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INTRODUCTION 


Maxilla is an important paired bone of the midface that articulates with 
 other  skull  bones  through  the  cranial  and  circum-maxillary  sutures  such  as 
 frontomaxillary,  frontonasal,  frontozygomatic,  zygomaticomaxillary,  inter-
 nasal,  intermaxillary  sutures,  pterygomaxillary,  nasomaxillary  suture,  mid-
 palatal  and  zygomaticotemporal  sutures.15  Suture  in  the  skull  have  several 
 functions.  They  unite  bones,  absorb  forces,  act  as  joints  that  permit  relative 
 movement between bones and play a role as growth sites. 


The  growth  pattern  of  the  craniofacial  sutures  is  well  known  on  the 
basis of the implant studies by Bjork and Skiller.5 The extent of the fusion of 
facial  sutures  serves  as  an  important  indication  in  study  of  facial  growth  as 
well  as  treatment  planning.  The  patency  of  sutures  varies  at  different  age 
groups. The circum-maxillary sutures are patent and wide open at a young age 
but  became  more  complex  and  interdigitated  with  age,  by  growth  and 
resorption  of  bone. Bjork5  highlighted  the  importance  of  the  appositional 
growth  in  the  maxillary  tuberosity  area  in  relation  to  the  pterygoid  and 
pyramidal  processes.  There  have  been  conflicting  reports  with  regards  to  the 
closure of facial sutures. According to Scott  &  Skiller5, the circummaxillary 
suture remains open atleast upto the middle of adult life. This contradicts the 
results of David and Cob, who assessed the sutures based on skull material and 
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sutures.  Kokich23 employed  histologic  method  and  found  that  the 
 frontozygomatic suture does not undergo synostosis until the eighth decade of 
 life.  The  palatal  suture  closure  studied  by  Persson  and  Thilander39  in 
 subjects aged 15-35 years showed that a marked degree of closure was rarely 
 found  until  the  fourth  decade  of  life.  Thus  the  age  at  which  the  synostosis 
 occurs in a suture is determined by many factors of which extrinsic functional 
 demands is an important variable that can affect the suture area. 


The  pterygomaxillary  suture  is  a  vertical  suture,  which  descends  at 
 right angles from the medial end of the inferior orbital fissure and is formed by 
 the divergence of the maxilla from the pterygoid process of the sphenoid. The 
 maxilla  and  pterygoid  plates  are  separated  only  by  a  narrow,  thin  suture  that 
 grows  toward  each  other.  However,  the  entire  maxilla  is  displaced  in  an 
 anterior  direction  as  the  suture  grows  posteriorly  thereby  maintaining  a 
 constant positional relationship with the pterygoid process. 


Melsen33, in 1982 studied the palatomaxillary region in human autopsy 
material  and  concluded  that  the  pterygomaxillary  suture  is  fused  with  bony 
synostosis  in  young  adults.  This  interdigitated  suture  would  exhibit 
pronounced  resistance  to  vertical  and  horizontal  displacement  of  maxilla 
except in the early stages of post- natal development. 
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The  mid  palatal  suture,  the  zygomatic  buttress,  the  piriform  aperture, 
 and the pterygomaxillary suture are the primary sites of resistance to maxillary 
 expansion. It is well documented in literature that the magnitude of the sutural 
 area  in  the  posterior  part  of  the  maxilla  is  more  complex  compared  to 
 maxillary simple sutures connecting maxilla with frontal, nasal and zygomatic 
 bone. 


There are several methods to study the cranial and facial sutures such 
 as  radiological,  histological  and  ground sections. While radiological  methods 
 may  be  three  dimensional,  it  is  not  a  true  representation  of  the  suture 
 morphology.  Histological  studies  have  been  found  to  be  more  scientific  and 
 validated.  Several  histologic  investigations  have  studied  sutural  response  to 
 orthopedic forces in both animals and humans. However, difference in suture 
 morphology together with differences in degree of closure between human and 
 animal species question the validation of animal experiments.34 


The highest  level  of stresses in  the pterygomaxillary  region  limits  the 
success  of  treatment  in  transverse  maxillary  deficiency  and  in  Class  III 
skeletal  malocclusions  where  maxillary  protraction  is  performed.10
Nevertheless,  in  recent  times  with  advent  of  temporary  anchorage  devices, 
there  has  been  evidence  to  show  successful  expansion  and  maxillary 
protraction with bone borne appliances. 
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assess the pterygomaxillary suture patency and morphology in both young and 
 older adults  


The methods and results of this investigation will serve as a model for 
studies of the remaining craniofacial sutures. 
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 The aim of the study is as follows: 


-  To  evaluate  the  patency  and  the  morphologic  pattern  of  
 pterygomaxillary  suture  by  macroscopic  and  histological  serial 
 sections.  The  morphologic  pattern  and  patency  of  pterygomaxillary 
 suture was studied using both longitudinal and cross sections.  


-  The  fusion  height  was  measured  using  a  calibrated  grid  for  all  the 
groups  and the fusion percentage was calculated .  
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Review of Literature 
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REVIEW OF LITERATURE  


Keith & Campion et al (1922)20study was one of the first cranial 
 studies  that  examined  the  midpalatal  suture  as  site  of  transverse  growth. 


They  stated  that  “the  median  palatal  suture  takes  an  active  role  in  the 
 transverse growth of the maxilla.”  


Pritchard et al (1956)42, studied the structure and development of 
 cranial facial sutures histologically in rat, sheep, pig, cat, rabbit and man. 


At all stages from their first development to the adult, sutured showed five 
 intervening layers of cells and fibres between the adjoining bones as well 
 as two uniting layers bounding the suture externally and internally. 


Scott  et  al  (1956)44 investigated  growth  at  the  facial  sutures  and 
 stated  that  each  suture  has  two  growth  sites,  one  for  each  of  the  bony 
 elements.  During  early  childhood,  the  maxilla  is  thrust  downward  and 
 forward  from  the  anterior  segment  of  the  cranial  base  which  was  not 
 brought about by growth in the sutures. The separating force is provided 
 by growth of the septal cartilage and the orbital contents. 


Sicher et al (1965) stated that the closure of the sutures in human 
beings  starts,  as  a  rule,  in  the  middle  30s  at  the  posterior  end  of  the 



(21)7 


median  palatine  suture.  However,  some  facial  sutures  including  the 
 fronto-zygomatic may remain open even in older age groups. This view is 
 supported  by  wright  who  claimed  that  the  inter-maxillary  and  palatine 
 sutures which were unossified become susceptible to comparatively easy 
 separation at as late an age as 35 years.  


