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ABSTRACT. This article is a review that focuses on the diet consistency and how this affects mandibular morphol-
ogy. Various published studies focused on the relationship between mastication and growth of the mandible because
it is considered that mandibular growth is dependent on the loads exerted by the function of the masticatory muscles.
Moreover it has been pointed out that the increase of orthodontic anomalies is due to the modern softer diet. Even in
rats, soft diet is one of the factors causing malocclusions. All of the studies have been experimental, mainly in rodents,
since this research is impossible to be applied on humans in a short period of time. Most experimental studies suggested
that occlusal loading affects bone mass, bone amount, bone density, the length and the width of the bone, the degree
of mineralization, the genetic expression, the collagen immunoreaction and the chondrocytes action on the cartilage.
It is stated that bone volumes and thickness of the mandible of rats fed with soft diet were smaller when compared to
animals fed with hard diet. Also the mandibles and condyles were smaller and less dense in the rats of soft diet as com-
pared to controls. Furthermore the length and the width of the condyle in the soft diet group of animals were smaller as
compared to the condyle of the hard diet group of animals. Soft diets affect also the degree of mineralization, and the
action of the chondrocytes on the cartilage.
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HEPIAHYH. To mapév apfpo elvar po ovackonnon mov Sompoylatedetal Ty enidpacn g oOoTOoNG TG
StTpoeng otV popeoroyia g kdtw yvébov. TToAéc dnpocievpéves epyacieg £xovv emkevipmbel otn pPeAétn g
GYE0NG TNG LOOTTIKNG Agttovpyiag Kot g avénong g kétw yvébov, eEattiog g Bedpnong 6t | avénon g Katw
yvaBov €EapTATOL OTO TIC POPTIGELS TOV OOKOVVTIOL OO TOVG PO THPLoVG poes. Emmpocsbeta o ciyypovog tpodmog
STpoPnc pe porakés Tpoeés Exet evoyomonBel yio v avénon twv opBodoviiKdv ovoUAdY. AKONA Kol GTOVG
emipog n daTpoen pe podaxn Tpoer Bempeital £vag amo TouE TaPAYOVTES TOL GUVTEAEL GE AVOLLOAiEG TG CVYKAEIONG.
Oleg o1 dnpocievpéveg epyacies etvol TEPALATIKES, KUPIOG GE TPOKTIKA (M0, EMELON Etval 0dVVATOV VO QapLocOovv
avaroyeg peréteg o avOp®TOVG GE GUVTOHO YPOViKO dtdoTnpa. Ot TEPIECOTEPES TEIPALATIKES LEAETEG CUUTEPOIVOLY
OGS 01 LOONTIKES POPTICELS EMNPEALOVY TNV 0GTIKY| LALa, TN TOGATNTO TOV 0GTOV, TN TVKVOTHTA TOL 0GTOV, TO KOG
K0l TO TAGTOG TOV 0GTOV, TO Pafd Tng EMUETAAWDONG, TNV YEVETIKN £KOPOOT|, KOL TNV AVOGOLGTOYTLUKY| 0vTiOpaoT Tov
KOAAOYOVOL, OIS KOl T dPAGT) TMV YOVOPOKLTIAP®Y GTO YOVOPO TOL KOVOHAOL TG KAT® Yvabov. ‘Eyet dtatvmwbel
OGS T0 BAPOS KoL 1 TLKVOTNTO TOV YvEBV enipvmv Tov glyov dOTPOEEl Le LOAAKT TPOON NTAV HKPOTEPO OO TO.
avtiotoyo tov (dwv Tov eiyav dwatpagel pe oxAnpn tpoen. Emiong ot yvébor kot ot kdvdviot exipvwv mov £yovv
SwTpaget Le pLoAaKy Tpoen NTav HiKpOTEPOL o€ PéYefOs Kot Tapovstalovy HIKPATEPT TUKVOTNTA GE GUYKPLON LE TIG
YvaBovg Kot Tovg KovouAovg TV (hmv gléyyov. Emmpocheta to pikog Kat 1o TAdTog TV KovovA®V TV (dmVv Tov
glyav datpagel e LOAOKT TPOPN NTOV LKPOTEPO OO TA AVTIGTOLYO TOV KOVOIVA®V TV (D®V ToV £l d0TPOQEl e
oKAnpn tpoen. H porakn dtatpoen| Stamotddnke ot ennpedlet téhog to Pabud empetdAilmong 6Tws Kot T dpdom
TOV YOVIPOKVLTTAP®VY GTO XOVIPO.

