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Abstract ：To 　 clarify 　the　 IQng　term 　 effect 　 of 　 altered

posture 　 on 　 craniofacial 　growth ，　 eighty 　Wistar　 male

rats 　of 　25　days　old 　were 　divided　intoしwo 　experimentaI

（E1，　E2），one 　control （C）and 　one 　norma1 （N ）groups

and 　raised 　in　different　postures 　for　60　days．　Head

extension 　was 　inCluced　in　EI　and 　E2　by　keeping　the

rats 　in　restrictive 　cylindrical 　cages ，　either 　horizontally

for　El，　 or 　tilted　upwards 　at 　45“for　E2．　For　a　compa
−

rable 　overall 　growth，　group　C 　were 　kept　in　elliptical

cages 　in　 which 　 animal 　 could 　be　 allowed 　 much 　 free

than 　that　both　EI　and 　E2．　Body 　and 　head　radiographs

were 　taken 　at 　25，55　and 　85　days　old 　to　evaluate

posture　 and 　 any 　 alterations 　 in　 craniofacial 　growth ，

Craniocervical　muscles 　were 　dissected　out 　and “
ieigh −

ed 　at　85　days　old　and 　the　proportional　muscle 　weight

to　body　 weight 　was 　 calculated 　to　 analyze 　 whether

different　posture 　had　caused 　changes 　in　muscle 　mass ．

liead　 extension 　 was 　 confirmed 　 in　 both　 EI　 and 　 E2．

Compared 　to　control 　 animals ，　E2　 showed 　generally

larger　rate 　of 　muscle 　to　body　weight ．　Growth 　retarda ・

tion　was 　recognized 　in　bQth　craniofacial 　size 　prirnarily

in　 El
，
　 shown 　 by　 smaller 　 craniofaical 　 length　 and

height，　 and 　craniofacial 　 rotation 　primarily 　in　E2，
shown 　by　a 　downward 　rDtation 　of 　the　upper 　viscero ・

cranium 　 and 　the　mandible ．　It　was 　suggested 　that　the

stretching 　of 　the　 caraniocervical 　 muscles 　induced　by

head　 extension 　 might 　gen ∈rate 　 a　 strain 　force　which

restrained 　forward 　development 　of 　craniofacial 　 c   m −

plex　 arld 　altered 　its　functional　matrix 　activity　conse ・

quently　to　influence　the　craniofacial 　fQrm　and 　growth

pattern ．

　　　（J．Jpn．　Orthod．　Soc， 55（6）：427 〜444 ，1996 ）

ラ ッ ト顔面頭蓋の 成長に 及 ぼ す姿勢 の 影響

一頭部 X 線規格写真 に よる縦断的分析
一

抄録 ：長 期 の 姿 勢 の 変 化 が顔 面 頭 蓋 の 発 育 に 及 ぼ す影 響

を明 らか に す るた め に ，80匹 の ウ イ ス タ ー系雄 ラ ッ ト を

25 口齢 で 実験 群 2群 （E1，　 E2） と 対 照群 （C ＞，正 常 群

（N ）各 20 匹 に 分 け，そ れ ぞれ 異 な る 姿 勢 で 60 日間飼 育

し た．Eユ群 と E2 群 は 頭 部 を伸 展 さ せ る た め に 狭い 円 柱

状 の か ご に 入 れ，E1 群 の か ご は水平 に，　E2 の か ご は 45
：

上 向 き に 傾け て 設置 した．C群 は実験 群 よ り高 に 余裕 の

あ る楕 円 柱状 の か ごに 入 れ て頭 部 を伸展 しない 姿勢 で 飼

育 した，N 群 は 通常 の ケ
ージの 中で 自由な姿勢で 飼育 し

た ．姿勢 と顔面頭蓋 の 成長 変化 を評 価 す るた め，25凵齢

55 日齢，85 日齢 で 全身 の X 線写 真 と頭部 X 線 規格写 真 を

撮 影 した ．85 目齢で ，体重 に対 す る 頭頸部 の 筋の 重 量 比

を 求め た ．姿勢 に っ い て，E1，　E2 両群 と も頭 部 が伸 展 し

て い た．E2 群 で は頭 頸 部 筋 の 重 量比 が 有意 に 大 き か っ

た．C 群 に 比 べ て 実験群で は顔面頭蓋 の 成長低下が認 め

ら れ た，El 群 で は顔面 頭 蓋 の 前後径 と高径 が 有 意 に 小 さ

く，切 歯 は 舌側 傾 斜 して い た．E2 群で は顔面頭蓋が 後下

方 へ 回転 し て い た．頭部の 伸展 は 顔面頭蓋 前方 部へ の 張

力 を生 じ，機能的 な構成 要 素 の 活 動 を変 化 さ せ て ，顔 面

頭蓋 の 形 態 と成 長パ ターン に 影 響 を及 ぼ す こ と が 示 唆 さ

れ た．

　　　　　　　（日矯歯誌　55（6）：42 ア〜444 ，1996 ）
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Introduction

  Posture is known  to be determined  by both the
static  morphology  (such as  bones, ligaments and

muscles)  and  the dynamic function (such as  strain

or  relaxation)  
i}.

 Orthopedic and  orthodontic  studies

have demonstrated the close  relationship  between
the  spine  morphology  and  body posture2) as  well  as

between the cervical  columns  and  head  posture3-6).

Previous orthodontic  researches  have  indicated that

head posture is closely  correlated  with  craniofacial

morphology.  An  association  was  found  between
head posture relative  to the cervical  column  and

craniefacial  morphology7)  and  between head pos-
ture  and  vertical  or  horizontal jaw relationshipS'iO).
As  a consequence  of these  findings it was  suggested

that  the  stretching  of  craniocervical  soft tissues ",as

one  of  the controlling  factors in craniofaciar

morphogenesisii).

  On  the  other  hand, reflexes  maintain  head posture

according  to physiological requirements,  responding

to variety  of  neural  afferent  stimuli.  The  head
balance is maintained  bii the  vestibular  equilibrium

mechanism  of  the otic  capsule,  in which  the utricle

chiefly  concerned  with  static  position  of  the head
and  the semicircular  canals  are  responsive  to

kinetic movement  of  the head, chiefly  rotationi2).

Anthropologists found that head balance was  as-

sociated  with  the different craniofacial  morphologic

patternsi3). Bipedal animal  experiments  have report-
ed  that altered  bedy pasture  led to the rotation  of

otic  capsules  and  alteration  of the spine  curvature

and  the craniofacial  morphologyi2･'`).

  Electromyographic studies  have demonstrated
that  head  extension  was  corre]ated  with  a  de-
creased  tonic activity  in the  posterior cervical

muscles  and  an  increased activity  in the  lateral

cervical,  the  supra-and  infrahyoid musclesi5).  How-
ever,  these muscular  findings can  not  be directly

applied  to long  term  alterations  of  head posture,  as

the muscles  rnay  exhiblt  adaptive  changes  in rela-

tion to their tension and/or  activity.  According  to

the  functional matrix  hypothesis of Mossi6),
cranioiacial  growth  in size,  shape  and  spatial  pesi-

tion is influenced by the function of  the soft  tissues

responding  to their  temporal  demands  which  then

mould  the skeletal  structures  inte their definitive

forms. However,  studies  on  body orientation  is done
only  in bipedal animal  experiments  and  the way

how  does body orientation  affect  craniofacial  mor-

phology  remains  unclear.

