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Gnathologie a biomechanicke
souvislosti dentalnich adaptaci
(savcu)

* kinetika Celistniho aparatu
e strukturni design

* funkc¢ni korelaty




Pripojeni Celisti k mozkovné

Primarni autostylie (jen palatoquadratum),
rec. chimeéry

Amfistylie (palatoquadratum + hyomadibulare)
Hyostylie (hyomadibulare)

Sekundarni autostylie (jen palatoquadratum,
hyomandibulare = collumela auris)

Osteognathostomata: Celistni kloub zustava,
avSak centralni role dermalnich kosti -




Placodermi

* Vesloploutvi —
Antiarchi

Drobni, veslovité prsni
ploutve — archipterygia

*Kloubnatci —
Arthrodira
8 (=kloubo-krk)

% Velka hlava-kloub-prsni
pncir, sex-dimorf.,
vztahy k chiméram




Placodermi: Antiarchi - masivni kruny¥, dlouhé prsni
ploutve (archipterygium) - drobni 10-40 cm







 Placodermai: - &

e Zavesna Celist,
svalovy aparat —

vnitini strana e Z Y
dermalnich Celisti '
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Chonrocrandam and splanchnocrasbam of & shark
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Pripojeni Celisti k mozkovné

* Osteognathostomata: centralni role
dermalnich kosti - s vyjimkou savcu - primarni
kloub (mandibulare = articulare, quadratum)

Typicky trend: redukce poctu kosti, sekundarni
autostylie (quadratum+squamosum), vs.
streptostylie - uvolnéni jednotlivych kosti -
zasadni role quadratum (hadi, ptaci, etc.)
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Gnathologie a biomechanicke
souvislosti dentalnich adaptaci
savcu

* kinetika Celistniho aparatu
e strukturni design

* funkc¢ni korelaty




Celistni svaly

« CR-Md:

— masseter (addukce md)

— temporalis (addukce, retrakce)

— pterygoideus medialis (addukce, mediopulse)

— pterygoideus lateralis (protrakce, lateropulse)

— digastricus, mylohyoideus, geniohyoideus (abdukce)
 svaly jazyka

— genioglossus, hyoglossus, styloglossus, transversus

linguguae, longitudinalis, vericalis linguae ...

 vestibulum oris a svaly Ustni Stérbiny (Theria)

— buccinator, orbicularis oris




*

Pohyb Celisti

habitualni poloha + kinematicky fet€zec zmén
vertikalni (deprese-elevace / abdukce-addukce)
sagitalni (protruse-extruse / protrakce-retrakce)
transversalni (lateralni exkurse / latero-mediopulse)

souborna charakteristika mobility ¢elistniho pohybu:
Posseltuv kuzel - prostor vymezeny extrémnimi polohami
symfysalniho bodu

Biomechanické aspekty pohybu: zavésovy vs.
pakovy model, kinematicky prostor







Tvar a pohyby Celistniho kloubu

valcovy-rotace (axialni cirkumdukce) - karnivoridni
design

-translace (posun) - herbivoridni design

specialiasovany kloubni design (Carnivora,
Ruminantia, Rodentia) - bez discus articularis

discus articularis - u primatu (versatilita kloubniho
pohybu)










Posice Celistniho kloubu

* dolni: v ose okluse: nejvetsi efekt pakoveho
pohybu (m.temporalis) - prenos sily do
predni Casti dentice, zkracovani
horisont.ramena paky / prodluziovani vert.
(proc.coronoideus)

horni: nad osou okluse: maximisace efektu
zavesoveho pohybu (m.masseter) -
ucinnosti silove addukce v molariformni
oklusniho prostoru










Potravni adaptace:

Vychozi stav:

Sirokospektra faunivorie

(zejm. 1nsectivorie) +
frugivorie ,

oportunisticka predace







Zakl. paradigma
srovnavaci odontologie
savcl

1: v§echny typy
savcich stolicek
vznikly vyvojovou
diferenciaci
tribosfénicke
stolicky



Cope-Osbornuv model dentalni evoluce

« E.D.Cope 1883: vychozi typ u vSech skupin savcu -
trituberkulatni molar

H.F.Osborn 1907: evoluce savCi dentice diferenciaci
trituberkulatniho (tuberkulo-sektoridlniho) typu
(=tribosfenicky molar sensu Simpson), veskeré zuby savci
dentice lze s timto typem homologisovat

jednotlivé zuby 1 jejich strukturni elementy jsou vzajemné
homologni (zakl. pfedpoklad srovnavaci analysy)

existuje zde homologie historicka, serialni 1 iterativni
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trituberkulatni

tribosfénicky




(1) trituberkulatni zub ancestralni vSem savcum
(2) vznika z jediného kuzelového zubu plazi pridanim
postrannich tuberkulu