Aéeis evpeTnpiaong: Lolaxy S10TpoT], KAT® YvaHog, KOVOLAOG

It is well accepted that the growth of the craniofacial
system is determined both by hereditary and en-
vironmental factors (Watt and Williams 1951). Also
bone growth and development is closely dependent
on the loading forces exerted by muscular function.
The mandibulofacial growth is closely associated to
the movements of the jaws and loads of the orofa-
cial region. Thus environmental factors including
mastication seem to be responsible for a variety of
developmental changes in the stomatognathic system.
This may be the rationale for explaining the mean in-
crease of malocclusions in industrial societies in the
20" Century (Beecher and Corruccini 1981). During
the last century, the modern dietary habits have been
pointed out as contributors to the increased frequen-
cy of malocclusion, due to their reduced demands on

masticatory muscles (Waugh, 1937;Corruccini and
Lee 1984). Also, Soft diet causes malocclusions in
rats (Dontas et al 2010). Several experiments on the
consistency of diet provided to animals and especial-
ly to rodents have been carried out in order to test
the interelationship between function and mandibular
growth.

INTERACTION BETWEEN MUSCULAR
FUNCTION AND BONE GROWTH

The human masticatory system is a complex mus-
culoskeletal system where activation of the mastica-
tory muscles, movements of the jaw, and loads and
deformations in both the temporomandibular joint
and jaw are closely interrelated (Berger, 1992; Cio-
chon et al, 1997, Odman et. al. 2008). If one of these
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factors changes by means of intrinsic or extrinsic
cause, it will affect all the others. This evidently con-
cerns the activation patterns of the masticatory mus-
cles adapting to a new environment and it occurs as
a consequence of, for instance, craniofacial growth
and development (Ciochon et al, 1997). Studies in
growing rodents have shown that reduced mastica-
tory function causes morphological changes in the
mandible. Recent studies reveal that myostatin defi-
cient mice with increased muscle mass, physiological
cross-section, and contractile muscle forces exhib-
it greater bone mineral density than normal mice in
the spine and temporomandibular joint (Hamrick et
al, 2003; Nicholson et al, 2006; Ravosa et al, 2007).
Therefore, the craniofacial mandibular structure and
its degree of mineralization can be considered to be
closely associated with masticatory muscle behavior.
A method used to alter the masticatory function is
feeding young animals a soft diet. Altering the consis-
tency of the diet in this way has been shown to cause
overall size differences in the ramus region (Watt and
Williams, 1951).

Bone is a dynamic tissue, which continuously
undergoes adaptive remodelling, i.e. resorption and
apposition, to meet the requirements of its functional
environment. The remodelling rate is a major determi-
nant of the degree of mineralization of bone (DMB)
(Boivin andMeunier, 2002). A higher remodelling
rate decreases the time available for secondary min-
eralization, which results in bone with a lower DMB
(Boivin et al, 2009). The remodelling rate of bone is
related to the magnitude of intermittent mechanical
loading and the resulting dynamic strains in the tis-
sue (Turner, 1998). In general, more heavily loaded
bone has a higher remodelling rate and is therefore
less mineralized and less stiff than lower loaded bone
(Cullen et al, 2001). This regionally heterogeneous
organization of bone mineral has been attributed to
regional differences in the magnitude and mode of
strain brought about by mechanical loading (Skedros
et al,1994). Under physiological conditions, intermit-
tent mechanical loading of bone is caused predomi-
nantly by muscular contractions.

