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Summary
Background.  —  The  immature  human  palate  functions  in  suckling  and  swallowing  but  transitions
to participate  in  mastication  and  sound  production  as  the  individual  grows  and  matures.  Functio-
nal alterations  manifest  as  changes  in  the  morphology  of  the  palate  and  may  result  from  dental
eruption. The  aim  of  this  study  was  to  analyse  the  effect  of  dental  eruption  on  morphological
changes of  the  palate  in  immature  individuals  using  geometric  morphometrics.
Methods.  —  Crania  from  72  individuals  were  sourced  from  the  Raymond  A.  Dart  Collection  of
Human Skeletons,  University  of  the  Witwatersrand.  Age  groups  corresponding  to  the  eruption
of the  deciduous  (birth  —  5  years),  mixed  (6—12  years)  and  permanent  dentition  (13—20  years)
respectively  were  used.  Fourteen  osteological  landmarks  were  digitised  across  the  oral  surface
of the  palate  and  were  converted  into  linear  distances  and  3D  wireframes.  Data  analysis  focused
on alterations  in  shape  and  size  relative  to  the  state  of  the  dentition.
Results.  —  A  significant  increase  in  the  geometric  mean,  length  and  width  was  observed  between
the different  states  of  the  dentition.  The  palate  shape  was  long  and  narrow  in  the  permanent
dentition  group,  resulting  in  a  more  acute  angle  anteriorly  and  a  protruded  orale.  A  protrusion  of
the staphylion  and  deeper  palatal  dome  and  change  in  the  horizontal  alignment  of  the  alveolar

region were  also  observed  in  the  permanent  dentition  group.
Conclusion.  — The  subtle  changes  identified  in  the  growing  palate  during  different  stages  of  the
dentition may  assist  forensic  scientists  during  detailed  case  analysis.
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natomical  structures  involved  in  feeding  have  evolved  over

ime  to  aid  the  mechanisms  of  prehension,  mastication  and
eglutition  in  different  organisms  [1]. As  human  develop-
ent  proceeds,  the  increase  in  the  functional  activities  of
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he  oral  cavity  and  the  changes  which  occur  in  the  bones
nd  muscles  of  the  palate  drives  maturation  and  further
tructural  development  and  growth  [2—5].  The  maxilla  is
haracterised  by  numerous  morphological  changes  during
he  juvenile  stage  of  growth  as  the  deciduous  dentition
xfoliates,  the  permanent  dentition  erupts  and  a  relative
ncrease  in  the  mass  of  the  maxillary  alveolar  bone  and
rowth  of  inter-alveolar  width  occurs  [3—6].

Forces  associated  with  the  functional  activities  of  the
ral  cavity  such  as  mastication,  occlusion,  swallowing  and
ental  eruption  are  said  to  cause  osteogenic  loading  of  the
ssociated  bones  [6].  These  weight  bearing  activities  stimu-
ate  the  building  of  bone  and  lead  to  an  increase  in  bone
ass  and  also  to  bone  remodelling  of  the  palate  [7].  A  gene-

al  change  in  the  shape  of  the  dental  arch  of  the  maxilla
ue  to  an  increase  in  its  length  and  width  has  been  observed
uring  the  stages  of  eruption  and  emergence  of  the  dentition
8].  Changes  in  both  the  anterior  and  posterior  dentition  and
ence  bone  remodelling  of  the  maxilla  in  those  regions  occur
rom  childhood  into  adulthood  [6,9].  Thus,  the  relationship
etween  growth  of  the  alveolar  process  and  changes  to  the
alate  may  be  age-related.  Geometric  morphometrics  (GM)
ffers  the  opportunity  to  explore  the  influences  of  subtle
hanges  in  size  and  shape  across  the  growth  of  the  palate
elative  to  the  different  dental  eruption  patterns.

