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Summary  In  recent  decades,  the  eating  habits  of  children  and  adolescents  have  undergone
many changes  due  to  the  diversification  of  lifestyles  worldwide.  Reduced  masticatory  function  in
growing animals  results  in  changes  in  the  mandible,  including  a  decrease  in  bone  mass.  However,
the influence  of  different  eating  behaviors  on  jaw  bone  metabolism  (e.g.,  the  palatal  palate)
during the  growth  period  is  not  fully  understood.  In  addition,  recent  clinical  studies  reported
that masticatory  performance  is  positively  related  to  tongue  pressure  in  adults,  but  no  consensus
has been  reached  regarding  whether  tongue  pressure  is  related  to  masticatory  performance
in children.  This  review  summarizes  current  findings  related  to  these  issues,  focusing  on  the
influence of  different  feeding  behaviors  on  jaw  bone  metabolism,  including  the  development  of
tongue pressure.  Consumption  of  a  soft  diet  had  a  negative  impact  on  jaw  bone  metabolism  in
the maxilla  and  mandible  of  rats;  however,  mastication  of  a  hard  diet  recovered  the  collapsed
equilibrium  of  bone  turnover  caused  by  a  soft  diet  during  growth.  Tongue  pressure  is  closely
associated  with  an  increase  in  masticatory  performance  in  children.  Peak  maximum  tongue

pressure is  reached  earlier  in  women  than  in  men.  Before  reaching  adulthood,  women  require
intervention  to  increase  their  peak  tongue  pressure.
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1. Introduction

Masticatory  performance  increases  during  childhood  and
adolescence,  peaks  in  young  adulthood,  plateaus,  and  finally
declines.  Therefore,  to  inhibit  any  decrease  in  mastica-
tory  performance,  it  is  important  to  attain  as  high  a  level
of  masticatory  performance  as  possible  during  the  growth
period.  However,  in  recent  decades,  the  eating  habits  of
children  and  adolescents  have  undergone  many  changes  due
to  the  diversification  of  lifestyles  worldwide  [1—4].  A  previ-
ous  study  reported  that  masticatory  frequencies  and  eating
times  have  decreased  due  to  the  appearance  of  soft  modern
foods,  including  processed  foods,  which  can  be  swallowed
and  digested  quickly  [2].  Clinicians  are  concerned  that  the
decrease  in  masticatory  force  due  to  the  increased  consump-
tion  of  soft  (primarily  processed)  foods  could  affect  jaw
bone  growth,  resulting  in  malocclusion  [5,6].  Reduced  masti-
catory  performance  results  in  smaller  mandibles,  lower  bone
mass,  and  thinner  condylar  cartilage  in  growing  animals
[7—10].  However,  the  influence  of  a  soft  diet  on  jaw  bone
metabolism,  including  the  palatal  palate,  during  growth  is
not  fully  understood.

Body  size  [11,12],  tooth  number  [13—15], and  tongue
movement  [16]  are  positively  related  to  masticatory  per-
formance.  There  is  a  relationship  between  masticatory
performance  and  tongue  pressure  in  adults,  and  the  tongue
plays  an  important  role  in  mastication  [17,18]. However,  no
consensus  has  been  reached  regarding  whether  the  devel-
opment  of  tongue  pressure  is  related  to  an  increase  in
masticatory  performance  in  children.

In  this  review,  we  summarize  the  influence  of  differ-
ent  feeding  behaviors  on  jaw  bone  metabolism  and  the
relationship  between  masticatory  performance  and  the
development  of  tongue  pressure  based  on  human  and  animal
studies.

