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@ Fig.58.1 Illustration of neural crest migration pathways from rhombomeres 1 through 7 to pharyngeal arches I through VI, from dorsal

(left) and lateral (right) views. (Adapted from Sperber [181])
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O Fig. 58.2 Lateral view of a 31-day-old embryo shows somites
along the back and development of the pharyngeal arches and limb
buds. (Adapted from Sperber [182], p. 24)
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1- Labeling
2- Hindbrain
3- Rhombencephalic




B Fig. 58.3 Frontal view of the
developing face in 4-, 5-, 6-, and
7-week-old embryos shows
merging of the facial promi-
nences (primordia or processes).
(Adapted from Sperber [182],

p. 32)

|5

4 weeks

1
i\

!

/

Oralpit

Frontonasal prominence
Nasalpit D P
Optic placode DMainIary prominence

First pharyngeal arch

.Mandibular arch (pharyngeal arch 1)

Second pharyngeal arch

.Hyoid arch (pharyngeal arch Il)

i aian bl 0wy o0 K0S Ceomw 4 Jboe Do 4
Dedsca JalS (5,0, o atae (o g oo sl Jlas]

Jllbgnl 5 ol lgsian! JuSid BA.Y.Y

Gllv i i L Jllisdl S glaglgsenl JSis

5 (poadl S'9,05 9 pouil S gend) podlS'9)90 sl (Lt 9 (B9 pad
JS5) 053 o0 ST ()l s ety i 055 dors 0 p5dlyS'g s
Sl 4 45 (o5 Ssad) (St o3 S5,55 (OAF
P09 3l 45 Cul (guian Bl g o0 Jmad Ly oIS csu
$9ra8 pol S 9)95 Sl oud Fiie S Jg 9 JbmSTk
b By i laas oo JSii | poudl S e 45 (gl S9,005)
& gy JlosS i yo g sl ol a3 Sy Lt
«Sleguly sl DS lo 4y a5 oLt pouil Sy g a0 oo
b= Slegior Jmod Jrmaie g (5 i Jlyg—ed (g
laazslysiinl 4 a5 B9 pal pouil Sy yang 09d oo Frio S
Sl Glpil (s OloFenl adgheal oadly ( oo (555

First pharyngeal
groove
Third pharyngeal arch Medialnasal
Cardiac prominence
swelling — Nasal pit
Lateralnasal
prominence
Eye
— Stomodeum
Developing )
eyelids First pharyngeal
Nasal pit groove
Globular Cardiac
prominence swelling
Lateralnasal
prominence
e Developing
Naso-optic eyelids
furrow Globular
Mandi bular prominence
prominence
Nasalpit
—— Eye
Naso-optic
furrow

External ear

7 weeks

29 g oo oSS ooty AThe 39u> 53 45 (i (sLadSO
L iy oo b 00, | ot o S s i
i g4 y98 1 Caaas 43 13s5 cuuil o 51255 sl
8 i Szl yg Sl 48 o oo ST )
il jo 2SS Lol yan o Dl i K859,8 Aol Lo
e pgsogilegil 1 S5 g el sline S bawgy cles o
oy 5 A Alg o)Ly i 4t glol ;3 Lad oyl g o
2230 JSi3 ) Slaimgy (oo g
s 090 (bl 5o a5 Jluldy ol gla il op ST 5 (S
P PSETICICN W) T PR SO DU AL SRR IR <
10 (839 O ygeo 4 lacal i ol ool e drwgs DL Sl i
o S 5 s Wi 8 5 el 9 oy 45
A2l oo (et i i 05 5 ) S L s
goads Jsb lacal s JUYL (ol s ol £985 L (OA0 JSi)

1- Nares
2- paired lateral palatine shelves of the maxilla

AOA



A&A

{ Jlaeald g3l )5 ga3 9 acdi

o5 95 b Sl g wld S A Geelidliie C)S g 098] Sl sl oy sladdy il
ol il iluglptial sladoe 5 55T Sl Sop g (Bgpas slial e Jl Sl eyt 55T o
5 i sloaatin o Jlwlosl S slaglysinl silagloal  psdlSoy0 olis (lizl o @lasig;s ilulyin sla o

