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How does diet abrasivness affect tooth 
wear (in terms of tissue loss, mesowear, 

3Dtexture)? 
 
 

Question 



Experimental work with goats: 
-  4 groups of 7 animals 

-  kept for 9 months each on a specific diet 

-  CT scans at start, middle, end (measure mesowear and 
tissue loss) 

-  finally, teeth available for regular scoring incl. 3D texture 
analysis 

-  measuring abrasives in diet, digestive tract segments, 
faeces 

 

Initial plan 



Experimental work with goats: 
-  4 groups of 7 animals 

-  kept for 9 months each on a specific diet 

-  CT scans at start, middle, end (measure mesowear and 
tissue loss) 

-  finally, teeth available for regular scoring incl. 3D texture 
analysis 

-  measuring abrasives in diet, digestive tract segments, 
faeces 

 

History 

1. Research Grant of University Zurich 
-  experiment initiated in 2011 

-  candidate left after 5 months of experiment for 
permanent position 

-  experiment had to be terminated after 6 months 

-  lots of leftover food 

2. Marie-Curie Fellowship 
-  candidate could not start because offered a permanent 

position during evaluation stage 

-  application handed in as first project of candidate’s 
permanent assignment, decision mid-June 2014 

3. No grant but dedicated student 
-  decision to add experiment with rabbits/guinea pigs 

 



Doctoral student Jacqueline Müller 





Diet design 



Diet design 

Clear difference in abrasives  



Diet design 

Clear difference in abrasives  
- but no defined quantification of abrasive size  
- abrasives size not a factor in the experiments 



Method 

16 animals, 5 diets, each diet fed 
for 2 weeks 
 
burr marks on incisors and p3 
(rabbits) – manual reading 
 
measuring of food intake, faecal 
excretion, time required to eat 10 g 
(rabbits) 
 
 
 



Experiment rabbits 



Experiment guinea pigs 



Method 

CT scans after each diet period 
 
 
 
 



Method 

CT scans after each diet period 



Method 

CT scans after each diet period 
 
(during final period, application of two fluorescence 
markers) 
 
Preservation of teeth at the end of experiment for 
3Dtexture 
 
(additional experiment in rabbits: switchover from diet 
L to G and vice versa) 
 
 
 



CT scans 



CT scans 



Histology (ongoing) 



Food intake / Intake rate 



Food intake / Body mass change 



Food intake / Abrasives intake 



Hypotheses I 

Tooth growth compensates for wear; therefore we 
expect tooth length to be relatively constant across 
diets and growth tightly correlated with wear. 
 
Nevertheless, differences in tooth length between 
diets, due to an incomplete compensation between 
growth and wear, can be detected.  



Hypotheses II 

Functional differences between incisors and cheek 
teeth lead to different wear and growth on different 
diets, i.e. 
 

a)  incisors are worn more heavily when feeding whole hay 
that needs more gnawing as compared to pellets; 

b)  cheek teeth, with a chewing action more independent 
from whether the diet is offered whole or pelleted, are 
worn more heavily with increasing dietary abrasiveness; 

c)  external abrasives (sand) lead to a gradient in wear 
along the maxillary cheek tooth row whereas increased 
internal abrasives (phytoliths in rice hulls) do not lead to 
such a gradient  



Hypotheses III 

No hypothesis regarding differences between 
maxillary and mandibulary teeth! 



Incisor length 



Incisor length 



Upper molar length 



Upper molar length 



Upper/Lower molar length 



Growth 



Upper/lower incisor growth 



Lower premolar growth 



Absolute growth 

 Study Method  Diet Upper incisor Lower incisor Lower cheek teeth 
   Growth Wear Growth Wear Growth Wear 
(Shadle, '36) Tooth mark nm  2.0  2.4   
(Spannbrucker et al., '77) nm nm 2.1-2.3  2.1-2.3    
(von Koenigswald and 
Golenishev, '79) Enamel staining nm 2.5  2.7  1.1-1.3  

 
(Lobprise and Wiggs, '91) nm nm 2  2.4    
(Wolf and Kamphues, '95) Tooth mark Carrots 1.68 1.61 1.64 1.45   
   Grass hay 1.74 1.65 1.82 1.61   
   Grain mix 1.39 1.21 1.25 1.14   
   Pellets 1.33 1.18 1.11 1.02   
(Meredith, '07) nm nm 3 3 3 3 0.7 0.7 
(Harcourt-Brown, '09) nm nm 2.0-2.4  2.0-2.4    
(Lord, '11) nm nm 2.0-2.5 2.0-2.5 2.0-2.5 2.0-2.5 0.6-0.7  
(Schumacher, '11) nm nm     0.5-0.7  
(Jekl and Redrobe, '13) nm nm 2-4 2-4 2-4 2-4 0.7-0.93 0.7-0.93 
this study Tooth mark1 L 1.54 1.27 1.72 1.57 1.47 1.23 
  G 1.53 1.31 1.80 1.66 1.66 1.33 
  GR 1.57 1.34 2.00 1.84 1.78 1.33 
  GRS 1.98 1.68 2.09 1.90 3.23 4.47 
  H 2.39 2.52 2.42 2.02 1.37 1.27 
 1 



Hypotheses I - confirmed 

Tooth growth compensates for wear on the basis of 
individual teeth; therefore we expect tooth length to 
be relatively constant across diets and growth tightly 
correlated with wear. 
 