2. Impact of eating habits on masticatory
performance

Food  choice  is  generally  influenced  not  only  by  the  prefer-
ences  of  individuals  and  the  characteristics  and  availability
of  food  but  also  by  social  factors,  including  financial  status,
and  oral  characteristics  such  as  tooth  loss  or  pain  [19].  In

mon  among  children.  There  is  reportedly  a  relationship
between  television  viewing  and  weight  gain  [21,22],  and
this  may  increase  the  quantity  of  food,  and  thus  the  number
of  calories,  consumed  [19]. Moreover,  television  viewing  is
associated  with  increased  fat  and  sugar  consumption  [23].
Also,  insufficient  chewing  and  television  viewing  for  more
than  2  h  per  day  were  strongly  correlated  with  the  incidence
of  underweight  or  obesity  in  children  [24].

In  clinical  studies,  poorer  masticatory  performance  was
associated  with  a  higher  body  mass  index  (BMI)  in  3—5-year-
old  children  [25,26],  and  poor  masticatory  performance  was
associated  with  a  greater  frequency  of  daily  ingestion  of
liquid  foods  among  children  with  a  high  BMI  [26].

Ichikawa  et  al.  [27]  developed  a  self-administered  ques-
tionnaire  related  to  the  preference  and  hardness  of  25
foodstuffs  with  different  viscosity  and  brittleness  values  to
measure  the  subjective  masticatory  ability  (SMA)  of  6—12-
year-old  children.  The  examiner  described  the  foods,  and
the  subjects  were  asked  to  assign  each  food  item  to  one
of  five  categories  (i.e., dislike  or  have  never  eaten,  hard,
slightly  hard,  slightly  soft,  and  soft).  To  calculate  the  SMA
score,  mastication  ability  was  characterized  using  a  4-point
Likert  scale  as  follows:  soft  (4  points),  slightly  soft  (3  points),
slightly  hard  (2  points),  hard  (1  points),  and  dislike  or  have
never  eaten  (0  points)  [28].  The  SMA  score  was  significantly
correlated  with  objective  measurements  of  mastication
of  jelly-based  chewable  materials  (Kamuzokun

®
,  Mamaris-

shimo  Ltd,  Tokyo,  Japan).  These  chewable  samples  had
dimensions  of  15  mm  ×  15  mm  ×  15  mm,  and  consisted  of
maltitol,  gelatin,  powdery  wafer,  sweetener  (xylitol)  and
thickener  (Arabian  gum).  The  ability  of  individuals  to  chew
hard  foodstuffs,  and  the  frequency  with  which  they  chewed
such  foodstuffs,  in  their  daily  life  directly  affected  mastica-
tory  performance.  These  findings  suggest  that  inappropriate
eating  habits  affect  body  composition  and  masticatory  per-
formance  in  children.

3.  Impact of different feeding behaviors on
jaw  bone growth

A  soft  diet  has  been  used  to  induce  growth  retardation  of
the  mandible  in  animal  studies  [7,8,10,29—31].  A  14-week
soft  diet  affected  the  height  of  the  mandibular  ramus  by
Japan,  the  National  Health  and  Nutrition  Survey  reported
that  80%  of  men  and  women  in  their  twenties  regard  ‘pref-
erence’  as  an  important  factor  when  selecting  a  food  [20].
In  modern  life,  eating  while  watching  television  is  com-
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uppressing  condylar  cartilage  growth  in  3-week-old  rats
7]. Additionally,  a  6-week  powdered  diet  and  kneaded  diet
ignificantly  suppressed  the  vertical  growth  of  the  mandibu-
ar  ramus  [29]; also,  a  6-week  powdered  diet  significantly
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Table  1  micro-CT  analysis  of  cortical  and  trabecular  bones  in  the  maxilla.