  The present study  was  designed to c]arify  the

long term  effects  of  altered  both  head  posture and

body orientation  on  the craniofacial  growth  in rats

and  to exp]ore  possible factors involved in any

biological mechanism  for those  changes.

Materials and  methods

Animal posture  and  raising  conditions

  Eighty  Wistar  male  rats,  25 days old, obtained

from kyudo  Co., Kumamoto,  Japan, were  divided
into two  experimental  (El, E2), one  control  (C) and
one  normal  (N) group, with  20 animals  in each

group, and  allowed  to grow  in different postures  for

60 days. The  method  employed  to change  the ani-

mal's  posture was  illustrated in Fig. I. To  induce

head extension,  El ancl  E2  were  kept  in restrictive

cylindrical  cages,  macle  with  overlapping  wire-mesh

which  could  expand  in diameter  to allow  for body

growth and  orientated  horizontally for El whilst

tilted upwards  at  45' for E2 to alter  the animal's

body orientation.  As two  experimental  groups  were

kept in restrictive  conditions,  their general growth

might  be inhibited, group  C were  also  kept in

restrictive  conditions  in the horizontal orientation.

Their cages  were  elliptical  so that rats  could  move

more  freely than  those of  experimental  groups  but

should  not  extend  their heads. Group N  were  totally

free in normal  breading cages.

  The  cages  of El, E2 and  C were  put into normal
breeding  cages  as  used  for group  N  to make  animal

care  more  convenient.  Every morning,  cages  were

cleaned  and  food and  water  were  provided  from  the

anterior  top  of  cages  for EI  and  C whilst  from the

superior  top for E2  as  depicted in Fig 1, Illumination

was  provided  from a fluorescent lamp  which  "ras  1it

from  7 a. m.  to 7 p. m.  in a  room  maintained  at 24" C
and  55%  humidity.

Record  of  body  and  muscle  weight

  Body  weight  was  recorded  once  a  week  during  the

whole  experimental  period. At the end  of experi-

ment  (85 days  old),  the  following cervical  muscles

of the right  side  were  dissected from their origins  to

insertions. They  were  I) masticatory  : masseter

(MA) and  temporalis  (TM), 2) suprahyoid  : ante-

rior  digastricus (DA) and  mylohyoideus  (MH), 3)
infrahyoid : sternohyoideus  (SH) and  omohyoideus

(OH), 4) lateral cervical  : sternomastoicleus  (SM),
5) prevertebral:longus  capitis  (LC) and  6) pos-
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         Fig 1 Posture and  raining  conditions  for rats

 Groups  El  and  E2  animals  were  raised  in restrictive  cylindrical  cages

to induce head  extension  and  oriented  either  horizontally for El, or

tilted upwards  at  45' for E2. GroupC  were  raised  in elliptical  cages

rnuch  free than  El and  E2 but withollt  head  extension  in horizontal

orientation.  To  facilitate maintenance  of  the  animals,  the  cages  of  El,

E2  and  C were  placed  within  normal  breading  cages  and  food and  water

were  proyided from  the  anterior  top  for El  and  C, whilst  from  aboye

for E2

terior cervical  : acromiotrapezius  (AT).
  Using an  electronic  balance (ER-120A, A&D  Co.,

Japan), wet  weight  of  each  muscle  was  weighed

immediately after  sacrifice.  Muscle weight  was

divided by  body  weight  to get the proportional

weight  of  each  musc]e.

Radiographic registrations

  Body  and  cephalometric  X-rays of  the rats  were

taken with  a standard  dental X-ray  machine  (D-60
-S, Electric RPG.  Co. Japan) at  25, 55 and  85 days

old.  Body  radiographs  were  taken  in the natural

rest  position using  an  accelerating  voltage  of  95 KV

and  exposures  of  2sec. Without anesthesia,  rats

were  kept in a plastic box of  which  inner size  could

be adjustable  for their  body  sizes  like their  cages.

All rats  were  taken  repeatedly  with  two-hour  inter-

vals  between exposures.  The  distance from  the

focus of  the X-ray beam  to the median  plane of  the

rat  body was  52 cm  and  there was  3cm  from the

median  plane of the rat  body to the film.

  The  lateral (LA) and  the axial  <AX) cephalo-

grams  were  taken  using  an  accelerating  vltage  of 95

KV  and  exposures  ef 1.5 sec, under  general anesthe-

sia  using  intraperitoneal injections of  pentobarbital

sodium  (25mg/kg body weight).  The  rat heads
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Table  1Reference  points and  lines on  the body roentgenogram

Reference points
Ba : The  most  posteroinferior  point of  the occipital  condyle

C2ip : The  most  inferoposterior point  of  the second  cervical  vertebra

C4mp  : The  mid-posterior  point  of  the  fourth cervical  vertebra

C7ip : The most  inferoposterior point  of  the  seventh  cervical  vertebra

Gi : The  most  inferior point of the angular  process  of  the  mandible

}I : The  most  inferoanterior point of the hyoid body
L2mp  : The  mid-posterior  point  of  the  second  lumbar  vertebra

Me  : The most  inferior point  of  the mandibular  symphysis

S4ia I The most  inferoanterior point of the fourth sacral  vertebra

S4ia' : Intersection from  the  point S4ia perpendicular to the  body  axis  (X)
So  : Interseetion between  the inferior border of  the basisphenoid and  the tympanic  bulla
T2mp  : The  mid-posterior  point  of  the second  thoracic  vertebra

Reference  lines

C (CervicaL line) I The  line C2ip-C7ip
MP  (Mandibular plane)  : The line Me-Gi
PCBP  (Posterior cranial  base plane) : The  line Ba-So

X  (Body axis)  : The  horizental line through point  C2ip

Fig 2Reference  points  and  lines used  for analysis  from  the body radiographs
abbreviations  we  shown  in Table 1

were  fixed rigidly  onto  a craniostat  with  a  pair of

ear  rods  to orientate  their median  plane vertically.

The  distance from the  focus of  the  X-ray  beam  to

the  median  plane of the head was  18 cm  for both LA

and  AX,  and  that  from  the median  plane of  head to
the film was  6 cm  for LA  and  3 cm  for AX  respec-

tively. A  steel  wire  of 10 mm  was  attached  to each

film for calibration  and  films were  enlarged  4.8

times when  printed on  photographic paper.

Postural and  cephalometric  analyses

  postural analysis  was  carried  out  according  to

methods  previously described for humans  by Borden
and  Rechtmani'), IshiharaLS), Opdebeecki9). Refer-

ence  points and  lines were  shown  in Table 1 and  Fig.

2, with  postural variables  in Table  2. The position of

the hyoid bene was  analyzed  only  at  the  end  of

experlment.