Latham  et  al  (1971)26 based  on  the  histological  examination  of 
 human  specimens  ranging  in  age  from  6  weeks  in  embryonic  life  to  15 
 years,  studied  initial  formation  and  subsequent  development  of  the 
 premaxillary  and  maxillary  parts  of  the  mid-palatal  suture.  They  found 
 that  the  growth  pattern  of  inter-maxillary  suture  was  initially,  purely 
 sutural  type  of  growth  seen  up  to  16  weeks  in  foetal  life  which  later 
 combined  with  inferior  remodelling  of  the  entire  palate  until  about  1-2 
 years  of  age.  Later  there  is  continued  inferior  palatal  remodelling 
 (including the sutural area) without sutural growth.  


Persson  et  al  (1973) in  their  histologic,  micro-angiographic  and 
auto-radiographic  studies  in  rats  and  histologic  observations  in  man 
demonstrated  that  sutural  growth  continued  up  to  pubertal  age.  Their 
observations  indicated  that  following  cessation  of  growth,  the  palatine 
sutures  were  obliterated.  They  concluded  that  facial  sutures  take  part  in 
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the  dimensional  growth,  remodelling  growth,  and  displacement  of  the 
 bones. 


BirteMelsen  (1975)34  The  postnatal  development  of  the  hard 
 palate  was  studied  by  conventional  histologic  and  micro  radiographic 
 means on autopsy material from thirty-three boys and twenty-seven girls 
 aged  0  to  18  years.  The  findings  indicated  that  growth  in  length  of  the 
 hard palate until the age of 13 to 15 was due to growth in the transverse 
 suture and to apposition  on the posterior margin  of the palate. After this 
 age the sutural growth was found to cease, whereas the apposition seemed 
 to continue for some years.  


During  the  postnatal  development  the  morphology  of  the 
transverse  suture  changed.  At  birth  the  suture  was  broad  and  slightly 
sinuous;  later  it  developed  into  a  typical  squamous  suture,  the  palatine 
part covering the maxillary part. During puberty the course of the suture 
was again slightly sinuous. The importance of this change for the vertical 
growth  of  the  hard  palate  was  discussed.  It  was  pointed  out  that  the 
lowering  of  the  posterior  part  of  the  palate  was  possibly  caused  by 
remodeling rather than by lowering of the anterior part of the palate. 
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Vincent  G.Kokich  et  al  (AJODO  1976)23  reported  the  age 
 changes  in  the  human  fronto-zygomatic  suture  from  20  to  95  years.  The 
 fronto-zygomatic suture undergoes synostosis during eighth decade of life 
 and also becomes increasingly irregular with advancing age as a result of 
 the  formation  of  projections  or  interdigitations  at  the  sutural  bony 
 surfaces. 


Arne  bjork7 studied  sutural  growth  of  the  upper  face  by  the 
 implant  method  and  his  result  was  pre-pubertal  minimum  rate  of  sutural 
 growth occurred at 11% years and a pubertal maximum at about 14 years. 


These  times  correspond  to  those  for  the  mandibular  growth  at  the 
 condyles but were a few months later than for the growth in body height. 


The  sutural  growth  ceased  at 17 years  -  that  is,  on  an  average  about  2 
 years earlier than the condylar growth and growth in body height 


Bjork  et  al  (1977)7 studied  the  growth  of  maxilla  by  implant 
method  and  observed  that  the  bone  displacement  rate  at  the  midpalatal 
suture  was  found  to  be  related  to  growth  in  stature,  demonstrating  a 
pubertal  growth  spurt.  The  annual  childhood  growth  rate  at  this  suture 
was about 0.75mm. The mean sutural lowering from 4 to 20 years of age 
was  found  to  be  11.6mm.  Sutural  growth  that  is,  displacement  growth 
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would  thus  make  up  around  one-third  of  the  total  vertical  growth  of  the 
 face between 4 and 20 years of age.  


Persson  and  thilander  (1977)40 studied  on  cadavers  found  that 
 5%  of  the  suture  was  obliterated  by  age  25  years,  and  a  15-year-old 
 cadaver  had  an  ossified  suture,  while  a  27-year-old  cadaver  had  an 
 unossified suture. 


Robert  Wertz  et  al  ajo  (1977)51  has  studied  about  midpalatine 
 suture  opening  and  he  found  that  the  maxilla  always  moves  downward 
 and  moves  varying  degrees,  from  slightly  backward  to  sometimes 
 significantly forward during suture opening. Full recovery usually occurs 
 during  stabilization.  Maxillary  skeletal  width  can  be  expanded  with  no 
 relapse  in  younger  patients.  However,  older  patients  often  lose  much  of 
 the width increase that is achieved through palatal expansion. In younger 
 patients, the mandible permanently rotates open less than 1 degree. 


MauritsPersson  et  al  J.  Anat.  (1978)41,  described  the  suture 
 closure  in  rabbit  and  man  both  morphologically  and  histo-chemically. 


Both  in  rabbit  and  man  two  main  structural  patterns  were  observed  in 
different parts of the sutures: one where the fibres were perpendicular, the 
other  where  they  were  parallel  to  the  sutural  margin.  Histologically, 
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suture  closure  took  place  by  intramembranous  ossification  in  specific 
 areas of transsuturally arranged, tendon-like tissue. Histochemically, these 
 areas demonstrated high activity of oxidative enzymes. 


Nanda  et  al  AJO  (1978)36  experimented  the  protraction  of 
 maxilla in rhesus monkeys by controlled extraoral forces. A combination 
 techniques  such  as  cephalometrics,  vital  staining,  and  histologic 
 examination  were  used  to  study  the  nature  and  type  of  displacement  of 
 skeletal facial bones. The results showed that the midfacial bones can be 
 displaced  anteriorly  by  sutural  modification.  The  nature  of  movement  is 
 directly  related  to  the  direction  of  force.  In  these  monkeys,  the  direction 
 of  displacement  of  the  maxilla  was  relatively  more  horizontal  than 
 vertical 


BirteMelsen  and FlemmingMelsen  (1982)33 The findings of this 
study is that the  change in morphology of the palato-maxillary region that 
takes  place  during  the  postnatal  period  indicates  that  the  area  is 
responding to a heavy functional demand for a mutual displacement of the 
bones  involved  in  the  area-the  maxilla,  the  palatine  bone,  and  the 
sphenoid  bone.  The  heavy  interdigitation  can  be  expected  to  exhibit  a 
pronounced  resistance  to  vertical  and  horizontal  displacement  of  the 
maxilla, except in the early stages of postnatal development. Finally, it is 
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suggested that the area may serve as a “hinge” around which a posterior 
 rotation  often  occurs  due  to  treatment  with  inter-maxillary  appliances  or 
 during the application of extraoral forces. 


