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CONCEPTS OF
MECTIANICS AND BIOMECHANICS

CITAPTER QNE
APPIIRD MECHANHKCS AND BIOLOGIE LAWS

INTRODUCTION

Positive and precise contral liave beer, sought by enhodontises through the use
of fixed appliances. With them, a mpid treatment becamne an underlying but candid
objective. The main atreaction of 1he "Edgewise” mechanizn waz that all tecth could
be corrected simultaneonsty, “leeth were o be commected relalive to cach other in the
individual arches while coexisting interneillary elastics were to accompsny the whole
maxilio-mandibular comraction.

Eecause it had been found that witly inteonad Doy elusties o Closs [T molar
relationship could be corrected in three maonths, it was reasaned that all the ather
Leeth, with lesser toot size, should be correctad at the same time. This was desenibed
in 1928 by Brodie, to his later chagyin, because with that technigue anchoruge was
grievrmsdy Inst and the face was wnatractively clongated. Coneurrent wse of elastics is
slill taeglnl winh the Beppr approach which is significantly high in exteactinn mtes,

The question keeps presenting itsclf regarding forces, quich resulls, aod the wisdom of
“ripping”, The argument also deals with safety, er tissue preservalion.

It should be bome in mind that ac the e af the promation of the Edgowise
applisnce by Angle mast clinidians also assuoed that inlenoaxillany traction
stimulated mandibular growth, However, 1his was befors the advent of
ctﬁlualumttrics_. wherein science could play a role inonare exactly determining

tureatment changes.  Less afienlion was given to the manner in which mevemencs



were accoinplished. Only the results were the objective regardless of the
COTSCUETICTS.

A concept ef limnitation developed as a resudt of thosc carly Edsewise
proceduwres. Five negatives in parGeular were cspecially limiting,  First was the belief
in Lhe imposzibilicy of tooth intrusion. Second was the inabidity to safely produce
Fidge modification with expansion, particularly in the lovwer inclsor area. Third was
the inability Lo otove molars distally. Fourth was no possibility of maxiltary
arthopedics. Tilth was the unpredictabilivy of practically any result in terms of
presvti o mandibulac behaviar,  IF these in peneral were improhables, 1hen the

arwwer way exnaciion g mandibular rotation for olosed Dike {192 1-13,

Popularity of Mechanics

[ the application of Blopropressive Philosoply, wo specilic lechnigue js
identified. Wather, a combination of many modalities are to be employed 1 a
sequence. This is in marked cancrast 1o being advised, that the Edgewize bracker
with the rectangular wire were "all thal iz needed” or that round wire with a Begg
bracket will accomplish all objectives. Computer composices clearhy show, however,
that different results are achieved when different mechanisms are emploved.
Standard Edgewise teclmique non-extraction apened the mandible 3 while
Bioprogressiec, with upper and lower utility arches, acrually clesed the chin slightly
{Fig. 1-2Z).

The concern is not wich the type of bracket employed, but with how it is to be
used, where it iz applicd or what is to precede it, and the ditferences in the objectives
deemed possible. These issues torm the basis for major difterences within the

pru::l'e.ss]n:-n and are the su]:nje-:f_ of this manual.



DOCTRINE OF LIMITATIONS
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Frinciples

Diespite the variety of procedures curmenuy available, often with a modalicy
bearing the same label, hu1.lf'.|'r‘.|p]-£j}}-'fﬂ cdifferently, there are underlving principles that
need to Le clarified. These principles in essence form the basis for the selection of
mechanisins and serve as a gpuide for force or pressare applicalion, The technique
vhoven may have 3 direct bearing on whether or not extraction is emploved
and the resalt 1o be achivved, Thus, a philesophy obiuing -- a philosophy which is
composcd of an integration of more than one hundred princples peritaining boty o

the physical nature of appliances and the biology of reactions,

Physteal and Biologic Laows

¥when scientists im the 1890s found the architecture ot bone to be consistent
with engincering principles of dosign it came o be belicved that phoesical lawes had
esxeitial conirol ower morphology,  Sciemtists made a indstake in everlooking the more
basic laws which were hiclogic in nature because the influemce of biotogic factors was
less evident. 11 owas found 1o he fallactous 1o tov to explain morphnlogic phennmena
purely in termes af mechaical ews, Yet the mnechandcal-phoesical laws anay serve as a
starting paint for undemslanding and communication of orthodontic mechanics, Any

consideration of bictnechanics will start with nppiif-d merhatics.