  Cephalometric  analysis,  including craniofacial

sizes, shapes  and  area  of  capsular  matrix  e]ements,

was  modified  from  Hanada20), Engstr6m2i), Ito, et

at.22) and  MossZ3), Reference  points and  planes were

shown  in Table3 and  Figs. 3a, 3b, with  linear and

angular  variables  in Tables  4 and  5, and  functional
capsular  matrix  elements  in Fig.4, All measure-

ments  were  analyzed  from tracings of  spines  and

craniofacial  structures  with  a  digitizer (MYPAD-
A3 Logitec Co., Japan) interfaced to a personal
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Table2  Linear and  angular  variables  of  the body  posture

Linear variables

CC:Cervical curvature:Distance  from C4mp  to the line C

TC  : Theracic curvature  : Distance from  T2mp  to the  line X

LC:Lurnbar  curvature:Distance  frem  L2mp  to the line X

SL:Spinal  length:Distance from  C2ip to the point  S4ia'

Angular  variables

z1  (CCA) : Craniocervical angle  : itLine  C/PCBP
[2  (CMA)  : Cervicomandibular angle  : zLine  CfMP
[3  (PMA) : Posturomandibular  angle  : zLine  X!MP

[4  (CI) I Cervica] {nclination : zLine  C/Line  X

Hyoid  positien'

I{ to Me  : Hyoid  position  re]ative  to mandible  :

        Distance from  H  to the  point  Me

H  to line C : Hyoid  position  relative  to cervical  column  :

          Vertical distance frem  H  to the  Line C

H  to So (Ver) : Hyoid  vertical  position  relative  to cranium  :

             V'ertical distance from H to the point  So
H  to So (Hor) : Hyoid  horizontal position relative  to cranium  :

             Horizontal distance from  H  to the  point So

':Analyzed
 only  at the end  of  experiment

computer  (EPSON  PC-286L-STD-N,  Japan),
  As  body  radiographs  were  taken  twice,  the  mean

value  was  calcurated  from the two  images for each

variable,  Statistical differences were  evaluated

using  ANOVA  test. When  a  significant  F valus  was

noted,  Student-Newman-Keuls  test was  continued.

Statistical significance  was  set at pSO.05.

Methodological errors

  Methodological errors  (standard errors  of  mean

difference) of the postural analysis  were  calculated

using  the mean  values  of  all  80 rats,  whilst  ce-

phalometric  analysis  was  evaluated  from  the mean

values  frem le normal  rats  taken  four times  with

four-hour intervals. The  largest standard  errors

were  O.63 for the postural analysis  and  O.62 for the

cephalometric  analysis,

Results

Alterations  of  body  and  muscle  weight

  During the  experiment,  some  rats  died due to

anesthesia  accident  (three rats  in groups  El, E2 and

N)  and  daily animal  care  (four rats  in group  E2).

As  cy]indrical  cages  for E2  were  tilted upwards  at

45', rats  tended  to rush  upwards  from  the cages

before  covering  the  food box  over  it. The  head  of

running  animal  was  injured coincidentally  with  the

food box. The  final numbers  at  the end  of  experi-

ment  in each  group  were  N:19,  C:20, El:19,

E2 : 15,

  Body  weight  increased censtantly  in all  groups

(Fig. 5). At the end  of  experiment,  significant  dif-

ferences in body weight  were  found  between  N  (407.
9 g) and  other  three groups  (C : 354,4 g, El : 339.2 g,
and  E2:339.0g), but no  significant  differences

were  found among  the later three  groups. As  a

consequence,  all comparisons  in the present study

were  made  onlv  between C and  El or  E2.

  Fig. 6 showed  the proportional weight  of cranicer-

i,ical  muscles  to body weight  for the three groups  at

the end  of  experiment.  In group  El, the ratio  of MA

and  MH  to body weight  was  significantly  smaller

compared  with  group  C animals.  In group  E2, the

ratios  of  TM,  SH, S}vl and  LC  to body weight

increased and  that of  MH  decreased  compared  with

group  C. The  ratios  to body weight  were  larger in

MA,  MH,  SH  and  SM  in E2  compared  with  El,

which  indicated that  group  E2 had generally  greater

mass  of  craniocervical  muscles.

Alterations  of  body and  head postures

  Table 6 and  Fig.7 showed  the postural changes

that occurred  in experimental  rats  compared  iLrith

control  rats  throughout  the experiment.  El and  E2

showed  significantly  reduced  thoracic and  lumbar
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Table 3Reference  points on  the eephalometricroentgenogram

Lateral cephalogram
Co  I The  most  posterior point  of  the mandibular  condyle

EIlntersection between the frontal bone  and  the most  superoanterior  point  of  the posterior

   limit of  the ethmoid  bone

Gp : The  most  posterior  point of the angular  process  of  mandible

Id : The  most  superoanterior  point  of  the labial alveolar  process on  the mandibular  incisor
In : The  most  posterior peint  on  the external  occipital  protuberance
LiIThe  incisal edge  of  the  mandibular  incisor

Ma:Intersect{on bet",een the  maxillar),  alveolar  process  and  the  mesial  surface  en  the

    maxillarv  first molar

Ma':Intersection between  the mandibular  a]veolar  process and  the  mesial  surface  on  the
     niandibular  first molar

Md  : The  point  on  the  distal cusp  of  the mandibular  third molar

Mm  : The  point  on  the  mesial  cusp  of  the  mandibular  first molar

Mn:The  deepest point of  the antegonial  notch

Mp  : Intersection between the maxillary  alveolar  process and  the distal surface  of  the maxillar-

    y third molar

Mp':Intersection  between  the  mandjbular  alveolar  process and  the mesial  surface  of  the

     mandibular  third molar

N  : The  frontonasal suture  point

Na:The  most  anterior  point  of  the  nasal  bone
Pns  : The  most  posterior  point  of  the  hard palate
Pr : The  mest  inferoanterior point of  the labia] alveolar  process  on  the maxillary  inEisor
Pr' : The  most  inferoanterior point  of  the lingual alveolar  process  on  the rnaxillary  incisor
Ui : The  incisal edge  of  the maxillary  incisor

Axial cephalogram

Cp (Cp') : The  tip of  the coronoid  process
Ea (Ea') :The  center  point ef  the lateral margin  of  the external  auditory  aperture

Or  (Or') I The  deepest point  on  the  orbital  margin

Sq (Sq') : Intersectien between  the line through the intershenoida] synchondrosis  (Which is

         perpendicular  to the  sagittal  line) and  the posterior  margin  of  the squamous  bone
Zy  (Z},') : Intersection bet",een the line through  the intersphenoida] synchondrosis  (which is
         perpendicular to the sagittal  line) and  the  zygomatic  arch

':

 Ba, Gi, Me, So:same  as  in Table1;Co(Co'),

curvatures  (TC, LC) and  increased spine  Iength

(SL). indicating a  flattened back. The  craniocer-

vical  and  cervicomandibular  angles  (zCCA,
zCMA)  were  larger and  posturomandibular  angle

(zPMA)  and  cervical  inclination (zCI) were

smaller,  which  were  t},pica] features of  head  exten-

sion.  The  smaller  distances from H  to Me  and

larger one  from  H  to  Line  C  indicated a  whole

backward  movement  of  the eervical  column,  the

hyoid  bone  and  the  mandible,  as  a  consequence  of

flattened beck and  head  extension.

Alterations  of  craniofacial  growth

  Tables 7, 8 were  craniofacial  sizes  and  shapes

represented  by linear and  angular  variables  in the

three groups  at  55 and  85 days of age  respectivery,

Tables 9, le and  Figs. 8, 9 ilTustrated the alterations

GP  (GP,} : same  as  in the  ]ateral cephalogram

of craniofacial  sizes  and  shapes  of  the experimental

groups  as  compared  to the control  group.