Chaconas  et  al  AJO  (1982)13  observed  the  orthopaedic  force 
 distribution  produced  by  maxillary  orthodontic  appliances.  Three 
 dimensional  model  was  duplicated  from  human  skull,  bones  of  midface 
 were  fabricated  and  articulated.  One  removable  and  four  maxillary 
 appliances  were  used.  Stresses  produced  by  the  fixed  appliances  were 
 concentrated  in  the  anterior  region  of  palate  followed  posteriorly  by  the 
 palatine bone. However, increase in activation decreased the retention of 
 the appliance, thereby lessening the stress. Quad helix appliance proved to 
 be the least effect orthopaedic device. 


Kragt  et  al  AJO  (1982)24  studied  the  initial  reaction  of 
components of the craniofacial skeleton of a macerated human skull after 
high  pull  headgear  traction.  The  applied  forces  were  increased  step  by 
step  from  0.5N  to  3.25N  per  side.  Results  indicate  that  displacements 
range  from  0µm  to  17.0µm,  depending  on  force  magnitude  and  on  the 
location  of  the  observed  point.  Displacement  took  place  mostly  in  a 
horizontal and backward direction. 
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D.  T.  Lanigan  et  al  (1993)  studied  about  the  alternative 
 approaches to pterygornaxillary separation. The results show that the use 
 of  a  curved  Obwegeserosteotome  to  achieve  the  pterygomaxillary 
 dysjunction  should  be  abandoned,  as  it  leads  to  an  unacceptably  high 
 incidence  of  high-level  pterygoid  plate  fractures  at,  or  near,  the  base  of 
 the skull.  


VivekShetty  et  al  American  Association  of  Oral  and 
 Maxillofacial Surgeons (1994)45 developed a biomechanical rationale for 
 surgical  orthodontic  correction  of  transverse  maxillary  deficiencies  in 
 adults by clarifying the internal stress responses to rapid palatal expansion 
 in the photoelastic model.). Midpalatal and pterygomaxillary articulations 
 were  the  primary  anatomic  sites  of  resistance  to  expansion  forces.  Thus, 
 complete  midpalatal  and  pterygomaxillary  osteotomies  are  essential  for 
 predictable  skeletal  expansion  in  adults.  Exclusive  use  of  bilateral 
 zygomatic buttress osteotomies appears to be inadequate. 


Vardimon  et  al  American  association  of  orthodontics  (1994)49
studied  the  response  of  tissues  to  class  III  inter-maxillary  functional 
orthopaedic  magnetic  appliance(FOMA  III),  both  radiographically  and 
histologically.  Radiographically,  mandibular  length  was  unaffected  after 
the  treatment  and  the  condylion-pogonion  was  increased.  Histologically, 
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condylar cartilage demonstrated increased osteoclastic activity at the zone 
 of  endochondral  ossification  and  a  decreased  apposition  rate  at  the 
 adjacent bony trabeculae. The fact that no pathological change was found 
 in the condylar cartilage encourages the use of FOMA III. 


Movassaghi  et  al  journal  of  oral  and  maxillofacial  surgery 
 (1995)35  investigated  the  ability  to  use  titanium  screws  to  provide  stable 
 skeletal points  in  the growing craniofacial region of the rabbit for suture 
 expansion.  These  screws  provided  sites  for  direct  application  of  external 
 forces  to  alter  growth  and  anatomic  form.  Results  showed  a  significant 
 increase in growth across the fronto-nasal suture. Also, increase in length 
 of the nasal and frontal bones in the expanded group was observed.  


L. K. Cheung et al (1998)14 studied the osteology of the posterior 
 maxillary region and establish clinical safety guidelines for the Le Fort  I 
 osteotomy.  And  his  esults  showed  that  the  presence  of  maxillary  third 
 molars  influenced  the  transverse  angulation  of  the  posterior  vertical  cut. 


Synostosis of the pterygomaxillary junction was noted in 12% of samples. 


The  mean  length  of  the  medial  sinus  wall  from  the  piriform  rim  to  the 
descending palatine canal at the Le Fort I level was 34 mm. 
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HalukIseri et al EJO (1998)17 evaluated the biomechanical effect 
 of  rapid  maxillary  expansion  on  the  craniofacial  complex  by  using  3-D 
 finite  element  model  of  the  craniofacial  skeleton.  A  3-D  FEM  was 
 constructed based on CT scans of human skull. The mechanical response 
 in  terms  of  displacement  and  von  mises  stresses  was  determined  by 
 expanding  maxilla  to  5mm.  The  greatest  widening  was  observed  in 
 dentoalveolar  areas,  also  the  width  of  the  nasal  cavity  was  increased 
 markedly.  High  stress  levels  were  observed  in  the  canine  and  molar 
 regions of maxilla. 


Claudio  Matteini  et  al  (Ajo-Do  2001)32 conducted  a  short  term 
 model study : Posterior transpalatal distraction with pterygoid disjunction 
 and he found out that transpalatal distraction results in parallel expansion 
 of  the  maxillary  segments  in  the  axial  plane  when  the  TPD  device  is 
 placed at the level of the first molars and pterygomaxillary disjunction is 
 performed. 


Wehrbein  H, Yildizhan  F  (2001)50  30  radiological  regions  of 
interest (rROI) from specimens obtained from 10 subjects ranging in age 
from  18  to  38  years  were  evaluated,  and  compared  with  the  suture 
morphology, mean sutural width, and degree of suture closure on stained 
sections  (3/rROI).   No  significant  differences  were  found  between  the 
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corresponding parameters of the two groups. The term 'suture obliteration' 
 or 'fusion' should be avoided if a suture is radiologically not visible, since 
 in  11  of  the  20  rROI  in  which  the  suture  was  not  visible  no  obliteration 
 was recorded morphometrically. 


AlirezaJafari  et  al  (AO  2003)18  analysed  the  stress  distribution 
 patterns  within  the  craniofacial  complex  during  rapid  maxillary 
 expansion. A finite element model of a  young skull was generated using 
 CT  scans.  Maximum  forward  and  lateral  displacements  were  1.077mm 
 and  5.313mm  respectively;  also  there  was  minimum  displacement  of 
 pterygoid  plates  approximating  the  cranial  base.  Therefore,  reason  for 
 pressure  in  patients  undergoing  maxillary  expansion  could  be  correlated 
 to areas of high concentration of stresses. 


