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PLASTER casts have long been in use for the analysis and treatment plan­
ning of all orthodonti<: cases. Although they have been considered stud,v 

casts, much of the study has been merely speculation as to what might be accom­
plished orthodontically. Diagnosis through rearrangement of the plaster teeth 
was overlooked. Good orthodontie casts not only provide exact duplicates of 
every tooth in the mouth, but they also give a fairl:v accurate pattern of the 
apical base. Since neither apical base nor tooth size can be altered materially, 
intelligent rearrangement of the plaster tl\eth on the model can replace the con­
fusion of speculation with concrete ob;iectfre manipulation. An orthodontist 
armed with such vital information of these basie factors of any orthodontic case 
can certainly approach the problems of treatment with more confidence. w·ith­
out dissecting the teeth from the orthodontie models and rearranging them in 
the most desirable positions on the available apical bases, the orthodontist can 
only speculate as to the possibilities and limitations of treatment. 

About ten years ago, while developing the tooth positioner, we found it 
neeessary to make many such setups, dissecting the teeth from plaster models and 
rearranging them in wax in more desirable relationships. The experienee of 
constructing these setups for cases just completing basic tn!atment leads us to 
believe that much benefit could be derin'd from the preparation of similar set­
ups constructed from the original models prior to undertaking treatment. The 
idea of such a diagnostic setup was shelved for a few years, as all available time 
was devoted to perfecting the tooth positioner, and it ,ms not nntil 1946 that we 
made our first attempt to teach the technique to a (•lass. 

Since 1940, I have followed the Tw(!Pd philosoph_v of treatment. There­
fore, from the beginning of the experiments, an effort was made to position the 
teeth in accordance with this philosophy. Tn the Parliest diag·nostic setups, the 
angulation of the teeth was only estimated. The manclihular anterior teeth ,vere 
patient. Following Tweed's' presentation of his ideas with regard to the Frank­
fort-mandibular plane anglf', published in the AMERICAN .JouRKAL OF ORTHO­

DONTIC:-; AND ORAL SURGERY, we revised cnn teehnique to conform to these refine­
ments. The formula developed at that time was not seientifie, but it proved to 
be praetical clinically. Refening to 1-'ig. I, the long axis of the manclihular 
incisor was set at !JO deg1·ees to the mandibula1· plane in those cases having a 
2G degree Frankfort-mandibular plane angle ( ],'MP A). As the FMP A in-

*Presentecl be fore the Charles H . Tweed F'oun<.la tion foi- Orthodontic l{Qsearc ll. Dra k e 
Hotel, Chicago, Illinois, Oct. :i1, 1953. 
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creased by 1 degree, the incisor was set 1 degree to the ling·ual, or 89 degrees 
to the mandibular plane. '!'his ratio was maintained until the angle reached 
about 33 degrees, at which point the incisor would be placed at -8 degrees, 01· 

82 degrees to the mandibular plane. As the FMP A exceeded 33 degrees; the 
-8 degrees was maintained, because it was our conviction that -8 degrees was 
the maximum lingual position possible for an incisor. Similar limitations were 
observed in the labial positioning, using +5 as the maximum labial position, 
regardless of how favorable the FMPA might he. 

FMPA 20° 
PMPA 21 ° 
PMPA 22° 
FMPA 23° 
FMPA 24° 
FMP A 25° 
FMPA 26° 
FMPA 27° 
FMPA 28° 
J<'MPA 29° 
FMPA 30° 
}'MPA 31° 
FMPA 32° 
FMPA :33° 

= +5 IMA 
4 IMA 
3 IMA 
2IMA 

= l IMA = 0 IMA = - l IMA 
--= - 2 IMA = - 3 I MA 

-4 IMA 
= -5 IMA 

-6 IMA 
= -7 IMA 
= -8 IMA 

I<··ig. 1.-Formula for positioning· low e r anterior teeth. 

When Tweed2 demonstrated the use of the lateral head x-ray to determine 
the angulation of teeth, the diagnostic setup became much more accurate. A 
tracing made from a lateral head x-ray of any orthodontic case would show 
definitely the relationship of the mandibular incisor to the mandibular plane. 
Thus, we can eliminate the guesswork from the positioning of this tooth. Since 
we begin the diagnostic setup in all cases with the positioning of the lower 
incisor, it is very important to know the angulation of this tooth in the mal­
occlusion. Using the formula developed in the past, the desired position can 
also be drawn on the tracing ( Fig. 4). By a comparison of these two lines on 
the tracing, it is possible to determine the exact measurement, in millimeters, 
that the incisal edge must be changed. In altering the angulation of the incisor, 
care must be taken to maintain the apical r oot end in the apical base. As treat­
ment progresses, similar x-ray films can show the new angulations of the in­
cisors. Cases have been reported ,vhere these teeth have been moved as much 
as 25 degrees. For this reason, our formula was expanded to allow for consid­
erably more latitude in lingual positioning. 