Nevertheless, differences in tooth length between 
diets, due to an incomplete compensation between 
growth and wear, can be detected.  



Hypotheses I - confirmed 

Tooth growth compensates for wear on the basis of 
individual teeth; therefore we expect tooth length to 
be relatively constant across diets and growth tightly 
correlated with wear. 
 
Nevertheless, differences in tooth length between 
diets, due to an incomplete compensation between 
growth and wear, can be detected.  

There must be a tooth-specific feedback 
mechanism probably using occlusion pressure as a 
feedback signal. This sensor remains to be identified. 



Hypotheses II – mostly confirmed 

Functional differences between incisors and cheek 
teeth lead to different wear and growth on different 
diets, i.e. 
 

a)   upper incisors are worn more heavily when feeding 
whole hay that needs more gnawing as compared to 
pellets; 

b)  cheek teeth, with a chewing action more independent 
from whether the diet is offered whole or pelleted, are 
worn more heavily with increasing dietary abrasiveness; 

c)  external abrasives (sand) lead to a gradient in wear 
along the maxillary cheek tooth row whereas increased 
internal abrasives (phytoliths in rice hulls) do not lead to 
such a gradient  



Phytoliths abrade! 



The cheek teeth gradient 

Wear gradients on both intrinsic and extrinsic 
abrasives. 



The cheek teeth gradient 

Different wear gradients (depending on diet) IN THE 
SAME INDIVIDUALS OF THE SAME SPECIES. 



The cheek teeth gradient 



The cheek teeth gradient 



Hypotheses III – ad hoc explanation 

No hypothesis regarding differences between 
maxillary and mandibulary teeth! 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 
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Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 
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Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 
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Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Maxilla-Mandible-Difference 

Inverted pestle-and-mortar system: 



Hypotheses IV 

If ‘bridge formation’ of the cheek teeth is caused by 
diets of low abrasiveness, the tooth angle of the 
cheek teeth should be flatter on low-abrasion diets 
and steeper on high-abrasion diets. 

Abnormal tooth wear will occur more frequently with 
excessive external abrasives (sand), and affect the 
cheek teeth according to their position in the tooth 
row (anterior ones more affected).  



Abnormalities rabbit 
Waviness 

0 1 2 3 



Abnormalities rabbit 
Tooth spurs 

0 1 2 3 



Abnormalities rabbit 
Tooth surface 

0 -1 1 



Abnormalities rabbit 
Tooth angle 

0 -1 1 



http://www.ostseeschnuten.de/info/zahnprobleme.html 

Abnormalities guinea pig 



bridge formation 
means a lesser angle of 
the tooth surface 

Abnormalities guinea pig 



bridge formation 
means a lesser angle of 
the tooth surface 

Abnormalities guinea pig 



Abnormalities guinea pig 



Abnormalities guinea pig 



more abrasive diet does not lead to a steepr angle 
less abrasive diet does not lead to shallower angle 
 
no indication of bridge formation 

Abnormalities guinea pig 



Genetics 













Breeding hygiene probably more important 
than the correct diet – because ‘good’ teeth 
will adapt to basically any situation. 

Tooth problems in exotic pets 



3D texture analysis of different-diet teeth, incl. 
tooth row gradients and maxillary-mandible-
gradient, and diet switch experiment. 

Outlook I 



Determine growth rates for all teeth via 
fluorescence microscopy. 

Outlook II 



Analyse diets in vitro (chewing machine) 

Outlook III 



Evaluate goat CTs and teeth (mesowear, 3D 
texture, actual tissue loss) 

Outlook IV 

Lucerne hay only (dicot) Grass hay only (monocot) 



Evaluate goat CTs and teeth (mesowear, 3D 
texture, actual tissue loss) 

Outlook IV 

dicot monocot 



Setup experiment with rabbits, dwarf goats & 
chewing machine. 

More elaborate diets:  
a)  grass mowed daily – half fed fresh, half prepared as hay for 

other feeding period 

b)  standard diet with two kind of abrasives (phytolith-size; 
smaller) 

c)  how to manipulate ‘toughness’? 

Outlook V 



Something else 

discuss this first 