Jeremy  J.Mao  et  al  (AO  2003)31  reported  the  orthopaedic 
implications  on  biomechanics  of  craniofacial  sutures.  Patterns  of  sutural 
mechanical  stress  can  be  delineated  readily  as  sutural  strain  using  strain 
gages  attached  over  the  suture.  The  available  data  on  suture  mechanics 
describes  that  mechanical  forces  regulate  sutural  growth  by  inducing 
sutural  mechanical  strain.  Various  orthopaedic  and  functional  appliances 
may  induce  sutural  strain,  leading  to  modification  of  otherwise  natural 
suture growth. 
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Britta  Knaup,  FarukYildizhan,  HeinerWehrbein  (2004)22      


22 human palate specimens from subjects of different ages (18–63 years). 


Three  sections  (anterior,  median  and  posterior)  from  each  specimen 
 underwent histological  preparation and  histomorphometric  analysis. Two 
 age  groups  (≤  25  years  and  ≥  26  years)  were  formed.  The  earliest 
 ossification  was  registered  in  a  21-year-old  man.  The  oldest  subject 
 without ossification was a 54-year-old man.      


 30  radiological  regions  of  interest  (rROI)  from  specimens 
 obtained  from  10  subjects  ranging  in  age  from  18  to  38  years  were 
 evaluated, and compared with the suture morphology, mean sutural width 
 and degree of suture closure on stained sections (3/rROI) 30 radiological 
 regions  of  interest  (rROI)  from  specimens  obtained  from  10  subjects 
 ranging in age from 18 to 38 years were evaluated, and compared with 
 the suture morphology, mean sutural width, and degree of suture closure 
 on stained sections (3/rROI). 


W. Apinhasmit et al (2005)4 studied the anatomy of the posterior 
 maxilla pertaining to bone-cut design of Le Fort I osteotomy to avoid the 


injury  to  the  descending  palatine  artery  in  Thais.  There  were       
no  significant  differences  in  any  measurements  between  sides  and 
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genders, except the pterygoid process width and posterior maxilla length 
 of males were longer than those of females (P < 0.05). 


Herring et al Front Oral Biol. (2008)16 described the mechanical 
 influences  on  suture  development  and  patency.  It  was  stated  that  sutures 
 are sites of flexibility between the more rigid bones, depending on which 
 the predominant loading during life may be either tensile or compressive. 


Accordingly, in  vivo or  ex vivo  sutural  cells respond to  tensile or cyclic 
 loading  by  expressing  markers  of  proliferation  and  differentiation, 
 whereas compressive loading appears to favour osteogenesis. 


Leonardi  et  al  AO  201028 analysed  whether  the  rapid  maxillary 
 expansion affects the spheno-occipital synchondrosis in youngsters. Eight 
 growing patients were included in this study. Pretreatment anteroposterior 
 width  of  spheno-occipital  synchondrosis  was  1.73  ±  0.46mm.  After  the 
 active phase of expansion, the width of synchondrosis increased to 2.30 ± 
 0.47mm.  Hence,  rapid  palatal  expansion  leads  to  a  small  immediate 
 widening of the spheno-occipital synchondrosis in youngsters.  


Timothy D. Smith et al (2010)47 assessed the extent of fusion of a 
facial  suture    in  two  samples  of  adult  bush  babies,  micro-anatomical 
techniques were used to  determine the loci of osseous bridges across the 
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nasomaxillary  suture  (NMS).  Histological  sections  containing  sutures 
 with osseous bridging were rated as „„fused.‟‟ One of the specimens was 
 studied  using  micro-computed  tomography  before  paraffin  embedding 
 and serial sectioning. Throughout the NMS  of this animal, sutural fusion 
 is isolated to one or two small osseous bridges, typically of woven bone. 


These bridges  are most  often on the external  (superficial) surface of the, 
 but  in  numerous  sections  the  site  of  fusion  occurs  deep  to  an  external 
 notch. However, the nasal and maxillary bones were indirectly tethered at 
 some  levels  by  other  bones  that  were  fused  to  both  nasal  and  maxillary 
 bones. 


Ahmed  Ghoneima  (AJO  2011)15  found  that  cranial  sutures 
 respond  differently  to  the  external  orthopedicforces  according  to  their 
 anatomic  location  and  the  degree  of  interdigitation.  These  findings 
 showed  that  many  cranial  and  circummaxillary  sutures  are  significantly 
 affected  by  the  mechanical  forces  generated  by  RME  in  adolescent 
 subjects.  However,  the  lack  of  significant  opening  of  other  craniofacial 
 sutures  supports  clinicalfindings  of  reduced  effectiveness  of  maxillary 
 expansion and protraction facemasks in adolescents. 


Ahmed  Ghoneima  et  al  (AJODO  2011)15  determined  whether 
the  orthopaedic  forces  of  maxillary  expansion  cause  significant 
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quantitative  changes  in  the  cranial  and  circummaxillary  sutures.  Rapid 
 maxillary  expansion  showed  significant  changes  in  inter-maxillary, 
 internasal,  fronto-maxillary,  and  fronto-nasal  sutures,  whereas  fronto-
 zygomatic,  zygomatico-maxillary,  zygomatico-temporal,  and 
 pterygomaxillary  sutures  showed  no  significant  changes.  Hence,  rapid 
 maxillary expansion affect primarily the anterior sutures compared to the 
 posterior craniofacial structures. 


Leonardi  et  al  (AO  2011)29,  studied  the  early  post  treatment 
 changes  of  circumaxillary  sutures  in  young  patients  treated  with  rapid 
 maxillary  expansion.  Eight  growing  patients  with  class  I  malocclusion 
 were  included  in  this  study.  Hyrax  palatal  expander  was  used  for  each 
 patient.  Multislice  CT  scans  were  taken  before  rapid  palatal  expansion 
 (T0), and at the end of active expansion phase (T1). An increase in linear 
 measurements  between  T0  and  T1  and  RME  determined  a  widening  of 
 suture.  Sutures  far  away  from  maxilla  showed  a  smaller  degree  of 
 disarticulation.  Thus,  early  treatment  with  RME  produced  significant 
 bony displacement of circumaxillary suture opening. 


