The six keys to normal occlusion

Lawrence F. Andrews, D.D.5.
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r[lll.is article will discuss six significant charpeteristies observed in o
sludy of 120 casts of nonorthodontiz patients with normal oecelusion, These
constants will be referred to as the “six kevs to normal ocelusion.” The article
will also diseuss the importanee of the six koyvs, individually and esllectively, in
speissiul orthsdontic froatment,

Orthedontists have the advantage of a classie guideline in orthedontic ding-
nasis, thot is. the eoncopt given to the specialty o hall-contury ago by Angle
that, as a sine qua non of proper oeclusion, the ensp of the upper fivst perma.
nent molar must ocelude in the groove between the mesial and middle buecal
eusps of the lower fivst permoanent molar,

But Angle, of course, had not contended that this factor alone was enough,
Clinieal experienee and observitions of trestment exhibits at nationsl mestings
and elsewhere had inerensingly pointed to a eorollary fact—that even with
reapet to the molar relationship itself, the positioning of that eritical mesiobwe-
il cusp within that specified space eould be inadegquate. Too many models dis-
plaving that vital ensp-embrasure relationship had, even after orthodontic
treatment, obvious inadequacies, despite the aceeptable molar relationship as
deseribed by Angle.

Recognizing eonditions in treated cases that were obvionsly less than ideal
was not difffieult, but neither was it sufficient, for it was subjective, impression-
istie, and merely negative. A reversal of approach seemed indiested ; o deliberate
seaking, first, of data about what was significantly characteristic in models
whieh, by professionn] judgment, necded e orthodontic trentment, Saeh data,
if svstematically reduced to ordered, coberemt paradigms, could constituie o
group of referents, that iz, basic standards against which deviations could T
recognized and measured, The coneept was, in briel, thet i one koew what eon-
stituted “right,” he sonld then direetly, consistently, and methodieally identify
and quantify what was wrong,

A gathering of dota was begun, and during o peried of four vears (1960 o
1064 ), 120 nonorthodentic normal models were aequired with the cooperation
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of loeal dentists, orthodontists, and & major university, Models selectod were of
teeth which (1) had never had orthodontie treatment, (2) were straight and
pleasing in appearance, (3) had a bite which looked generally correet, and (4)
in my judgment would not benefit from orthedontie treatment,

The cretens of this muoltisouree collection were then studied intensively to
aseertain which eharneteristies, iff any, would be found eonsistently in all the
models, Some theories took Torm but soon had to be disearded; others required
modifieation and then sorvived. Angle's molar eusp groove coneept was vali-
dated still again. But there was growing realization that the melar relationship
in these healthy normal models exhibited two qualities when viewed bueeally, not
Just the elassic one, and that the seeond was squally important,

Crther findings emerged, Angulation (mesiodistal tip) snd inelination [labio.
limgual or bueeolingual inelination) began to show prodictable natores as re
lated to individual tooth types. These 120 non-orthodontie normals had no rota-
tiong. There were no spuses between teeth, The oeelusal plane was not identieal
throwghout the battery of examples but fell neatly into 8o limited a range of
variation that it elearly was a diferential attribute,

Tentative conelusions were reached, wnd six chargeteristics wore  formu-
lated in general terms. However, a return was needed now to the complemen-
tary hank of information made available by many of this nation's most skilled
orthodontists—the treated eases on disploy at netional meetings, Bleven hundreed
fifty of these cpses were stadiod, from 1965 te 1971, for the purposs of learning to
what degres the six characteristies were present and whether the absence of
any one permitted prediction of other ervor factors, such g the existence of
spaces or of poor posterior oselusal relations.

American orthedontie trentment can be congidersd to be about the finest
in the world. Most of our leaders in this fleld spent 10 or 15 vears in soe-
eessfnl practice before submitting their work at these nationa] mectings, There
can be no disparagement of their competeney. The fact that some range of
exeellenee was found within the 1,150 models implies no adverse eriticism;
instend, that finding simply refleeted the present state of the art, Few wonlil
clwim that orthedonties, even on the high level seen at the meetings, has reached
its ultimate development, Last 1o moke suceh o elaim wounld be the masters whose
work is thero displayed for elosest serutiny by peers as well as hy neaphytes,

Having long sinee benefited from the good examples offered by such men,
I at this point in the researveh assomed that o eomperison of the bhest in treat-
ment resulis (the 1,160 trewted cases) and the hest in matore (the 120 nonortlio-
dontie normals) wonld reveal differenees which, onee systematically identified,
eonld provide significant insgight on how we could fmprove ourselves ortho-
dontieally. Deliberately, we sought those differonees.