1. Comparison of  eraniofacial  sizes  and  shapes

    of  El and  C

  1) Linear  variables

  Craniofacial skeletal  dimensions  were  significant-

ly smaller  in El than  C, especially  in anterio-poste-
rior  length. At  55 days of age,  the craniaHength

(Na-In, Pr-Ba), the neurocranial  length (E-In), the

viscerocranial  length (Pr-E, Pr'-E), the interior

premaxillary  length (Pr'-MA), the palatal length

(Pr'-Pns), the  anterior  viscerocranial  height (Ma-
E) and  the bizygomatic width  (Zy-Zy') were  smal-

ler in El than  group  C animals.  But  the maxillary

incisor-molar  distance (Ui-Ma) was  smaller  and

mandibular  incisor-molar distance (Li-Ma') was

larger in El than  group  C animals.  In addition  at the
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 a:On  the  lateral cephalogram

     Zy

Nz

PT

Fig

              Zx,'

          b: On the axial  cephalogram

3 Reference  points and  planes  used  for analysis

  cephalometric  radiographs

  Abbreviations were  shown  in Table3

'

from  the

end  of experiment,  the ramus  height (Co-Gp) de-
creased  but the maxillary  incisal alveolar  thickness

(Pr-Pr') increased (Table 7, 9),

  2) Angular variables

  In contrast  with  the  significantly  smaller

craniefacial  dimensions, there  were  few  shape  alter-

ations  in El. The  alterations  only  included an  up-

ward  rotation  of  the neurocranium,  shown  by the

smaller  cranial  base angle  (zBa-So-E), a  larger

cranial  vault  angle  ([In-E-So), increased angle

between the neurocranial  height and  cranial  vault

([Ba-In-E) ,
 a smaller  premaxillary  angle  ([ Pr-E

-So, zPr'-E-So)  with  retroinclined  incisors (IUi
E-So,  zUi-Pr-Ma,  ILi-Id-Mu')  in both jaws and
a  sharp  antegonial  notch  angle  (zGi-Mn-Me)
(Tables 8, 10).

  Alterations in growth  of  the craniofacial  skeleton

in terms  of  both  size  and  shape  in El at  the end  of

the experirnent  were  i]]ustrated in Fig. 8.

2, Comparison of  craniofacial  sizes  and  shapes

   of  E2  and  C

  1) Linear variables

  The  craniofacial  sizes  of E2  were  very  similar  to

group  C, except  for the decreased cranial  lengths

(Na-In, Pr-Ba), neurocranial  length (E-In) and

exterior  viscerocranial  length (Pr- E) at  55 days of

age  and  decreased  mandibuLar  incisor-molar dis-

tance (Li-Ma') at 85 days of age  (Table7, 9).

  2) Angular variables

  Almost no  shape  alteration  was  found in E2

animals  until  55 days of  age  apart  from a  smaller

maxillary  incisal angle  (zUi-E-In). However  at  85

days  of  age,  significant  changes  occurred  in all

items of  viscerocranium  investigated, i. e., the  nasal

bone angles  ([Na-Nfln-E, [Na-Nlso-E),  the

premaxillary  angles  (zPr-E-In, zPr'-E-In,  zPr-

E- So, zPr'-E-So)  and  the  maxjllary  incisor angles

<zUi-E-In, zUi-E-So)  were  smaller  relative  to

both  the cranial  vault  and  the anterior  cranial  base,
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E N

  Area  ]: cerebe]lum  and  midbrain  element  Area  4: upper  nasat  element

  Area 2: cerebrat  and  olfactorv  element  Area  5: lower nasal  element

  Area  3/ frontocribriform element  Area  6: externat  nasal  element

Fig 4 A  diagram  of  the capsular  matrix  elements  established  from lateral cephalograms

Table 4 Linear variables  of  the craniofacial  complex

Lateral cephalogram

Na  In:Superior  cranial  length

Pr-Ba  I Inferior cranial  Iength

So-E:Anterior  cranial  base length  (Plane, ACBP)
So-Ba  : Posterior cmanial  base length (PIane, PCBP)
E-In : Neurocranial ]ength
Ba-In  : Neurocranial height

Pr-E  : Exterior viscerocranial  length

Pr'-E : Interior viscerocranial  length

Ma-E  : Anterior viscerocranial  height

Mp-E  : Posterior viscerocranial  height
Na  NINasal  bone  length

Pr-Ma  I Exterior premaxillary  length
Pr'-Ma  : Interior premaxillari,  length
Pr'-Pns (Mp)* : Palata] length (Plane, PP)

Pr-Pr' : Maxillarv incisor alveolar  thickness
Ui-Ma  : Maxillary incisor-molar distance
Ce-Id : Mandibular  length

Gp-Id : Mandibular  body  length

Co-Gp:Ramus  height (Plane. RP)

Li-Ma'  : Mandibulur  incisor mo]ar  distance

Axial cephalogram

Or-Or' I Inter orbital  width

Cp-Cp'  : Biceronoid width

Zy-Zy' : Bizygomatic width

Sq-Sq' : Viseerocranial wiclth

Co-Co' : Bicondvlar width
Ea-Ea'  I Neurocranial widrh

Gp-Gp'  : Bigonial w{dth

Table 5 Angular  variables  of the craniofacial

      complex

[Ba-In  E : Neurocranial height to cranial  vault

[  Ba-So  EICranial  base angle
!. In-Ba-So  : Neuhocranial height to posterior  cra-

        nial  base

tt  ln-E-So  : Cranial vau]t  angle

[Na-N!In  E  : Nasal bone  to cranial  vau]t

LPr-E-In  I Exterior premaxilla  to cranial  vau]t

z! Pr' E-In : Interior premaxilla to craniah,ault

[Ui-E-In  : Maxillary incisor  to cranial  vault

zNa-NISo-E  : Nasal bone angle
[Pr-E  So  : Exterior premaxMa  ungle

[Pr'-E-So  I Interior premaxilla  angle

zUi-E-So  : MaxMary  incisor angle

zUi-Pr-Ma  : Maxillary incisor inclination
zPP/E-So  : Palatal plane angle

zOP!E-So  : Occlusal plane  angle

zMPIE-So  : Mandibular  plane angle

zOPfPP  : Occlusal plane  to palatal  plane

zMPIPP  : Mandibular  plane  to palatal  plane
zMPIOP  : Mandibular  plane  to occlusal  plane
zRPfMP  : Gonial angle

zGi-Mn-Me  : Antegonial notch  angle

zLi-Id-Ma'  I )vlandibular incisor inclination

':Pns

 and  Md  were  ebscure  at the beginning of

  experiment,  thus  substituted  by  Mp  and  Md' (the
  second  molar)  respectively

while  the palatal  plane angle  ([PP/E-So) and  the

mandibular  plane angle  (IMPIE-So, zMP,fOP)

were  larger. These alterations  indicated a  signifi-

cant  downward  rotation  of  the  upper  viscero-

cranium  and  the mandible  in E2. The  unique  altera-

tion in neurocranium  was  the larger angle  between
neurocranial  height and  cranial  vault  (zBa-In-E)
Table 8, IO) .