Pereira  et  al  Journal  of  oral  and  maxillofacial  surgery 
(2012)38,  evaluated  different  techniques  for  surgically  assisted  rapid 
maxillary  expansion  (SARME)  according  to  the  type  of  transverse 
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maxillary deficiency using computed tomography. Group I, II and III had 
 maxillary  atresia  in  both  anterior  and  posterior  region,  greater  anterior 
 atresia and greater posterior atresia respectively. Results showed that the 
 opening  occurred  parallel  to  midpalatal  suture  in  Group  I;  V-shaped 
 opening  with  vertex  on  the  posterior  nasal  spine  for  Group  II;  and  V-
 shaped opening with a vertex on the anterior nasal spine got Group III. 


Fernanda  Angelieri  (2013)1  Cone-beam  computed  tomography 
 images from 140 subjects (ages, 5.6-58.4 years) were examined to define 
 the  radiographic  stages  of  midpalatal  suture  maturation.  Five  stages  of 
 maturation of the midpalatal suture were identified and defined: stage A, 
 straight high-density sutural line, with no or little interdigitation; stage B, 
 scalloped appearance of the high-density sutural line; stage C, 2 parallel, 
 scalloped,  high-density  lines  that  were  close  to  each  other,  separated  in 
 some areas by small low-density spaces; stage D, fusion completed in the 
 palatine bone, with no evidence of a suture; and stage E, fusion anteriorly 
 in the maxilla. 


ErdemKilic  (2013)21  conducted  one  study  to  evaluate  and 
compare  dental  and  skeletal  changes  in  surgically  assisted  rapid  palatal 
expansion  (SARPE)  patients  with  (_PP)  and  without  (_PP) 
pterygomaxillary  disjunction  and  he  observed  all  transversal 
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measurements increased after expansion in both the _PP and _PP groups. 


The  _PP  group  showed  greater  expansion  at  the  midpalatal  and  gingival 
 levels, while the _PP group exhibited a greater increase of 0.78 mm at the 
 apical  base  level  and  11.25°  less  tipping  in  the  molar  teeth.  A  greater 
 expansion of nearly 0.7 mm was measured in the premolar region of the 
 _PP  group.  Conclusion  was  Both  SARPE  techniques  resulted  in 
 significant maxillary expansion. 


Xiulin  Yan  et  al  (AJODO  2013)52,  explored  the  biomechanical 
 effects  on  the  craniomaxillary  complex  of  bone  anchorage  and  dental 
 anchorage  during  maxillary  protraction.  The  finite  element  model  could 
 displace  with  force  direction  of  about  20°  in  the  bone  anchorage  model 
 and 30° in the dental anchorage model. The nodes representing the sutures 
 at  the  back  of  the  maxilla  showed  greater  stress  in  the  bone  anchorage 
 model than the dental  anchorage model  in  the same force direction.  It is 
 the opposite at the front of the maxilla. 


Jae-Yeol  Lee  et  al  (2015)27 in  this  study  he  evaluated  maxillary 
stability after  Le  Fort  I  osteotomy using posterosuperior movement after 
pterygoid process fracture or removal and mandibular setback surgery for 
skeletal  Class  III  deformities.  The  results  suggest  that  surgeons  can 
achieve good skeletal stability in posterosuperior movement from Le Fort 
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I  osteotomy,  regardless  of  whether  the  pterygoid  process  is  fractured  or 
 removed 


J.  Breeze  et  al  (2015)9 in his systemic review he found only one 
 paper  that  analysed  the  anatomy  of  the  pterygomaxillary  fissure  and 
 described small bony  bridges and syncondroses  across the joint  and also 
 found  no  clinical  or  anatomical  evidence  for  the  use  of  osteotomes  in 
 pterygomaxillary  separation  or  separation  through  the  tuberosity. 


Pterygomaxillary  dysjunction  with  an  osteotome  is  commonly  used  to 
 mobilise  the  maxilla  during  Le  Fort  I  osteotomy,  despite  the  risk  of 
 serious  complications.  Different  instruments  and  positions  have  been 
 tried,  including  dysjunction  through  the  tuberosity.  Down  fracture  by 
 digital pressure alone has also been advocated, but to our knowledge has 
 not been widely adopted. 


Zandi  et  al53 evaluated and compared the short-term skeletal and 
dental  changes  following    surgically  assisted  rapid  maxillary  expansion 
(SARME)  with  or  without  pterygomaxillary  disjunction  (PTMD)  using 
cone  beam  computed  tomography  (CBCT).  There  was  no  statistically 
significant  difference  in  the  amount  and  pattern  of  maxillary  expansion 
between two groups and he concluded that Because of favorable surgical 
outcomes  and  decreased  risk  of  possible  perioperative  complications, 
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SARME without PTMD was recommended for the treatment of transverse 
 maxillary deficiencies. 


AlperSindel  et  al  (2017)46  studied  80  human  dried  skulls, 
 investigated the structure of the pterygomaxillary junction and differences 
 between the right and left sides and the result is  There was no statistically 
 significant difference between right and left sides of the skulls, but there 
 was significant difference when the skulls compared with each other. The 
 last step of the Le Fort I osteotomies is the separation of the maxilla from 
 the pterygoid plates. 


Angelieri  et  al  orthodontic  and  craniofacial  research  (2017)3
 presented  a method to classify the maturational  level  of the  zygomatico-
 maxillary  sutures(ZMSs).  CBCT  images  of  seventy  four  subjects  were 
 examined  to  define  the  radiographic  stages  of  ZMS  maturation.  Results 
 showed  that  there  was  no  fusion  of  ZMSs  up  to  10  years  of  age;  all 
 maturational stages were identified from 10 to 15 years; and more fusion 
 of  ZMSs  happened  after  15  years  of  age.  Thus  concluded,  the 
 classification of ZMSs using CBCT as a reliable method. 


Daniele Cantarella and Won moon (2017)10 evaluated the effects 
of  MSE-2  on  the  midpalatal  and  pterygopalatine  sutures  and  parallelism 
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of  midpalatal  suture  split,  asymmetrical  mid-palatal  split  and  the 
 possibility  of  split  between  the  pterygoid  and  palatal  bone  in  late 
 adolescents  using  CBCT  and  stated  that  the  opening  of  the  mid-palatal 
 suture in the anterior region was 4.8mm and at posterior nasal spine was 
 about  4.3mm  and  the  percentage  of  the  mid-palatal  split  in  the  PNS  as 
 90% that of ANS, showing near parallel opening . One half of the anterior 
 nasal spine (ANS) moved more than the contralaterally by 1.1 mm. 53% 


of  the  sutures  showed  openings  between  the  lateral  and  medial  plates  of 
 the pterygoid process (detectable). No significant differences were found 
 in  the  magnitude  and  frequency  of  suture  opening  in  gender.  Negligible 
 changes were noted in correlation between age and suture. 