The  current  study  thus  analysed  changes  in  the  shape
nd  dimensions  of  the  human  palate  from  birth  through  the
tages  of  dental  eruption  to  the  complete  emergence  of  the
ermanent  dentition  in  the  sub-adult  stages  of  life  using
eometric  morphometrics.

aterials and methods

ample

thics  clearance  to  use  skeletonized  human  maxillae  was
btained  from  the  University  of  the  Witwatersrand’s  Human
esearch  Ethics  Committee  (HREC  -  Medical)  (W-CBP-
10401-01).

Crania  from  72  South  African  individuals  were  sourced
rom  the  Raymond  A.  Dart  Collection  of  Human  Skeletons.
he  demographics  of  the  sample  is  displayed  in  Table  1.  The

ample  from  each  of  the  population  affinities  in  relation  to
he  stages  of  dental  eruption  is  limited  by  the  small  cohort
f  sub-adult  skeletal  remains  available  in  human  collections
10,11].  As  there  is  known  to  be  a  large  amount  of  genetic

L
T
(
w

Table  1  Age,  sex  and  population  affinity  distribution  of  the  study

Group  Age  range  (n=)  Sex  (n=)  

Dentition  type  Female  

Deciduous  Birth  —  5  years  (n  =  14)  9  

Mixed 6—12  years  (n  =  8)  2  

Permanent 13—20  years  (n  =  50)  17  

Total 28  

a The South African coloured population group is a self-identified grou
which extends into their genetic make-up. Parental populations may 

African Bantu speaking population groups and non-Africans including M

2

mer  and  E.F.  Hutchinson

dmixture  in  the  southern  African  populations  [12,13],  the
ample  was  not  assessed  in  relation  to  specific  population
ffinities  [14,15]. Age  estimation  was  based  on  the  stages  of
ental  eruption  and  emergence  of  the  teeth  of  each  indivi-
ual  [16].  The  age  and  sex  of  the  individuals  were  obtained
rom  the  database  of  the  collection.

As  the  eruption  and  emergence  of  the  dentition  is  asso-
iated  with  the  modelling  and  remodelling  of  the  alveolar
one  [17],  and  as  alveolar  bone  is  closely  associated  with  the
ostnatal  development  of  the  palate  [18],  dental  eruption
nd  the  emergence  of  the  teeth  were  considered  in  the  grou-
ing  of  individuals  for  analysis.  Thus,  the  sample  was  divided
nto  three  age  groups:  group  1  (birth  —  5  years)  to  corres-
ond  with  the  eruption  of  the  deciduous  dentition,  group  2
6—12  years)  corresponding  with  the  eruption  of  the  mixed
entition  and  group  3  (13—20  years)  corresponding  with  the
ruption  of  the  permanent  dentition  (Table  1).  Maxillae  with
ny  congenital  abnormalities,  atypical  dental  patterns  (e.g.
upernumerary  teeth),  trauma,  pathology  or  surgical  inter-
entions  and  general  damage  were  excluded  from  this  study.
ndividuals  were  also  excluded  in  cases  where  sutures  could
ot  be  visualised  or  landmarks  were  not  present.

ethods

igitising  of  landmarks
 series  of  14  osteological  landmarks  [19]  (Fig.  1)  were  digiti-
ed  across  the  oral  surface  of  each  palate  using  an  Immersion
icroScribe  G2  unit  (Solution  technologies  Oella,  MD,  USA),
ith  an  accuracy  of  0.38  mm.  The  landmarks  were  recor-
ed  from  LM1  towards  LM14  (Fig.  1)  to  better  visualise  their
osition  in  three-dimensional  space  (Supplementary  Table
).

Subsequent  to  digitising  the  landmarks  using  MicroS-
ribe  utility  software  (MUS)  7  (Revware  inc.  Raleigh,  NC,
SA),  the  3D  coordinates  were  imported  into  a  Microsoft
xcel  worksheet.  Each  digitised  landmark  consisted  of  three
oordinates  (X,  Y,  and  Z),  which  represented  the  horizon-
al,  vertical  and  depth  planes  respectively.  A  Pythagorean
ormula  was  used  to  convert  the  recorded  landmarks  to  dis-
ances  [20].
inear  measurements
he  length  of  the  palate  was  measured  between  the  orale
LM9)  and  staphylion  (LM3)  (Fig.  1).  The  width  of  the  palate
as  measured  at  its  widest  point  between  the  left  and  right

 sample.