The six keys

The six differential qualities were thus validated. They were established
ax meaningful not solely besause all were present in each of the 120 nonortho-
dontie nermals, but also because the lack of even one of the six was a defeet
predictive of an meomplete end result in treated models.
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Fig. 1. Improper malar relationship,

Subsequent work elaborated and refined the measurements involved and
provided statistical analvsis of the findings. These matters will he reported
in future papers. For the present article, g summary is offered chiefly in verbal
form,

The significant characteristies shawed by all of the nonorthodontic normals
are ns follows:

1. Molar rolafienship. The distal surface of the distobuecal cosp of

the upper first permanent molar made contaet and oecluded with

the mesinl surface of the mesiobneeal eusp of the lower seeond molar,

The megiodistal cusp of the upper first permanent molar fell within

the groove between the mesia]l aod middle eusps of the lower frst

permanent molar, (The canines and premolars enjoyed a cusp-embra-
sure relationship bueeally, and a ensp fossa relutionship lingunally.)

2. Crowem anguiation, the mesiodestal “hip” (Fiag, 4). In thizs article,
the term cretra angwlafion refers to angulation (or tip) of the long
pxis of the erewn, not to angulation of the long pxis of the entire
tooth. As orthodontista, we worle specifically with the erowns of teeth
und, therefore, erowns should be our communieation base or reforent,
mst as they are our clinieal bmse. The gingival portion of the longe
axig of oach erown was distal to the incigal portion, varying with
the individoal tooth type. The long axis of the erown for all testh,
except molars, 18 judged to be the middevelopmental ridge, which is
the most prominent and eenfermost vertical portion of the labial or
bueeal surface of the erown. The long axiz of the molar erown is iden-
tified by the dominant vertieal groove on the bucesl surface of the
EITWIL

3. Urowen dnclination {labiolingual or bueeolinguwal inelination). Crewn
teefination vefers to the labiolingual or bueeslingual inelination of
the long nxis of the erows, not to the inelination of the long axis of
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the entire tooth. (See Fig. 6.) The inclination of all the crowns had

i eonsisient scheme ;

A, ANTERIOR TEETH [UCENTRAL AND LatTeran ixcmsors) s Upper and
lower anterior crown inelination was suffleient to regist overerup-
tion of anterior teeth and suffeient alse to allow proper distal
positioning of the eontael points of the upper teeth in their rela-
tionship to the lower teath, permitting proper oeelugion of the
postérior crowns,

B, UPPER POSTERIOE TEETH [CANINES THROUGH Motars): A lingnal
erown Inelination existed in the upper posterior crowns. It was
congtant and similar from the eanioes throogh the seeond pre
molars and was slightly more pronounesd in the molars.

C. LOWER POSTERIOR (CANINES THROUGH MoLARS). The lingual erown
inelination in the lower posterior teeth progressively inereased
from the exnines through the second molars.

4. Rofations. There were no rotations.

5. Spaces. There were no spaces; contact points were tight.

6, Ceclusal plane. The plane of oeclusion varied from generally flat to

a slight rarve of Spee.

The six keys to normal ocelusion eontribute individoally and ealleetively
to the total seheme of oeclusion and, therefore, are viewsd as esential to sue-
ciessful orthodontie trentment,

Key L. Molar relationzhip. The first of the six keys is molar relationship.
The nenorthedontic normal models consistently demonstrated that the distal
surface of the distobuecal eusp of the upper first permanent molar oceluded
with the mesial surface of the mesiobuecal eusp of the lower second molar
(Fig. 1). Therefore, one must question the sufficieney of the traditional de-
seription of normal melar relationship. As Fig. 2, 1 shows, it is possible for
the mesiobneeal eusp of the npper first year molar to oeelude in the groove
between the mesial and middle euspg of the lower first permanent molar (g
songht by Angle} while leaving o sitaation unreceptive to normal peclusion.

The closer the distal surfaee of the distolbmecal ensp of the upper first per-
manent molar approaches the mesial surfaces of the mesiobueeal enzp of the
lower secomd molar, the better the opportunity for normal oeclusion |(Fig.
2.8 8 4,). Fig. 1 and Fig. 2, 4 exhibit the molar relationship found, without
exception, in every one of the 120 nonorthodontic normal models; that is,
the distal surfaee of the upper first permanent molar contacted the mesial
surface of the lower second permanent molar.