Cortical  bone  Trabecular  bone

Ct.Th  (�m)  Ct.Ar/Tt.Ar  (%)  BV/TV  (%)  Tb.Th  (�m)

Groups
HD  626.49  ±  11.94  45.39  ±  3.22  22.15  ±  4.47  177.46  ±  8.88
SD 414.99  ±  20.26* 38.81  ±  2.83* 23.48  ±  3.35  141.25  ±  24.14*

SHD  531.68  ±  39.98*,† 44.04  ±  2.28† 23.31  ±  1.75  167.31  ±  35.22

HD, hard diet. SD, powdered (soft) diet. SHD, switch from soft to hard diets. Ct.Th, average cortical thickness. Ct.Ar/Tt.Ar, cortical
bone area fraction. BV/TV, trabecular bone volume fraction. Tb.Th, trabecular thickness.
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P < 0.05 vs HD group (ANOVA and Tukey test).
† P < 0.05 vs SD group (ANOVA and Tukey test).

uppressed  the  vertical  growth  of  the  coronoid  process  in
-week-old  rats.  Furthermore,  a  4-week  powdered  diet  sup-
ressed  growth  in  the  posterior  direction  in  the  corpus,
rowth  in  the  superior  direction  in  the  ramus,  growth  in  the
uccal  direction  in  the  gonial  angle,  and  growth  in  the  buc-
al  direction  in  the  zygomatic  arch  (insertion  points  of  the
asseter  muscles)  in  3-week-old  rats  [30].  Generally,  jaw
uscle  activity  is  required  during  chewing  to  induce  move-
ent  of  the  lower  jaw  and  exert  the  forces  required  to  cut

r  grind  food  [32].  Kiliaridis  et  al.  suggested  that  vertical
aw  relationships  are  affected  by  muscular  activity  during
evelopment  [33].  Whether  masticatory  effort  influences
he  size  of  the  dental  arches  and  the  amount  of  space  for  the
eeth  is  unclear.  However,  in  our  study,  an  8-week  powdered
iet  significantly  suppressed  growth  in  the  buccal  direction
n  the  gonial  angle  and  in  the  buccal  direction  in  alveolar
one  in  3-week-old  rats  [31].  These  data  suggest  that  an
-week  powdered  diet  extended  the  range  of  inhibition  of
one  growth  from  the  insertions  of  the  masseter  muscles
o  the  dental  arch  in  the  mandible  of  growing  rats.  How-
ver,  the  growth  retardation  in  the  superior  direction  in  the
amus,  in  the  buccal  direction  in  the  gonial  angle,  and  in  the
uccal  direction  in  the  zygomatic  improved  when  rats  were
witched  from  a  4-week  soft  diet  to  a  4-week  hard  diet  [31].

In  humans,  Proffit  et  al.  [34]  suggested  that  dietary
onsistency  affects  dental  arch  dimensions,  and  they  ques-
ioned  whether  a  preadolescent  child’s  masticatory  effort
lays  a  major  role  in  determining  dental  arch  dimensions.
he  precise  relationship,  however,  remains  unknown.

. Impact of differences in feeding behavior
n  jaw bone metabolism from animal studies

urrent  knowledge  supports  the  idea  that  a  decrease
n  muscular  activity  caused  by  a  soft  diet  leads  to
ecreased  mandibular  bone  mass  in  growing  animals
7,9,10,29—31,35].  Additionally,  a  significant  decrease  in
one  mineral  density  in  the  mandibular  condyle  was  shown
n  growing  rats  fed  a  soft  diet  for  20  days  compared  with
ats  fed  a  hard  diet  for  20  days  [36].  However,  another  study
eported  that  purpose-made  soft  pellets  had  little  effect  on

he  degree  of  cortical  bone  mineralization  in  the  mandibles
f  rabbits  when  compared  with  standard  pellets  [37]. Also,  a
-week  powdered  diet  resulted  in  significantly  reduced  bone
ineral  contents  in  the  coronoid  process  and  angle  of  the
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andible  in  3-week-old  rats,  but  not  in  rats  fed  a  kneaded
iet,  compared  with  rats  fed  a  hard  diet  [29].  These  data
uggest  that  differences  in  feeding  behavior  (e.g.,  chewing
r  sucking),  rather  than  differences  in  diet  hardness,  are
elated  to  changes  in  mandibular  bone  mass.