 Alterations in growth  of  the  craniofacial  skeleton

in terrns of size  and  shape  in E2 at  the end  of

experiment  were  illustrated in Fig. 9.
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Fig 5 Comparison of  body  weight  (g) between  normal  group  (N) and  control

     group  (C) or  experimental  group  (El and  E2)  during whole  experimental

     period  recorded  o"ce  a  week

 There  were  significant  differences between  N  and  C or  El  or  E2, but no  statistical

differences were  found between  C and  El  or  E2  at  the  end  of  experiment

3. Comparison of  craniofacial  sizes  and  shapes

   of  El and  E2

  El animals  showed  generally smaller  craniofacial

dimensions than  E2, such  as  the  visceroeranial

length (Pr-E, Pr'-E,) and  height (Ma-E),the inci-

sor-molar  distance in beth jaws (Ui-Ma, Li-Ma')

and  the bizygomatic width  (Zy-Zy') at 55 days of

age,  At the end  of experiment  the superior  cranial

length (Na-In), the premaxillary  length (Pr-Ma,
Pr'-Ma) and  the  palatal  length (Pr'-Pns) were  also

significantly  smaller  in El animals  compared  w{th

E2  anirnals  (Table 7, 9).

  However, E2 showed  a  significant  downward

rotation  of  the  upper  viscerocranium  and  mandible

compared  with  El, shown  by smaller  premaxillary

angles  ([tPr-E-In, zPr'-E-In)  and  maxillary  in-

cisal angle  (ziUi-E-In) and  larger mandibular

plane angles  ([MP,!E-So) at 55 days  of  age.  The

rotation  increased by the  end  of  experiment  as

shown  by the smaller  nasal  vault  ([Na-Nfln-E, z

Na/So-E)  and  exterior  premaxillary  angles  (zPr-
E-So) and  the larger palata] and  mandibular  plane

(zPP!E-So, zMPIOP)  angles.  El animals  sho"Jed

an  upward  rotation  of the neurocranium,  shown  by

the larger cranial  base  angle  (lBa-So-E), smaller

cranial  vault  angle  (zln-E-So) and  smaller  maxil-

lary incisor inclination (zUi-Pr-Ma) compared

with  E2 animals  (Table8, 10).

4. Comparison  of  areas  of  the  capsular  matrix

   elements

  Table11 showed  the areas  of capsular  matrix

elements  in the three groups  at  the  end  of  experi-

ment.  Areas of  the frontocribriform  and  upper  nasal

e]ements  (elements 3 and  4) were  significantly  lar-

ger in E2 than  in both C and  El.
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Fig 6 A  graph  to show  the proportional  weight  of  different eraniocervical

      muscles  to body  weight  for the three animal  groups  (El, E2  and  C) at
     the end  of  the experiment

 Comparing  El  animals  with  C group  a]imals,  demonstrated  relatively  smaller

values  of  musc]es  for MA  and  MH,  Similar comparisons  for  E2  showed  relatiye-

ly greater  values  for TM,  SH,  SM  and  LC  but smaller  yallle  for MH  compared

with  C. Comparing  El with  E2  animals  showed  relatively  increased values  for
MA,  MH,  SH  and  SM  in E2  than  El

Discussion

Effects  of  head extension  on  craniofacial  growth

  The  relationship  between head posture  and

craniofacial  morphology  has been  previously stud-

ied by BjOrk2`', He  observed  that individuals with

flattened cranial  base  and  a retrognathic  facial type
carried  their heads in extendecl  position. Solow and

Tallgren') found  an  association  between the  above

two  factors that individua]s with  head extension  in

relation  to their  carvical  colunins  had  an  increased

lower anterior  facial heights, an  obtuse  gonial
angles,  mandibular  retrognathism  and  decreased
vertical  dento-alveolar development. This  associa-

tion was  agreed  by  many  studies  in which  individ-

uals  with  a head extension  and  an  elevatecl  face
display the characteristics  of  skeleta]  open  bite"･25)
or  a  steep  mandibular  plane  and  the prominent
chiniO).  However, effects  of head extension  on

eraniofacia]  growth  have  not  been tested by  animal

expenments.

  In the  present study,  a  long-term head extension

of rats  was  inducecl during  their growing  period to

investigate how  does head posture  affect  the

craniofacial  growth. The  general growth  of animals

in E], E2 and  C was  almost  equally  affected  within

the restricted  cages,  compared  to group  N. On the
contrary,  the craniofacial  growth  in El and  E2 was

strongly  influenced in some  different manners.

Head  extension  in horizentally raised  animals  (El)
affected  both craniofacial  dimensions and  dento
alveolar  position  and  shapes,  whereas  head exten-
sion  with  a 45" uprighted  body orientation  (E2)
affected  mainly  the craniofacial  shapes  (Fig. 10).

  Altered skeletal  dimensiens induced  by  head

extension  in El  reflected  chiefly  in the craniofacial

lengths, which  may  relate  to much  higher sagittal

growth  rates  than  the vertical  or  the  frontal one  in

rats.  The  ratardation  ef growth  in craniofacial  size

has been significant  up  to  55 day$  of age,  which

indicated that craniofacial  growth  in size  was  in-

fluenced easily  in the earlier  period with  the rapid

growth  and  the relatively  Iarge dimensional
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Table6  Body  and  head  postures in experimental  and  control  groups  at  the middle  and  the  end  of  experiment

Greup El E2 c Statisticalsignifieance
Fvalue

Items Mean+SD- Mean ± SDMean ± SD El:CE21CEl:E2

MiddleccteTC!LCh"SL.r[CCA

.gLzCMA
pgeVzPMA

tL.cl

1.13+O.26.ne10.18

± 1.27

]4.14± 2.56

110.50± 5.49

109.99± 9.88

98.52± 7.44

36.7e-5.45-46.99+S.30-

1,19±020

9.88± 1.48

15.9.8± L86

108.42± 3.79

112.78+8.61-101.06+8.64-36.12+5.88-44.71+9.44-

1.02+O.2.3=12.24+1.52m2L30

± 2.81

100.39 ± 4.54

97.77+8.15r84.16

± 8.20

41.91± 7.37

53.65.9.65

2.7416.03*.*45.75***25.97***15.82s**25.00***8.4g**ir).o7.i
i l

- l

i i

i i

i l

* *

l *

nsns-nsnsnsns

 End

  cc-rd
 TCy･:
 LCA

   SL.