Key If. Crown ongulafion ¢fip). The gingival portion of the long axes of
all erowns was more distal than the ineisal portion (Fig. 3). In Fig, 4, erown
tip 8 expressed in degrees, plus or minus. The degree of erown tip is the angle
between the long axis of the erown (as viewsd from the labial or buees] sur-
face) and a line bearing 90 degrees from the ocelusal plane. A “plus reading”
is awarded when the gingival portion of the long axia of the orown 18 distal to
th ineisnl portion, A “minns reading” 8 assigned when the gingival portion
of the long axis of the erown is mesial to the ineisal portion.
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Fig. 2. 1, Improper melar relafionship. 3, Improved molor relationship, 3, Mere improved
malar rull;rrin:unship, 4, Proper malar relatian !hi;:.

Zach nonorthodontic normal model had o distal inelination of the gingival
portion of eseh erown; this wis o eonstant. It varied with each tooth type,
but within each tyvpe the tip pattern was consistent from individoal to indi-
vidual (guite as the loeations of contact points were found by Wheeler, in
An Afles of Tooth Form, to be consistent for each tooth type ).

Normal oeelusion s dependent upon proper distal erown tip, espeeiplly
of the upper anterior teeth sinee they have the longest erowns. Let us consider
Phast o reetanele oecupies o wider space when 1i'|||H-|| than when upright {Fig.
1, Thus, the degree of tip of ineisors, for example, determines the amoonnt
of mosiodistal space they consume and, therefore, hnas a considerable effect on
posteriar occlusion as well os anterior estheties.

Key I, Crown anclinetion (nbiolinguel or Ducealingual fnelivafisn ). The
third Jev to normal oecelusion is erown inclination (Fig, 6), In this article,
erown inelination is exprissel in plus or minus degrees, representing the angle
formed by a line which hears ™) degrees to the ocelusal plane and a line that is
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Fig. 3. Normally occluded teeth demanstrate gingival portien of crown mere distal than
oeclesal portion of crown. |After specimen In possession of Dr. F, A, Peeso, from Tumer:
Americon Texthook of Prosthetic Dentistry, F'hilnd:lph;n, 1913 Lea & 'Fe-l::-igarl

Fig. 4. Crown ongulofion (fipl—long oxis of crown measured from line 90 degress fo
oeclusal pione.

fangent to the bracket aite (which is in the middle of the lahial or bueeal long
axis of the clinisgl erown, o viewed Trom the mesiol or distal). A ples resding
i given 1f the gingival portion of the tongeent line (or of the crown ) is Binguaal
s the ineisgl portion, a5 shown in Fie 6, 0 A minos reading i3 recorded when
the gingival portion of the tangent line (or of the erown) is labial to the incisal
portion, as illustrated in Fig. 6, B,

A ANTERIOR CrRowx IxcnixaTios, Upper and lower anterior erown inclina-
fions are intriestely complementary apd significantly affect overlnie aod pos
terior oeelugion, Properly inelined anterior erowns contribute to normal over-
bte andd '||||:-i||.'|'i1|'|' aoc|usion, when foo 8t I-.I'-I_1|:|'||-5:||r gl <o 1J:||'_'.' lome thelr
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Fig. 5. A rectangle that is angulated accuplas more masiodistal spoce than o nenongul oted
rectangla (that is, upper central ond lateral incisors].

Fig. & Crown Inclination is determined by the resuffing ongle between o line 70 degrees
to the scclusal plone ond a line tangent fo the middle of the lobiol or buccal clinical

Crodn

functional harmony and overeruption resalts. In Fig. 7, A the upper posterior
erowns are Torward of their normal position when the npper Anterior cFoWNs are
insufficiently nelined. When anterior erowns are properly inclined, as on the
overlay of Fig. 7, B, one can gee how the posterior teeth are cncouraged into their
moremil ||r:-:~:i1i||||5-i, Thir eamntact ]H-5|I'|r:=-l e -|iH1.'IE|11.' in eoncert with the inerease
in positive (+) nupper anterior erown inelination
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Fig. 7. A, |Improperly Inclined anferer crowns result In oll vpper contact points being
masial, quding to impropar oochusion, B, Demonstration, an on overlay, thot when the
anterior crowns are properly inclined the contact points mowe distally, ollowing for nermal
acclusian.

