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believed that an orthodontic appliance must have
1. Simplicity: [t must push, pull. and rotate teeth.

5. Stability: It must be fixed to the teeth.
3. Efficiency: It must he hased on New or's third law and
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4. Delicacy: It must
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Standard Edgewise

FIGURE 19-2 The basic components of Angle’s standard appl-

ance, illustrating traction screws (A, ), attachrment tubes (C,

D), jackscrews (€, J, lever wires (L), barxd material (F, Hj, arch-

ware 1Gh wrench (W), and archwire 1ok (Rl (From Angle EH:
<

Treatment of Malocolusion of the Toeth. Philadelphia: 55 White;
19071

components Mass produced so that they could be assembled
into a simple, stable, efficient, delicate, and inconspicuous
treatment device, without difficulty, in less time and with
minimal pain and discomtort to the patient. This universal
application enabled practitioners to Lreat more patients at a
higher level of excellence and at less cost than they had done
previously. In offect, it was the beginning of a relationship
among manufacturers, suppliers, and orthodontists; it was
the Angle system,

THEEDGEWISEAPPLIANCE

Two years before he died, with knowledge born from exper

ence and gained from his other appliance inventions, Angle set
out to devise an appliance that would not only overcome past
difficulties but also would have a greater chance than did 1ts

FIGURE 19-3 Original edgewise brackets.

predecessors of treating 1o “ideals.” He changed the fonm of
brackets by locating the slot in the center and p’ming.it
horizontal plane instead of a vertical plane. The archwire W
held in position first by a brass ligature and later by 3 d&
stainkess steel Jigature. The new edgewise bracket cons
a rectangular box with three walls within the bracket S5
0.028 inch in dimension, The bracket slot -,.pcnni Jyorizal
(Fig. 19-3). This new design provided more At uracya
more efficient torquing mechanism. X
Because Angle introduced the edgewise bracket "“,h :
hefore he died, he had little time to teach 1S _mm-lftp'f.
develop it further, and improve its use —and he kne* S
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rq.4), Angl
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Angle course given by George
years old, and Angle was 73 {Fig.
disappointed by the reception that !
edgewise apphiance. He was infurtated
maodifications that were being made Y ‘;
uates (e.g., Spencer Adkinson)- To him: %
something had to be done if the edgew?
survive intact,
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be published in Dental Cosmios.
with the article because Twee

“course” and because he admired 7
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sarles H, Tweed.

FIGURE 19-4 Ct

worked together and 1n the process became
friends. During this bme, Angle advised Tweed that he
pever mastey the edgewise apphance unless he limited his
acpcti use, And so with the completion of the arti-
S for Dental Cosmos, Charles Tweed returned to Arizona and
gablished 10 phoenix what was probably the first pure edge-
g specialty practice in the United States.
B For the next 2 years, the two men worked together closely.
Mweed treatment planned and weated his patients, and Angle
ged as his advisor. Angle was pleased with Tweed's treatment
- and was instrumental in getting Tweed on several programs.
’ rbll'mb these 2 years, in a SCTiEs of more than 100 letters that
e now housad in the Tweed Memeonal Center Library, Angle
'V»fd his voung disciple to carry out two vital Tequests: (1} o
ﬁi":"‘ his life to the development of the edgewise apphance
chh(-L -"}'{ make every effort 10 establish orthodontics as & spe
ity within the dental profession,
. Dwead followed Angle's advice. First, he instigated the pass
;%'i’;‘z‘lc’“l’st Onh(.ldl‘lnli(.' specialty law in the U 'nile(_\ States. | le
maluu:' L-jhvil.‘:‘sfng puucms.}sftﬂ:ﬂdn\g dentists, influencing
Saned m’l’l':-. ]',?'fﬂmn_ans. sp.mkmg at mectings, having peutions
o itws g "m';' '-'\ o taking pa tients before the legislature. In short,
icceusfy] R n:lll'n blitz. His untining and relentless ettorts were
aw imisiy »"“\ in 1929, the Arizona Icgwlnturc p;vlss.rd ll‘u.- first
Roeived ¢ l\ v w’ practice of orl_ho-.lunu-..s to specialists. l\\'ce.d
s ]vl\.rllhmlc No. 1 in Anzona ;m':l hi.\fll]\l' the first cerly-
i 4 I5Lin nnhmh.mlus n 1!1.: Um'tod Staies, _
el “ , .lwwd pu‘llmllshcd his first :xrt!glc in the ,_-\n.qff' ()r!.h'(r
Arcly -’\.'h-. was _'.nh:.-,‘l. .chuns of Cases l‘u';_ncd wntl\. l-.Qgcwux
M ”\mt hanism.”? Tweed hc_lfi 10 Angle's firm conviction that
py-c never extract reeth. This conviction lasted for 4 years.
he facial aesthetics Tweed began (o abserve in his patients
fact that he almost

ks, they
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19 Standard Edgewise

position mandibular incisors upright, he concluded that one
must, i many instances, extract teeth and prepare an horage-
He selected his failures, extracted four first premolar teeth, and
retyeated the patients. He Jid this without charging a fee.

In 1936, Tweed delivered a paperon {he extraction of teeth for
orthodontic malocclusion correction 1o the membership of the
| subsequently published ;.35 “Mother” Angle,

Angle Society anc
the editor of the Angie ¢ yrthodontist and a membey of the Angle
Hahn, the man who

Soxiety, refused 10 attend the lecture. Georse
to create the opport umity for Tweed to take
 him severcly. Angle disciples consid-

¥

went out of his way
the Angle counse, craticizec

ered Charles Tweed to be a traitor to the greatest man orthodon-

tics had ever known. Tweed was crushed by the response, but he

returncd home determined to continue his research,

He worked even harder than before. By 1940, he had pro-
duced case reports, with four sets of records, of 100 consecu-
tively treated patients who were first treated with nonextraction
and later with extraction, He managed to 2¢l himself on the
program of the next meeting of the Angle Society in Chicago,
where he would present a paper and display his case Teporis.

Dr. Robert Strang, one of Angle's students in the early years,
described the evenl this way=*

1 nated that Dr. Charles Tweed was scheduled 10 be on the
program of the meeting in Chicago. I planned to b there
vith the objective of lacing into him for violating Dr. Angle’s
sacred principle of non-extraction 1 treatment.

previous to reading his papen Dr. Tweed had placed on
tables before and after casts and photographs of oneh wndred
consecutively treated patients. The results in all of these one

hundred patienis were magnificent a nd beyond criticism.

Dr. Tweed read s well-written and illustrated paper- e
explained his objective of keeping the teeth over basal bone,
which made it necessary to extract teeth in many patients;
however, it did produce ctable results. Then he sar dowit.
There was ne applause. The room filled with shouted
demands from the floor. For at Jeast an hour, Charlie got
the warst tongue lashing that you can possibly imagine and
ot orte word of praise for the beantiful results of treatment.
student of Dr. Angle's violaring the most fixed

Fere was d
o extract teeth.

and rigid rule int his instrucrion——nev

During all this vicious artack, my mind took a complere
surnover. 1 could visualize nothing but that marvelous
exhibit of treated cases. Not one individual in the oo had
complimented the essayist, They were all ripping hwm t0
reces for extraching seeth. Finally, I obtained the floor and
complimented and defended him 0 the best of my ability.
When | sat down, I, (00, rook a ronguc-lashing that com-
pared very favorably with the one Charlie had just receved.
Subsequently, | 1aok his course, and practiced, raught and

published firs Te hniques i my 1exthook-

any contributions 10 the spec
thought and treatment. Most nota

contributions were the following:

Tweed's m
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|, tle emphasized four objectives O
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Standard Edgewise

FIGURE 195 Tweed's diagnostic facial tnangie. FMA, Frank-
§ortl mandibular plane angle; EMIA, Frankfort mandibaalar inGisor
axis angle; IMPA, lower incisor mandibular plane angle

He developed the concept of positioning teeth over basal

bone with emphasis on the mandibular incisors.”

3. He made the extraction of teeth for orthadontic correc
tion acceptable and popularized the extraction of the first
premolars.”

4. He enhanced the clinical application of cephalometrics.

5. He developed the diagnostic facial triangle” in order to make

cephalometrics a diagnostic tool and a guide in treatment

and in the evaluation of treatment results (Fig. 19 5).

6. He developed a concept of orderly treatment procedures
and introduced anchorage preparation as a major step n
treatment,'”

7. He developed a fundamentally sound and consistent pre

orthodontic guidance program that popularized serial

extraction of primary and, later, permanent teeth,

In addition to his many clinical contributions 1o the spe-

cialty, Tweed gave guidance, inspiration, and leadership to

more orthodontists in the world than anyone else of his time,

Because of Charles Tweed's skill and determination, the edge-

wise appliance became universally popular, and the prac tice of

clinical orthodontics became a health service requested by the
public.