Daniele  Cantarella  et  al  (2017)10 investigated  the  effects  on 
midpalatal and pterygopalatine sutures induced by a bone-borne expander 
(MSE)  in  late  adolescents,  using  high-resolution  CBCT  and  his  results 
was MSE  efficiently  split  the  midpalatal  suture  in  late  adolescents,  and 
separation  at  posterior  nasal  spine  (4.3  mm)  was  about  90%  of  that  at 
anterior nasal spine (4.8 mm), leading to an almost perfectly parallel split 
of  the  suture  in  the  sagittal  direction.  The  split  of  the  midpalatal  suture 
was asymmetrical in the transverse direction; on average one half of ANS 
moved more than the contralateral one by 1.1 mm. 
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Oliveira  et  al  (2017)   evaluate  the  anatomical  linear 
 measurements  of the descending palatine canal  and the pterygomaxillary 
 fissure  for  Le  Fort  I  preoperative  planning.  Seventy-five  patients, 
 comprising  46  females  (61.3%)  and  29males  (39.7%),underwent  multi-
 slice  computed  tomography  examinations  performed  for  preoperative 
 orthognathic  surgical  planning  and  the  conclusion  was  the  patient‟s  sex 
 and  aspects  of  the  skeletal  pattern  and  craniofacial  pattern  have  an 
 influence  on  the  pterygomaxillary  area  and  descending  palatine  canal 
 anatomy.  A  preoperative  computed  tomography  analysis  involving  this 
 evaluation could reduce the risk of surgical complications. 


Danielle  Cantarella  and  Won  moon  (2018)11evaluated  midface 
skeletal  changes  in  the  coronal  plane  and  the  effects  of  expansion  on 
circummaxillary  sutures  and  to  confine  the  center  of  rotation  for  the 
zygomatico-maxillary  complex  after  expansion  using  MSE-2,  with  the 
help  of  high-resolution  cone-beam  computed  tomography.  And  found 
lateral  displacement  of  the  zygomatico-maxillary  complex  occurred  in 
late adolescent patients treated with a MSE-2 which was significant. The 
zygomatic and the maxillary bone tend to rotate with a common center of 
rotation  which  was  located  near  the  superior  aspect  of  the  fronto-
zygomatic suture.  
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Dental  tipping  of  the  molars  was  statistically  insignificant.  An 
 increase of 0.5mm in upper zygomatic distance, 4.6 mm increase in lower 
 inter-zygomatic  distance,  increase  in  inter-molar  width  by  8.3mm  and 
 angulation of fronto-zygomatic and maxillary inclination was 2.5˚and 2.0˚ 


respectively.  Negligible  changes  were  noted  in  fronto-ethmoidal, 
 zygomatico-maxillary, and molar basal bone angles.  


Daniele  Cantarella  and  Won  moon  (2018)12  analysed  the 
changes in the zygomatic, maxillary bone and zygomatic arches with the 
use of CBCT of patients treated with MSE-2 and concluded that increase 
in the anterior inter-maxillary distance was about 2.8 mm, posterior inter-
zygomatic  distance  of  about  2.4  mm,  angle  of  the  zygomatic  process  of 
the temporal bone increased by 1.7˚ and 2.1˚(right and left side).Changes 
in  the  posterior  inter-temporal  distance  and  zygomatico-temporal  angle 
were  statistically  insignificant.  In  horizontal  plane,  a  significant  lateral 
displacement  was  seen  in  the  maxillary  and  zygomatic  bones  and  the 
whole  zygomatic  arch.  The  center  of  rotation  for  zygomatico-maxillary 
complex was located near the proximal  portion of the zygomatic process 
of the temporal bones. 
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MATERIALS AND METHODS 


The purpose of this  study  was  to  investigate the  morphology  and 
 patency  of  pterygomaxillary  suture  in  adult  dried  human  skulls  using 
 histological  data.  The  study  was  approved  by  the  institutional  review 
 board of Ragas Dental College and Hospital. About 20 human adult dried 
 skulls with mandible were  procured from Department of Anatomy, Ragas 
 Dental College & Hospital Chennai. 


 The selection of the samples were based on the following criteria.  


INCLUSION CRITERIA: 


1.  Adult Human Dried Skull above 18 years of Age. 


EXCLUSION CRITERIA: 


      1.  Presence of any bony pathology or with anomalies 
       2.  Fractured skull or damaged skulls 


      3.  Primary or mixed dentition 


AGE AND GENDER DETERMINATION 


The  age  and  gender  were  determined  for  all  the  skulls  using  a 
method given by Zainab et al53 and VK Asrani et al5 using craniometric 
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parameters  of  mandible.  The  following  parameters  were  evaluated  to 
 estimate the age. 


1.  Gonial angle 


2.  Distance between the superior border of mental foramen and basal 
 prominence at the body of mandible 


3.  Distance between the superior border of mental foramen and base 
 of mandible (Fig.3) 


Gonial  Angle:  Measured  as  the  angle  between  the  base  and  the 
 tangent  drawn  along  the  posterior  border  of  the  ramus,  touching  the 
 posterior  most  point  on  the  condyle  and  the  posterior  most  point  on  the 
 posterior border. 


The age and gender were evaluated by three observers at different 
 time point and the inter examiner variability was found to be 1. Of the 20 
 skulls,  five  were  damaged  and  balance  15  were  chosen  to  fit  the  age 
 criteria and grouped equally into five groups (Table.1).  