The muscles thus provide an important mechanical
stimulus for bone remodelling by inducing strains in
the skeletal system (Turner, 2000). The significance
of muscle-generated bone loading is illustrated by the
effect on the skeleton under conditions of increased
or decreased muscle activity. For example, the loss
of normal physiologic loading after spinal cord injury

causes rapid severe bone loss in the paralyzed extrem-
ities of affected individuals, which can be counter-
acted by long-term electrical stimulation of muscles
(Dudley-Javoroskiand Shields, 2008).

In 1996, Kiliaridis et al. (1996) demonstrated that
masticatory hypofunction caused the reduction of
“radiographic” bone mass in the dental alveolar pro-
cess, the condylar costa, the condylar process, and the
lower anterior border of the ramus in the mandible of
growing rats. However, it is not clear whether the re-
duction in radiographic bone mass was due to chang-
es in the amount/thickness of bone and/or to changes
in the density of the cortical and trabecular bone, and
whether these changes would have a different regional
pattern. Three years later Bresin et al. (1999) reported
that the amount of bone amount and bone density may
be two possible mechanisms used to adjust local me-
chanical properties within the mandibular functional
units. They found that bone mass was larger in the
hard diet group in all areas except lateral to incisors.
Bone density was higher for the hard diet group only
medial to cortical bone on the dentoalveolar process
of the first molar and the pterygoid fossa. Thickness
of the cortical bone was higher in the hard diet group
in the cortical bone below the incisor, adjacent to the
mental foramen and through the first molar, the later-
al cortical bone on the dentoalveolar process, ramus
region above condylar costa, pterygoid fossa and the
lateral cortical plate of the pterygoid ridge in the ra-
mus.

DIET AND MANDIBULAR GROWTH

Watt and Williams (1951) compared the mandibles
of soft and hard diet rats and they concluded that the
weight volume and thickness of the mandibles of the
soft group was smaller than the hard diet group. This
was explained by the change in density of bone struc-
ture. Beecher and Corruccini confirmed these find-
ings in 1981. They also compared the morphology of
the mandible in growing rats fed hard and soft diet.
In conclusion, they found that the soft diet animals
where slightly smaller in body mass, they had smaller
mandibles and condyles and they were radiographi-
cally more dense. Furthermore, soft diet rats had less
width of the maxillary dental arch and they had small-
er masseter and temporal muscles. Finally, they found
that the soft diet group had skulls consistently smaller
in mass and in linear dimensions, although with no
significant differences in shape. In 2008 Odman et al,
found that a period of 7 months with low masticato-
ry demands in the hypofunctional group during ado-
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lescence and early adulthood had a significant effect
on the lateral shape of the rat mandible as compared
to controls. The area of the mandible was smaller in
the hypofunctional compared to the normal group.
Interestingly, the alveolar process was shorter in the
normal group. Morphometric analysis revealed sig-
nificant differences such as the area of the angular
process and the inclination of the condylar process.
The rehabilitation group was only marginally differ-
ent compared to the hypofunctional group, although
a general tendency to approach (catch-up) the normal
group was observed, and one morphometric variable
(condylar base inclination) was indeed significantly
different. Morphometric analysis revealed only mar-
ginal changes of the adult rat mandibular morphology
during a 6-week period of masticatory function reha-
bilitation. However, the observed catch-up tendency
might suggest that a longer rehabilitation period may
have significant effect on mandibular morphology. In
2007 Tanaka et al. studied the effect of food consis-
tency on the degree of mineralization in the rat man-
dible. They found that the degree of mineralization
was significantly lower in the trabecular than in the
cortical bone and in the anterior area the mandibular
body showed a significantly higher degree of miner-
alization than the posterior area. In both areas the soft
diet group had a significantly higher degree of miner-
alization than the hard diet group. The trabecular bone
in the condyle of the hard diet group showed a sig-
nificantly higher degree of mineralization than in the
soft diet group. Their results indicated the importance
of proper masticatory muscle function for craniofacial
growth and development. Four years after Grunheid
et al. (2011) had the same hypothesis, using rabbits as
experimental animals, but their result suggested that
a moderate reduction in masticatory functional load
does not significantly affect the remodelling rate and
the degree of mineralization in areas of the mandible
that are loaded during mastication but might induce
a more heterogeneous mineral distribution. More
specifically, the degree of mineralization of bone did
not differ significantly between the experimental and
control animals at any of the sites assessed. Howev-
er, in the rabbits that had been fed soft pellets, both
cortical bone at the attachment sites of the temporalis
and digastric muscles and cortical bone in the alveo-
lar process had a significantly higher degree of min-
eralization than cortical bone at the attachment site of
the masseter muscle, while there were no significant
differences among these sites in the control animals.