(3) nove hrbolky vznil

(4) u md.zubu je puv..
vnitini

aji diferenciaci nikoliv konkrescenci

hrbolek na vnéjsi strané, u max na

(5) Z (2-4) plyne, ze vSechny jednotlivé zuby dentice a
vSechny jejich struktury (cingula, styly, cristy) jsou
vzajemn¢ homologni

 existuje zde homologie historicka, seridalni iterativni




Cope-Osbornova terminologie a
homologisace







Nomenklatoricky vyraz Cope-Osbornovy
homologisace

Maxilarni

1 protoconus
2 paraconus

3 metaconus

4 hypoconus

5 dist.cingulum
Talon

Trigon 1-2-3

Mandibularni
1 protoconid
2 paraconid
3 metaconid
4 hypoconid
5 entoconid
Talonid
Trigomd 1-2-3




* vzajemne neokluduji a jejich velikost
nekoreluje

* ve fylogenesi se objevuji v jinem poradi nez
predikuje teorie

eatd










Dilambdodontni,
Euthenomorfni

Zalambdodontni




Eupantotheria

* Dryolestidae - drobni
omnivori J-Cr

e Peramuridae
— Cr







-
-
0.'
- - . .. v - . - 3
. - . * o0 w ™ - ° . - ‘e . P e

. A w @™ - - — e Voo »ow e
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primarni situace - Sirokospektra
mikrofaunivorie

makrofaunivorie a odvozené typy

(ichtyofagie apod.)
mikrofaunivorni specialisace

herbivorie (frugivorie, nektarivorie,
palynovorie, foliovorie,
graminivorie)
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(i) Posice Celistniho kloubu

* dolni: v ose okluse: nejvetsi efekt pakoveho
pohybu (m.temporalis) - prenos sily do
predni Casti dentice, zkracovani
horisont.ramena paky / prodluzovani vert.
(proc.coronoideus)

horni: nad osou okluse: maximisace efektu
zavesoveho pohybu (m.masseter) -
ucinnosti silove addukce v molariformni
oklusniho prostoru










iii) Prestavby dentice,
el Va:@bﬁ (zejm.
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Adaptivni strategie vs.
diferenciacCni potencial dentice a
jednothivych zubu

« generalisovany stav + reversibilni

generalismus ? nebo L, )
modulace (uvolnéni contraints)

potravni specialisace ? Y
redukce premolarove rady,

relativni zmény prostoru
jednotlivych Casti dentice

vytéznost potravy vs.
narocnost potiebnych

festaveb ..
2 presun caninisace (do I-fady)

dostupnost potravy a
spolehlivost strategie,

prestavby molart

efektivita vs riziko adaptace komplexni dentalni apomortie




Typicke adaptivni prestavby

sbér drobné kofisti (ze substratil) - caninisace incisivu
imobilisace velke koftisti - Spicaky
trhani potravy - trhaky

komsumace fragmetované potravy bez tlakoveho zpracovavani -
redukce molariformni fady

transport objemné C1 tekuté potravy - prodlouzeni premolaroveho
sektoru dentice (Casto s redukci zubti - diastema)

tlakoveé zpracovani objemné potravy - zvétseni plochy molariformni
fady (*oklusni plochy zubu, poctu zubti - molarisace premolari) -
+ variantni specialisace




Typicke adaptivni prestavby

rozSifeni tribosfénickeho rozvrhu - euthenomorfisace (dopl. o
hypoconus etc.) - Ctyfuhelnikova plochy (pokroc.: véetné
vyhroceni cinguldrnich cuspidu etc.)

sekondontni typ - zesileni stfizné efektivity - zvySeni a
prodlouzeni hiebnt

bunodontni typ - redukce hiebent, plosné zesileni skloviny

lofodontni typ - spojeni hrbolkli do pricnych korunkovych list




Typicke adaptivni prestavby

hypsodontie - zvySeni korunky (az hypselodontie -
neukonceny rust)

plagiodontoni /loxodontni typ - zmnozeni liSt v ramci
jednotho zubu (vétSinou v kombinaci s hypsodontii

selenodontni zub - kompartmentisace oklusni plochy,
zvyseni hiebentu

plagiolofodontni etc.