Angle gave orthodontics the edgewise bracket, but Tweed
gave the specialty the appliance, Tweed was considercd the pre-
mier edgewise orthodontist of his day. Many who admired his
results wished 1o learn his techniques. The orthodontic world
journeyed 1o Tucson, Arizona, to take Tweed's course and
learn his method of treatment with the edgewise appliance, The
Tweed philosophy was born.

ro

-

LEVERN MERRIFIELD

[n 1960, Tweed selected one of his most outstanding students,
Levern Merrifield, from Ponca City, Oklahoma, 10 continuc
his work on the edgewise appliance {Fig. 19-6). Tweed asked
Merrificld to join him and be the codirector of his course. Mer-
nafield took Tweed's course in 1953 and becaume a member of
[weed's staff in 1955. He became the course director at the time
of Tweed's death in 1970. Merrificld devoted the rematming 45
vears of his life to the study of orthodontic diagnosis and the use

FIGURE 19:6 Levern Merrifield.

of the edgewise appliance. Merrificld's contributions have bg
disseminated and p-upul.mu-d. They include the following;

Diagnostic Concepts
1. The fundamental concept of dimensions of the dentition"
2. Dimensions of the lower face’ z
3. Total space analysis'* .
4. Guidelines for space management decisions to achieve thes
following:
a. Facilitate maximum orthodontic correction of 3 mas

occlusion. *
b. Define arcas of skeletal, facial, and dental disharmany=ss

Treatment Concepts

1. Directional force control during treatment’”

. Sequential tooth movement

. Sequential mandibular anchorage prepars

The organization of treatment into four 0r¢

have specific objectives

Merrifiekd’s innovations in diagnosis a

and his experience with the edgewis

mented Tweed's contributions and com

ern orthodontists & more accurate, reliable,

and practical protocol of diagnosis, treatment P o,

treatment. Adherence to this pmlmv(‘l allows (DS

do the following:

a. Define objectives for the face, the ¢
ctal pattern.

b. Properly diagnose the
the malocclusion correction.

¢. Use the edgewise appliance e
objectives efficiently.

sion'®
Jerly step

de M 12

nd treatment P
¢ apphance h’
epls ‘l?

p.'eclst.

irnlili(m\
malocclusion 3

ﬁ,’&ch pr
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o c‘),,1‘,li.\11c<1 routinely with orthodon-
which are o and cestricted by the physical envi-

are h‘n:‘::z and soft Lissue all of which exert an
ERone L jaws.

the !t‘f‘_h ::n:l{.l;‘hc orthodontic specialty, an effort

'ﬂ'""i:,:ﬁnc the extreme Jimits of this environ-
.CS hange in appliance fabrication appears
challenge 1O the physical limitations of the
B ot Dimensions of the dentition in¢cludes
O rovided that the musculature is normal:

s o Jimit exists- “The teeth must not be placed
g ;nb:g;! bone. If the tecth are too far forward, all
o 0{ freatment are compromised.
' w‘;criur limit exists. Teeth can be positioned and/
:nto the area behind the mandibular first molar

d:bular arch, even as they can be moved too far

1 off basal boac.
. A lateral limit exists. If the teeth are moved buccally

masseter and buccinator muscles, relapse is likely to

E ult over the Jaag term. . e
Sic, 4- A vertical [imit exists. Vertical expansion is disastrous

& :a] balance and harmony in the sagittal plane, except in

bite cascs. .

SQrmmary, orthodontists must recognize the limitations

e dental enviionment and design treatment 10 conform 10
- dimensions when normal muscle balance exIsls.

£eld. in his effort to establish a sound diagnostic basis for
| force treatment with multibanded mechanaotherapy,
d diagnostic analyses that allow clinicians to deter-
(1) whether and when extractions are necessary and (2)
f earactions are indicated, which teeth should be removed.
fswork enables the clinician to arrive at a differential diagno-

e : A
SN ingiead of treating all extraction problems by the removal

ekfour first premolars, as did Dr. Tweed. Merrifickd’s diagnostic

- phllosophy can be outlined as follows:

& Recognize and treat within the dimensions of the dentition.
This mezns nonexpansion of malocclusions when normal
5 muscular balance exists.
R“QR"”’? the dimensions of the lower face and treat tor
ﬂk:xum-xm facial harmony and balance.

'm );(?.rnh!?r':md undcrxtar!d the skeletal pattern. Diagnose
mcma]t“ in harmony vptl} normal growth and develop-
A ‘hpmc_ms, and optimize the less than n.rmal pattern.

¢ major arcas of disharmony arc identified, all neces-

52 . ;
Ty and practical means should be expended 10 correct the
Problem.

Facial Disharmony
“:_:i): o_l' lh_c face a[ld its b_cllancc or |:|_ck of l_r.\lar‘u ¢ m'u;q'hc
Mgy ha-u“»k““ d_unng, a differential diagnosis. 1 h« clnu'cmn
Foe o "¢ am intuitive concept of a balanced face. Essentially,
R"“‘“‘;‘x‘:‘“"‘\ mﬂucncc_ﬁuml balance or lack thereof: (1) the
Utnna a1 of the teeth, (2) the skelctal pattern, and (3) the soft
.b' l‘h'ﬂ'kncg\'s_
&:‘tltl lx?lam'c is mfluenced by p(ulr:u.siun and grnwding of
supvmz-: Protruded tecth cause tacial m’mlml.-mcc. Fhe lips are
e ~.-“~d by the .ma,“llar.\' incisor teeth. The upper lip rests on
Org Pper two thlrd:\' o_f the labial surface of the maxillary inc
»and the lower lip is supported by the lower one third of the

CHAPTER 19 Standard Edgewise
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FIGURE 19-7 Upper lip equals wotal chin. Upper lip thickness
should equal total chin hickness in a balanced face.

é\

labial surface of the maxillary incisors; thus, lip protrusion is 2
reflection of the degree of maxillary incisor protrusion. Maxil-
Jary incisor position is related directly, of course, to the position
of the mandibular incisors.

Eacial disharmonics can often be the result of abnormal skel-
etal relationships, The clinician must understand the skeletal
pattern and have the ability to compensate for abnormal skel-
ctal relationships by changing the positions of the teeth.' The
fFrankfort mandibular plane angle (FMA) is a skeletal angular
value that is crucial in differential diagnosis. Dental compensa-
tion for a patient with a high FMA requires additional upright-
ing of mandibular incisors. Lower facial balance for the patient
with 2 high FMA can be improved dramatically by using this
knowledge.

Converscly, dental compensation for a patient with a low
EMA requires less mandibular incisor uprighting, Deasions
regarding tooth position objectives must be made after a thor
ough study of the skeletal pattern,

Facial disharmonies that are not the result of skeletal or den-
tal distortion are generally the result of poor soft tissue distr-
bution."*! Poor soft tissuc distribution needs to be identified
during differential diagnosis so that dental compensations can
be planned. The millimetric measurements of total chin thick-
ness and upper lip thickness are essential components in any
study of facial balance. Upper lip thickness is measured from
the greatest curvature of the labial surface of the maxillary cen-
tral ncisor to the vermilion border of the upper lip (Fig. 19-7).
Total chin thickness is measured horizontally from the NB
{Nasion-pt B) line extended 10 soft tissue pogonion. Total chin
thickness should equal upper lip thickness. If total chin thick-
ness is less than upper lip thickness, the anterior teeth must be
positioned more upright to facilitate a more balanced facial
profile because lip retraction follows tooth retraction.

Careful consideration of the positions of the teeth, the skel-
etal pattern, and the soft tissue overlay will give crucial infor-
mation about the face and enable the chnician to determine
whether dental compensations will improve facial balance.
Before initiating tooth movement, the chnician musl clearly
understand its impact on the overlying soft tissue.™

The profile line and its relationship to facal structures and 10
the Frankfort plane can be used to give the orthodontic practi

lioner an idea of lip procumbency. if the profile line lies outside

e




Standard Edgewise

FIGURE 19-9 Profile line draven on a facial peofile that exhibits
palance and harmony.

the nose, a protrusion exists (Fig. 19-8). When facial balance is
present, the ideal relationship of profile line is to be tangent Lo
the chin and the vermition border of both lips, and it should lie
in the anterior one third of the nose {Fig. 19-9). For centurics,
the premise has been that this type of relationship of the profile
line to the lips, chin, and nose reflects a pleasing and balanced
appearance.

Similarly, on frontal view, the face should be balanced. The
vermilion border of the lower lip should bisect the distance
between the bottom of the ¢hin and the ala of the nose. The
vermilion border of the upper lip also should bisect the distance
from the vermilion horder of the lower lip to the ala of the nose.
These relationships are universally accepted orthodontic stan
dards for facial balance and harmony.

FIGURE 19-10 The Z angle and Frankfort mandbulyr ;
sor axis angle (FNVILAL Tweed used the FMIA as an rldc:;

of facial batance. Merrifield’s Z angle quantifies balance of the
lower face. j

Several cephalometric angles quantify facial balance. Tig
that have been found to be useful are the Z angle and the Frank.
fort mandibular incisor axis angle (FMIA) (Fig. 19-10).