Few  studies  have  evaluated  the  effects  of  a  soft  diet
n  the  maxilla.  Recently,  an  animal  study  using  micro-
omputed  tomography  (micro-CT)  reported  that  a  4-week
owdered  diet  significantly  affected  the  average  corti-
al  thickness  (Ct.Th)  and  cortical  bone  area  fraction
Ct.Ar/Tt.Ar),  as  well  as  the  trabecular  bone  volume
raction  (BV/TV),  trabecular  thickness  (Tb.Th),  trabecular
umber  (Tb.N),  and  trabecular  separation  (Tb.Sp),  in  the
axilla  of  3-week-old  rats  [30].  In  addition,  reductions  in
t.Ar/Tt.Ar  and  Ct.Th  and  a  deterioration  in  Tb.Th  in  the
axilla  and  mandible  were  observed  in  rats  fed  a  pow-
ered  diet  for  8  weeks  compared  with  rats  fed  a  hard  diet
or  8  weeks  (Tables  1  and  2;  Fig.  1A  and  B).  Bone  histo-
orphometric  analyses  showed  that  the  8-week  powdered
iet  accelerated  the  formation  of  osteoid  surface/bone  sur-
ace  (OS/BS)  on  the  periosteal  surface  of  the  maxilla  and
andible  of  3-week-old  rats,  suggesting  that  the  soft  diet
elayed  bone  formation  by  inhibiting  cortical  bone  mineral-
zation  (Tables  3  and  4).  However,  4  weeks  after  a  return  to
he  hard  diet  from  the  4-week  powdered  diet,  the  reduc-
ions  in  Ct.Ar/Tt.Ar  in  the  maxilla  recovered,  as  did  the
ncreases  in  the  OS/BS  on  the  periosteal  surface  and  bone
esorption  on  the  endosteal  surface  (Tables  1  and  3;  Fig.  1A).
n  contrast  to  the  maxilla,  4  weeks  after  the  return  to  a  hard
iet  from  the  4-week  powdered  diet,  the  reductions  in  Ct.Th
nd  Ct.Ar/Tt.Ar  in  the  mandible  had  not  recovered  (Table  2;
ig.  1B),  suggesting  that  mastication  of  the  hard  diet  had  a
reater  effect  on  the  cortical  bone  in  the  maxilla  than  in
he  mandible.  In  the  trabecular  bone,  an  increase  in  bone
esorption  due  to  an  increased  number  of  osteoclasts/bone
urface  (N.Oc/BS)  in  the  maxilla  and  mandible  was  found
n  rats  fed  a powdered  diet  for  8  weeks  compared  with  rats
ed  a  hard  diet  for  8  weeks  (Tables  3  and  4).  However,  the
eterioration  in  trabecular  bone  structure  in  the  maxilla  and
andible  recovered  4  weeks  after  a  return  to  the  hard  diet

rom  the  4-week  powdered  diet;  the  increase  in  bone  resorp-
ion  also  improved  (Tables  1  and  2;  Fig.  1A  and  B).  Moreover,
 weeks  after  the  return  to  a  hard  diet  from  the  4-week
owdered  diet,  we  observed  a  significant  increase  in  min-
ralizing  surface/bone  surface  (MS/BS)  in  the  maxilla  and  a
endency  toward  an  increase  in  MS/BS  in  the  mandible,  to
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Table  2  Micro-CT  analysis  of  cortical  and  trabecular  bones  in  the  mandible.

Cortical  bone  Trabecular  bone

Ct.Th  (�m)  Ct.Ar/Tt.Ar  (%)  BV/TV  (%)  Tb.Th  (�m)

Groups
HD  437.26  ±  21.08  36.36  ±  1.11  27.19  ±  3.99  151.00  ±  15.98
SD 318.77  ±  17.55* 29.93  ±  0.97* 21.24  ±  2.68* 128.59  ±  8.71*

SHD  363.81  ±  19.85*,† 32.77  ±  1.75*,† 24.02  ±  4.01  141.20  ±  19.67

Data are mean ± standard deviations. HD, hard diet. SD, powdered (soft) diet. SHD, switch from soft to hard diets. Ct.Th, average
cortical thickness. Ct.Ar/Tt.Ar, cortical bone area fraction. BV/TV, trabecular bone volume fraction. Tb.Th, trabecular thickness.