Population  affinity  (n=)

Male aSA  Coloured  SA  White  SA  Black

5  1  1  12
6  —  2  6
33  2  3  45
44  3  6  63

p who possesses a rich and diverse history within South Africa,
include an admixture of Africans such as Khoesan individuals,
alaysians, Indonesians, Indians and Europeans [14,15].



Morphologie  108  (2024)  100722

Figure  1  Oral  surface  of  the  human  immature  palate  indicating  the  location  of  the  14  osteological  landmarks.  A.  Birth.  B.  Twelve
years of  age.  The  14  landmarks,  include  10  fixed  (FX)  and  four  floating  landmarks  (FL)  (Supplementary  Table  1)  selected  for  the
purpose of  calculating  the  linear  measurements  and  defining  the  shape  of  the  palate.

Figure  2  Schematic  diagram  illustrating  the  posterior  view  of  the  bony  palate.  The  staphylion  and  left  and  right  postalverions
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landmarks LM3,  LM5  and  LM13)  were  used  to  calculate  the  ele
ule (CosB  =  [c2  +  a2—b2]/[2ac])  as  the  triangle  created  by  landm

ndomolare  (LM6  and  LM12)  (Fig.  1).  The  elevation  of  the
alatal  dome  was  calculated  (Fig.  2).

hape  analysis
n  order  to  visualise  the  spatial  relationships  of  digitised
steological  landmarks,  a  wireframe  model  was  constructed
ith  MORPHOLOGIKA  2  v.  2.5  (University  College  London,  UK,
007)  by  connecting  the  digitised  osteological  landmarks  in
D  space.  The  relationship  between  landmarks  was  further
nvestigated  using  Generalized  Procrustes  Analysis  (GPA).

ata  analysis
he  3D  landmark  measurement  data  were  subjected  to  a
rincipal  component  analysis  (PCA)  using  PAST  statistical
oftware  to  analyse  the  size  and  MORPHOLOGIKA  2  v.  2.5
University  College  London,  UK,  2007)  to  assess  variations
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n  of  the  palatal  dome.  The  calculation  made  use  of  the  cosine
s  LM3,  LM5  and  LM13  was  not  a  right-angled  triangle.

n  shape.  All  quantitative  data  analysis  was  conducted  using
icrosoft  Excel  for  Windows  and  SPSS  V20  (IBM,  Armonk,  NY,
SA,  2021).

A  Shapiro—Wilk’s  test  was  conducted  to  assess  the
istribution  of  the  data  across  the  entire  sample.  Descrip-
ive  statistics  were  calculated.  A  multivariate  analysis  of
ariance  (MANOVA)  was  conducted  to  assess  variations  in
he  calculated  size  (geometric  mean)  and  shape  (Mosimann
hape)  variables  relative  to  dental  eruption  and  age  [17,21].

 P-value  of  less  than  0.05  was  considered  significant.
The  multivariate  nature  of  shape  as  captured  by  the

rocrustes  shape  coordinate  was  analysed  using  a  princi-
al  component  analysis  (PCA)  to  show  and  compare  shape
ariation  between  individuals  within  the  study  sample  [22].
Inter-  and  intra-observer  errors  were  determined  by
wo  researchers  on  ten  individuals  and  tested  using  Lin’s
oncordance  correlation  coefficient  of  reproducibility.  The
easure  of  repeatability  included  redigitising  all  linear  mea-
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Figure  3  Oral  surface  of  the  immature  human  palate  showing  the  general  morphology.  A.  At  birth  (deciduous  dentition  group).
B. Ten  years  of  age  (mixed  dentition  group).  C.  Sixteen  years  of  age  (permanent  dentition  group).  Red  rectangles  indicate  areas  of
the palate  with  marked  morphological  changes.

