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Research triangle 



Who are we? 
•  Karolinska 

–  Mats Trulsson 
–  Malin Ernberg 
–  Krister Svensson 
–  Nikos Christidis 
–  Britt Hedenberg-Magnussson 
–  Yanos Grigoriadis 
–  + 3-4 ph.d.-students 

•  Malmø 
–  Thomas List 
–  Per Alstergreen 
–  Maria Pig 
–  Andreas Dawson 
–  Ewa-Carin Ekberg 
–  + 3-4 ph.d.-students 

•  Aarhus 
–  Peter Svensson 
–  Lene Baad-Hansen 
–  Eduardo Castrillon 
–  Karina Bendixen 
–  + 3-4 ph.d.-students 
–  + 4 visiting ph.d.-students 



SCON 2014 



Proposed SCON mission 

•  To bring together in a brickless center, 
leading Scandinavian groups in the field of 
orofacial neurosciences including oral 
physiology and orofacial pain, and to 
strengthen the research activities and impact 
on education and treatment in oral 
rehabilitation.  



Reseach aim 

•  SCON aims to provide cutting-edge research 
results and to constitute an attractive 
alternative to other major international 
centers in the field by recruitment of the best 
young research talents and securing external 
funding.  



Teaching aim 

•  SCON will provide a strong frame-work for 
research-based teaching of both under- and 
post-graduate scholars in the field. 

•  SCON will arrange and coordinate 
educational training of pre- and post-graduate 
students.  



Clinical aims 

•  SCON will help promote a paradigm shift in 
dentistry by emphasizing the importance of 
not only structure and esthetics, but also the 
functional aspects of oral rehabilitation.  

•  Oral neuroscience principles will help guide 
the optimal rehabilitation of sensory, motor 
and emotional function for the benefit of the 
compromised patients.  



Section of Clinical Oral Physiology  



People at COP 2014 
•  Peter Svensson, professor 
•  Lene Baad-Hansen, a.professor 
•  Eduardo Castrillon, ½ a.professor, ½ clinical teacher 
•  Karina Bendixen, ½ a.professor, ½ clinical teacher 
•  Gunver Madsen, Clinical teacher 
•  Mohit Kothari, Post-doc 
•  Akiko Shimada, Ph.d.-stud. 
•  Lilja Dagsdottir, Ph.d.-stud. 
•  Simple Futurmal, Ph.d.-stud. 
•  Abhishek Kumar, Ph.d.-stud. 
•  Shun-Ichi Suzuki, Ph.d.-stud. 
•  Mika Honda, Ext. Ph.d.-stud. 
•  Hong Zhang, Ext. Ph.d.-stud. 
•  Yuri Costa, Ext. Phd.-stud 
•  Xuemei Yang, visiting researcher 
•  Tomoko Ikoma, Ext. Ph.d.-stud. 
•  Bente Haugsted, Research dental nurse 
•  Hanne Langgaard, secretary  

Research 

Teaching 

Clinic 

Wataru Yachida 
Tomohiro Tanosoto 
Tamy Takeuchi 
Tomoko Ikoma 



Research topics and themes at 
Clinical Oral Physiology 

•  Orofacial pain 
–  Sensory function 
–  Autonomic nervous system 

•  Brain function 
–  Emotions and pain 

•  Jaw motor function 
–  Mastication 
–  Reflexes 
–  Bruxism 
–  Motor learning 
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Enjoyment of cooking ! 



•  Enjoyment of food 

•  Masticatory function 

•  Taste physiology 

– Bad taste – pain ? 

– Good taste – enjoyment ! 

Todays menu 



•  Do women taste better than men ? 

•  Do women have better taste than men ? 

•  Are women better tasters than men ? 

Semantics ! 
English is difficult 



Enjoyment of food 

Esthetics 
 Taste 
  Smell 
   Temperature 
     Texture 
      Masticatory function 



Oral rehabilitation 

Rehabilitation of people with [oral] disabilities is a process aimed at  
enabling them to reach and maintain their optimal physical, sensory,  
intellectual, psychological and social functional levels (WHO) 
 
     Optimal mastication is important part of oral rehabilitation 

Masticator Mastication 



Masticatory function 

•  First stage in digestion  
•  Intermittant rhythmic act in which the tongue, 

facial and jaw muscles act in coordination to 
position the food between the teeth, cut it up, 
and prepare it for swallowing 
–  I. Preparation - transport – ingestion and positioning of food 

–  II. Reduction - processing – time trituration 

–  III. Pre-swallowing - oropharyngeal accumulation time 

–  IV. Swallowing - hypopharyngeal transit time 

Mistry and Hamdy 2008 



Rabbit mastication 

From Schwartz et al. 1989 



Human mastication 

Woda et al. 2006 

But what about force ?  



Assessment of isometric  
bite force 

Wang et al. JOR 1998 
Trulsson and Gunne J Dent Res 1998 
Kumar et al. Archs Oral Biol 2014 

Maximum Bite Force 

Incisor biting force – hold and split 



Assessment of dynamic bite force 

Shimada et al. JOR 2012 



Modulation of mastication 

Woda et al. 2006 

But what about taste ?  



Mastication and brain activity 

Moderate hard 
chewing gum 

Hard  
chewing gum 

Onozuka et al. 2002 



Importance of brain for mastication 

From Sessle group 

Record 

Stimulate 

Modulate (cooling) 



Effect of face MI cold block 

Pre-cool 

Cool  

Yamamura et al. 
2002 



Importance of brain for mastication 

•  Intracortical microstimulation, cold blocks, 

single neuron recordings have demonstrated 

the involvement of cortical masticatory area, 

MI, SI for semi-automatic movements, i.e., 

mastication in monkeys 

Sessle 2011 



Summary 

•  Sensorimotor cortex and related brain areas 
important for initiation and fine regulation of 
mastication 

•  Sufficient masticatiory function important for 
nutrition and well-being 

• But what about taste ? 