Methodology 


The bone blocks for the study (Fig.1) included a part of maxillary 
tuberosity, palatine bone and the pterygoid process of sphenoid bone. The 
blocks  were  sectioned  from  the  cranium  and  removed  with  help  of  saw 
and  burs  bilaterally.  Care  was  taken  not  to  damage  the  pterygomaxillary 
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suture (Fig.2)  leaving  sufficient  amount  of  bone  around  it.  Once  all  the 
 blocks  were  removed,  they  were  assessed  macroscopically  for  length, 
 width  and  the  depth  using  Vernier  caliper (Fig.5)  and  photographs  were 
 taken  in  relation  to  outer  diploe  and  inner  diploe  for  orientation  of  the 
 specimens. All the study blocks were decalcified using Osteomol (fig.6c), 
 a  decalcifying  agent  which  contains  10%  Formaldehyde.The 
 decalcification  step  comprised  of  immersing  in  osteomol  for  about  four 
 and  half  an  hour  per  day  after  which  the  blocks  were  immersed  in 
 formalin for fixation (Fig.6c). This process was repeated on a daily basis 
 till  the  decalcification  was  complete.  The  process  of  complete 
 decalcification of the bone was confirmed radiographically (Fig.8). After 
 the  decalcification  step,  the  blocks  were  marked  with  different  acrylic 
 colours for orientation and side identification.  The superior surface of the 
 block was coated black, the maxillary tuberosity region marked in red and 
 blue  colour  represented  right  side  of  the  block  (Fig.9).  The 
 pterygomaxillary suture was stroked gently with green ink as a region of 
 interest.  The bone blocks  were then processed and  embedded in  paraffin 
 wax (Fig.10) for sectioning. 


In  the  present  study  both  longitudinal  and  cross  sections  were 
done  to  evaluate  the  morphology  and  patency  of  the  pterygomaxillary 
suture. The right-side bone blocks were subjected to longitudinal sections 
and  left  side  was  cross  sectioned  using  microtome  (Fig.6b) 
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(LeicaRM2125 Germany).  Serial sections were made in each block with 
 the slice thickness of 10microns each. Once the slides were numbered and 
 serial  sections  made,  every  alternate  slide  were  stained  using  eosin  and 
 hemotoxylin and slides were visualized using light microscope under the 
 power of 4X (Fig.6a). The fusion was quantified by using 10-mm square 
 grid that  divided the  field into 100 equal  parts.  The  grid was  placed  and 
 counted from the area that marked the beginning of fusion till the end of 
 fusion  in  that  particular  section.  About  10  slides  in  each  group  were 
 measured  and  mean  calculated.  The  fusion  percentage  was  evaluated  for 
 each group. 


The following variables were assessed microscopically: 


-  The patency of suture (the percentage of fusion) 
 -  The morphologic pattern of the suture. 


The suture patency was  assessed based on the  flow of the  green ink 
 into the sutural space in the serial sections made for both longitudinal and 
 cross section group. The longitudinal sections (A) were divided into three 
 groups after dividing the total number of serial sections as follows: 


A1 – In relation to outer diploe 
A2 – In relation to middle diploe 
A3 – In relation to inner diploe 
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Likewise  the  cross  sections  (B)  done  were  divided  into  three  groups  as 
 follows: 


B1 – In relation to superior part of the block 
 B2- In relation to middle part of the block 
 B3 – In relation to inferior part of the block 


The patency of the suture was then assessed by the extent of flow 
 of green ink in the first five sections in each group. If a particular section 
 is  distorted  or  not  represented  well,  it  was  not  considered  and  the  next 
 subsequent section was taken into consideration. 


The patency of the suture was graded as follows: 


Grade 1 – Fully Flown 


Grade 2 – Partially Flown (40 % or more in the section) 
  Grade 3 – No Green Ink 


The  bone  architecture  in  terms  of  number  of  trabeculae  per  unit 
area, inter-trabecular spaces, type of bone, resting and reversal lines were 
assessed  for  the  study  blocks  with  light  microscope  (fig.6a)  under  the 
power of 10x. 
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(49)       Figure 2 - Pterygomaxillary suture 
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Figure 3 -Age estimation using Gonial Angle  



(51)Figure 4 – Bone blocks in different age groups 


      Figure 4a –Group I 


Figure4b  – Group II 


Outer Diploe  Inner Diploe 


Inner Diploe 
Outer Diploe 



(52)Figure 4c –Group III 


Outer Diploe  Inner Diploe 


Figure 4d –Group IV 


Outer Diploe  Inner Diploe 



(53)Figure 4e –Group V 


Outer Diploe  Inner Diploe 



(54)5a. Length of the bone block 


5b.Width of the bone block from outer Diploe to Inner Diploe 



(55)Figure 6 – Armamentarium Required for Histological sections 


6A - Light microscope  6b – Microtome  


6c – Decalcifying And fixing Agents  
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Figure 7 : Bone Block placed  in Osteomol  


Figure 8 : IOPA  confirms the decalcified Bone block 



(57)Figure 9 - Bone  after Decalcification-The  pterygomaxillary suture  marked in green ink  



(58)Figure 10 -  Bone block embedded   in paraffin wax 



(59)Gross  specimen   A1  A2  A3 


10X view showing the patent suture (green Ink) 
 Bone Architecture 


A3 



(60)10x view  showing  the patent suture (green ink) 
 Bone Architecture 


B1  B2  B3 


Gross Specimen  


Figure 12: Serial cross  sections of  Group I (20-29Years)  


    


    


B3 



(61)Bone Architecture  10Xview  showing  the partial patent suture (green ink) 


Gross  specimen  A1  A2 


Figure 13: Serial  Longitudinal sections in Group II (30-39years) 


A3 


             


A3 



(62)Gross  specimen  A3 


Bone Architecture  10X view  showing  the partial patent suture (green ink) 


B1  B2  B3  B3 



(63)A1  A2  A3 
 Gross specimen 


Figure 15: Serial  longitudinal  sections  of Group III (40-49years) 


Bone  Architecture  10 x view showing partial patent suture  ( green ink) 
A3 



(64)Gross specimen 


Bone Architecture  10X view   showing partial patent suture (green ink) 


B1  B2 


B3 


     


B3 



(65)Gross specimen 


Figure 17: Serial longitudinal sections of Group IV (50-59years) 


A1  A2  A3 


Bone Architecture  10X view showing fused suture (green ink) 


A3 



(66)10X view   showing  fused suture (green ink) 


Gross specimen  B1  B2 


B3 


BoneArchitecture 


B3 



(67)Figure 19: Serial  longitudinal  sections  of Group V (60-69years) 


Gross specimen 


BoneArchitecture  10X view   showing  fused suture (green ink outside) 


A1  A2 


A3 
A3 



(68)10X view   showing  fused suture (green ink outside) 
 BoneArchitecture 


Gross specimen  B1  B2  B3  B3 
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RESULTS 


A  total  of  15  study  blocks  were  studied  bilaterally  after  dividing 
 into  5  groups  based  on  age.  A  total  of  9  male  skulls  and  6  female  skulls 
 (Graph  1)  were  assessed.  All  the  study  blocks  were  assessed  both 
 macroscopically and microscopically under each group.  