Table  2  Measurements  (mean  and  standard  deviation)  of  the  palate  according  to  the  state  of  the  dentition.

Group  1  —  Deciduous
dentition:  birth  —  5
years  (n  =  14)

Group  2  —  Mixed
dentition:  6—12  years
(n  =  8)

Group  3  —  Permanent
dentition:  13—20  years
(n  =  50)

Scheffe  Post  Hoc  (P)

Measurements  Mean  (SD) Mean  (SD) Mean  (SD)  Group  1  vs.  2  Group  2  vs.  3

Width  26.26  (3.30)  31.70  (2.17)  38.83  (3.33)  0.001a 0.001a

Height  3.02  (1.03)  4.60  (1.46)  7.75  (2.86)  0.366  0.006
Length 31.79  (3.24)  41.16  (2.71)  51.23  (4.37)  0.001a 0.001a

Geo  Mean  13.43  (2.38)  17.98  (1.87)  24.46  (4.22)  0.029  0.001a

MSV  W  1.99  (0.27)  1.78  (0.17)  1.64  (0.33)  0.303  0.495
MSV H  0.22  (0.05)  0.25  (0.06)  0.31  (0.08)  0.571  0.146
MSV L 2.42  (0.39)  2.31  (0.27)  2.16  (0.45)  0.846  0.640

Length: the length of the palate; Width: the width of the palate; Height: the height of the palate; Geo Mean: geometric mean; MSV L:
Mosimann shape variable of the length of the palate; MSV W:  Mosimann shape variable of the width of the palate; MSV H: Mosimann
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shape variable of the height of the palate. Scheffe Post Hoc P is s
a All indicated values of P were less than 0.001.

urements  across  the  14  specified  landmarks  across  all  ten
elected  individuals.  Values  ranging  between  0.8  and  1  were
onsidered  acceptable  levels  of  repeatability.

esults

n  macroscopic  observation  the  palate  was  horseshoe-
haped  in  individuals  of  the  deciduous  dentition  group
Fig.  3A)  compared  to  a  more  oval-shape  in  the  mixed  and
ermanent  dentition  groups  (Fig.  3B  and  C).  In  the  posterior
egion  of  the  palate  in  the  mixed  and  permanent  dentition
roups  (Fig.  3B  and  C),  bilateral  indentations  (curvatures)
nd  a  formed  palatal  spine  were  observed  when  compared
o  the  deciduous  dentition  group  (Fig.  3B  and  C).  The  inci-
ive  foramen  was  more  posteriorly  situated  in  the  permanent
entition  group  compared  to  its  position  in  the  deciduous
nd  mixed  dentition  groups  (Fig.  3).

uantitative  analysis  of  the  palate
 high  level  of  repeatability  was  observed  across  all  measu-
ements  (height:  84%,  width:  95.8%,  length:  97.1%).

A  significant  increase  in  the  geometric  mean,  length  and
idth  was  observed  between  the  different  states  of  the
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cant at P ≤ 0.05.

entition.  However,  no  statistically  significant  changes  in  the
hape  parameters  were  noted  (Table  2).

ize  of  the  palate

he  length  (P  ≤  0.001),  width  (P  ≤  0.001)  and  height
P  ≤  0.006)  measurements  of  the  palate  of  the  permanent
entition  group  were  significantly  larger  than  that  of  the
ixed  and  deciduous  dentition  groups  respectively  (Table  2)

s  evident  in  the  high  degree  of  separation  observed  in  the
CA  between  these  groups  (Fig.  4).  The  geometric  mean
f  the  palate  (geo  mean)  was  significantly  greater  when
omparing  the  permanent  dentition  group  to  the  mixed
P  ≤  0.029)  and  deciduous  (P  ≤  0.001)  dentition  groups  res-
ectively  (Table  2).  However,  no  significant  level  of  variance
as  noted  in  the  PCA  as  indicated  by  the  degree  of  overlap
bserved  between  these  groups.