Z Angle
The chin/lip soft tissue profile Jine relationship to the Frankfog
horizontal plane quantifics facial balance (see Fig. 19-10), Tk
normal range is 70 to 80 degrees.!? The ideal value is 75108
degrees, depending on age and gender. This angle was devekpe
10 define facial acsthetics further and is an adjunct to the BWE
The 7 angle is more indicative of the soft tissuc profile thaal
FMIA and is responsive to maxillary incisor position, Masls
incisor retraction of 4 mm allows 4 mm of lower lip ret
and about 3 mm of upper lip response. Horizontal ma
repositioning also affects this value. Vertical faczal height
either anterior or posterior, can influence the 72 :mglc.' :

The Z angle quantifies the combined abnormalities
values of the FMA, FMIA, and soft tissue thickness DeSs
have a direct bearing on facial balance. The Z angle BYSTY
diate guidance relative to anterior tooth Tepositiolig
patient has a normal FMA of 25 degrees, 2 normal FE
degrees, and good soft tissue overly distribut:on,
value should be about 78 degrees.

Frankfort Mandibular Incisor Angle E
Tweed established a standard of 68 degreet for
with an EMA of 22 to 28 degrecs. The stand? ¢
degrees if the FMA is 30 degrees or MOTS o
increase if the EMA is lower. Tweed believ®
was significant in establishing balance ant
lower face (sec Fig. 19-10}. e il

The records of one patient shown 17 Fig:
illustrate the facial acsthetics ajsue” in Off 15
wweatment facial photographs (Fig- 1% n =
able face. The casts {Fig. 19-1 2) reflect ,-nw et
moderate Class 11 occlusion. The P"'”"":i ental
tracing (fag. 19 13) shows skeletal and
“aimost” normal,

The patient was treated for 1
facial acsthetics (Fig. 19-14)-

. it
» months ®
§ md eSS

e
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FIGURE 19-14 facal photogras

FNIA 53 ooC 7

A 32 Z 56
IMPA 495 (1] 14 mm
SNA 78 TC 10 mn
SNB 74 PFH 43 mm
ANB 4 AFH T2 man
A0-BO  2mm Inckex 0.59

FIGURE 19-15 Progress cephalometric 113cING See Figure

19-13 tor abbreviations.

tracing (Fig. 19-13) illustrates mandibulas incisor flaring and
loss of vertical dimension control. Compare the prefreatment
photos with the “progress” photographs (Fig, 19-16). Note the
respective profile lines.

The patient’s treatment plan was altered, Premolars werc
removed. The posttreatment facial phmuy,raphs (Fig. 19-17)
show a balanced face. The postireatment Cists (Fig, 19-18) illus-
trate a well interdigitated occlusion. The posttreatment cepha-
lometric tracing {Fig 19-19) conhrms mandibular incisors that
are now ina proper position over basal bone. The pretreatment,

“progress,” and posttreatment facial phnmgluphs (Fig. 19-20}
illustrate the Tweed Merrifield concept of treatment planning
for maximum balance and harmony of the lower face.

Cranial Disharmony

An analytic assessment of the skeletal p
part of any diagnosis. A careful cranial analysis must include

attern is an integral

anhs: 18 months of reatment,

an understanding of the
gleaned from a cephalogram

Skeletal Analysis Values
Frankfort Mandibular Plane
most significant value
the direction of lowe
vertical dimensions.

10 28 degrees for this value
irection. An FMA greater than the normal

¢ vertical growth direction,

normal growth d
range indicates EXCEsSIV

FMA less than the normal range

growlh.

Incisor Mandibular Plane Angle. The incisor

angle (IMPA) defines the axial
he mandibular plane. 1

incisors in relationtot
guide to use in maintaining
relationship to basal bone.
an uprightm

will ensure optimal balance and harm
If the FMA is above norma
more uprighting of the &
the normal range, ¢

andibular incisors

compensate with
If the EMA is below
made by leaving, the m

position or, in rare Instandces,
labial. Labial inclination of the
limited to their original inclination

muscular balance.

Sella-Nasion-SubspinaIe Ang
indicates t

subspinale (SNA) angle
of the maxilla to crania
growth is 80 10 84

the mandible 1© the cram
indicates a normal
i less than 74 degrecs anc

ancy cxists, orthognathic

The standard of €3 depr
andibular incisor position th

s degrees for
Sella-Nasim-Suprmla[e
mentale (SNB) angle expresses t
1k

horizontal mandi
{ 2 large maxioy

adjunct to orthodontic rreatment.

accorded to a value of mor

Subspinale-ﬂasion-Supralm
for the subspinale-pasion
5 degrees. This value exp

following information, which can be
{Figs. 19-21 and 19-12).

Aagle. The FMA is probably the
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FIGURE 18-16 Pretreatment photographs
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FIGURE 19-17 Posll
possibility tor the need ol surgical Jssistance in Class 11 maeloe-

cluston correction.
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FIGURE 19-18 Posttreatment casts

. ---"”"’//‘ﬂ\
' Xy

i e

K' , B o
234 | ﬁ\ Q /
po

/
FalA 65 OCC 2
FMA 30 A 71
BAPA 84 UL 17 mm
SNA 78 TC 12 mm
SNB 76 PFH 47 mm
ANB 2 AFH 74 onm
AQ-BO ~1mm Inctex 0.63

EIGURE 19-19 Postireatment cephalometnc tracing. See Fg-
ure 1913 for abbreviatans.

Occlusal Plane. The occlusal plane anghe expresses a den
woskeletal relationship of the occlusal plane to the Frankfort
horizontal planc. A range of & to 12 degrees is normal, with
variations of about 2 degrees between males and females.
The angle for fermiles averages about 9 degrees and for males
about 11 degrees. Values greater of Jess than the normal range
indicate more difficulty in treatment. During most orthodontic
malocclusion corrections, the original value should be mamn-
ained or decreased. An increasc in the occlusal planc angle
during treatment indicates a loss of vertical control. An increase
is usually unstable because the occlusal planc is determined by
muscalar balance, primarily the muscles of mastication. The
occlusal plane angle frequently returns 1o its pretreatment value
when it is increased. The result is a detrimental relapse of the
“corrected” interdental relationship.

Posterior Facial Height Postenor facial height {(PFH) 1s a
linear millimetric measurement of ramus height from articulare

to the mandibular plane 1angent 10 the posterior border 4
the ramus. The value is related 10 facial form, vertically e
horizontally. The relationship of PFH to anterior facial ]‘uc;md.
determines the FMA and lower facial proportion. ina p.mug} x
child with a Class 1l malocclusion, ramal growth change ":f
its relatonship t© anterior facial height in proportion :md i;
volume are crucial.
Anterior Facial Height Anterior facial height {AFH) &
1 linear millimetric measurement of the vertical <Im‘,‘m
between the palatal plane and menton. The line s drawn
perpendicular 1o the palatal plane. A value of about 65 mm
for a 12-year-old individual indicates a normal anterior facal
height. This vertical value must be monitored carefully if itis
5 mm more or less than normal. During Class 11 malocdusion
correction, limiting an iNcrease in AFH is essential and canbess
accomplished by controlling maxillary and mandibular molsr
extrusion in conjunction with an anterior “high-pull” forcc 088
the maxilla. =5
Facial Height Index. Ande¢ 1 jorn?* studied the relationshipat®
AFH to PE1L. After developing the facial height indes, he found
that normal PEH is 699 of AFH. The normal range of P
AFH is 0,65 t0 0.75, I the value is less than o7 greater than &
range, the maloc luston is more complex, and the orthoGEE
will encounter more difficulty in correction. An
is severe and indicates @ “low FMA"™ maloc Jusion <
to0 much posterior ramal growth or o0 litthe anteror
As the index approaches 0.60, the skeletal patic
100 little posterior height or 0o much i
Facial Height Change Ratio. Radziminski,™
rifield, 52 Issacson,” Pearson, 22 and Schud¥
the important relationship between vertical
rol and successful treatment of Class 18 n-il}‘-‘“’l'
an evaluation of successfully and unsuce »"-*‘“.‘_mf
11 malocclusions, A\"lcrri['lcld' and (it‘i‘w(k“"”' ,l,. -
successfully treated patients exhibited !-"v'l"“l’: ':\
changes. These changes occurred in part "f‘-"‘"“ﬂm%gt _
olled while PEIL increased. Unsuccess? o ind
were more likely to occur in paticnts in whom! *
observed in AFH but not in PFi.