* P < 0.05 vs HD group (ANOVA and Tukey test).
† P < 0.05 vs SD group (ANOVA and Tukey test).

Figure  1  Representative  micro-CT  images  of  frontal  cross-section  of  the  first  molar  region  in  the  maxilla  (A)  and  mandible  (B).
HD, hard  diet.  SD,  powdered  (soft)  diet.  SHD,  switch  from  soft  to  hard  diets.

Table  3  Histomorphometric  analysis  of  cortical  and  trabecular  bones  in  maxilla.

Cortical  bone  Trabecular  bone

OS/BS  (%)  MS/BS  (%)  MS/BS  (%)  N.Oc/BS  (N/100  mm)

Groups
HD  24.57  ±  6.06  41.16  ±  4.90  9.78  ±  3.37  0.00  ±  0.00
SD 67.47  ±  14.61* 40.86  ±  5.68  11.29  ±  3.72  44.02  ±  12.76
SHD 35.68  ±  9.99  39.88  ±  11.86  13.79  ±  0.83* 0.00  ±  0.00

Data are mean ± standard deviations. HD, hard diet. SD, powdered (soft) diet. SHD, switch from soft to hard diets. BS, bone surface.
teoc
OS, osteoid surface. MS, mineralizing surface. N.Oc, number of os

* P < 0.05 vs HD group (ANOVA and Tukey test).
above-normal  levels  (Tables  3  and  4)  [31].  We  believe  that
these  processes  contributed  to  the  rapid  compensation  for
the  loss  of  bone  mass  caused  by  the  soft  diet.  Thus,  these

d
c
d

lasts.
ata  suggest  that  mastication  of  the  hard  diet  recovered  the
ollapsed  equilibrium  of  jaw  bone  turnover  caused  by  a  soft
iet  during  growth.
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Table  4  Histomorphometric  analysis  of  cortical  and  trabecular  bones  in  mandible.

Cortical  bone  Trabecular  bone

OS/BS  (%)  MS/BS  (%)  MS/BS  (%)  N.Oc/BS  (N/100  mm)

Groups
HD  27.39  ±  8.15  46.65  ±  5.20  10.91  ±  4.10  27.36  ±  10.93
SD 55.20  ±  10.89* 48.39  ±  8.49  12.42  ±  2.81  55.85  ±  34.95
SHD 43.29  ±  5.69* 51.87  ±  1.49  13.07  ±  6.72  46.39  ±  11.14

Data are mean ± standard deviations. HD, hard diet. SD, powdered (soft) diet. SHD, switch from soft to hard diets. BS, bone surface.
teoc
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OS, osteoid surface. MS, mineralizing surface. N.Oc, number of os
* P < 0.05 vs HD group (ANOVA and Tukey test).