Sy el o))l it SLET L laceudhginnl joled 08 go S podlS'sas 5

O Fig. 58.4 Scanning electron micrograph of a 41-day-old human  stomodeum. b Enlarged view shows epithelial bridges between the
embryo. a Craniofacial region. AH right auricular hillock, EAM  merging MXP) and the MNP). Failure of the prominences to merge
right external acoustic meatus, LNP right lateral nasal prominence,  together with the LNP results in cleft of the lip. (a, b Reproduced
MDP mandibular prominence, MNP right medial nasal prominence, ~ with permission from Hinrichsen [183])

MXP right maxillary prominence, NP right nasal pit, ST left side of
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B Fig. 58.5 Frontal view of face, coronal section of stomodeum, 12 weeks shows fusion after elevation of the palatal shelves. (Adapted
and inferior view of palate in 7- and 12-week-old embryos. a Embryo  from Sperber [182], p. 41, 114, 116)
at 7 weeks shows the palatal shelves oriented vertically. b Embryo at



O Fig.58.6 Lateral view of a
20-week-old embryo illustrates
initial development of the
cartilaginous and membranous
neurocranium and viscerocra-
nium. (Adapted from Moore and
Persaud [184], p. 361)
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O Fig. 58.7 Changes in fetal body proportions with all stages drawn to same total height. At the start of the fetal period, the head is half
the length of the fetus, and by birth, it is one quarter the length. (Adapted from Moore and Persaud [184], p. 97)
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B Fig.58.8 Changes in postnatal skull proportions with all stages ~ 3-year-old b and an adult ¢ show the proportional increase in height
enlarged to the same skull height and oriented in Frankfort horizon-  of the viscerocranium relative to the neurocranium. (Adapted from
tal plane with skull height divided into fifths. a Neonate, showing  Sarnat [34])

the viscerocranium representing one-fifth of the total height. A
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O Fig. 58.9 Fontanelles and sutures of the neonatal skull. (Adapted from Sperber [182], p. 84)
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O Fig.58.10 Midsagittal
neonatal cranial base shows
sutures and synchondroses.
(Adapted from Mooney and
Siegel [185])
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O Fig.58.11 Nasomaxillary
intramembranous growth at

various sites, resulting in an

overall downward and forward f

ol

transposition of the maxilla
relative to the cranial base.
(Adapted from Sperber [182],

p. 107) W /

N
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{1 Bone resorption Overall downward and
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cranial base
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B Fig. 58.12 Mandibular intramembranous and endochondral
growth, resulting in an overall downward and forward transposition
of mandible relative to cranial base. An outline of the fetal mandible
is superimposed on the adult mandible for size and shape compari-
son. (Adapted from Sperber [182], p. 130)
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B Fig. 58.13 A 10-year and 4-month-old female with a lymphatic
malformation of the floor of the mouth and tongue, with an elevated
and enlarged tongue, creating a class 111 malocclusion with mandib-
ular prognathism, anterior and posterior open bites, and an expanded

mandibular arch from the lingual soft tissue mass and additional
mandibular condylar growth. a Frontal view. b Three-quarter view. ¢
Profile view. d Lateral cephalometric radiograph
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O Fig. 58.14 A 33-year and 3-month-old male with acromegaly
(adult hyperpituitarism), with mandibular prognathism and coarse
facial features from additional intramembranous and mandibular
condylar endochondral skeletal growth as well as soft tissue growth.
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This condition results in a class II1I malocclusion and an expanded
mandibular arch from tongue and mandibular condylar growth. a
Frontal view. b Three-quarter view. ¢ Profile view. d Lateral cephalo-
metric radiograph
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Female

B Fig.58.15 Composite lateral cephalometric views of female and
male show mean longitudinal growth changes from young adult
(broken line at mean age 17) to middle age adult (solid line at mean
age 47-51). Note continued downward and forward skeletal and soft
tissue growth with relative flattening of the lips. (Adapted from
Behrents [53])
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O Fig. 58.16 Types of maxillary orthopedic expansion appliances.
a Quad helix: an effective skeletal expansion appliance in the pri-
mary dentition. b Banded hyrax: this traditional jackscrew also can
be used as an activation component for an appliance bonded to the
maxillary posterior teeth. ¢ Bonded Minne expander: this spring-
loaded component also can be used as an activation component for
an appliance banded to the maxillary posterior teeth
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2- Post adolescent
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O Fig. 58.17 Occlusal radiographs demonstrate maxillary skeletal expansion with a quad helix in the primary dentition. Note distraction
of the midpalatal suture. Before a and after b initial palatal expansion