Craniofacial Analysis
For a period of about 15 years, untl
1993, Jim Gramling of Joncsboro, Af kat
director for the Charles H. Tweed FOUIE
years, Gramling compiled a large samP®
unsuccessfully treated Class 11 matoccust™
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FIGURE 19-20 Pratreatment, progress,” and positreatment {acial photographs

TABLE 19-1 The Probability Index Variables

with Statistically Computed Difficuity Factors*
Eghalome'tﬁc Angle Variation
FMA 5 pants
ANB 15 poinis
FMLA 2 poims
Oocusd plane 3 ponts
a SNE 5 poingS

* Tris was Graming's nital Sttmrngn 3 o peobataily index
AN, Subpedie et 0 LUt anche FMA, Feankion manx strdar plane ange
FRNA, Frankion mandular mcadr 305 ango, SNI, it NI acn, e Ampniake angha

From the background of evidence gathered from these stud-
ies, Gramling formulated a probability index % for three specific
pUrpPOSes:

1. To augment diagnostic procedures
2. To guide treatment procedures
5. To predict possible treatment SUCCEss or falure

Gramling, statistically established a difficulty factor and
assigned 2 specific number of points 1o cach variable (Table
19-1)

[2 1989, Gramling studied 2 different sample of 40 suc cessful
and 40 unsuccessful Class 11 malocdusion corrections.™ After

RE19-21 Cephalometsic tracing wwith all values and planes

:‘: o this study, be changed the cuccessful” EMA range of 18 to 35
\Aer 2 e degrecs 10 22 to 2§ degrees (‘Table 19-2). )
a5 R Fal e s et Using information from the previously described chini
Tt Y \ | cal research, the craniofacial analysis {Table 19 3), an integral
lst e \ e Sy S component of the .dl“!-t‘r::llli;ll diagnostic analysis system, was
o e ( M .‘l '-\j,\é; '._‘ d(‘\'t‘iﬂ;:‘rd. Each of the six cephalometric s';llun‘s_tlfx-cl has lx‘ﬁ“
e 25 \ \ "_‘.'_7_.;:_ 4\..':. / dclcrmfncd o ‘.mv-: significant ment, In deternining the dﬂ}x-
w3 " In | )--(',‘ \ / culty of correction, the .!n:::s were ‘:\'t‘f:;.lllt’d> taking mto uum.d
S !.{ P 4 eration the necessary diagnostic decisions and the complexity
e s ) 1/ and importance of lreatment management.

" J‘J‘/ The FMA, the AFH/PEEHL ratio, and the occlusal plane to
ané : Frankfort angle are significant when used as a group. These val
wch F'GURI o ; / ses make up the vertical component of the craniofacial analysis.
. 19-22 Cephalometnec tracing with ll values and plancs The vertical skeletal pattern can be a problem of excessive Al
nd in the presence of & decreased PFH, or cony ersely, a problem

of excessive PFH and a decreased AFLL 1 facial height, ante
gior or posterior, is out of proper proport ion, correciion of the

;
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TABLE 19-2 The Probability Index after
the Pretreatment Range for the Frankfort

Mandibular Plane Angle Was Adjusted
Downward to 22 to 28 Degrees

Point Cephalometric Probability
Value Value index

FMA 22-78 doreas 5 -

ANE =6 degrees 15 - —

FMIA 250 Gagrees 2 -

Occiusal plane <7

gegiees 3 —

SNE =B degrees 5 - —

Total e

i ane; FAA Framkion it plane ande;

AND, Sndospenalis NS0 LTI
o SNE, selanaion wgameelake gk

FALA. Franiion manthbul noscorn 4xs angd

Craniofacial Analysis

Cephalometric Difficulty
Normal Range Value Factor Difficulty
FMA 22-2B degrees — < —
ANB 1-5 degrees 15 =
Z angke 70-80
cegrens — 2 o
Occlusal pane 812
degrees — 3 -
SNB 19-82 degrees — = —
FHL IPFH-AFH)
0.65-0.75 — 3 e
Craniolacsal ditficulty
1otal L

AFFL Antanoe facal hrsght, AN sulispeudn msonsupramanae ange, ¥ H), Tacwl
oseds inchene, FHI < AF HIPP, P, Frankdort rarcitrdar plane angie. FIGA Framkiort
mard bular mesor 20m angie. Y H, porteror facal Fosghl, SNEE, 3la nasno SUpeMTan

ke anghe

malocclusion is more difficult, and one must take great care
with treatment procedures so that the vertical disharmonies do
not signihicantly worsen.

“The horizontal skeletal component of the craniofacial anal-
ysis is composed of the SNB and the ANB. A high ANB caused
by a low SNB makes the horizontal skeletal disharmony much
more difficult to manage than if the high ANB is caused by an
excessive SNA. The low SNB requires a treatment COMPTOMIse
or, if a more ideal result is desired, orthognathic surgery.

The previously described 7 angle value is the only nonskel-
ctal measurement in the craniofacial analysis. The Z angle was
included because it is a facial reflector of craniofacial imbalance,

Dental Disharmony

Total Dentition Space Analysis

Along with @ consideration of the face and the skeletal pattern,
the orthodontist must consider the dentition (Table 19-4). Total
space analysis as described by Merrificdd" is divided into three
parts: anterior, midarch, and posterior. This division is made for
two reasons: (1) simpliaty in identifying the arca of space deficit
or space surplus and (2) accuracy n differential diagnosis.

Anterior Space Analysis
Anterior space analysis includes the measurement in millime-
ters of the space available in the mandibular arch from canine

BLE 19-4 Total Space Analysis

Difficulty

Area Value Factor

Anterior

Tooth arch discrepancy — 1.5
Haad fikn discrepancy 1.0
ot -

Midarch

Total arch decrapancy

Curve of Spae —

Tawl —

Ovclussl dahy Mmooy

[Class I or Chsss Wi — 2

Posterior

Tooth arch decrepancy =

Expacted increase ) -

Total - 0.5

Space analyss Wil - Space aalysis
difficulty wtat

to canine and 2 measurement of the messodistal dimensiog
cach of the six anterior tecth. The difference s referred 10
surplus or deficit. Tweed's cephalometric discrepancy is
to further analyze this arca. The cephalometric discre
defined as the amount of space required 10 upright the mand
ular incisors for optimum facial balance. This value is added}
the anterior space measurement.
The sum of the anterior tooth arch surplus or deficit and
cephalometric discrepancy is referred to as the anterior discd
ancy. Each of the values in the anterior discrepancy calculat
has been given a difficulty factor so that an anterior spaccas
ysis difficulty value can be calculated. '

Midarch Space Analysis
The midarch area includes the mandibular first meolars 202
fiest and socond premolars. The midarch is an Impe
of the dentition. Carcful analysis of this arca may show
indined first molars, rotations, spaces, 3 dee|
bites, missing teeth, habit abnormality, hlu.‘;;cd-.uu *
size discrepancies, and occlusal disharmonics. Careft’ =

ment of the space from the distal of the canine 1@ the &
first molar should be recorded as avatlable TKE

equally accurate messurement of the mc.xi.'-di,stal ::r S

premolar, the second premolar, and the first ™

recorded. To this value is added the spact T“E“:

curve of Spee.” From these measurementss 'l“‘ 3

determine the space deficit or surplus in this e
Occlusal disharmony, a Class 1f or buw

tionship, although not a part of the actual u; ichan

ysis, must be measured because an ii_d“-": :

a great deal to the difficulty of correction ll P

and requires careful treatment gtrategy A0€ T
Occlusal disharmony is best measure’

casts and by using the maxillary ﬁnf‘ t 3

relationship to the mandibular first P

embrasure as a reference. Measure M e €Y

maxillary first premolar buccal cusP Nylars. This

the mandibular first and ¢ ond Pre rag!

ic made on both sides and i then ¥



The difficulty factor for occlusal dishar-
Y. | od disharmony is doubled and added 10
A Jii;c‘_-;lusg? it has to be currpctcd by moving
the midarch area of the dentition.
is
p area is of great importance. The denti-
mit. Regardless of age, this posterior limit
anteriof porder of the ramus. The required
. pace analysis is the mesiodistal width of
nd the third molars in the mandibular arch.
ce IS MOTE difficult to ns:ccrlnin_ in an imma-
L s @ linear mc:l.surcmcm in millimeters of th'e
to the mandibular first molars. The measurement 1s
- 1 of the mandibular first molar to the ante-
of the ramus along the occlusal plane. The poste-
5 ;ccognirx‘d asbeing 2t0 3 mm distal 1o the anterior
S ¢ the ramus because of the lingual shelf that exists to
B gate the mandibular molars. However, teeth on the
] shelf arc not generally in good functional occlusion.
= esimate of posterior arch length increase based on age
dor is added to this value. Certain unpredictable vari-
ust be considered in estimating the ingrease mn postcrior
space. These variables are the following:
of mesicocclusal migration of the mandibular first

odar

e of resorption of the anterior border of the ramus
e of cossation of molar migration

me of cessation of ramus resorption

k30
A review of the literature?* reveals that the consensus from
miearchers suggests that 3 mm of increase per year occurs in
8¢ posterior dentition area until age 14 years for girls and age
iyears for boys. This is an increase of 1.5 mm per year on each
8ée of the arch after the complete eruption of the first molars.
Ina mature patient {girls beyond 15 years and boys beyond 16
ytars), a measurement from the distal of the first molar to the
imenar border of the ramus al the occlusal plane is a valuable
ination of the space available in the posterior arca. This
:;:‘:L‘ll;:nbl.is. important in diagnosis and treatment because
¥ the clinician the ability to know whether a surplus or
it of space exists in this area.
K ﬂ:’l;?:;,c a posterior discrepancy while making adjustments
prudens e midarch or anterior ared is not pradent. Equally
Yate tsl 10 N0 use 3 POSLETIor Space surplus 10 help alle-
T :u 1 and anterior deficits. Tl.'uz most casily recogniz-
e :— om of a posterior space deficit m a young patient 15
- cw-yut:lmn of the second molars. if space is not available
Syt F“h by the age of their normal cruption, it should
[ ‘mc-\-h that a posterior spacc problem exists. [he poste-
Culty hql. fll;}ly.sls surplus or deficit has been given a low dlff\
o Ctor of 0.5 because a poSIENION space delicit can be casily
*ed with third molar removal.