 F z: ccA
t6 L .: cMA

YLzpMA
<t
   [CI

 1,22+021

10,63+L71

13.89+2.76

12.9.20-+-6.20

109.70+8.58

95.93+8.82

36.23+8.03

42.55-5.89

 1.36-O.28

10.96-1.43

14.67t2.67

IZ6.41±6,77

11L93 ± 9.78

98.85± 8.08

33,96± 9.79
41.20± 5.09

 L18 ± O,29

12.64± 1.66

26.11+3.e2

117.32± 5.82

102.41+Z29

88.41+7.83

44.81+5.90

46.85+7.41

2.278,61***56,75.**19.24***6.27**7.68**9.65***3.98'
**.I..i **....I

Unit I linear variable  (mm) ,
 ungular  variable  (degree), Abbreviations were  shown  in Table  2

ANOVA  test : F value  
'
 : p<O.05  

"
 I p<O.Ol  

-'
 I p<O.eOl

Student-Newman-Keuls  test was  made  when  a  significant  F  value  in ANOVA  test was  noted  an

significance  was  set  at  pS.O,05  level

nsns1]Snsnsnsns

d statistical

C

  Fig 7 Posture changes  of  the experimental  rats  (El, E2) compared  with  control  rats  (C)

 In the constructed  cages  of  El  and  E2, the animals  backs were  flattened shown  by the  reduced

theracic  and  lumbar  curvatures  (TC, LC)  and  increased spinal  lengths (SL).Asa consequence  of

this, head  extension  was  induced, represented  by the larger craniocervical  ([CCA) and  cervicoman-

dibular (LCMA) angles,  combined  with  both  smaller  posturomandibular  (zPMA) angle  and  cer-

vical  inclination  ([CI)
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Table 7Craniofacial sizes  represented  by  Iinear yariables  at  the middle  and  the  end  ef experiment

GroupEl(N=20)E2(N==19)C(N=20) El(N=19)E2(N=15)C(N--20)
FvalueItems Mean ±,SDMean ± SDACean+SD- Mean ± SDMean ± SDMean+SD-Fvalue

fts,H-J=hmLANa-In
.rv'Iiddleofexperiment{55daysold)

245.61 ± 6.03247.86± 4.28252.46+5,67- 8.37*..

Endofexperiment(85daysold)

263.43± 4.42267.88± 3.44268.95+5.01- 8.34-*
os=-oo-Pr-Ba235.40

± ,',.07237.10 ±3.64240.43± 6.115.II*.257.69 ± 4.10260.4e± 3.91262.11+4.98-4,96.
,Erso-F.105,44

± 2.9.5105.73± L.31106.82+2.43- 1.59110.75 ± 3.40110,69± 1.93]10.95+1.79- O.05

g･;So-Ba57,65± l.7458.12 ± 1.8558.76+2.23- 1.63 63.53± 1.5964.71 ± 2.0564.65+1.96- 2.34
oaZkE-In144.15

± 3.57145.48±3.53148.42+4,OO- 6.95± *148.96
± 4.15150.49± 3.48152.55±3.214.77*

UBa-In58.20
± 1.7558.03 ± 1.9758.9.2+1.91- 1.25 59.25± 1.4559.25=l.4359,30t2.09O,Ol

  ,I5
 fia2DL

  di
  U
  m  ..-
  >

osv'a-:

 Pr-E
 Pr'-E

 Ma  E

 Mp-E

 Na-N

 Pr-Ma
 Pr'-Ma
 Pr'-Pns

 Pr-Pr'

 Ui-Ma

r Co-Id Gp-Id

 Co-GpL

 Li-Ma'AX

 Or-Or'

 Cp-Cp'

107.05±3.03

1(}O.14+2.64

 59.79± L52

 69.23+L41
 85.56-3.36

 81,04t2.51

 65.30+2.23

118.67+3.26

 l8.69+1.17

 71.34+2.49

116.94±3.66

120.14±3.70

 25.60.1.21

 63.82± Z.20

 36.99± 1.01

 94.00± 1,53

109.05-2.96

102.23+2.:S4

 60.95± 1.32

 69.92+L45

 86.71± 3.C)6
 82.35± 2.87

 66.82+2,80

ll9.87± 1,93

 18.85=O.67

 73.89± 2.80

ll6.99± 2.16

120.04± 2.45

 25.56+O.87

 65,95± 1.91

 37.37± 1.10

 94.94=1.58

110.57+3.21

103.97+3.06

 61.28+1.57

 69,20+1.67

 86,90+3.39

 82.97+2.70

 67.97± 2.52

121.16+3.42

 18.38=, 0.92

 74.23± 2.21'

1]8.11+3.53

120,74+3.70

 26.26+1.16

65.20+1.82

 37.83+1.62

 95.10t2.36

 6.61*i10.10.,.

 5.65#*

 1.39O.972.685.63**3.50*1.267,92*,*O.84O.252.585.83.*

2.212.e2

II9.87± 2,73

110.08+2.36

 65.35tl.54

 72.11+1.38

 97.29+2.17

 90,28+Z.41

 72.14+2.86

125.97+2.21

 20.55± O.58
 79.11+3,OZ

127.16=3.15

130.59+3.22

 31.02+1.23

 68.11± 2.19

 41.91± O.99

100.94± 1,94

123,41±3,10

l14.66 ±3.32

 66.86± L77

 72.62± 1.22

 98.98± 3.51

 92.IO+2.23

 74.92+1.98

129.01+2.28

 20.10+e,92

 83.0942.74

128.40-2.13

131.10+2.08

31.79+1.61

 7L21+2.48

 41.81± O,93

lel.Ol± L70

121.99+4.20

112.92+3.78

 66.82+2.07

 72.9]± 1.79

 98.16+3.31

 92.72+2.76
 75.52--2.19

129.16+2.40

 19.85+1.16

 84.07+2.28
128.16+3.07

131,49+2.76

32.04+1.17

73.23+L94

 4.61*

 8.95,**

 5.56i*
 1.02

 1.32

 4.94*IO.74...11.30*.*

 3.05*.1821***

 O.95

 O.51

 5.06**26.89**.

Unit . mm( × 4.8).Abbreviations  were  shown  in Table 4.

changes.

  Whilst skeletal  shape  modifications  in E2

invo]ved mainly  in the viscerocranium  ancl were  not

significant  until  the rats  reached  55 days  of age,

indicating that shape  modifications  were  progres-
sive  and  cumulative.  These findings seemed  to

agree  Spence's demonstration26) that the growth  of

neurocranium  in rats  is almost  coinpleted  by 70

days, while  that  of viscerocranium  continues  to

develop.

  Colton27) noted  only  a  smaller  cranial  base ]ength
in his bipedal experiments,  in the present study,

however, smaller  dimensiens  were  identified not

only  in the  craniofacial  length but also  in its height
and  width  in El. Rotations  of  the viscerocraniumi2),

the  cranial  base and  the neurocranium  in its ante-

rior part2S) have  been reported  in bipedal rats,  whilst

both the upward  rotation  of  neurocranium  (El) and
the  downward  rotation  of  upper  viscerocranium  and

.
 : p<O.05"  : p<O.Ol

 42.25± LOI 1.02

]OO.89±3.35 O.Ol

...
 : p<O.OOI

mandible  (E2) were  found  in the present study.  The
large palatal and  the mandibular  plane  angles  and

the retroinclined  incisor position found in the pres-
ent  study  seemed  to support  the clinical  observa-

tions  described above.

Effects of  head  extension  on  the craniocervical

muscles

  Several experiments  have demonstrated that

altered  muscular  function can  influence the

craniofacial  morphology29"3i)  and  suggested  that

altered  muscle  recruitment  may  be a plausible
explanation  for the skeletal  changes32).