A  4-week  powdered  diet  exerted  a  greater  effect  on
he  trabecular  bone  architecture  in  the  mandible  than  in
he  maxilla  in  3-week-old  rats  [30],  suggesting  that  alveo-
ar  osteopenia  was  more  extensive  in  the  mandible  than  in
he  maxilla  in  growing  rats  that  experienced  low  mastica-
ory  loading  [38].  These  findings  were  likely  caused  by  the
rabeculae  in  areas  distant  from  the  periodontal  ligament
eing  more  abundant  in  the  mandible  than  in  the  maxilla.
enerally,  masticatory  forces  exerted  from  the  teeth  are
ransmitted  through  the  periodontal  ligament  to  the  alveo-
ar  bone,  and  trabeculae  are  arranged  in  response  to  stress
ines  on  the  bone  surface  [34].  Another  study  suggested
hat  the  alveolar  trabecular  bone  loss  induced  by  occlusal
ypofunction  is  correlated  with  a  decrease  in  the  number
f  osteoclasts,  and  this  bone  resorption  causes  a  reduction
n  bone  volume  to  the  minimum  necessary  in  the  absence
f  forces  stimulating  the  alveolar  bone,  such  as  occlusal
orce,  in  growing  rats  [39].  Also,  a  soft  diet  affected  the
urnover  of  periodontal  ligament  collagen  and  altered  the
one  dynamics  of  the  tooth  furcation  area  in  young  rats  [40].
n  a  histological  study,  a  4-week  powdered  diet  resulted  in
rabecular  bone  loss  and  enlargement  of  the  bone  marrow
avity;  however,  trabeculae  attached  to  the  periodontal  lig-
ment  remained  in  the  maxilla  and  mandible  of  the  rats
30].  Therefore,  bone  resorption  spreads  mainly  along  the
rabeculae  after  the  cessation  of  mechanical  stimulation.

. Impact of differences in feeding behavior
n  midpalatal suture development in animal
tudies

ittle  stress  is  transferred  to  the  upper  and  middle  por-
ions  of  the  facial  bones  during  mastication,  except  for  the
andible,  in  macaques  and  baboons  [41,42].  A  recent  study

howed  that  in  the  midpalatal  suture  of  growing  rats  fed
 hard  diet  for  4  weeks,  typical  cartilaginous  ossification,
uch  as  a  growth  plate  structure,  showing  cell  multiplica-
ion,  hypertrophy,  and  matrix  calcification  were  observed.
owever,  a  4-week  powdered  diet  resulted  in  narrower  carti-

age  cell  layers  and  disappearance  of  the  cartilaginous  areas
30].  Moreover,  the  suture  region  in  3-week-old  rats  was
lled  with  fibrous  tissue  after  consuming  a  powdered  diet

or  8  weeks  (Fig.  2A  and  B)  [31].  These  findings  are  consis-
ent  with  those  of  studies  in  growing  rats  [43]  and  growing
igs  [44].  We  suggest  that  a  soft  diet  inhibits  the  differen-
iation  of  mesenchymal  cells  into  chondrocytes,  as  well  as

o
p
s
p

lasts.

hondrocyte  development  and  maturity  in  the  midpalatal
uture  region.  Similarly,  a  rapid  expansion  of  orthodon-
ic  force  increased  the  migration  of  cellular  fibrous  tissue,
ncluding  periosteal  cells  and  blood  vessels,  to  the  central
ortion  of  the  midpalatal  suture  from  the  oral  and  nasal
avity  sides  in  small  animals  [45,46].  However,  the  expan-
ion  forces  resulted  in  rapid  replacement  of  cartilage  tissues
ith  newly  formed  bone  tissues  at  the  oral  and  nasal  cav-

ty  sides,  which  differs  from  the  effects  of  the  soft  diet.
hese  findings  suggest  that  physiological  forces  are  effec-
ive  in  terms  of  inducing  gradual  endochondral  ossification
n  the  midpalatal  suture.  In  fact,  4  weeks  after  returning  to  a
ard  diet  from  a 4-week  powdered  diet,  chondrocyte  devel-
pment  and  maturity  were  reactivated  in  the  midpalatal
uture  region,  and  membranous  ossification  of  the  deteri-
rated  bone  structure  was  promoted  in  the  palatal  bone  of
ats  (Fig.  2A  and  B)  [31].  Thus,  we  suggest  that  mechanical
timulation,  such  as  tongue  pressure  on  the  palate,  with  a
olid  diet,  and  the  transmission  of  force  from  the  periodontal
upport  through  the  hard  palate  during  food  processing,  are
losely  related  to  chondrocyte  development  and  maturity  in
he  midpalatal  suture  region.