APTLIED MECHANICS AS A BASTS T'OR TEACTITNG

Applied mechanics s a branch ol ploysics, Applied mechanics is divicded jole
“siatics”, which concerng resigtance, and “dvnamics”, which deals with displazements,
mainm, and actions fax 1the physical sense. Physicists seek “faws”, which sre derived
{rom facts and Louchs, und which have no exeeption. Through swch laws the technical

world has advanced to reach the stzus and send IMessages t_'r'nmugh the core of the
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eatth. The phyvvical Jawe do provide a Lasis {or soienoe

But living tissues, such as comnective tissue, muscle and epichelivm produce a
variable in "friction” to a moton. This changes the faws of application af applied
mechanics. Mechanics is concomed with the application ul plosical Taws which
et haps start with Newton's laws of meotion, Hocke's laws of stress and steain, Boyte's
Eaws of pressure, the physical propertics of materials. Mechanies abso ucludes the
laws of friction.

I35 well known that when comparcd to circumstances in the natural aiz,
bodics behave differently in a vacuum. in anti-gravity fields, or when epposed by
water. Tn addition. within the construction of a miven device, such as a bridge. o body
st be calculated to evercome the bearing of its own weight plus the loads it is
intcnded to SUagacet . Therefore, vven in the natrral I_}h:.,-'.'-:'u‘ﬂl wrirdd, Fc'lniﬁl':rrim]'l cof
Forces s requoired [ur stability, 25 g tree must sopport i weighl plos e winds 1ed
bend 1t

In nrder for a bady 10 remain saable, coual and appesite forces must operane.
Ancl because two Torces direclby opposite are almost unpassible, forces eperating rom
various angles arc necessary for equilibrium. The balancing forec 1s called an

efpuilibrant for mechanical stakilization 1o he attained (Fig. 1-3).

IHomcostasis

aeneral biochcmical equilibrivm, and the maintcnance of that equilibdum
through the body's systems, has been called “homeostasis”  For want of a better
termn The author has called this phenomenon a mechanical or physical homcostasis
in a hinlagic contaxt tor the scabilicy of jaints. This also applics to the stability of
teelh, and the pencral nawure of mechanical equilibrium within the body (scc Fig.
1-3). When teeth remain stable they are said 1o reside in a "static ncutral zone™

relative ta 1he muscles.
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PHYSIO-CHEMICAL MOMEQSTASIS AS A KEY TO ORTHODONTICS

Every joint in the Lady 1s surrmunded by an equilibduom ol fore: in oreder to
maintain stahility and health, The gomphesis, the attachonent of the tooth. is a joint
betwoen bone and root. Far nemmal movable joints. ligaments swrrovaid the joint in 4
capaile and the muacles are altactied through tendans in soch 2 mannes that 1he
joln’s integrity is prolected. The humar jaw moechanism i special (Fig. 1-4},

Muscles of the Longne and lips create a halanced cvirenment, el muscles of
mastication delerming helahe for the oral cavity. But fascial planes, connectined

rissues, including periosteunt, apd even epithelial tissues caner inlo the halance.

Law of Adaptation

Jralanee is o lrose term mesning wgquality, b an wsderlying law in physiclogy
ynoe oftan recopnized is the law of ad aptation” in cadar o ateain equilibrivm. Ta
further appreciats this ks it 1s neccssary 19 uederstand the cifurt made bry the budy
Lsgues to recover from states of imbalance or the production of 4 new slatc of
balanoe, o homeostasis, when distuarkad.