  In the present study,  the muscle  weight  was  used

to evaluate  its volume  alteration,  as  one  of  indica-
tors for the functional muscular  activity  followlng
the altered  heacl posture and  body orientation.  In
E2, the proportional  weight  were  significantly  lar-

ger in most  craniocervical  muscles,  such  as  the
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Tab且e 　 8Craniofacial 　shapes 　represented 　by　angular 　var 孟ables 　at 　the　midd 且e　and 　the　end 　of 　experime 皿 t

Group 　El （N ＝20）　E2 （N ＝19）　 C （N 二20） E1 （N ＝19）　E2 （N ＝15）　 C （N ＝20）
Fvalue

Items Mean 土 SD 　 Mean ± SD　Mean ± SDFvalueMea 吐 SD 　Mean ＝ SD　 Mean ±SD

Middle　 of　experiment （55　days　old ） End　of 　experiment （85　days　old ）

∠ Ba −ln−E　　90．00± 1．89　 90．07 ± 2．35　 88．95士 2，151 ，72 95．17＝ 0．99　　95．44 ± 1．49　　93，99＝：1、655 ．57纏
IO

旨

日
P【
　　　　P ∠ Ba −So　E　143，1ヱ± 1．69144 ．57± 1，81145 ．35士 1，768 ．41料 141．39ゴ：1．60　142．85± 2．〔レ6　143．78± 2．Ol7 ，85＊ ＊

5
 

Z
口

邸
HU

∠ ln−Ba −So　 92．05± 2．26　 91．21± 2，51　 9工．78± 2ユ2

∠ ln−E−So　　 34，85± 0．90　 34．13± 1，01　 33．92±LO10

．675
． 0糊

88．62± 1、70　　87．49：ヒ1．69　　88．39± 1．76
34．82 ：ヒ1．20　　34．24± 1．23　　33．86± 1．22L963．07

∠ Na．．N〆In−E　15830 ＝ 1．73　156、93 ± Ll7 　157．65±2．23291159 ．78± 1．74　157．05 ± 2．11　159．97± 2．658 ．82＊林

∠ Pr−E −ln　　工48．27二 1、54147 ．04± 1，28 工47．34 ± 1．713 ．46零 149．61± L58　147．61二 1．71　149．81± 2386 ．32＊ 噛

霑
∠ Pr’−E−In　138．72土 1．32　137．52± 1，ll　 138．19± 1．923 ．18＊ 140．61± ユ．70　138．90＝ 1．74　141．20辻：2．405 ．92料

，三 ∠ Ui−E−In　　128、65± 1．26　127，73± 1．13　ユ28．55± 1．173 ．47＊ 130．56± 1，80　129．03± 2．12　131．40± 2．644 ．88審
」

Oq
口

邸
」 ∠Na−N！So−E　123．47 ± 1．56　122．78± 1．34　123．73± 2．081 ．62　 　

「
124．95＋ 1，54　122．82± 2．21　126．11± 2．29　　　一 11．26綿＊

O
⊃

∪

0
』

∠ Pr−E−So　 113．43± 1．37　112．91亡 1．4〔〕ll3，40± L530 ．81
！

工14，79± 1．49　113．38± 1．66　1工5．94± 2．019 ．2P ＊＊
Φ

∪』窄 ∠ Pr’−E −So　lO3．87± 1，09103 ，41 ＝ 1．10104 ，27＝ 1．662 ．08105 ，79＋ 1．61　104．66± 1，67　107．34± 194　　　一 10．31耡＊

写　 ∠ Ui−E．　So

　　 ∠Ui−Pr−Ma

　　 ∠ PP／E．　So
　　 ∠OP ！

．
E．So　　　　 ’

　　 ∠MP／E−So

9 　∠ OP ／PP

亳 ∠ MP ／PP
岳　 ∠ MP ／OP
芝 ∠ RPIMP

　　 ∠ Gi−Mn −Me

　　 ∠Li−ld−Ma’

93．80± 1．08

61．65± L50

37，22士 1．19

39．38± 1．62
48．20± 1．60
2．42一ト1．20
11．59± 1．04

8．81± 1．57

75．75 ：ヒ3ユ0

79．90＝ 2．75

93，6D ：t工．工2
63．63± 1．32

38．52± ユ．04
39 ．73± 2．68

50．06± 1．83
2．70± 1，60
12．12± 1．37
10．34± 2．77

76、25 ± 2．85

93．59 ＝ 0，99　　0．25

64．94 ：ヒ1，40　1／．18＊＊＊

158．30＋ 2．54　159．32± 2．53　159．08± 2．2r

　　　　　　　 8D．27± 2．87

37．89± 1、42
39．79± 2、06
49．14± 1、54

2．57± 1．44
11．50± 1，51
9．5ユ± 2．33

76．33± 3．29
　　　　　冖

79．77± 3，21

2．41D
．216
．10＊ ＊

O．192
．912
．240
．210
．940
．15

95．75± 1．47

61．13± 2．04
36．50± 1．02
36．63± 1，89
47．01± 1．31
1．32± 0，92

ユ1．02 ± 1，18

ユ0．41± 1，96
7496 ± 3．00

94．78± 1．95
64．32土 1．87

38．49± 1．83

38．03± 1．96

49．98± 1．77
1．41＋ 工．18

ユ1．49± 0．93
11．94 ± 1．69

76．49± 2．92
157．09± 2．33　158．36± 1．79　158．92± 2，29

76，ユ5＝ 3．06　　77．32± 1．89

97．54± 224　　9．47 字 ＊ ＊

65．  3± 2．44　17．53
＊＊s

36，51± 1．73　　8．94
累＊＊

37．64± 1．95　　2．47
47，32± 1．32 　20，54 ＊ ＊ ‡

1．63＝ 工、18　0．4D
lO．82ゴ ：1．42　　2．75
9．69：ヒ1．48　　7．45

＊寧

74．93± 2．44　　1．69
　 　 　　 　　 　3、52＊

79．09士 2，80　　5．92＊ i

Unit：degree，　Abbreviations　were 　shown 　ill　Table　5． ＊
：pくO．05 ＊ ＊

：p ＜ 0．01 ＊＊＊
：P ＜ 0，001

Tab且e　g　Statistical　 significance 　of 　craniofacia 且 sizes 　represented 　by　且inear　variables

　　　　　between 　each 　two 　groups　at 　the 　middle 　and 　the　end 　of 　experiment

Statistical　significance Statistical　significance

Items Items
E1 ：CE2 ：C　 　 　E1 ：E2 E1 ：CE2 ：CE1 ：E2

Middleof 　experiment （55　days01d ） End　of　experiment （85　dayold ）

Na −ln 癖 串 ns Na −ln ＊ ns 串

Pr −Ba 掌 累 ns Pr−Ba ＊ rls ns

E−ln ＊ ＊ ns E．．ln ホ ns ns

Pr −E 零 11S 3 Pr−E ns ns ＊

Pr厂一E ＊ 率 審 Pr厂一E 寧 ns 寧

Ma −E 濃 ns 尊 Ma −E 3 ns 寧

Abbrev 重ations 　were 　sho “ ・n　in　Table　4．　Statistical　signific 舞nce 　was 　set 　at　p ≦0．D51evel　by　student
−