DIET AND TEMPOROMANDIBULAR
GROWTH

Approximately 10% of the population over the age
of 18 has pain in the temporomandibular joint (TMJ)
regionand about 15% of the people who have TMJ
pain have degenerative diseases of the TMJ (TMD).
(LeResche, 1997; Griinheid et al, 2011). The exact
etiology for TMD is unknown; however, most den-
tists and physicians have been inclined to believe
that the single most important etiological factor is
mechanical loading that surpasses the adaptive ca-
pacity of the joint.( Emshoff et al, 2003; Milam,
2005). In dentofacialorthopaedics an effort is made
to influence mandibular growth. The main target in
this effort is the condylar cartilage of the mandible.
There has been a great deal of controversy over the
years concerning the true effects of this treatment
rationale. Animal experiments and condylar carti-
lage tissue examination revealed that the condylar
cartilage responded favorably in functional mandib-
ular advancement and extra growth of the cartilage
tissue was evident (Zarb and Carlsson, 1999). For
the aforementioned reasons recent studies focused
more on the TMJ response to the mechanical forces.
The TMIJ is formed by the mandibular condyle and
the mandibular fossa of the temporal bone. Separating
these two bones from direct contact is the articular
disc. Unlike other joints, which are composed of hy-
aline cartilage, the articular portion of the mandibular
condyle and disc is comprised of fibrocartilage. The
mandibular condylar cartilage can be organized into
four zones. The most superficial layer is called the ar-
ticular zone and cells in this zone are characterized by
their expression of Proteoglycan 4 (Prg4) (McNamara
and Carlson, 1979). The second zone is the polymor-
phic zone, which contains the precursor cells for the
flattened and hypertrophic zones4. The third zone is
the flattened zone. The cartilage cells in this layer are
characterized by the expression of Collagen type II
(Ohno et al, 2006). The fourth and deepest zone is the
hypertrophic zone. In this zone, the chondrocytes are
characterized by the expression of Collagen type X
(Chen J. et al, 2009).

In 1999 Kiliaridis et al supported that low mastica-
tory function leads to decreased growth of the condyle
and changes in the thickness of the cartilage. They
found that the rats fed a soft diet showed a thinner
condylar cartilage in the anterior part of all portions.
In contrast, the cartilage was thicker in the soft group
in the posterior part of the condyle. The length and the
width of the condyle in the group who fed soft diet

JHELLENIC VET MED SOC 2019, 70(3)
TIEKE 2019, 70(3)