ualitative  analysis  of  palatal  shape

hen  comparing  the  3D  wireframes,  the  oral  view  of  the

alate  showed  that  the  left  and  right  posterior  alveolar
egions  (at  LM6  and  LM12  respectively)  were  oriented
owards  the  midline  of  the  palate  in  the  mixed  dentition
nd  permanent  dentition  groups  (Fig.  5A).  This  change  in
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Figure  4  Principal  component  analysis  (PCA)  assessing  the  degree  of  variance  in  the  size  of  the  palate  between  the  three  states
of the  dentition:  group  1  (blue:  deciduous  dentition),  group  2  (red:  mixed  dentition),  group  3  (green:  permanent  dentition).  Box
plots illustrate  the  influence  of  each  measurement  and  the  geometric  mean  (Geo  Mean)  on  PC1  and  PC2.  In  the  PCA,  an  overlap
of the  group  distribution  map  (coloured  areas)  indicates  little  to  no  variation  between  the  represented  groups,  while  a  separation
between groups  indicates  a  high  to  moderate  degree  of  variation  between  the  represented  groups.

Figure  5  Wireframes  illustrating  the  changes  in  the  palatal  shape  between  the  varying  stages  of  dental  eruption  and  emergence.
Oral view  (A),  illustrating  the  oral  surface;  lateral  view  (B),  illustrating  the  right  alveolar  region  and  an  overlapping  of  the  left
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lveolar region;  posterior  view  (C),  illustrating  the  posterior  reg
arked morphological  changes.  Numbers  1—14  indicate  specific

rientation  resulted  in  a  narrower  appearance  of  the
ireframe  of  the  palate  in  the  permanent  dentition  group
hen  compared  to  the  other  groups  as  indicated  by  the
istances  between  LM12-LM6  and  LM10-LM8  (Fig.  5A).  The
alate  was  also  longer  along  the  median  plane  (distance
etween  LM3-LM9)  in  the  permanent  dentition  group
ompared  to  the  deciduous  and  mixed  dentition  groups
espectively  (Fig.  5A).  The  long  and  narrow  palate  observed
n  the  permanent  dentition  group,  resulted  in  a  more  acute
ngle  anteriorly  (LM8-LM9-LM10)  and  a  protruded  orale
LM9)  compared  to  the  palate  of  the  deciduous  dentition
roup  (Fig.  5A).  An  outward  protrusion  of  the  left  and
ight  postalverions  (LM5  and  LM13)  was  observed  in  the
ermanent  dentition  group  (Fig.  5A).
Shape  changes  in  the  posterior  region  of  the  palate  such
s  the  protrusion  of  the  staphylion  (LM3)  were  observed
cross  the  different  states  of  the  dentition  (Fig.  5A).  A
road  obtuse  angle  was  observed  relative  to  LM13-LM14-
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f  the  palate.  Blue  rectangles  indicate  areas  of  the  palate  with
marks.

M3  and  LM3-LM4-LM5  on  either  side  of  the  palatal  spine  in
he  deciduous  dentition  group  compared  to  the  mixed  and
ermanent  dentition  groups  (Fig.  5A).  The  formation  of  bila-
eral  indentations  of  the  posterior  region  of  the  palate  in  the
ixed  dentition  group  was  observed  at  LM4  and  LM14  respec-

ively.  The  bilateral  indenting  was  deeper  in  the  permanent
entition  group  in  comparison  to  the  mixed  dentition,  and
bsent  in  the  deciduous  dentition  group.  Thus,  a  change  in
he  obtuse  angle  of  the  bilateral  indentations  to  an  acute
ngle  and  a  well-defined  ‘‘W’’  shape  (LM13-LM14-LM3-LM4-
M5)  was  observed  at  the  posterior  border  of  the  palate  in
he  permanent  dentition  group  (Fig.  5A).  The  increase  in  the
eight  of  the  alveolar  region  (LM13-LM3-LM5  and  LM12-LM2-
M6)  of  the  permanent  dentition  was  associated  with  the

ore  elevated  roof  of  the  palate  compared  to  the  mixed

nd  deciduous  dentition  groups  respectively  (Fig.  5B).
In  the  posterior  view  of  the  wireframes  (Fig.  5C),  the  roof

f  the  palate  changed  from  being  flat  in  the  deciduous  den-
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ition  group  (see  line  across  the  three  groups  indicated  by:
M13-LM14-LM3-LM4-LM5)  (Fig.  5C)  to  being  deeper  and  for-
ing  a  dome  in  the  mixed  and  permanent  dentition  groups