. Relationship between masticatory
erformance and tongue pressure during
rowth

ovement  of  the  tongue  contributes  to  food  reduction  by
xerting  a shearing  force  on  the  food  between  the  tongue
nd  hard  palate  during  processing,  and  the  duration  of
his  force  with  hard  food  (peanut)  was  significantly  longer
han  that  with  soft  food  (banana)  [47].  A  clinical  study
eported  that  crushing  ability  is  significantly  correlated  with
aximum  tongue  pressure  in  dentate  adults  [17].  During
astication  and  squeezing,  the  work  performed  by  the

ongue  increases  with  increasing  initial  consistency  of  the
est  food  (jelly),  by  modulating  both  the  magnitude  and
uration  of  tongue  pressure  mainly  at  the  posterior  part
f  the  hard  palate  [16].  Generally,  the  tongue  is  located  in
he  forward  suckling  position  for  nursing  during  the  neonatal
eriod,  and  the  swallowing  pattern  is  infantile.  Propriocep-
ion  causes  postural  and  functional  changes  in  the  tongue

ver  12—18  months,  which  is  followed  by  a  transitional
eriod.  Between  2  and  4  years,  functionally  balanced  mature
wallowing  prevails;  however,  the  tongue  thrust,  which  is
art  of  the  infantile  swallowing  pattern,  may  be  found  in
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Figure  2  Representative  histological  images  of  the  hard  plate  by  Villanueva  Goldner  staining.
HD, hard  diet.  SD,  powdered  (soft)  diet.  SHD,  switch  from  soft  to  hard  diets.  Frontal  cross-section  of  the  area  of  midpalatal  suture
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region (A).  P,  periosteum  within  the  oral  region  of  the  midpalat
magnifications  of  the  midpalatal  suture  (B).  Scale  bar  =  50  �m.

children  older  than  4  years,  and  even  sometimes  in  adoles-
cents  and  adults  [48].  In  several  studies,  maximum  tongue
pressure  was  directly  associated  with  masticatory  perfor-
mance  among  children  aged  6—12  years  [27,49].  In  addition,
tongue  pressure  and  masticatory  performance  were  also
positively  correlated  in  young  adults  [18,49]. These  data
suggest  that  the  development  of  masticatory  performance
is  closely  associated  with  an  increase  in  tongue  pressure.

The  JMS  tongue  pressure  manometer  (JMS  Co.  Ltd.,
Hiroshima,  Japan),  which  is  a  simple  chair-side  tongue  pres-
sure  measurement  device,  is  useful  for  children  and  adults
(Fig.  3A).  Subjects  were  asked  to  place  a  balloon  on  the
anterior  part  of  their  palate,  and  to  close  their  lips,  biting  a
hard  ring  with  the  upper  and  lower  incisors  (Fig.  3B).  Then,
the  subjects  were  asked  to  raise  their  tongues  and  compress
the  balloon  onto  the  palate  with  maximal  voluntary  muscu-
lar  effort  for  approximately  7  s (Fig.  3C).  The  pressure  was
measured  (in  kilopascals)  using  a  digital  voltmeter  attached
to  the  tongue  pressure  manometer  [18,27,49—51].  A  recent
study  reported  that  the  maximum  tongue  pressure  increased

with  age  (although  there  were  some  vertical  variations)  in
6—12-year-old  children  [27].  The  mean  maximum  tongue
pressure  of  12-year-olds  was  less  than  that  for  adults  aged
20—30  years  [18,27,50].  Several  studies  showed  that  maxi-

u
e
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ure,  SC,  suture  cartilages,  B,  bone.  Scale  bar  =  200  �m.  Higher