?":e":l‘-m_nl Diagnostic Analysis System

Rigy "‘i(‘.l fil;\gnu‘suc tools that have 'bccn descnibed, I-hc cra

ppgp analysis and the total dentition space analysis, used

temy “ci make up the dyih-n-m}:ll diagnostic analysis sys

"i‘?'lil'i ahle 19-5), Use of l.hl.ﬁ dmgno.\t'lc mctl_uxlolngy will

ang antly improve the clinician's ability to diagnose, plan,
CXecute rreatment, The sum of the craniofacial difficulty
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and the total dentition space analysis difficulty is called the
total difficulty. This value gives the clinician a quantitative
method of evaluating the difficulty of correction for each
malocclusion. The analysis identifics the specific arcas of
major disharmony (i.¢., facial, skeletal, and dental) and gives
guidance for treatment strategy-

Other factors such as habit evaluation, joint health, muscle
balance, dental or skeletal malrelationships, and other ceph
alometric values must be duly noted, evaluated by the ortho-
dontist, and factored into any diagnosis. The orthodontist musl
also evaluate the patient’s motivation and desire for correction
of the malocdlusion. The range of values for the total difficulty
that have been found to be most appropriate when malocclu-
sion correction difficulty is studied are as follows: mild, 0 to 60;
moderate, 60 to 120; and severe, more than 120.

TWEED-MERRIFIELD EDGEWISE APPLIANCE

Brackets and Tubes

An appliance is an instrument used to achieve orthodontic
goals. As Angle stressed, an appliance must have certain char-
acteristics: simplicity, efliciency, and comfort. An appliance
must also be hygienic and aesthetic and, above all, have a wide
range of versatility. The neutral 0.022 slot edgewise appliance
consists of posterior bands and anterior mesh pads with single,
double-width 0.022 brackets on the six anterior tecth; inter-
mediate single-width brackets on premolar bands; twin brack-
ets on first molar bands; and heavy edgewise 0,022 tubes with
mesial hooks on second molar bands {Fig. 19-23).

All bands have lingual cleats attached. Lingual cleats increase
versatility and are especially necessary to correct and control
rotations. Each of the brackets and tubes is placed at a right
angle to the long axis of the tooth. The brackets are positioned
precisely in relation to the incisal edges of the indisor tecth and
the cusps of the remaining 1eeth. No tip, torque, 01 variations in
thickness are present in the bracket. A ot size of 0.022 allows
the dlinician to use a multiplicity of archwire dimensions,

Archwires

Resilient edgewise archwire is used with the Tweed-Merrifield
0.022-inch edgewise apphance. The dimensions (in inches)
of the wire commonly used are 0.017 ¥ 0.022, 0.018 X 0.025,
0.019 x 0,025, 0.020 x 0.025, and 0.0215 x 0.028. These wire
dimensions give a great range of versatility with the 0.022 x
0.028 bracket slot and allow the sequential application of forces
as needed for various treatment objectives. The objective 15 to
enhance tooth movement and control with the proper edgewise
archwire at the appropriate time.

First-, Second-, and Third-Order Bends and Their

Interaction

Knowledge of the action, interaction, and reaction of weeth 10
bends in the archwire is crucial to the use ol any erthodontic
appliance. Such knowledge is fundamental and dramatically

affects clinical results,

First-Order Bends

The action and reaction of first order bends affect expansion
or contraction. These actions are monitored casily and are rou
tinely used to move individual tceth. The interaction of the
bends can affect the third-order position ol the teeth if expan
sion forces are used.
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- '
i CRANIOFACIAL ANALYSIS
'1 Normal Range gghalometric Value Difficulty Factor Difficulty e
| Faan 22-28 degress — 5 — g
l ANB 1-5 degiees 2 15 -
l 7 angle 7D-80 degyees 2 2 v,
Qeclusal plane 8 17 degrees — 3 -
s SNB 76-82 degrees 5 —
THI1IPFH AEHY 065 0.75 - 3
l Crarsofacl difSiculty w0hal -—
TOTAL SPACE ANALYSIS
Value Dificulty Factor Difficulty o
Anteriof R
Tooth arch Gscr@pancy - 15 > :E‘
Head filin dscrepancy - 1.0 - : j
Towl - 7 e
Midaren d bt ‘ %
Teoth arch discepuncy - 1.0 z : =
Curva of Spee —_ 1.0 —
Towd -
Derhusal dishanmony - 20 — '
{Clas= |l or Cass un
Posterior : R
Toath arch discreparcy -
Expected increase - -
Tatal - ne o
Space andysis 1ot - Space andlyss dificulty sorsl -

Crarmafacal difficulty 1ot -
Space analyses dificuity worsl -
Totsl dificuity - ~

AFH Aateran Taces heschits ANEL subegandbo (R0 gV ANGA R Ll ada o Frd = NTHEFH F LA Framidon rrannitrdar plane angi FFM, rxc;ﬂ::‘.r'xﬂm we

Loy s 2 PR IS anehe.

Second-Order Bends

Second-order bendsin the posterior Scg ment of the @2
archwire are antagonistic 10 the teeth in the anteriorl
Without excellent directional control and 2 caret
ol these cecond-order forces ina scqurmi;d manis
control of the anterior reeth will be lost-
Second-order bends in the posters
ular archwire also m'gativc\y affect the e
the mandibular anterior teeth. Therefore the
- . . e ‘orQ\l‘
sior tecth generally require lingual crown
wire because posterior second-order 1."')?'{‘?
crown torque force o the incisors. 108 fact "2
ful consideration in archwire fabrication *
In the maxillary arch, second-0F¢
curve of Spee) in the posterior segments
or complementary 10 the teeth in ©1° .

reaction to the Upping forces intrudes

FIGURE 19-23 Tweed-Merrifickd edgewise apphance. The and gives a lingual root torque effect 1© ‘un"'“
appliance 1S composed of neutral 0.022-nch gdgevase siots erally positive of complcnwmﬂfY to et
with dw.z‘.‘.-lh-wr.ith praceels on the six anienor 1eeth, intermadr-

ate single-wadth brackets 00 e premolar bands, YwIn hrackets Third-Order Bends sib
on the first malars, and 0.022-nch tubes with mesial huoks an Third-order bend reaction in the Hl-"“:\'“‘
the second malars. plementary 10 all the teeth if propt yF



conv
"w ;.\ tw

- zad crOWN tOFqUe on all the mandibu-
< ;.;u\ anferior segments work together in
i jpieraction. The ideal third-order bends
ant v in the mandibular archwire are as tol-
. caninesand first premolars, 12 degrees:
» s.aud molars, 20 degrees.
gpre™ rd-ovder bends in the maxillary archwire are
', 3 '&nw,-,m segment needs no torque (0 degrees),
W ) root rorque, and the posterior segment needs
v cAnInNes and first premolars {7 degrees)
. and molars (12 degrees). Application of
Jet force Gmultaneously in segments with oppo-
rd’““r requirements s not wise. In the maxillary arch,
ive (hird-order _br:nds sequentially and in only one
= grany given ime is prudent.

S

1es
ilia

outinely used with the Tweed-Merrifield
force system are elastics and directionally oriented
srmari’y the high-pull ]-book headgear. Patient
e with quxiliaries is imperative.

o

=
.

_tions of the Appliance
sagiations of the edgewise appliance have heen intro-
i the past 30 years. Most notable of the variations is
“graight wire” appliance (SWA) introduced in 1972 by
Andrews.® The SWA incorporates first-, second-, and
d-order bends mto the bracket. The theory behind this
osch is that these bends will not have to be placed in the
hwice, Another variation in the standard appliance s a
decrease in slot size from 0,022 10 0.013 inch and even to 0.016

h. Various orthodontic suppliers market numerous vana-

s of the SWA with different tips and torques to suit the

divdual operator’s desires. Other modifications have been

eensively described by Burstone,”? Lindquist,”” and Roth.*

TREATMENT WITH THE TWEED-MERRIFIELD
EDGEWISE APPLIANCE

Any treatme ot protocol must complement a diagnostic phi-
w({;’;‘;'-‘:"\g Tweed's treatment Concepts as & foundation,
the o cw‘( \t’lupfrd force systems that _snmphf}- the use of
3rd%wi ise appliance. For example, Tweed used 12 sels
with the '::‘ ‘d.urmg (hc_ treatment of each patent. _Todny,
vy .l.A ern edgewise apgl.mnc'c. only three 10 five sets
e luhr *\ e \L:fc.d. .Mcmhcld.s sequential directional
Mentally \l'lu ogyt 47 is simple, gl}'mghtfonmrd. and funda-
Merrificlg '“‘“d- From the era of Tweed and mto the era of
b -." e key to quality treatment with the edgewise
Mehieire ,:OIIlmucs. to be directionally controlled preciston
lu‘;m:.n'nmpu\'almn. Essentially, hve concepis ComMpose
eny: 3 nent ph_:lusu]:\hy': fl‘l sequential appliance place
| \\{; "‘-t_qucntml ot individual tooth movement {or l)qth)'.
B l(:'f.!j'ml'manchbular anchorage preparation; (4) direc-
: h"ncc‘ es, including cn_mml of the vertical dimension 10
| Brop 3 |-f\'nrahlc_m.uuhble to maxilla spatial change; and
< liming of treatment.