'maximisace aktu imobilisace velke koristi -
caninisace, extense m.temporalis (a odpovidajici
kranialni prestavby), redukce postcaninove dentice













a-b bunodontni
c- bilofodontni
d- trilofodontni

e- selenodotni

f - g seleno-
lofodontni




Rodentia: komplex apomorfii






















Loxocont teeth in rodents

"“; w My us




2@l enOdont teath of a gazelle

22 A8 8% 2 & "Olllag’




Rodentia: Myvomorpha - Arvicolidae Microtus






Specialisace skloviny: dekusace (X), Hunter-Schregerovy prouzky







(1 = M. SChematic 10002 CHUERE PNONMLAS Al IanDpement S U5 banss.
privenmtal “(vON’L'n 29I%, Mmrtical decussation i,

e AD. Megodippaas Pairs Rquidae, Perisscdaguyias Puctal o
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Adaptivni prestavby Celisti,
dentice a zubu (vCetn¢ jejich
strukturnich elementu)

- zakladni faktor evoluce savcu




MAMMALS

Extreme amount of apomorphies




The mammalian apomorphies are mostly related
to

e prolonged ontogeny «g=t= extreme energetic efficiency

A
directly controlle apomorphiegat oral region:
S * Specializeddentition with large
S teeth, resisgent to wear due to
Lips, vestiBulum oris, prismatic enamel, and disposed to
enlarged baical cavity, extensive and diverse adaptive

o rearrangements
palatum darum, - 5

directly refated to lactation



Index dental
apomorphies of
Mammalia:

* large monophyodont
multicuspidate distal
tecth: molars
* prismatic enamel




A text-book message:

Cope-Osborn
theory:

... all mammalian
molars are
derived of the
tribosphenic type
... all particular
structures in
derived molars
can be
homologized to
those in the
tribosphenic ...




.-

* presents a phylotypic stage of
mammalian dental evolution
* all other types evolved obviously via

(gradual) rearrangements of the
tribosphenic pattern and should be
homologized with it




Developmental biology of
molar teeth

* subject of .‘ - Y : o T < 10 R ) )
a huge number of studies, ; = < .

a pilot topics of EVO-DEVO ...

but, in most instances based on
model taxa with quite derived

dentitions (mouse, human),
—>

information on tribosphenic
surprisingly scarce




Why
Justtribosphenic?

What made it so succesfull, universal,
and so conservative? Why, it remained,
In contrast to other mammalian
characters, unchanged over 200 Ma ?
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Function



Seeth-ofoperfection | maxillar
C 38035 M Toos e |

transporting \ ¥

mandibular

Simultaneously at one occlusion action
and multiple !




Insezctlvory
Insect food : easily digestible, widely
available: small but numerous
* (2) Strong selection for efficiency of
shearing particularly its quantitative aspect

sharpness and total length of crests

" ! The essential character
of tribosphenic: the
sharp crests centered
with ,cusps”

2CL:

¢




Functionally, ' Fields of

the molars are
mere the
sockets for
promoting
crests

Hypsugo savii ad. P4-
M3/

atrition lines

W2




* (2) Strong selection for efficiency of
shearing particularly its quantitative aspect

sharpness and total length of cresls «
. Increases with size

of individual molar teeth <

W-pattern of crests




Crests:
sharpness

m*
Cross section
Myotis myotis |

”

paracone

protocone ‘

structural
heterotopy
of enamel
thickness




Monodelphls
domestica P21

Crests: o The crest
& are preformed by

heterotopic
histodifferentiation
of IEE

at the bell stage

Apparently an essential
part of developmental
programme of tribosphenic
molar




Embrygsfal motBd fferentation ofatr'ilc.?osghem
e = but enlarging

P\

L

o

=

Obviously, the
enamel Is
produced since
the bell stage
—which type
enamel is here
produced?

(disappearing from
histologic evidence '
due to decalcification) :E y

| e

..



adult enamel
M.myotis M1/

Volume of cristalites

0.1
<@ 0.077
.;L 0.048
0.0 | o
APE

IPM prismatic

Aprismatic enamel ( )
Interprismatic matrix (')

Prismatic enamel

Enamel of tribosphenic:
basic mammalian pattern: prisms + IPM,

no HSB, decusation, zipper etc. dentine




N surface of .enamel

\

» epithelium™

:

-
~

Pipistrellus pipistrellus E12 mm

Search for embryonal enamel by
dissecting of teeth primordia




I LR
. ’ i stellate reticulum

-

Since beginning of their
activity the ameloblast
produce the ,soft” but
prismatic enamel

y W0 L2 um

o
Pipistrellus pipistrellus E12 mm




Terminal stage of amelogenesis:
production of the surface
ssusnsnnnnnnns  @prismatic enamel