Fig.  5C).  The  landmarks  LM13-LM14  and  LM4-LM5  respecti-
ely  indicate  a  reorientation  of  the  left  and  right  alveolar
egions  from  a  horizontal  orientation  in  the  deciduous  denti-
ion  group  to  a  vertical  orientation  with  a  lateral  inclination
n  the  mixed  and  permanent  dentition  groups  (Fig.  5C).  The
ateral  divergence  of  the  vertically  oriented  alveolar  regions
as  associated  with  a  statistically  significant  increase  in  the
idth  of  the  palate  in  the  later  dentition  groups.

iscussion

ignificant  3D  changes  in  the  shape  and  size  of  the  palate
ere  observed  in  the  current  study  by  means  of  geome-

ric  morphometry,  relative  to  the  emergence  and  eruption
f  the  maxillary  dentition  in  immature  individuals.  The  3D-
onstructed  wireframes  demonstrated  subtle  and  important
ifferences  in  the  palatal  shape  (in  the  anterior  and  poste-
ior  areas,  and  the  dome  of  the  palate)  across  the  different
tages  of  the  dentition  that  have  been  overlooked  by  quan-
itative  analysis  and  2D  methods  making  use  of  callipers.
hese  differences  included  the  horizontal  orientation  of  the
lveolar  region  in  the  deciduous  group  compared  to  a  verti-
al  orientation  in  the  permanent  dentition  group  (deepening
f  the  palatal  dome),  angulation  of  the  orale  in  the  anterior
lveolar  region  and  the  posterior  ‘‘W’’  shape  of  the  palate
n  permanent  dentition  group.

The  variation  in  the  shape  of  the  palate  in  different
tates  of  the  dentition  in  the  current  study,  particularly
hose  associated  with  the  posterior  palatal  and  alveolon
egions,  are  supported  by  significant  increases  across  all
ssessed  dimensions.  The  transition  in  shape  is  particularly
vident  when  comparing  palatal  shape  between  the  deci-
uous  and  mixed  dentition  groups,  where  the  alveolar  arch
ncreased  in  length  and  width.  This  increase  in  dimensions
s  thought  to  be  the  result  of  the  alveolar  arch  accommo-
ating  the  development,  eruption  and  transition  between
entition  sets,  which  has  been  previously  explored,  particu-
arly  with  reference  to  dental  crowding  [6,23—25].  Dental
rch  length  is  one  of  the  most  important  factors  when  diag-
osing  and  treating  dental  crowding  issues  [25].  Children
ith  delayed  eruption  of  the  permanent  teeth  demonstrate

horter  palatal  lengths  [24].
In  addition  to  the  significant  lengthening  of  the  palate,

orphological  shape  variations  such  as  lateral  divergence  of
he  alveolar  region  in  the  more  advanced  dentition  groups
ompared  to  the  deciduous  dentition  group  indicated  increa-
ed  widening  of  the  palate  with  the  transition  across  the
tates  of  the  dentition  as  has  also  been  demonstrated  by
nott  [26]  and  Amirabadi  et  al.  [27].