N
5

§
,.e'_'“em:al Appliance Placement
Wolicar; : : o
4 f"“p?‘-rumcm of the appliance to the patient is nmportant. in
Premolar extraction patient, the second motars and the
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second premolars are banded. Initially, the first molars are Jeft
unbanded. The central incisors, lateral ingisors, and canines are
bonded. Anterior teeth that arc malaligned are not higated 1o the
archwire or are ligated passively. This method of sequential appli-
ance placement is less traumatic to the patient and is easier and
less time consuming [or the orthodontist. The method allows
much greater efficiency in the action of the archwire during the
first months of treatment because it gives the posterior segment
of the archwire much longer interbracket length. This length
Creates a power SLOTAse that accomplishes second molkar move-
ment more rapidly. Sequential appliance placement also gives the
orthodontist the opportunity 1o insert a wire of larger dimension
that is less subject to occlusal or bracket engagement distortion.

After the banded and bracketed teeth respond to the forces
of the archwire and auxiliaries, the first molars are banded.
The maxillary first molars are banded after one appointment.
The mandibular first molars are banded after the second
appointment.

Sequential Tooth Movement

Tooth movement is sequential. Itis not the en masse movement
that was introduced by Tweed. Individual teeth are moved rap-
idly and with precision because they are moved singly or n
small units.

Sequential Mandibular Anchorage Preparation

Tweed attempted, with varying degrees of success, o prepare
mandibular anchorage with Class 111 elastics. All the compen-
sation bends were placed in the archwire at one tme. Sequelae
of this force system were often Jabially flared and intruded man-
dibular incisors. Sequential mandibular anchorage preparation,
developed by Merrificld, is a system that allows mandibular
anchorage 10 be prepared quickly and easily by tipping only two
teeth at a time to their anchorage prepared position. This system
uses high-pull headgear and anterior vertical elastics rather than
Class 111 elastics for support. Unlike the en masse anchorage of
the Tweed era, movernent is controlled, sequential, and precise.

Directional Force

The hallmark of modern ‘Tweed-Merrifield edgewise (reatment is
the use of directional force systems to move the 1ecth, Directional
forces can be defined as controlled forces that place the teeth in
the most harmonious relationship with their environment.

To use a force system that controls the mandibular posterior
1eeth and the maxillary anterior teeth is crucial. The resultant
vector of all forces should be upward and forward to enhance
the opportunity for a favorable skeletal change, particularly
during dentoalveolar protrusion Class 11 malocclusion co¥recs
tion (Fig. 19-24). An upward and forward force system requires
that the mandibular incisor be upright over basal bone so that
the maxillary incisor can be moved properly (Fig- 19.25), Forthe
upward and forward force system 10 be a reality, vertical control
is crucial. To control the vertical dimension, the clinician must
control the mandibular plane, palatal plane, and occlusal plane.
If point B drops down and back, the face becomes lengihened,
the mandibular incisoris tipped forward off basal bone, and the
maxillary incisor drops down and back instead of being moved
1o a proper functional and acsthetic position (Fig, 19.26), The
unfortunate result of point B dropping down and back is &
patient with a lengthened face, a gummy smile, incompetent
lips, and 3 more recessive chin.
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Tweed Merrificld odgewise directional force treatinent

organized Into four distinct steps- denture preparation l“:n':
>

correction, denture completion, and denture Yecovery, Dy
each step of treatment, certain objectives must be nuui;x.dmh‘

Denture Preparation

Denture preparation p
Qbjectives include the
1. Leveling
2. Individual toot
3. Retraction of maxillary
The denture preparation
months. One mand
are used to complete this step.
The teeth of the original malocclusion are s suentiallyb
and bonded (Fig. 19-27). After the placement of the apyliance
0.018- % 0.025-inch resilient mandibular archwire and 2000
0.022-inch resilient maxillary archwire are inserted. The
loop stops are flush against the second molar tubes 0. cha
The mandibular second molar receives an effective dista
that will upright its mesial inclination. In the maxillary 3%
20-degree Hp s placed in the wire distal to the 0mega Joop sit
maintain the Jistal inclination of the second molar. The ol
in cach respective arch is to maintain the rraxillary MOSE
distally tipped position and to begin to distally tip the ™ 1
jar second molar enough o level 1t into the arch- ).
A second premolar offset bend is placed mesial 108

ond premolar bracket in cach archwire, The PUED 3
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headgear is used to retract
bular canines. After the first month of
and o Jary Bt molars are banded, and after the
., the F «m'mcm. the mandibular first molars are
Jines retract and the arches are leveled, the
and power chain force 1o aid canine
19-28)-
remember \hat at each visit during denture
qrchwires are removed; carefully coordinated;
first-, second-, and third-order bends; and
raction 1S continued with power chain and
end of the denture preparation stage of
chould be level, the canines should be
Juld be corrected, and the mandibular

Jevel (Fig. 19-29).
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second 5P of treatment 15 called denture correction.
> denture corrections the spaces are closed with maxillary

with 3 J-hock headgear during denture preparation.
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and mandibular closing loop archwires. Vertical support to the
maxillary arch is achieved with ]J-hook headgear attached 10
hooks soldered to the maxillary archwire between the maxillary
central and lateral ingisors- Vertical support of the mandibu-
lar anterior teeth is accomplished with anterior vertical clas-
tics. The mandibular archwire is 2 0.019- % 0.025-inch working
archwire with 7.0-mm vertical loops distal to the lateral inci-
sor brackets. The 0.020- X 0.025-inch maxillary archwire has
2.5-mm vertical loops distal to the latéral incisor brackets. In
both arches, the omega loop stops arc immediately distal to the
brackets of the first molars {Fig. 19-30). The maxillary archwire
is coordinated with the mandibular archwire. The archwires
are activated each month until all space is closed. At the end of
space closure (Fig, 19-31), the curve of occlusion in the max-
illary arch should have been maintained, and the mandibular

EIGURE 19-30 Denture correction: Maxillary

and mandibular

closing loops are used 1o cose the space mesial to the distal-

ized canines.

The arches are lavel, and

FIGURE 19-31 Spxe closure.

spaces are totally closed.
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evel. The dentition is aow ready for
pu.xilion:a 1eeth i
into axial inclina

ary tecth

arch should be completely |
mandibular anchorage prepd ration. This step
the mandibular midarch and posterior areas
tions that will allow final coordination with the maxill

for normal functional ncclusion.

Sequential Mandibular Anchorage Preparation
lar anchorage preparat jon is based on the
ooth movement. The archwire produces
ly two teeth while remaining passive 10
arch. Therefore, the remaining teeth
act as stabilizing of anchorage units as 1wWo reeth are tipped.
‘The method is referred to as the ” 10-2" (10 teeth vs. 2 teeth)
anchorage system, and it allows a quickly controlled response
without serious adverse reaction. The anchorage preparation
system is supported by anterior vertical elastics attached 10
spurs that are soldered distal and gingival 1o the mandibular
Jateral incisors. The clastics are hooked to the closing loops
of the maxillary archwire. They are supported by 2 high pull
headgear that is attached to hooks soldered to the maxillary
archwire,

After closing the mandibular space, the mandibular arch
must be Jevel. At this 1ime, the first step of sequential mandibu-

lar anchorage preparation, second molar anchorage, is initiated.
Another 0.019- X 0.025-inch archwire with the omega loop

stops beat flush against the second molar tubes is fabricated.

d third-order bends are ideal. Gingival spurs for ante-

First- an
rior vertical clastics are soldered distal to the lateral incisors.
andibular second molars 1o an anchorage pre-

To tip the m
a 15-degree tip is placed distal to the omegs

pared position,
loop stop. The second molar is tipped to an anchorage prepared

position. It should have a distal inclination of 10 degrees 10 15
degrees, which can be verified with a readout (Fig. 19-32, A).%8
‘After the second molar has been tipped, the first molar is
tipped toits anchorage prepared position by placinga 10-degree
distal tip 1 mm mesial to the first molar bracket. When this

first molar tip is

Sequential mandibu
conceptof sequential |
an active force on on
the other teeth in the

placed in the archwire, & compensaing bend

anchoeage prepared position. B,

FIGURE 19-32 wlandibular anchoage preparaticn.
10-2-6. The first malar 15 tipped to 1t

o

that maintains the 15-degree econd molar nclimation iy,
laced mesial 1o the omega loop stop (Fig. 19-32, B). oy de
The archwire 1§ nOW passive o the second molar and ¢
the twin brackets of the first molarat a 10-degree bias, 'Yh(- ' .
ond molars are now part of the 10 stabilizing units, and lh:- 3 S
molars are the two teeth that receive the action of the d_ﬂm w
tional forces and the archwire. After 1 month, the ;:;._h“'."‘\- L
removed, and a readout should show 2 5- 10 S-devree :;‘" 3
inclination of the first molars. The second molars "l:“"lld :
Gipue 10 read out at 15 degrees. N
‘The denture correction si€p of wreatment should p
complete for the Class | malocclusion. The objeciives :‘F
denture correction step are (1) complete space closure in :
arches, (2) sequential anchorage preparation n the mandil
arch, {3) an enhanced curve of occlusion in the maxillary Vukay
and (4) a Class 1 intercuspation of the canines and prem arch,
The mesiobuccal cusp of the maxillary first molar S}Kmt:jm
into the mesiobuccal groove of the mandibular first malay i
distal cusps of these teeth should be discluded, as s.houl;i the

second molars.