Pipistrellus pipistrellus E12 mm




Three major
CUsps differ
considerably in
inchination

pattern of
enamel rods, 8

L.e in they ',“

o

positional &
history .

oF UF Tt



major
crests with their
shearing walls,

present more or less

autonomous structural
units with different
positional history

9
c
]

D
| -

-

Monodelphis 5 [
28 days M/2

between
them:
zones
without

(prismatic)

enamel




Mutual positions of particular units in the
embryonal tooth differ from the adult

arranoement

. ' Teeth primordia,
paracone M1 metacone ~ enamel epithelia
protocone

)
.
)
*

*

*
a
]
]
]
]
]
|
a
‘5
*

- | |
Myotis nattereri ‘\w )

E18 mm »

* Ina form of densely compressed structural units  the teeth can
grow large at relatively small spaces







Maxilla removed




Myotis myotis juv P12
beginning of M1 eruption

at eruption:

Tribosphenic ' 7 \Z,\Z?hesut

molar | (prismatic)
expands its enamel

size during
eruption




PR AT N
o

gingiva

Hardening of the
prismatic enamel:
,last minute” secretion

of aprismatic enamel

Hétero opy (APE)
————

»1’* Y

/7’

,SOft" prismatic
enamel, no APE

a crest-like pattern in cingulum

unerupted
a mature dense enamel

base of P/4




Ultimate precondlition
for teeth of perfection:
errect interlocking or
shearing blades 8
\

A \—
g7




Indeed, a very
Q risky

precondition

.
‘ &Q\‘yﬁ © Any SHJEIU
. o oarmant
> misarrangement

1
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1S Tatall




responded by
mesenchymatic
papilla with

heterotopic growth
and aposition of
dentine




(i) Tribosphenic teeth are
L . disposed to grow and refine
o) their shapes throughout the

>

V7 perieruptional period, i.e.
.. capable to respond to ad

N hoc cues of the actual

SSINEG




(111) Not the enamel epithelium 1s the
major agent of molar

morhpogenesis

but

mesenchymatic dental papilla




Signalling from
enamel knot

“surface predates-the, .~ (&) "~ %
changes in enamel e'pi‘f ejurr'}.\'j.;“ :

L N

: . - > -’ .

a‘. . . ‘J. B “‘




The tooth with all fine details of its crown is
designed in dentine collagen
by mesenchymatic papilla

collagenous surface of dentin
preforms all details of crown
design (crests, cingula etc.)

Pipistrellus pipistrellus adult M/1




e Ultimate precondition for the molar teeth
development: very large population of the
mesenchymatic cells for the dental papilla

* Source of it ?




’.J el

Monodelphis 5 days

The once established mouth
corner redirects the
mesenchyme invasion medially
— to the molar ridge and palate

— ' =
Zone of mammal-specificy ™ g
arrangemeptSna n o,

forward invasion of the
mesenchyme constrains an
expansion of the ectodermal
epithelium at mouth opening




’ . 4 ..:"' ‘.V‘/'- 'o' . ' "“‘ : ".. .' \: ' .:' ’.l' "‘ a ;' .
. ’ . .vb | . ‘ . »" ; e
‘o ; 0 X h %y yF 4 L Sl .
A elphis jote enlarg /o cell population,
o w3 't - thiekERind of epithelium etc.

Embryénal fnoufh corner is associated with a distinct
condensation of mesenchyme, supposedly a signalling
center




? The most influential mammalian apomorphy

Responsible for vestibulum oris, bucal region,
organizing the cell populations for hard palate etc.

and molars
as well.
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Terestricka insektivorie

* Tribosfénicke molary (dilambd.,zalamdb,
euthenomort.), absence specifickych
adapatci trav.traktu (maly zaludek kratké
stfevo etc.) - vyjimka: neurotoxin
(gl.submandibularis) - Neomys, Blarina,

Solenodon // . ,
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Figure 11.11 whm‘
(A) A typical shrew skull. Note the lack of the a
Wmmm«wm
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e Cynocephalus
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Functional vs. Phylogenetic significance of the fine dental
characters

4 ‘e »

voric predatio
Carnivoric p 9 ¢

Sm
| " A a// theCfS .
' SMALE-BODY'SIZE~ ™ |

Horacek 1985

.
-
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Myrmecovorie

* Paraleln€ u ruznych skupin: redukce dentice, prodlouzeni
celisti, jazyka, zvétSeni slinnych zlaz, hrabavé nohy
(drapy), pasivni ochrana (bodliny, pancite, Supiny):

Monotremata: Tachyglossus, Zaglossus

Edentata: Dasypus, Cyclopes, Myrmecophaga, Tamandua etc.