ILA. TSOLAKIS, C. VERIKOKOS, D. PERREA, E. BITSANIS, A.I. TSOLAKIS

1607

were significantly smaller. Chen J. et al (2009) exam-
ined the effects of altered functional loading on the
expression of other genes found in the various zones
of the mandibular condylar cartilage in female mice.
They found that altered functional loading for 2-6
weeks caused significant reduction in the thickness
of the condylar cartilage whereas, only at 4 weeks
was there a significant decrease in the bone volume
fraction and trabecular thickness of the subchondral
bone. Gene expression analysis showed that altered
functional loading for 4 weeks caused a significant re-
duction in the expression of SRY-box containing gene
9 (Sox9), Collagen type X (Col X), Indian hedgehog
(Ihh), Collagen type II (Col II) and Vascular endo-
thelial growth factor (Vegf) and altered loading for 6
weeks caused a significant decrease in the expression
of Sox9, Col II, Vegf and Receptor activator of NF-kB
ligand (Rankl) compared to the normal loading group.
Altered functional TMJ loading in mice for 2-6 weeks
leads to a loss of the condylar cartilage and a transient
loss in the density of the mandibular condylar sub-
chondral bone. In 2015 Uekita et al studied the effects
of a soft diet on the collagens and chondrocytes in the
growing TMJ cartilage. They examined the condylar
and glenoid fossa cartilage of rats fed a liquid diet by
histology, immunohistochemistry with anti-types I, 11,
and X collagen antibodies, and transmission electron-
microscopy (TEM). The results of this research sug-
gested that the condylar cartilage in the experimental
rats showed weak immunoreactions for three types of
collagens. The ultrastructure had fewer fine collagen
fibrils, the glenoid fossa cartilage showed narrower
Alcian blue-positive areas and the immunoreactions
for three types of collagen were also weaker com-
pared to those of the controls. The chondrocytes in
the experimental rats had extended thin cytoplasmic
processes, and had formed gap junctions, as assessed
by transmission electron microscopy. Fewer fine col-
lagen fibrils, but thick bands of collagen fibrils were
observed in the glenoid fossa of the experimental car-
tilage. Their results proposed that liquid diet impairs
the quality and quantity of collagens and chondro-
cytesin the TMJ cartilage of growing rats. The same
year, another study from Polur et al (2014) looked at
the role of Estrogen Receptor (ER) beta in mediating
these effects. They used 21-day-old male and female
mice. They were exposed to decreased occlusal load-
ing (soft diet administration and incisor trimming) for
4 weeks. At 49 days of age the mice were sacrificed.
Proliferation, gene expression, Col 2 immuno-histo-
chemistry and micro-CT analysis were performed on

the mandibular condyles. Their results suggested that
decreased occlusal loading induced inhibition of early
chondrocyte maturation markers in female mice was
attenuated by ER beta deficiency. In 2006 Papachris-
tou et al. examined the involvement of components
of the AP-1 transcription factor family such as Fra-
1, Fra-2, JunB and JunD in the signalling pathway
of mechanical loading of the condylar cartilage, and
subsequently the association of mechanical loading
to cell differentiation and apoptosis through the in-
volvement of these proteins. They concluded that the
JunB, JunD, Fra-1, and Fra-2 members of the AP-1
transcription family in the response of condylar car-
tilage chondrocytes to functional loading alterations,
suggesting that mechanical loading in chondrocytes
triggers biochemical responses associated with AP-1
cellular functions such as maturation, differentiation
and apoptosis. Downstream, these biological phe-
nomena influence the overall growth of the condylar
cartilage.

CONCLUSIONS

They have been various studies looking at the diet
consistency and how this affects the mandibular and
condylar morphology. The correlation of diet consis-
tency and head growth has high clinical importance
since it might give an answer to the evolution of hu-
man growth and development. We can understand the
human growth and achieve a better treatment for or-
thodontic anomalies and condylar disorders. Through
the aforementioned researches is suggested that oc-
clusal loading affects the bone mass, bone amount
and bone density of the mandible,as well as the man-
dibular length and the width. Also muscular loading
affects the degree of mineralization, the genetic ex-
pression, the collagen immunoreaction and the chon-
drocytes action on the cartilage. Never less there are
no works studying the long term effects of changes in
the diet consistency of the animals and there is a need
for new studies focusing on this.
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