Class Il Force System
For patients with an “end-on” Class 11 dental relationship of
the buccal segments at the conclusion of space closure, 2 new
force system must be used to complete the denture correction
stage of treatment. & careful study of the cusp relationshipswll '
determine the force system required. Making 2 final diagnosix
decision for Class 11 correction is usually based on {1) the AN
relationship, (2} a maxillary posterior space analysis, and {3
tient cooperation, The following guidelines are used: »
1. If the maxillary third molars are missing of if the ANBES
degrees or lessand the patient is cooperative, the syste ok
described will accomplish the best result. 1f the third st
are present and are approaching eruption, they shoukd @
facilitate distal movement of the maxillary (e
{a) a mild Class 1 dental 168
| pattern [FMA OIS

removed 10
2. If a cooperative patient has
tionship, (b) 2 normal vertical skeleta

ul e 1P od ns
C' . l =3
second moiar & ppe it

A, 10-2-7. The
< anchorode prepa



. an ANBof St 8 degrees, and (d) normally
e sy third molars, the extraction of maxillary

e 3o most advantageous. The force system to be
uwd 1o distalize the maxillary dentition into the

cxtr.n‘t'mn Lpace.
; NB is approaching 10 degrees, {b) maxillary third
resents {¢} there is a full step Class 11 molar
or (&) the p;uicm's motivation is qlwslionuhlc.
molars MaY be considered for remaoval after the
‘rsl and mandibular first premolar has been closed,
. all’?’c("nmion may also be considered. Facial balance
pic mony "projccticms" after correction with either
e’ uad:l'  or orllmgnmthic surgery should be consid-
cully hefore making either decision.
Class 11 force system cannot be uud unless compliance
et ATt strictly fO]lﬂ\Wtd.b}' the patient. l_f oneattempts
the Class {1 force system without cooperation, the maxil-
th will be pushed forward off basal bone.

sio™

¥ wn:rinr 1ee

ﬁdouic Correction of the Class 11 Dental Relationship

M*‘ end Of sequential m-.m.dibulnr apchoragc prcpnr.ation. a
: alar 0.0215- X 0.028-inch stabilizing archwire 15 fabni-
aied. fdeal first-, wcond-, and third-order bends are incorpo-
into the archwire. The omega loop stop must be 0.5 mm
doet of the o 1ar tubes, and the wire must be passive to all the
peackets. Gingrval spurs are soldered distal to the mandibular
tateral incisors The wire is scated and ligated, and the terminal
aolir is cinched tightly to the loop stop-

A 0.020- ¢ 0,025-inch maxillary archwire with 7.5-mm
dused hiedical bulbous loops bent flush against the second molar
wbesis fabricated, The helix is wound to the lingual during fab-
seation. This archwire has ideal first- and second-order bends.
The molar scament has 7 degrees of progressive lingual crown
torque. A gingival spur is attached to the archwire immediately
dital to the maxillary second premolar bracket. Gingival high-
‘{““ headgeor hooks are soldered distal to the central incisors.
Chass 11 “Tay on” hooks with a gingival extension for anterior
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vertical elastics are soldered Jistal 1o the lateral incisors. Before
archwire insertion, the closed helical bulbous loops are opened
1 mm on each side. The anterior segment of the archwire will
be | mm labial to the maxillary incisor brackets. The archwire
is ligated in place. Class 11 clastics are worn from the hooks on
the mandibular second molar tubes to the Class 11 hooks on
the maxillary archwire. Anterior vertical elastics are worn from
the spurs on the mandibular archwire 10 the gingival ex1ension
hooks on the maxillary archwire. The high-pull headgear is
worn on the maxillary headgear hooks (Fig, 19-33, A).

This force system is used to sequentially move the maxillary
second molars distally. At each appointment, the mandibular
archwire is removed and checked, and the helical bulbous loops
are activated 1 mm. The activation of the maxillary archwire is
repeated until the second molars have a Class I dental relation-
ship (Fig. 19-33, B). When the Class [ relationship of the second
molars has been established, a closed coil spring is “wound”
distal to the second premolar spur and compressed between the
spur and the first molar bracket when the maxillary archwire is
inserted. {The coil spring length should be 1.3 times the space
between the second premolar and the first molar brackets.) An
elastic chain is stretched from the second molar to the distal
bracket of the first molar. The spring and the clastic chain create
a distal force on the maxillary first molar. Additionally, a Class
1l elastic is worn continuously from the mandibular second
molar hook to the Class 11 hook on the maxillary archwire. An
anterior vertical elastic is worn 12 hours each day (Fig. 19-34).
The high-pull headgear is worn 14 hours per day on the spurs
soldered to the maxillary archwire, This is an efficient force sys-
tem for first molar distalization (Fig. 19-35).

After the first molars have been moved distally into an over-
corrected Class | dental relationship, the spur that was attached
distal to the second premolar bracket is removed. The coil
spring is moved mesially so that it is compressed between the
lay-on hook and the camine bracket. Subscquently, the maxillary
second premolars and the maxillary canines are moved distally
with elastic chain and headgear force (Fig. 19-36), Four months

FIGURE 19-33 Denture correction: Class 1l forca system Maxillary Second mosae distalizaton A,
Step 1 A hehcal bulbous loop IS placed pganst the maillary second molar 8, Step 2. The helical
bulbous loop pushes the maxillary mlar distally to a Class | relationshy
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B
of treatment with monthly reactivation chould position the Denture Completion
posterior teeth and the maxillary canine in an overtreated Class The third step of treatment s identified as denture conple c_J" ‘
1 relationship. This system will not strain the mandibular arch Ideal first-, second-, and third-order bends are placed §, oy, | 0o¢
if the anterior vertical elastics are worn and il sufficient space is ishing mandibular and maxillary 0.0215- % 0.028-inch p, “,rﬁn‘ far ¥
avaitable in the maxillary poslcriur denture ared. archwires. The mandibular archwire duplicates the 5-‘rcv.‘,: ey n““_‘
After overcorrection of the Class 11 dental relationship, @ used mandibular stabilizing archwire. The maxillary ﬂ!chnt-d:' ¥
0.020- % 0,025-inch maxillary archwire with 7.5-mm closing has artistic bends and hooks for the high-pull headsear ity lh"!
loops distal to the lateral incisors is fabric ated. This archwire has rior vertical clastics, and Class 11 clastics. Supplementy l’}.an st
ideal first-, second-, and third-order bends. Gingival headgear for vertical elastics are soldered as peeded (Fig. 19-38), kg [
hooks are soldered distal 1o the central incisors (Fig. 19 37). The forces usext during denture completion are based oy &"_
The closing loops are opened | mm per visit by cinching the ful study of the arrangement of each 10oth in cach arch, '”X,J‘*f (123
omega loop stops 10 the molar tube. Class 11 elastics, anterior Jdontist must also study the relationship of one arch to the ml:.:‘}b [
vertical clastics, and the maxillary high-pull headgear are used. the relationship of the arches to their environment. The orth, . o
After all the maxillary space is closed, the denture correction tist meakes necessary fiest-, second-, and third-order ;ld-,ml\i"“' 0
pleted. The dentition is ready for in each archwire as noeded. A progress cephalogram and g Ao

step of treatment has been com
the next step of treatment _denture completion.