While  the  role  of  the  dentition  in  the  expansion  of  the
alate  anteriorly  may  account  for  the  change  in  the  angu-
ation  of  the  alveolon  region  of  the  palate  in  the  current
tudy,  changes  in  the  posterior  palatal  region  were  seen  to
ave  a  greater  effect  on  the  transition  of  the  overall  shape

f  the  palate.  The  palate  appeared  narrower  in  the  endomo-
are  region  in  the  permanent  dentition  group  compared  to
he  other  two  groups  which  may  be  explained  by  a  realign-
ent  of  the  maxillary  molars  with  growth  [6,28].  Maxillary
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olars  become  more  upright  as  their  crowns  expand  late-
ally  with  age  and  also  undergo  a degree  of  rotation  in  the
oronal  plane  to  increase  the  degree  of  molar  torque  needed
ith  the  adoption  of  more  complex  functions  such  as  che-
ing  [6,28].  The  changes  in  the  positioning  and  alignment  of

he  molars  may  also  account  for  the  increase  in  the  height
f  the  palatal  dome  observed  in  the  current  study.  Thilan-
er  [29]  attributed  the  increase  in  the  height  of  the  palate
cross  the  different  states  of  the  dentition  to  the  eruption
f  the  dentition,  which  resulted  in  the  inferior  growth  of
he  alveolar  bone  in  the  maxilla.  The  increase  in  height  of
he  alveolar  region  in  the  permanent  dentition  of  individuals
n  the  current  study  better  accommodates  the  bigger  teeth
nd  creates  a  larger  surface  area  for  the  increased  tongue
ctivity  associated  with  the  demands  of  an  evolved  diet.

The  palatal  spine  and  posterior  arches  in  the  current
tudy  were  significantly  more  defined  in  the  permanent
entition  group.  The  shape  of  the  posterior  palatal  region
ransitioned  from  a  broad  obtuse  angle  on  either  side  of  the
taphylion  in  the  deciduous  dentition  group  to  a  well-defined
‘W’’  shape  in  the  posterior  dentition,  resulting  in  distinct
osterior  palatal  arches  on  either  side  of  the  spine  of  the
alate.  This  may  be  attributed  to  the  significant  increase
n  the  length  of  the  palate  of  individuals  in  the  permanent
entition.  The  staphylion  and  posterior  palatal  arches  also
erve  as  an  attachment  point  for  the  palatal  aponeurosis,
hich  forms  a  platform  for  the  attachment  of  the  soft  palate
usculature  [30]. Owing  to  the  attachment  and  functioning

f  the  soft  palate  musculature,  the  posterior  palatal  spine
nd  associated  arches  become  more  morphologically  distinct
ith  age  [7]  due  to  increased  biomechanical  stimulation
ssociated  with  deglutition.

A significant  increase  in  the  definition  and  height  of  the
oof  of  the  palate,  commencing  from  a  flattened  palatal
helf  in  individuals  of  the  deciduous  dentition  group  to  a
ome-like  appearance  in  the  permanent  dentition  group,
as  observed  in  the  current  study.  Pressure  of  the  soft  palate
usculature  on  the  posterior  aspect  of  the  palate  in  a  super-

or  direction  influences  the  height  of  the  palate  [31]  and
timulates  posterior  appositional  growth  of  the  palate.  With
eposits  of  new  bone  being  accrued  on  the  oral  surface  of
he  palate,  there  is  corresponding  removal  of  bone  from  the
asal  surface  resulting  in  an  increase  in  the  depth  of  the
alatal  dome  and  thus  an  increase  in  height  of  the  palate
8].  Abnormally  high  palatal  domes  occur  in  individuals  with
asal  obstruction  and  a  reduced  nasal  cavity  [32]  indicating
hat  breathing  through  the  nose  may  also  be  important  in
alatal  growth  [33].

The  tongue  also  creates  a  distortional  force  during  suck-
ing  which  coincides  with  the  appearance  of  cartilage  in  the
edian  palatal  suture  and  ultimately  growth  in  the  width

nd  height  of  the  palate  [7].  In  addition,  the  mechanical
ction  of  the  tongue  against  the  dome  of  the  palate  is  impor-
ant  during  the  oral  phase  of  deglutition.  Dysmorphologies
f  the  palate  occur  in  cases  of  aglossia,  hypoglossia  and  soft
late  dysmorphology,  where  absence  of  the  pressure  crea-
ed  by  the  mechanical  activity  of  the  tongue  and  soft  palate
ave  been  implicated  [34—40].
The  influence  of  the  biomechanical  force  generated  by
he  tongue  is  further  demonstrated  by  the  formation  of