um  tongue  pressure  remained  constant  from  twenties  to
fties,  and  started  to  decrease  from  the  sixties  in  men,  how-
ver,  maximum  tongue  pressure  started  to  decrease  from
he  seventies  in  women  [52,53]. In  addition,  the  mean  max-
mum  tongue  pressure  of  children  aged  6  years  was  similar  to
hat  of  adults  aged  >70  years  [27,50,51]. These  data  suggest
hat  tongue  pressure  increases  during  the  growth  period,
eaks  during  early  adulthood,  and  decreases  in  old  age.
owever,  the  maximum  tongue  pressure  in  healthy  adult
omen  (mean  age  24  ±  9  years)  was  approximately  35  kPa,
ompared  to  approximately  50  kPa  in  men  [18].  Our  recent
tudy  reported  that  the  mean  maximum  tongue  pressure  in
irls  (mean  age  10.0  years)  was  36.9  kPa,  although  that  in
dult  women  (mean  age  25.9  ±  2.7  years)  was  30.5  kPa.  In
en,  the  mean  maximum  tongue  pressure  increased  with
ental  developmental  stage  [49].  These  data  suggest  that
eak  maximum  tongue  pressure  is  reached  earlier  in  women
han  in  men.  Therefore,  before  reaching  adulthood,  women
equire  intervention  to  increase  their  peak  tongue  pressure.

Oral  chondrocyte  therapy  has  for  several  decades  been

sed  to  treat  and  prevent  poor  oral  habits  [54]. Various
xercises  are  used  to  encourage  mature  swallowing  in  chil-
ren,  including  pushing  the  tip  of  the  tongue  against  the
ard  palate  [55,56]. Another  researchers  advocated  tongue-
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Figure  3  The  maximum  tongue  pressure  test.
A atien
I

s
s
[
i
t
i
t
t
t
a
i
a
a
m
t
i
c

7

A
i
f
p
a
i
H
e

a
b
m
i
c
t

F

T
i
J

C

N

R

[

[

[

[
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trengthening  exercises  to  improve  tongue  functions  for
peech  and  swallowing  in  dysarthric  and  dysphagic  patients
57].  In  addition,  a  tongue  rotation  exercise  significantly
ncreased  the  maximum  tongue  pressure  in  accordance  with
he  elongated  period  in  adults  [58].  However,  these  studies
nvolved  young  people  with  normal  occlusion  and  no  dysfunc-
ion  of  the  stomatognathic  system.  A  recent  study  reported
hat  orofacial  myofunctional  therapy  positively  influenced
ongue  behavior  in  children  aged  7.1—10.6  years  with  an
nterior  open  bite  and  visceral  swallowing  pattern,  and
nfluenced  the  tongue  elevation  strength,  tongue  posture
t  rest,  and  tongue  position  during  swallowing  of  solid  food
fter  therapy  for  6  months  [56],  suggesting  that  orofacial
yofunctional  therapy  can  improve  tongue  habits,  including

ongue  thrust,  in  children.  However,  whether  tongue  thrust
s  improved  by  orofacial  myofunctional  therapy  after  the
ritical  period  is  unclear.

. Conclusions

 soft  diet  has  a  negative  impact  on  metabolism  in  the  max-
lla  and  mandible  of  growing  rats.  A  soft  diet  delayed  bone
ormation  by  inhibiting  mineralization  of  the  cortical  bone
eriosteal  surface  in  the  maxilla  and  mandible.  Additionally,

 soft  diet  increased  trabecular  bone  resorption  by  increas-
ng  the  number  of  osteoclasts  in  the  maxilla  and  mandible.
owever,  mastication  of  a  hard  diet  recovered  the  collapsed
quilibrium  of  jaw  bone  turnover  caused  by  a  soft  diet.

Furthermore,  tongue  pressure  is  closely  associated  with
n  increase  in  masticatory  performance  in  children  and  may
e  related  to  chondrocyte  development  and  maturity  in  the
idpalatal  suture.  It  is  important  that  girls  receive  training

n  tongue  function  before  reaching  adulthood.  Furthermore,
hildren  with  tongue  habits  should  exert  effort  to  improve
heir  masticatory  performance.
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