O Fig. 58.18 Maxillary overexpansion to compensate for dentoal-
veolar expansion and skeletal relapse. Note the lingual cusps of max-
illary posterior teeth are occluding with buccal cusps of the

mandibular posterior teeth

x.
O Fig.58.20 Asymmetrical “hybrid” functional appliance. a Right
lateral view. b Frontal view. On the left, unaffected side, posterior
dental eruption is restricted with an interocclusal acrylic block. On
the right, affected side, the mandible is postured forward and poste-
rior dental eruption is encouraged with a buccal shield and the

7
absence of an interocclusal acrylic block. (a, b Reproduced with per-

mission from Proffit and Fields [186]) —

O Fig.58.19 Bone-anchored palatal distraction appliance. (Repro-
duced with permission from J Orofac Orthop. 2003;64:444)
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O Fig. 58.21 Headgear, past and present. An orthopedic force is
directed posteriorly and superiorly to the maxilla, attenuating
circum-maxillary sutural growth. a Headgear from the late nine-
teenth century. b Contemporary headgear appliance fabricated with

more durable materials and with additional calibration and safety
features, although the overall design has changed little in over a cen-
tury. (a Reproduced with permission from Angle [187], p. 234; b
adapted from McNamara and Brudon [188], p. 365)
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O Fig.58.22 Class II functional appliances. All of these appliances  alternative is to utilize occlusal acrylic and bond the maxillary por-
position the mandible downward and forward, distracting the con-  tion of the appliance with a removable acrylic splint for the man-
dyles from the glenoid fossae. This simultaneously creates posterior ~ dibular arch. (a—e Reproduced with permission. a, ¢, and d from

and superior forces on the maxilla from the facial muscles and soft

Bishara [189], p. 345. b from Graber and Vanarsdall [190]. e from

tissues attempting to return the mandible to its normal position. a ~McNamara and Brudon [188], p. 287)

Activator. b Bionator. ¢ Twin block. d Frinkel. e Fixed Herbst. An
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O Fig. 58.23 Combination headgear and removable functional
appliance. The interocclusal acrylic permits orthopedic forces to be
transmitted further anteriorly and superiorly through the center of
the maxilla. a Intraoral part of the appliance with headgear tubes
embedded in the interocclusal acrylic. b Extraoral application of the
appliance. (a, b Reproduced with permission from Bishara [189],
p. 341)

5 Soaads olalllae jlas 5,5 Sams Glyise
O ol Saa U leys 3l Shoas] b slasiole;]

AA



A&A

P Jhalgl s sah g ik

5 ol S d e a5 (55 bt 005 3 o0 Sl (5350
Gl g iy (K p Aol o ;e 45 WS 2 e e
i cpizen b Sldllae [NYVVVE] 0y 5 o & j90 glis )|
DY OYAl el s oo ol Saeails s b 4 aslesls
1 (K Jod oy 5l oy milbin S p9m0 0 4 (5l
sy s Sl i Vo Ll e iy s i 45
3=yl o b Jsb o (Sl (Saaleals ciSil g (Aol o ppo
Joles D o gy ) (LS (il 09t 0 (Sl e
S Jmdot a5 Sl Jpie (a3 slaplais i JIsS
Sl Sz (o3 VoSl oy g (il et 4 S ez
NVoiollgis o o 4 Cal (S 15l ol 4 STIVYO) 09 oo
G any ) S ol Vg ome Lol oS S8 ISl Senloals
plonl ails Kz alydl g eaoie ool sl ais Suogl,S
(Sl e b a3 e S IS Ly ey s
Oy L) JralS b o]y Jodie canas fyog0 BLSIL (60,8
S Lol (Cwgy ad o SLS g ool pgan G Ja88) 0l
o5 el cmlials oo il ol U Jlo 5 & jg0 glis )l 4
sls 550 (6 lminls 4y s minl oy s B (oo ams
P B e B S T O
4 Comad § polisS )50 gL yﬁ—"-’“’ Lol 15 g aioo
Sinan sl S 0z L ol S 0l Ly s s
o 0= 3l Vg o sblie 9 )l (g3g95me Sl 0215 Jrnie