Newman −Keuls　test，　 when 　a　signjficant 　F 　value 　in　ANOVA 　test　was 　noted

masticatory （TM ），　 infrahyoid （SH ），
　 the　 lateral

（SM ），and 　the　prevertebral （LC ）．This　may 　attrib ・

ute 　to　the　fact　that　head　extension 　was 　weakened 　to

some 　degree　by　altering 　body　orientation ，　Such　an

upward 　 tilted　 body　 orientation 　 may 　 alter 　 the

craniocervical 　muscular 　balance　and 　their　func一

N 工工
一Eleotronio 　Library 　
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Table 10Statistical significance  of  craniofacial  shapes  represented  by angular  variables  between each
two  groups  at  the middle  and  the end  of  experiment

Statisticalsignificance
Items

Statisticalsignificance
Items

El:CE2;CEI:E2 El:CE2:CEI:E2

Middleofexperiment(55days

zBa-SoE . ns

zln-E-So , ns

[Pr-E-In ns ns

olcl).** End

zBa-In-E

zBaSo-E

zNaNfln-E

ofexperiment(85dayold)

s \ ns

* ns *

ns i l

zPr'-E-In

z:Ui-E-]n

[Ui-Pr-Ma

[MP,iE-So

nsns*ns ns*nsns **** zPr-E-In

[I'r'-E-In

[Ui-E-In

zNa-NfSo-E

zPr-E-So

IPr'-E-So

.tUi-E-So

[Ui-Pr-Ma

zPPfE-So

nsnsnsns.i'*ns ..*****ns. ..nsstnsns'.

Abbreviations -,ere  shown  in Tab]e  5. Statistical significance  was  set  at  p E. O.05 level by  student-Newman-

Keuls test, when  a  significant  F  i,alue  in ANOVA  test was  noted,

a

･wa-- SmallerthanC Me

Fig 8 A  trace  of  average  El  lateral cephalogram  superimposed  onto  that of  ayerage  C group

    animal  at  85 days of  age,  using  So--E as  the reference  plane, to show  alterations  in the

    size  and  shape  of  the  eraniofacial  skeleton  during growth

 El animals  had smaller  craniofacial  Iengths and  heights than  C, retroinc)ined  maxillary  and

mandibular  incisers with the neurocranium  rotated  upwards

tional activities.  It suggest  that altered  body orien-

tation induced the  compensatory  adaptation  of  the

rnusc]es.  This part  would  be discussed in detail by
further histochemical and  electromyograph{c  ana-

lyses.

Possible factors involved  in biological mechanism

for craniofacial  changes

 Skeletal growth  and  form depend on  a  number  of

interacting factors which  could  be explained  by the

soft  tissue  stretching  hypothesisii) and  the  func-
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a

  Fig 9 A  trace of  ayerage  E2  lateral cephalogram  superimposed  onto  that of  ayerage  C group

       animal  at  85 days of  age,  using  So-E  as  the reference  plane,  to show  alterations  in the

       size  and  shape  of  the craniofacial  skeleton  during  growth
   E2  animals  showed  almost  the  same  craniofacial  sizes  as  C, but had  a  pronounced  downward

 rotation  of  the upper  yiscerocranium  and  mandible

Table11  Area  of  capsular  matrix  elements  in the three groups  and  their comparisons  each  other  at the

   end  of  experiment

Group El E2 C
F  va]ueStatistical

 s{gnificance

Items Mean+SD Mean+SD Mean+SD El:C  E2:C  EI:E2

Unit : mm2.  Definition of  elements  was  shown  in Fig. 4.

ANOVA  test:F  value  
']p<O.05

 
":p<ODI

 
"'

Student-Newman-Keuls  test was  made  when  a  significant  F

s{gnificance  was  set  at  pSO.05  level

:p<O.OOI

value  in ANOVA  test mas  noted  and  statistical

tienal matrix  hypothesis:3). The  former put the

emphasis  on  the passive traction of the surrounding

soft  tissues  as  an  indicator of  bone  growth.  Whilst

the latter claimed  any  skeletal  growth  in size, shape
and  spatial  position is accomplished  by  functional

matrix  activities,  in which  the periosteaL matrix  is

to alter  the bone form, and  the capsular  matrix  is to

a]ter  capsular  volume3`).  Thi$  adaptive  response  of

the craniofacial  skeletal  complex  to functional

changes  has been observed  by removing  muscle  or

denervation  of  the masticatory  muscles35-37).  The

effects  of  periostea] tension to stimulate  bone depo-

sition and  mechanical  lording to alter  bone shape

has  been  demonstrated  experimentally38,39).

  In the present  study,  a  retardatien  of  craniofacial

growth  in sizes  were  observed  in El  animals  (Fig,
8). The  stretching  of  craniocervical  muscles  caused

by head extension  niay genrate a strain  force on  the

cranium  to  restrain  its forwerd  development,  and

increase the periosteal tension which  directly acted

on  the skeletal  units  by osseous  deposition or  resor-

ptien to alter  the size  and  shape  of  craniofacial

skeleton.  Furthermore, the tension force from

whoie  craniocervical  musculature  passing between
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Fig 10 A  trace of  ayerage  El, E2  lateral cephalograms  superimposed  onto  that  of  average  C

      group  animal  at  85 days of  age,  using  So-E  as  the reference  plane, to show  alterations

      in the  size  and  shape  of  the craniofacial  $keleton  during growth

  El  animals  had smaller  craniofaeial  sizes  than  eontrols,  retroinclined  maxillary  and  man-

dibular  incisors and  an  upward  rotation  of  the neurocranium.  E2  animals  had  almost  the same
craniofacial  sizes  as  controls,  but had  a  downward  rotation  of  the upper  yiscerocranium  and

mandible

a

the shoulder  girdle, the hyoid  and  the  mandible

acted  on  the mandible,  then the cervical  colum,

hyoid bone and  manible  were  displaced backwards,
and  the shape  of the mandible  was  modified,  show-

ing a  sharp  anteogonia]  notch.  However, there was

no  firm evidence  in the present study  to explain  the

retroinclined  incisors, although  it was  assumed  to

be  an  altered  periosteal matrix  activity  according

to the definition of  periosteal matrix  of  Moss33).

  In E2 anirnals,  a  retardation  of  the usual  extent  of

upwards  viscerocranial  rotation  relative  to the

earty  developed neurocranium,  with  the larger areas
of  the frontocribriform and  the upper  nasal  ele-

rnents,  was  observed  (Fig.8 and  Tablell). The
tilted body orientation  might  alter the activities  of

whole  craniecervical  musculature  to  maintain  such

a  body orientation,  then  capsular  matrix  activity

appeared  to be dominant than  periosteal one.  This
capsular  matrix  activity  may  indirectly act  on  the

functional cranial  components  by a  passive transla-

tion of  these components  to alter  the  volume  of

capsule.

  On  the other  hand, the  tilted body orientation  in
E2 anirnals  might  reflexively  a]ter  the  visual  line

and  the  carriage  of  head because the carriage  of

head is adjusted  by  equilibrium  sensations,

controlled  by both visual  and  otorith  organs.  Conse-

quently a cornpensatory  rotation  of  the otic  capsule

occurred,  combined  with  a  retardation  of  the viscer-

ocranial  rotation.  Mossi2) has demonstrated that

rotation  of  the otic  capsule  correlated  with  either  an

accentuation  or  a  retardation  of viscerocranium

fo11owing altered  head and  body position, and  stated

the physiologic basis of  such  otic  capsule  movement

was  primarily related  to the need  for reorientation
of  the utricular  maculae.
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