 more  acute  angle  at  the  orale  in  the  mixed  and  per-
anent  dentition  groups.  The  shape  reorientation  of  the
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Morphologie  1

axillary  incisor  region  from  a  lingual  to  a  more  labial  direc-
ion  is  influenced  by  lingual  forces  on  the  anterior  (incisor
egion)  region  of  the  palate  [33].  Additionally,  increased
one  mass  due  to  bone  remodelling  occurs  in  the  anterior
incisor  region)  region  of  the  palate  in  the  immature  stages
f  growth  [9]  suggesting  that  mechanical  pressure  from  the
ongue  on  the  anterior  region  of  the  palate  may  have  influen-
ed  the  shape  difference  observed  anteriorly  between  the
hree  dentition  groups.

In addition  to  the  factors  cited  above,  the  growth  of  the
omponents  of  the  maxilla  may  also  influence  growth  in  the
ength  of  the  palate.  As  the  nasal  region  grows  anteriorly,
rowth  of  the  viscerocranium  is  directed  anteriorly.  In  order
o  achieve  equilibrium  in  craniofacial  growth,  the  sphenoid
one  grows  posteriorly  and  apposition  of  new  bone  accrues
n  the  posterior  region  of  the  maxillary  tuberosity  [8]. There
s  thus  an  increase  in  the  anterior-posterior  dimension  of  the
axillary  alveolar  region  directly  influencing  the  length  of

he  palate  [8,41],  as  indicated  in  the  current  study  by  a
rotruding  staphylion  in  the  posterior  region  of  the  palate
n  the  mixed  and  permanent  dentition  groups.

Subtle  changes  in  the  growth  of  the  maxilla  as  deter-
ined  with  geometric  morphometrics  have  implications  for

orensic  scientists  and  orthodontists.  With  respect  to  foren-
ic  scientists,  the  subtle  changes  in  the  orientation  of  the
lveolar  regions  and  the  positioning  of  the  orale  may  assist  in
efining  age  assessments  of  an  immature  individual.  Ortho-
ontists  may  find  value  understanding  the  impact  of  the
ealignment  of  the  alveolar  region  and  the  change  in  the
ngulation  of  the  orale  when  planning  long-term  orthodontic
reatment,  particularly  in  cases  of  dental  crowding.

imitations of the study

he  sample  size  of  the  deciduous  and  mixed  dentitions  of
he  population  studied  was  considerably  smaller  than  the
ermanent  dentition  as  is  expected  in  a  general  skeletal  col-
ections  where  juvenile  remains  are  relatively  uncommon.
his  applies  too  to  the  mixed  dentition  where  the  sample
ould  not  be  separated  into  an  early,  intermediate  and  late
roup.  In  addition,  the  cross-sectional  nature  of  the  study
s  a  limitation  and  access  to  live  patients  would  enhance
nowledge  as  a  longitudinal  study  could  be  undertaken.

onclusion

he  morphological  changes  observed  in  the  current  study
ccur  concomitantly  with  the  increased  functional  activi-
ies  of  the  dentition  and  the  oral  soft  tissues  (including  the
ongue  and  soft  palate),  as  well  as  the  development  and
ruption  of  the  dentition  and  the  growth  of  the  viscerocra-
ium  [18,42,43].

With  the  use  of  geometric  morphometrics,  the  more
ubtle  size  and  shape  changes  of  the  palate  across  the  dif-
erent  states  of  the  dentition  are  reflective  of  a  progressive
hange  due  to  dental  eruption  and  development  of  the  roof

f  the  oral  cavity.  Multifactorial  influences  resulting  from
ctivities  of  the  musculoskeletal  structures  of  the  oral  cavity
n  the  palate  manifest  as  bone  remodelling  and  appositional
rowth  across  the  different  states  of  the  dentition.
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