Sl ol (65950 e (LSl L Ay e colyd (0 goad s

59—**’(5" )Lo..u

e IS a9l oo 5l gy (ommidgi ] (6055 (Sl
oolaiwl an sls el S ahad  —dogy )l e o 5l i
ol V¥ ,iSlas e dy s o I LS JLaiSSl D) 5

il oaile b stz 95 B (Sloz g 9ty ST 0% g aily a sl

b e (59590 Ll Soim Jriie DSl (aiiints Ll
Al SISl OIS i ol 5l (S Bl i
VU Cmen 1 ADY sga> 35T e g9 ol Eous
Olsieds a8 el wall (6,084 Q—I)’\zo,\‘ L...)_o., A4S ol 00e
(@R358 (yyd ,>lol 5l [ve] 39 g0 a8 S 1a3 15 a S gl
LMGA 0\)LD.A_M)| II u»)lf ‘5.1&..4‘ u)‘ls_g.uo (5‘)-' )5..\.% 45 L_T’LA)
QM (_5\.\_39.')| uLA)\) (5‘)—’ oolai_wl S50 w}b‘ 4_>L> uls
00,581y hauS g, ad we b oo Jilin Juain sla basS 4
Fie (=l Job L oS o sgasxa |y oS gail il g oo 5
A, a5 aaas oo s laley (59, ladllas [VYY] 0nly ioals
Sl fisS ade a5 Cdgpled 5 S log i b il o e
L cdgples oolaal [VYY] 09 Jises g oo Jlae! Jaio
Slalllas iy coul ol gl o28lg,.8 b slog s pmi
(J)Jo e L)’“"5‘ \?_\Y) J_QJUJJLQ 6[.05).4.: )l ool lJ ‘g_r"‘JL'
..\_.i':) aS adleals ul_m.u 5(&9@ el Y) 44@4(!-3‘9 4_31)5) oolaz 9

sobas sl QIS oy 5,k 5la S g3 ad Sga e e

O Fig. 58.24 Class III chin cup appliance. A retractive orthopedic
force is directed against the chin posteriorly and superiorly toward
the condylar heads. a Chin cup from the late nineteenth century. b
Contemporary chin cup, with minimal change in design, but fabri-

cated with more comfortable and durable materials. (a, b Repro-
duced with permission. a from Angle [187], p. 194. b from Proffit
etal. [191])
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augment AP maxillary growth. a Delaire design. b Petit design (fron-
tal and lateral views). (a Reproduced with permission from Proffit
et al. [71], p. 516. b adapted from McNamara and Brudon [188],
p. 378)

O Fig. 58.25 Class III maxillary protraction headgear or face
mask. A protractive orthopedic force is directed on the maxilla in a
downward and forward direction, with the force being dissipated on
the forehead and chin, distracting the circum-maxillary sutures to
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Temporary Anchorage Devices

a Modified Titanium Miniplstes
Maxillary Mandibular
miniplate miniplate
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O Fig. 58.26 a Modified titanium miniplates used as TADs for
bone-anchored maxillary protraction. b Intermaxillary class I11 elas-
tics to customized attachment hooks on miniplates. ¢ Three-dimen-
sional superimposition with color map tool. Areas on the red end of
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the spectrum represent outward movement during active treatment.
Areas on the blue end of the spectrum represent inward movement
during treatment. (a-¢ Reproduced with permission from Am J
Orthod Dentofacial Orthop. 2010;137:276-277)

AOA



PO Jlaldgls gal gy

O Fig. 58.27 Class III orthopedic treatment with maxillary poste-
rior and mandibular anterior miniplate skeletal anchorage. A recip-
rocal force of 200400 g is produced by maxillomandibular elastics,
resulting in a maxillary force directed downward and forward and a
mandibular force directed upward and backward. a Before treat-
ment. b After treatment. ¢ Superimposed cephalometric tracings
show the beginning of treatment, end of treatment, and follow-up.
(a—¢ Reproduced with permission from J Oral Maxillofac Surg.
2009;67:2126-2128)
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