Even when the npper posterior teeth are in proper ocelusion with the lower
posterior teeth, undesirable spaces will result somewhere between the anterior
and posterior teeth, as shown in Fig. 8 if the inelination of the anterior erowns
is not suffieient. This space, in treated cases, is often incorrectly blamed on
tooth size discrepancy.

B, POSTERIOR CROWN INCLINATION—UPPER. The pattern of upper posterior
erpwn inclination was consistent in the nonorthodontic normal models. A minus
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Fig. 8. Spoces resulting from normally occluded posterior festh and insufficiently Inclined
anfericr testh are often folsely blamed on footh size descrepancy,

erown ineclination existed in cach erown from the upper eanine through the
upper seeond premolar, A slightly more negative erown inelination existed in
the npper first and second permancent molars ( Fig. 9).

¢, POSTERIOR CROWN INCLINATION—LOWER, The lower posterior erown inelina-
tion pattern alse was consistent among all the nonerthodontie normal models
A progressively gpreater “minns” erown inelination existed from the lower
camimes throngh the lower second molars (Fig, 107,

Tip and tergue. Before continuing to the fourth key to normal oeclusion,
let s more thoroughly disenss o very important factor involving the elinieal
amplications of the seeond and thivd keys to oeclusion (angulation and inelina-
tion) and how they eollectively aflfect the upper anterior crowns and then the
total ocelusion,

Asg the anterior portion of an upper rectangular arech wire is lingually
torqued, o proportional aomunt of mesial tip of the anterior erowns oeenrs. 1T
you ever felt you were losing ground in tip when inereasing anterior torque,
vou were right.

To better understand the mechanies involved in tip and torque, let us pie-
ture gn unbent rectangular arch wire with vertieal wires soldered at 90 degrees,
spaced to represent the upper eentral and lateral ineisors, as in 4 and B of
Fig. 11. Az the anterior portion of the arch wire is torqued lingually, the
vertical wires begin to converge until they beeome the spokes of a wheel when
the arch wire is torqued M) degrees as progressively seen in Fig, 11, €, 0, and
E.

The ratio is approximately 4:1. For every 4 degrees of lingual erown
torque, there is 1 degree of mesinl eonvergenee of the gingival portion of the
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Fig. %, A lingual crown inclination generally otcurs in normally oecluded vpper posterios
croweis. The inclination is constont ond similor from the eanines through the secand pre-
molars and slightly more prenounced in the mofars.

Fig.- 1. The lingual erewn inclination of nermally ccluded lower posterior teeth progres-
'E-l-.':"|'=.' Incredasss from tha conines r||'|:u_|-=-||-| the second molors.

central and lateral erowns, For example, as in ), if the arch wire ig lingunally
torqued 20 degrees in the aren of the central ineisors. then there wonlid be o
resnltant -5° mesial convergence of each central and latersl ineisor. In that
the average distal tip of the eentral inelsors 18 459, it would then he necessary
te place +10 degrees distal tip in the arch wire to accomplish a elinieal
degree distal tip of the crown. This mechunienl problem cam be greatly ensed
if tip and torque are construeted in the brackets rather than the arch wire,

Key IV, Hotafions. The fourth key to normal occlusion is that the teeth
should be free of undesirable rotations. An example of the problem is scen in

Fig. 12, a superimposed molar ontline showing how the moelar, if rotated,
would ocenpy more space than normal, ereating a sitnation unreceptive to
normal oeclusion,

Key V. Tight contacts. The fifth kev is that the eontact points should be
tight (no spaces). Persons who have gpenuine tooth-size diserepancies pose
specinl problems, bat in the absence of such abnormalities tieht contoet shoulkl
exigt, Without execption, the econtact points on the nonerthodontie normals
were Llight. (Serions tooth-size diserepaneies should be corrected with jackets
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Fig. 11. The wogon wheel, Anterior orch wire torque negates arch wire tip in a rofio of
fowr ta ome,

or erowns, s the orthodontist will not have to elose spaces at the expense of
goodd o lmsion, )

Hey VI Occlusal plane, The planes of oseelusion found on the nonorthodon-
tie normal models ranged from flat 1o slight eurves of Spee. Even though not
all of the nonorthodontie normals had flat planes of oeelugion, T believe that a
flat plane shonld be a trestment goal ag a form of overtreatment. Thers 8 a
patural tendeney for the curve of Spee to decpen with time, for the lower
Juw's prowth downward and forward sometimes 12 faster and continues longer
than that of the upper jaw, and this causcs the lower anterior teeth, which are
confined by the apper anterior teeth and lips, to be foresd back and up, resuli-
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Fig. 12. A rototed molar occupies more mesiodistal spoce, creoting a situation unreceptive
ta mormal ocslution,

ing in erowided lower anterior teeth and/or a deeper overbite and deeper enrve
of Spee.