R i FIGURE 19-36 Denture correction: Class foece syt . &
- illary second premolar and maxillary canine distalizationsg

FIGURE 19-3¢ Denture correction: Class I\ force system. A col molar distalization the peemolars and caninas @ dista

spring 15 trapped mesial to the hrst maolar

forc® 38

.IaSsu _chi

& FIGURE 19-37 Denture cotre i _o?.fr'"d‘ o

n- Class |l foroe system. PAax- lary anterior Space CIOSUe. &0 o e ,.,-,axills"'/ s
ing loop archwire is used to €05t '

ction-

FIGURE 19-35 Denture Corfectia
illary first molar distalization.
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deteemine the final mandibular incsor posi-
w

yuated ' stk € palatal, occlusal, and mandibu-
r ;::;_.cd“l_ study of the cephalogram may also
for lingual root torque in the

g e requirement
: f‘“‘ﬂ:‘v;wal clinical otm-ry'atim_xs permit evaluation of
< illacy IACISOT relationship, and the amount of
the artistic pusilioning of the incisors that 1s necessary.

a be considered as minitreatment of
his treatment step, the orthodontist
ntil the original malocclusion

Jetion &0
Lo. puring
that arc pecessary u

will be present only after all treatment
re djsmntinucd and uninhibited function and other
1a) infiuences active in the posttreatment period
and finalize the position of the total dentition. When
b yces are removed and the retainers are placed, a most
" phase occurs. During this recovery period, the
ar= those of the surrounding environment, pri-
the muscles and the periodontium. If mechanical correc-
ures barcly achieve normal redationships of the tecth,
s inevitable. Any change is likely 1o be away from wdeal
lusion toward malocclusion. Recovery, based on a concept of
Sercorrection, is predicated on clinical experience and research.
“The posttreatment occlusion, which is carefully planned,
wetimes referred to as Tweed occlusion but properly idenuified
S ramsitional occlusion (Fig, 19-39), is characterized by disclu-
$ea of the second molars. The mesiolingual cusp of the maxil-
Sy first molar i€ seated into the central fossa of the mandibular
% molar with the mesial inclined plane of the mesial cusp of
e maxillary first molar contacting the distal inclined plane of
~1“’-‘5531 cusp of the mandibular first molar. This arrange-
- ment allows the muscles of mastication 1o effect the greatest
3 ;WCC on the “primary chewing 1able” in the midarch arca. The
dightly intruded distally inclined maxillary and mandibular sec-
tod molars now can “reerupt” to a healthy functional occlusion

-

Fl

r i G

;:, .vduf mat:‘m“ 19.38 Denture completion: Maxbiary and mandibular
o 508 Dex ;"‘“!l archwires, along with the proper elastcs and head
" ce. are used 1o complete the oithodontc treatment

without trauma or premature contacl. Because of overtreatmenl

of Class 1 and Class 11 deep-bite patients, the anterior teeth are
positioned in an end-to-end relationship with no overbite or
overjet. This relationship, however, is transitory and will adjust
rapidly to an ideal overjet and overbite relationship (Fig. 19-40).
The correction of two malocclusions will be illustrated. These
patients were treated with the Tweed-Merrificld edgewise appli-
ance. The reason for showing the records of these patients is to
illustrate that all treatment objectives can be routinely attained
in the treatment of different types of malocclusions if the force

FIGURE 19-39 Transiticnal occlusion: The occlusion must be
overtreated, The antenor teeth should be edge to edge. The
canines, second premolars, and first molars shoukd have & solid
Class | dental refationship. The second molars should be tipped

out of acclusan.

FIGURE 19-40 Final ooclusion 15 charactenzed by the teeth set-
tinyg into their most eificent, healthy, and stable positions
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system that has heen I'fv\rl’l‘.cu_l is used. The diagnosis of the Nrst is formulated. This first malocclusion was & ’,’H-lr‘.:drd [
3 . \ . . s - s . . . . e . “its
malocclusion ts described m detail 1o illustrate the use ol the division 1 subdivision malocclusion with fac wal imbalance 1‘1
craniofacial analysis and the total dentition space analvsis for force svstem used to correct the malocclusion was the C), ¥
S e . 3 . . v = . " aldN
making the differentrn diagnosis from which the treatment plan {orce svstem previously described in this chapter. d
has endured the test of time. for the routine correction of major malocclusions, Al
SO

d-Mernfield cn,l-\.‘_r\'-'lv.' J',*[‘li.lnt ¢ is the direc de
SO

‘The standard edgewise appliance ¥
928 by Edward H. Ang

it 1o correct malo clusion
le coltaborated

1s while the Twee
dent of the appliance invented in | iz
d with a totally different philmuphy of treatment, A ,m:i'\”-':
atinuously directed toward its further Mml"t""”
appliance has stood the test of time a;ﬂ"":'
by many more :.'_Uncrslliun.\ of orthod el

Angle was determined 1o use
il complement of teeth.” Ang
atless Failures, ntro

preserving the "It
with Charles H.
duced the extraction of
preparation o produce facial
rern Merrilield over m
1) differential diagnosis, which led 10

LIS
C“ﬁ”ibhﬁnguu
cavion. The edgewise
be used in the future

Tweed, who, after cou
four first premolars and anchorage
balance, The use ol the apph

anv more years. He 2
: “nitisyg

ance evolved with Lev

introduced the following: |

the removal of the teeth that would best produce balance, har Ackaowledgment

mony, and facial proportion within the cranial-facial complex; The images that illustrate the force systems that are deser
in this chapter were created by Sergio Cardiel Rios, 3..1“::):&‘

(2) directional torce technology; and (3) sequential archwire
petrument

The edgewise appliance is @ pres isc 1

ON CORRECTION WITH THE EDGEWISE APPLIANCE

manipulation.
Patient 1: NY Profie and full lace ahotographs (9 19-41) dlustate the poliuson
This 12+ear-akd Doy <hows 3 malocciusion with facal, denial and crano the lacialimbalancs, Tha casts (Fig. 19.42] exhibit 3 Angle Class 1| endiatl s
dacg impingng avertme, and fared and ot
The prereatment cophloSasis

Michoacan, Mexico,

wrson on 1he nght, @
ary and mandbular MTSaE
Sig. 19-43) illustsate 30 ANES of 7 degrees and an ACE

end
e
£

facal deharmony
trugrea mal
and its wacing 0

FIGURE 19-41 Pretreatment sacsal photographs

tment Casis.

etreéa

: ﬂGURE 19-42 Fr




: EPORTS‘ MALOCCLUSION CORRECTION WITH THE EDGEWISE APPLIANCE—cont €
'1-1\56 R 5 wiuch are indcatars of e sewarity af the malocely dentiton space analyse raflects the pOATUS
e ot ‘; of dearess and the Z angie of 83 degress reflecs the aroa wah 3 cephalometnt carecuen dincrapancy factor af 9 6, a qurve of
fm’sﬁu a‘;,,;uu«.l:‘r irpasoes e fared Tha differential daqnosiic Spee af 2.5mm, and 3 5-mm Class 1l ceclusal 55uD Tha total anterxf dis- |
e ™ o yse0 10 TV somo pptivity ta the ;;mncm'i shake- crepancy Géficulty was 14.1 mm, the mxdarch ard the oocusal disharmony l

2 & mren, 90d the postence Gacrapancy was 9 mm. The

2an In 1he anMenor gentiion |

W =L 3
< s?‘a“‘me-ns. problems o craniolacal analysie Shows 3 Crareo- discrepancy was |
; 3’“’"‘ “yof 710 Tre SNB s lower than narmal. The ANB & spe0a analysis diifculty was 35.6 mm Torah dentitica ditficulty was 105 G
aﬂlﬂ‘”‘" n'P‘-J e facal orolrusien reads 10 be corracted, The ot IFig. 19-44). |
i
gt l

otrusen al
165 Il FIGURE 19-43 Pratreatment cephaiogram and cephalometric tracing. See Figure 1913 for \
wed and el abbrevistions. I
werinalog
it o MOE ol : Cranial Facal Analysis %
t Ceghalometic  Difbculty Difficulty
: Normal Range Valwe Factor ‘
& FMA 22-28 28 5 0
t ANS 1-5 7 15 30 |
: Z anghe 70-80 62 2 16
Occusal plane 8-12 4 3 12
SNB 78-82 76 5 10
PFHIAFH 0.85-0 75 0.64 3 3 i
Craniofacial Difficulty Total 71 %
I Total Space Analysis Difficulty \
i Anterior value  Factor Difficulty ||
i Tooth arch discrepancy 3.0 1.5 45
| Headfilm discrepancy 9.6 10 96
l l Total 126 14.1
| ‘\ Midarch
‘ Tooth arch discrepancy 0.0 10 0.0
| Curve of Spee 25 1.0 2.5
Total 25 25
| , Herzontal ccdusal disharmony
l [ (Class Il oc 1) 5.0 20 10.0
| | Posterior
1] ! Tooth arch discrepancy 20.0
! ‘ (-)Expected Increase 120
i Jotat 180 5 90
- Space Analysis
Space analysis total 3586 Difficulty total 356
11 | Craniofacial difficulty total 71.0
: | Space analysis difficulty total 356
| ! Tota! difficulty 106.6
| Difficulty Index: mild, 0 to €0; moderate, 60 to 120: severe, 120+
l e FIGURE 19-44 Total genution difficulty analysis See Figure 19-13 for abreviatons.
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THE EDGEWISE APPLIANCE——cont'd
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