For the benefit of those readers who may be unfamiliar with the technique 
of constructing a setup, let us consider those things which are necessary for its 
preparation. Plaster casts of the malocclusion ( Pig. 2), instruments ( Fig. 3), 
intraoral x-ray films, a photograph of the patient, and a tracing of a lateral 
head x-ray (Fig. 4) are included. On the tracing· of the lateral head x-ray 
shown, the Frankfort plane is indicated by line A-B, the mandibular plane by 
.A-0, the long axis of the mandibular incisor by C-B, and the apex by D. The 
desired position of the long axis of the incisor is D-E. In this particular case, 
the FMPA is 27 degrees, the incisor-mandibular plane angle (IMPA) is 102 de-
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F ig. 2. - f' last er cast s llf m al ncclusion. 

l<' ig . 3.- Instruments r equired f or the ex ecu t ion of the d i agn osti c setu p. 

.\rn /. Or1hud 1.n1til ~ 
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grees, and the Frankfol't-mandibular incii:mr angle (Fl\IIA) is Gl degrees. With 
a 27 degree 1''MPA, onr formula indicates that this tooth should lw positi01w(l 
at -2 dcgre(\S, (H" 88 <fogrees. Thi::; is 14 degrees different from the 102 degrees 
shown on the tracing. Therefore, the dotted line, D-E, is drawn from the apex 
oi' the mandihular ineisor to the Frankfort plane, 14 degrees lingual to C-B, 
the original position of the tooth. With calipers, or a millimeter gauge, the 
distance from the tip of the incisor to the dotted line r.an be measm·ed. Thii:; is 
the distance that tlin tooth rnnst he tipped to the lingual on thr sf'tup. 

l"MA 27• 
IMPA 102° 
FMIA 51• 

Fig. 4.-Tracing· of the la t era l head x-ray. 

Now we arc ready to begin the actual construction. J<'irst, we propose to 
dissect and remove the teeth on the left side of the mandibular model, leaving 
only the most distal tooth. ·with a spiral plaster saw blade, a horiwntal cut is 
made deep into the base of the model. t i"sing a ribbon saw blade, Yertical cnts 
are made between the incisors down to the original horizontal cut, allowing two 
incisors to be removed (Fig. 5). lt is very important that a sufficient amount 
of the root portion be rerno,·cd to resemble the normal length of the root. The 
incisors on the opposite side arc retained on the model, for the time hcing, to 
servo as a guide for repositioning the teeth previously removed. A second hori­
zontal cut is made with the spiral saw hlade about 3 mm. rootwise from their 
gingiva under the remaining tePt h to he remoYed on the left side. The models 
should he trimmed as shown in Fig. 6. The teeth should be carved as shown in 
Fig. 7. Note that the teeth art> not trimnwd on the lrnccal or lingual :-mrfaces. 
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In preparation for positioning the teeth, we flow beeswax into the grooYc 
eancd on the apical hase. Then a small amount of beeswax is attached to the 
apical end of the eentral and lateral ineisors, and tlw.v are positioned on the 

~,i.g·. :J.- 1\.landibular n1odel showing- horbmntal and anterior vertical i-;aw cuts. 

Fig. G.-Man<libular rno,del, trimmed, after removal of the teeth on left side. 

Fig. 7.- Labia l , buccal , an il mesial v iew s of t eet h trimmed for d iagnostic setup. 

cast. In carrying out this step of the rirocednre, it is essential that the apices 
of the teeth should not he shifted to the labial or lingual, while the incisal 
edges mnst he mowd exactly the distance determined on the tracing, in this 
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case 6.8 mm. This goal can best be accomplished by keeping the labial art por­
tion of these teeth in the same plane as that of the remaining art portion of the 
model and, with the calipers, measuring from the labial side of the right central 
incisor to the labial side of the left central incisor and making this space 6.8 
mm. When the central and lateral incisors are repositioned, and are in proper 
axial inclination, we seal them onto the east with red setup wax. Then we posi­
tion the canine in proper relationship "·ith the lateral incisor and the apical 
base, securing it with a small amount of beeswax. Similarly, we position the 
remaining dissected teeth. In studying the x-ray pictures and models of the 
case at hand, if it is evident that the distal molar is tipped forward because of 

Fig·. 8.-Views of m a.ndibul a. r model with teeth on left side repositioned. 