At the molar end of the lower dentition, the molars (espeeially the third
molars) are pushing forwand, even after growth has stopped, erenting essen-
tially the same msults, If the lower anterior teeth ean be held until after
growlh has stopped and the third molar threet has been eliminated by erup-
tion or extraction, then all should remain stable below, nssuming that treat-
ment has otherwise been proper, Lower anterior teeth need not be retained
after maturity and extraetion of the thind molars, exeept in ecases where it
was not possible to honer the masenlature during treatment and those eases
in which slmormal environmental or hereditary factors exist.

Interenspation of teeth is best when the plane of occlusion is relatively flat
{Fig. 13, #). There is a tendeney for the plane of oeclusion to deepen after
trentment, for the reasons mentioned. 1t seems only rensonabloe to treat the
plane of oeelusion until it is somewhat flat or reverse to allow for this tendeney.,
In most instances one must band the seeond permanent molars to get an effec-
tive foundation for leveling of the lower nnd upper planes of eeelusion,

A deep curve of Spee results in s more contained ares for the upper tecth,
making normal oeclusion tmpossible. In Fig. 13, A, only the upper first
premolar iz properly intereuspally placel. The remuaining upper teeth, an-
terior and posterior to the first premolar, are progressivel v in error,
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Fg. 13, A, A deep curva of Spee results in o more confined area for the upper teoth
crealing spillage of the upper teeth progressively mesially ond distally. B, & flor plans of
goclusion is mosk receptive to normal occlusian C, A reversa curve of en results in exoes-

sive room for the upper teath,

A reverse eurve of Spee 15 oan exteeme form of overtreatment, allowing
exceadl vie space Tor each tooth to be 'i1|[|"|'|-'|_i_$.'r:-'r||];|.' [-|;||'|-|E (Fie. 13, 7]

Conclusion aond comment

Althongh normal persons are as one of a kind as snowflakes, they neverthe-
less huve mueh in common (one head, two arms, two legs, ote, ), The 120 nonortlio-
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dontie normal models stodied in this research differed in some respeets, but all
shared the six characteristies deseribad in this report. The abscnes of ANy one
or more of the six results in ocelusion that is proportionally less than normal,

It is pussible, of course, to visnalize and to find models which have deficien-
#its, sueh as the need for caps, preventing proper contact, but these are dental
problems, not erthodoentie ones, Semetimes thers are compromizes to be weirhed,
and these pose the true challemge to the professional judgment of the ortho-
dontist. As responsible speeialists, we nre here to attempt to achieve the maxi-
mum pssible benefit for our patients. We have no better example for emula-
tion then nnture’s best, and in the absence of an almormality outside our
control, why should any eompromise be aeeeptod?

Successful - orthodontie  treatment  involves  many  diseiplines, not
all of which are always within our sontrol, Compromise treptment is aceopt-
nble when patient eooperation or geneties demands it, Compromise treatment
should not be aceeptable when treatment limitations do not exist. In that na-
ture’s nonorthodontic normal models provide soeh o beautiful and eonsistent
guideling, it seems that we should, when possible, let these guidelines be our
measnre of the statie relal illllﬂil-lp of sieeeastnl orthodontie treatment, Aclhioy-
ing the final desired oeclusion is the purpoese of attending to the six kevs to
normal ovelusion,
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The common normal peculiarity of childhood physiegromies, between the ages from six
to twelve, is that of a slight protrusion of the upper and lower lips in relation to the other
undeveloped features. By ossociation, we intuitively and unconsciously accept this ap-
peorance In late childhood and early youthhood without a thought of facial imperfection,
And yet were we fo analyze the faciol outlines of these young peogle from the artistic
wiewpsint of the adult perfect cutlines, we would find that a large propertion are similar
to thase which If seen in adult life would be truthfully deneminated bimaxillary pratrusion.
[Case, Calvin 5.: Dental Orthopedia and Correction of Clefr Palate, ed. 2, Chicaga, 1921,
F R. Donnelley & Sons, p. 34.)