Pholidota: Manis

Tubulidentata: Orycteropus

Carnivora: Proteles, Otocyon,

Tongue muscle dvded

Sanguivorie: Yot S
Chi: Phyllostomidae
Desmodontinae

Safvary g
ey 'c.';”
S — ’1“'_')"(‘ C"r‘-’\(J:
sicey

'("Q,ﬂ archored o
postoror end of Aesmum




Tubulidentata: Orycteropus




Edentata ( Xenarthra ) - chudozubi:
41.13 2.,29 spp. S (N) Am

Bradypodidae - lenochod triprsty, 1g., 3 sp.
Megalonychidae - 1. dvouprsty 1g,2sp
Dasypodidae - pasovcoviti 8, 20 sp.
Myrmecophagidae - mraveneCnikoviti 3 g., 4 sp.

—-

L,

o)
- - a

LA\ . ¢







Tachyglossidae - jezuroviti : Tachyglossus, Zaglossus




/ Proteles cristatus



Carnivorie

« Zejm. pohybove a socialni adaptace
— Carnivora - diversifikace (cf.RQH)
— Partim: Marsupialia: Didelphomorpha,
Dasyuromorpha, Placentalia: Insectivora,

Chiroptera, Rodentia, Primates, Scandetia, |
Cetartiodactyla (Suidae, Cephalotes, Orcinus)

A

Y
.

A /
a iekuﬂdémi divergence ..
>y ! ' :




* Piscivorie:
Didelphidae: Chironectes
Tenrecoidea: Limnogale , Potamogale
Insectivora=Lipotyphla: Neomys, Galemys, Desmana
Carnivora: Lutreola, Lutrinae, Phocidae
Otaruidae
Cetartiodactyla: Odontoceti
Rodentia: Ichtyomys, Hydromys

Cancrivorie (a mlzi):
— Odobaenus, Enhydra, Hydromys

* Planktonovorie (zejm. drobni korysi Euphasia aj., Apendicularia etc.:
Mysticeti, Phocidae: Lobodon, Ommatophoca











































Faunivorie vs. Herbivorie

* Frugivorie - soucast zakladniho rozvrhu
— Specialisovena frugivorie:

e Napft. Primates, Carnivora: Procyonydae: Potos,
Viveridae: Paradoxurus aj.

* Nektarivorie, Palynovorie
— Marsupialia: Tarsipes
— Chiroptera: Pteropodidae, Phyllostomidae
— Primates:




Foliovorie, graminivorie

» Siroce dostupna potrava: velmi atraktivni

zakladni troficke orientace designuje 18
savCich fadi), soucasné ale velmi nakladna
na specificke adaptace a z ruznych duvodu
dosti riskantni (13 fadu vymrelych)

— Dentice a chrup: lofodontie, selenodotie,

molarisace dentice, hypsodontie az
hypselodontie

— Prostorny a dlouhy travici trakt
— Fermentace:




Herbivorie:

Folio- & Graminivorie









Ad
Foliovorie

e Caecotrofie

— Lagomorpha
Rodentia

Soricidae




* Digastricky typ

* Monogastricky typ




Foliovorie - Graminivorie

Fermentace:

Monogastricky
(ceaculidni) typ

Digastricky
(ruminantni) typ

Mlada zelena hmota,
meristemy- toxiny

(alkaloidy)
Protein<<celulosa

Toxin pfimo do krve
v

Nutné velke objemy !

Fermentace +
oxidace — destrukce
toxint, Vysoka
efektivita vyuziti
proteinu

Starsi stadia rostlin:
taniny, S10-vlakna

Proteiny>celulosa

Atrice zubu,

Traveni v ceacu —
rozklad taninu - OK

Vldknina, taniny —
omezuji fermentaci
— snizeni efektivity !




Metathena
' . "“ 122

Dipretoddomtin v Asanahone A1 Naorinas
Frimmmen (auber Colobadac)
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Hyiavades

Peroscdac iyl (Dptr, Ruroceros, Merds)
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Rozd¢leni
zdroju:
diferenciace nik a
vyvojova
diversifikace v ramci
zakladnich strategii
(vyvojovych
jednotek)

a) velikostni Skalovani,
b)specialisace
traviciho systému a
potravni strategie

y & b
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Zcela specificke —
vodni savci (zejm.
kytovci)
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