lack of mesial support, it is possible to gain space by tipping the tooth into 
normal axial inclination. If space is still lacking after taking advantage of this 
possibility, it will be neeessary to remove dental units. In such a case, ordi­
narily the first premolars are eliminated, after ·which the second premolar i:-. 
moved up into contact with the canine. Under no circumstances should arch 
length be gained by increasing the third dimension, or arch width, greater than 
the apical base can accommodate. The amount of unused space after the teeth 
are positioned, if any, is a very important guide in treatment planning. The 
anchorage problem increases as this space decreases. ( Fig. 8) 

The teeth on the opposite side are now dissected 3 mm. below the gingival 
margin, indnding the incisors, and the root po1:tions are trimmed as before. 



746 . \ 111. I . Ordl(Jdr 111t.i,..­
• OL!.oher. 19~(1 

The teeth arc positioned the same as t /Jos<' 011 tlie left side, climiHating· the sa11w 
dental units, i-f neocssary (Fig. !l). 

1'he procedur(; with tlw maxilJar;; !llodel is undertaken with a spiral sa11· 
cut horizontall:v ( Fig. 10). Yertical sa \\' cnts are made with a riblJon saw hladf' 
through the interprnximal t!-'dl1. 'l'h(• tPdh an• remond and tr·imm<'d 011 th(• 
mesial and distnl root sm·f,1rPs lH'fore l>Pin i.r l'l'plac·Pd on tl1P f•nst in soft hreswax. 

111odel with 
vosition (•1l. 

first premolars diniina ted and h !e tl1 

J.'i ;;·. 1il.- ;1faxill 11 1·y model showing horizontal ~aw cut. 

.As they ar<i positionc•d, the._,. sl10nld bu arti<'nlaterl to tl1(• mandibular tl•dl1. At 
this time, the orthodontist has an opportunity to position the teeth in the n1r,v 

hest occlusion, inelnding inclinNl plane relationship. Tooth diserepancies nw~­
be discovered and given early considcrntion in treatment planning. 

In cases where the second molars aI'(• folly erupted, they should be rc1110,•pd 
from the casts and placed in contact " ·itli tlw first molars and in good occlu­
sion. If they are not fully ('l'!Ipted, irnpressilons of these teeth can be made in 
the mouth at the end of basic treatment and plaster models of tl10se teeth made 
which can be added to the SC\tllp at that tirnc. Having the seeond molars in 
place is essential, particularly if th e setup is to he used as a pattern OYer whirh 
a positioner is to be fabrieatcd for tl1e final detail r•d tooth positioning·. 

The final waxing of th<' setup is eomplnted, nsing pink setup wax for this 
part of the technique. \Vitli a hot spatula, we flm,· pink \\'ax hetween the root 
portions of the teeth, slightly owrfilling· a ll the 1·oids on the huecal, labial , and 
lingual areas oi' the model. .A-ftcr the wax has l1arden<'d, it should he caned 
to reproduce exactly the ging;ival areas aro1111d tlw ter th (Fig. lJ ). If this i~ 
successfully accomplished, there will bP no in·itatio11 from \\'earing a positioner. 



Volume42 DIAGXO:C-Tl C 8E'ITP 1Vl'l'IL CONSmEIU'l'lON OI-' '.l'IIIRD DlMENSlON 747 
Numher 10 

A carefully executed setup, following the ahove techuiqllc, will aid any 
operator tremendously in making decisions with regard to the advisability of 
eliminating dental nnits. As the plaster teeth arc plaecd 011 the plaster apical 
base, we have c\oncrctc evidence as to whether or not there is sufficient basal bone 
to accommodate all the teeth in proper position. There is no system of measnre­
ment of teeth that will reveal so true and complete a picture. Unusual benefit 

Fi g. 11.-Front an<l lat.;ral v iews of complet ed setup. 

Fig. 12.-Tooth positioner. 

is to be derived from the fact that in this way all three dimensions of the denture 
may be studied. The setup will disclose tooth dise.repancies, as well as give 
advance notice of anchorage problems and it rn·ovidcs a pattern over which to 
fabricate ideal arch wires during treatment. With such a complete setup, a 
positioner can be prepared in adYance so that it ean ho placed on the day con­
ventional appliances are removed (Fig. 12) . Great adrnntage is gained by 
placing a positioner immediately. Finally, the diagnostic setup is particularly 
valuable in teaching "youngsters'' who are unfamiliar with the Tweed philoso­
ph_\· of treatment and, if intelligent]_\- exec uted, some of the " oldsters" might he 
anrnzt'd by the benefits to he de1·iwd. 
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