GROUP I: 20-29 YEARS 


Macroscopic Examination: 


The following parameters were assessed:  


Mean  length  of  the  pterygomaxillary  region  at  right  side  –  1.5cm 
 and left side – 1.25cm 


Depth  of  the  Pterygomaxillary  region  from  outer  Diploe  to  inner 
 Diploe – 1.0cm for right side and 1.25cm for left side 


The pterygomaxillary suture was appreciable in gross specimens in 
 relation to outer diploe region and inner diploe region. 


Microscopic Examination 


The right blocks were studied using longitudinal sections (A) while 
cross sections (B) were done for the left block. 
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 Longitudinal sections (Table 2) 


In all the three samples a total of 70serial sections were made and 
 divided  into  3  equal  groups  in  the  sequential  order  as  A1,  A2  and  A3 
 representing outer, middle and inner diploe respectively (Fig.11). 


Patency of the suture  


A Grading of 1was given for the sample 1and 2, while Grade of 2 
 was given for sample 3. This shows that the green ink has seeped in fully 
 for two samples, while one sample showed partial seeping of the ink. The 
 green ink has seeped into the sutural space between maxilla and pterygoid 
 in  majority  of  sections  inA1,  A2  and  A3  thus  indicating  a  patent 
 pterygomaxillary suture. 


The serial longitudinal sections also elicited a specific morphologic 
 pattern for the pterygomaxillary suture that was uniform and similar in all 
 the  sections.  The  sections  showed  a  V-shaped  opening  in  relation  to  the 
 superior  end  below  the  pterygopalatine  fossa,  representative  of  the  gross 
 specimen.  The  suture  is  patented  and  runs  a  wavy  course  traversing 
 through the  entire length of the block and  at  the  inferior end,  an inverted 


‘V’ was seen corresponding to the notch seen in gross specimen that marks 



(72)35 
 process of maxilla.  


Bone Architecture (Fig.11) 


The  sections  depicted  that  maxilla  was  predominantly  a  compact 
 bone with few areas of inter –trabecular spaces which are narrow and few 
 in  number,  suggestive  of  a  dense  bone.  Presence  of  resting  lines 
 throughout  the  bony  trabeculae  in  a  uniform  manner  indicates  the 
 possibility  of  high  bone  turn  over  in  maxilla.  The  pterygoid  seen  was 
 predominantly  a  compact  bone  with  many  wider  inter-trabecular  spaces 
 suggesting a slightly less dense bone when compared to maxilla.  


Cross sections (Fig.12) 


A total of 70 serial cross sections were made and divided into three 
 groups in order of sequence as B1,  B2 and B3 representing superior (just 
 below  the  pterygopalatine  fossa)  middle  and  inferior  region  (near  the 
 maxillary tuberosity) respectively. 


The green ink has seeped into the sutural space in first five sections 
of B1,B2 and B3 indicating a patent suture. A total of Grade I was  given 
for all the three regions. 
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 GROUP II:(30-39 YEARS) 


Macroscopic examination 


The  gross  specimen  measured  about  2cm  in  length  on  right  side 
 and 2.06cm  on left  side and depth  of 1.3cm  for right  side and 1.2 cm  for 
 left side of the block. 


The  pterygomaxillary  suture  was  visible  in  relation  to  the  outer 
 diploe, but however the inner diploe was not demarcated by the suture. 


Microscopic examination 


Longitudinal section (Table 3) 


A total of 80 sections were done and divided into equal groups of 
 A1, A2 and A3. Of the three samples (4, 5& 6) sample 4 & 5 was given a 
 Grade  of  3  showing  no  flow  of  ink  into  the  sutural  space.  Fusion  was 
 measured  in  sections  and  the  percentage  of  fusion  was  calculated. 


However, one sample elicited Grade 2 in relation to A1& A2 and Grade 3 
 for A3 (Fig.13).  


Bone Architecture (Fig.13) 


Maxilla  and  pterygoids  depicted  even  inter  -  trabecular  space  and 
the  trabecular  pattern  was  uniform  in  both  the  bones.  Presence  of  resting 
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 maxilla and pterygoids. 


Cross sections (Fig.14) 


About  80  serial  sections  were  made.  B1  showed  Grade  2  suture 
 patency in one block. However, wide gaps were present in two of the three 
 blocks  between  the  maxilla  and  the  pterygoids.  B2  and  B3  did  not  show 
 any suture patency in all the sample blocks. 


Group III:  40 – 49 years 


Macroscopic Examination 


The  gross  specimen  in  this  group  measured  2.1cm  in  length  on 
 right side and 2.1 cm on left side and depth of 1.5cm on right side and 1.5 
 cm on left side. 


The  pterygomaxillary  suture  line  was  seen  in  relation  to  outer 
diploe region while it was not demarcated in the inner diploe region. 
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 Microscopic Examination 


Longitudinal sections (Table 4) 


A  total  of  75  serial  sections  were  done.  Of  the  three  samples       
 (7,8  &  9),  one  sample  block  depicted  Grade  1  suture  patency  in  A1  and 


Grade  2  in  A2  &  A3.  However,  the  other  two  samples  were  marked      
 Grade 3 for all levels (A1, A2 & A3) exhibiting a completely fused suture 


(Fig.15). 


Bone architecture (Fig.15) 


Maxilla  had  greater  number  of  trabecular  per  unit  area  with  lesser  inter-
 trabecular  spaces  compared  to  pterygoid  bone  which  showed  more  wider 
 and larger inter-trabecular spaces making it lesser dense bone than maxilla. 


Cross sections (Fig.16) 


A total of 70 serial cross sections done showed Grade 3 suture (not patent) 
in all the samples and in all the three regions (B1, B2 & B3) 
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 Macroscopic Examination 


The gross specimen in  this  group measured 2.3cm  in  length  on right  side 
 and 2.0cm for left side and depth of 1cm on both sides. 


Microscopic Examination  


Longitudinal sections (Table 5) 


A total of 90 serial sections were done. However, there was complete bony 
 synostosis with Grade 3 suture in all three samples in A1, A2 &A3 levels 
 (Fig.17). 


Bone architecture (Fig.17) 


Pterygoid  bone  is  lesser  in  density  having  a  smaller  number  of 
 trabecular  per  unit  area  with  wider  and  larger  inter-trabecular  spaces 
 compared to maxilla. 


Cross sections (Fig.18) 


A total of 70 serial sections done, did not elicit any suture patency 
in  all  three  bone  blocks.    Wide  gaps  were  seen  at  B1  representing  the 
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