Taste physiology 



Taste modalities 
Umami 

Bitter 

Sour 

Salt 

Sweet 



Taste buds 

•  50-100 taste-receptors per taste bud 

– 1-10 p. fungiformis 

– 100-200 p. vallatae 

– 200-2000 p. foliatae 

•  Taste cells turnover: 10.5 days 



•  Needs 4 factors 

– A taste-receptor (taste bud) 

– A fluid environment (saliva) 

– A molecule to taste (food/drink) 

– A brain ! 

Taste 



Gustatory system 

Papillae filiformes (non-gustatory) 
Papillae fungiformes 

Papillae vallatae 
Papillae foliatae 



Taste 

Smell 



Flavors 



Complexity of flavor 



•  Hypogeusia 
–  Diminished ability to detect gustatory stimulants 

•  Hypergeusia 
–  Increased perception to gustatory stimulants 

•  Dysgeusia 
–  Distorted perception to gustatory stimulants 

•  Taste agnosia 
–  Inability to identify a gustatory stimulant although it is 

properly perceived 
•  Ageusia 

–  Inability to detect gustatory stimulants 

Problems with taste 



•  Radiotherapy  / chemotherapy in the neck or 
head 
– Collateral effects on both taste cells and saliva 

production 
•  Drugs / Medication / side-effects 
•  Dental treatment 

– Amalgam / removable dentures / chlorhexidin 
•  Infection/ inflammation 

– Candidiasis, gingivitis, periodontitis, BMS mm. 
•  Brain damage 

Taste disturbances 



•  Described in 1908 as 5° taste 

•  Glutamate (MSG mono-sodium-glu) 

•  “Savory / meaty / protein taste” 

•  Umami = “umai” (delicious) + “mi” (taste) 

Umami 

Kikunae Ikeda"



Umami 



Umami 



Umami not just umami 

Rolls 2014 



Umami not just umami 

Sweet 

Umami 
vegetable 

Umami 
meet 

Umami 
combined 

Complex 
taste 

Increased 
pleasantness 

Rolls 2014 



Can food cause pain ? 



•  Headache 
•  Flushing 
•  Sweating 
•  Facial pressure or tightness 
•  Numbness, tingling or burning in the face, neck and 

other areas 
•  Rapid, fluttering heartbeats (heart palpitations) 
•  Chest pain 
•  Nausea 
•  Weakness 

Excess MSG ? 





Effects of systemic glutamate 
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Taste aversion 



Like it – or not ? 





Like it – or not ? 
Grape Juice 

Van den Bosch et al. 2014 



Like it – or not ? 

Likers  

Van den Bosch et al. 2014 



Like it – or not ? 

Dislikers  

Van den Bosch et al. 2014 



Can food cause pain ? 



Migraine 



Migraine triggers 



Multisensory integration	

Effect	
  of	
  nega,ve	
  emo,ons	
  	
  

evoked	
  by	
  unpleasant	
  light,	
  noise	
  and	
  taste	
  on	
  
	
  skin	
  thermal	
  sensi,vity 

QST ? Yang et al.  
J Headache Pain 2014 



•  QST: thermal sensitivity 
•  CDT, WDT, CPT, HPT 

•  Physiological measures 
•  Heart Rate, Skin Temperature 

•  Rating of conditioning stimuli 

•  Affective state evaluation	


Methods 	


Yang et al. J Headache Pain 2014 



Light session	


Base line 
1000 lux light 

Base line 
3000 lux light 

Base line 
9000 lux light	


R
an

do
m

iz
ed

 o
rd

er
	


Noise session	


Base line 
60 dB noise 

Base line 
75 dB noise 

Base line 
90 dB noise	
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Taste session	
 Base line 
0.1% quinine gelatin 

Combination  
session	


Base line 
Light noise taste 

Methods 	


Yang et al. J Headache Pain 2014 



Outcome 

Yang et al. J Headache Pain 2014 N = 20 

N.S. 



Summary 

•  Although unpleasant, innocuous sensory 

stimuli alone seem insufficient to trigger 

sensitization of the normal trigeminal 

somatosensory system 

 



Enjoyment 



Enjoyment of food – and wine 



•  Non-volatile fraction 
– Etanol 
– Polyphenolic compounds 
– Proteins 
– Carbohydrates 

•  Volatile fraction 
– Flavor and aroma compounds 

Wine matrix 

Villamore and Ross 2013 



Complexity of wine 

Villamore and Ross 2013 



•  Primary aromas 
– Grape-derived 
– Exocarp (skin) 

– Molecule specific 

Wine aroma 

Villamore and Ross 2013 



Complexity of wine 



Complexity of wine 

Villamore and Ross 2013 



•  Secondary aromas 
– By-products by fermantation 
– Fusel oils (pungent odor) 
– Acetate esters (fruity aromas) 
– Aldehydes / ketones / yeasts (dried fruit / buttery) 
– Phenoles (animal / horse sweat / stable) 

Wine aroma 

Villamore and Ross 2013 



•  Tertiary aromas 
– Aging ! 
– Wood / barrel / steel 
– Storage (temperature / light) 

Wine aroma 

Villamore and Ross 2013 



Enjoyment of wine 



• Mastication is essential for living 

• Taste is essential for enjoyment 

Taste and mastication  



peter.svensson@odont.au.dk 

Thank you for your attention 


