 
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Results – age summary 
• tongue strength: 

• older people (70+) have less strength both anterior and posterior 
(males and females) 
 

• tongue endurance: 
• older people (70+) have less endurance both anterior and posterior 

 
• execption: older males (70+) have intact anterior endurance 
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Results – sex overview data 
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Results – sex summary 
• tongue strength: 

• anterior: males in general have more strength than females (4*) 
• posterior: no difference between males and females 

 

• tongue endurance: 
• anterior: males in general have higher endurance than females (2*) 
• posterior: no difference between males and females  



Results – bulb position 
• anterior vs posterior tongue 
• strength and endurance 
• paired samples t-test, p<.05 



Results – bulb position 
• anterior vs posterior tongue 
• strength and endurance 
• paired samples t-test, p<.05 

 
 
 
 
 

• strength: with and without FB, anterior tongue is stronger 
• endurance: greater in anterior tongue 

item pair p-value 
maxATKFB+ maxPTKFB+ .000 
maxATKFB- maxPTKFB- .000 
LG10ATKuith LG10PTKuith .000 



Results – visual feedback 
• anterior and posterior maximal strength efforts 
• paired samples t-test, p<.05 

 
 
 
 
 

• when subjects are allowed visual feedback, they reach 
higher maximal tongue strength 
 
 
 
 

item pair p-value 
maxATKFB maxATKGFB .000 
maxPTKFB maxPTKGFB .000 



Results – order of testing 
• anterior vs posterior tongue first: reciprocal influence? 
• independent samples t-test, p<.05 

 
 
 
 
 
 

• so no influence of order of testing, meaning no induction 
of fatigue 

parameter p-value 
maxATKFB .0560 
maxPTKFB .0563 

LG10ATKuith .579 
LG10PTKuith .089 



Results - conclusion 

Q parameter answer implications 
1 age*gender no separate study is possible 
2 age yes older = weaker and shorter 
3 gender yes males = stronger and longer 
4 bulb position yes anterior tongue = stronger and longer 
5 visual feedback yes with feedback = stronger 
6 order of testing no independent muscle systems?? 



Use and future 
• start of Belgian (European) database 

 
• normative data will allow for 

• objective diagnosis of deficit 
• guide rehabilitation tongue/lip weakness 
• monitor results of therapy 

 
• base for future research: 

• comparison between different pathologies 
• impact on function! (swallowing/speech) 
• need for normative data in children, adolescents 

 



Thank you! 
Questions? 
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