I the muscle on one side of & joint is lost a now equmlilreiam will be established
For the joint 1he connective tissue on the disturbed side of the jeint may be
emplayed 1o offsct the stabilizing clastic resistance of the muscle an the opposile side:
which "takes up the slack” until a nes equilibyinrm is reached  In fact, the
orthopedist Dr. Arthur Stoindler described such conditions and referred 10 this 1ype
of muscle behavior as & non-painful "dynamic imbaianee contracrure”. The musicles
reaclion is to establish & new poin of equifibrivme For rhe joind, if mot cpposing
another muscle, and the musele takes up resistance apninst connective tssue. This ia
scen <Nniclly m orthadontics with discases of the mandibular comlyle, cousing 2
shoriening of the condyloid process and submequent clevation of the corcnoid pricess

and ramus relative to the zygornatic arch (I7g. 1-53.
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Unilalecal depenerative podnt discase.
A, Left side norrmal. B, Rlghe shkde advanoed breskduwn = nwle alteration

of size and form of condyle and Fosse.  C, Crmparison shows displacerient
ol rnomes pacaed ]1}' muxcles. T Shows oondvle shortetndng and berdin <



RECOVERY FROM IMBAIANCE THE KEY TO QRTHODONTICS

A more perlinent phenomenca, for the orthedontist, is represenled in the
attachment of the looth to the alveolar bone, When a pressurc is applied o the
touth, it is commen knowledge 1hat. the ligament is stretched on the iension side,
and compresscd o the pressure side. Thus, the original lemugnth of the {ibers and
equilibriun of the periodontal membrane is disturbed

The length of the periodontat Fgaments 1s relavvehy short, being in the range
fromn one-tenth to one-fourth of anillimeter, depending upen cthe given wouh, and its
conditions under fumsction. It is the gencral law of adaptation that comes into
applicutien for teoth movements to be suvcessful. After the mowvement the
memnhbraie on cach side wans to retaen o normal length, This is the body’s aclempt
ta restore 2 nurmal equilibrium or homeostasis both cheically and phvsically.
The system struggles ta regain the normal dymanics (Fig, 1-6).

Thus, the general physiolugy will attempt to maintain the redueed space on
jha pressure side by resorption of bonc and fill in the increused space on ihe tension
side by the apposition of hane around the sireched fiters 5o that they may retumn
Lo a normal length, Tlis 35 indecd the secret to tooth movernent tral it also applies
ta abveolar medification or bone management in general. Tt s also an inmediate
facvor in growih or stroctaral meditication,

It is within this same context that other bones in the body reacl te nonmnal
growth, to the repair of fractures and to 1he adaptativus Lo change in [unction. D
I3on Enbow deseribed 1he pracesses ooonrming as suriace resoriion and endesteal
appasition, which is the iechanism for bones Lo drift in adaptation e different
funcrional maleices. Tt may be within these hiologic proesses that delt of cecth
srours., Tt iswith all these natseral procosses Lhal the presend teaching manual s

concernicd.
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CELIUTAR NEEDS ANLD FLUILL METHUMS

In eader to maintain health and to maintain reprodoction of cells leading to
homeastasia, all the cclls in the body, which are ia fact tine, Bviny organisms on their
v, have foar main cssertial needs. Tlese aves (1) oxygen, (2) mnrients, (3)
climination of waste, and (4) a physical-chemical balance which inchides an acid hase
and an electroly e equilibrium {Fig. 17} If any of these four is not available, the vell
will striaggle for snrvival. The internal mechandsm of the cell may go thromgh
changes for the process of its individual coptinuation of life. In fact, 1the absence af
this narmal basic process might oven be a cause for the Farmarion of meluplasia,
rneaplasia, or aplasia.

In order [or the individual cell to be supphied, three flvid mediums are
provided by Mature. The first Auid mecinm is intracellular ar within the cell itsclf.
Just as the whale hody cannot sundive dehydraiion, each cell sl mainwin its own
fuid. The inteacellular ftuid is absolutely necessary for the life and performance of
the mdividual cell, it is a living orgamism an 1S o,

The individoal cell, bioweser, pels i1s nutelenes and oovgesn from its surrounding
Auid. Ihas is the interstitind (or intercelhilar) fuid, which has many funcions, 1t
provides the essentials for the life of a cell, but it alse 1s a reservoir for the cell's
wrstes and biproducts,  No cel) can survive In its own exerement. Therefore,
inlersiitial fluid becomes a kev o individual cell health {Fig. 1-8), This upplies
ta the cells and tissues of the periadoental membrane wogelher with the bone cells and
the coomerive tissue, uscle, sl nerves as well as the base of epithelial dzsue.,

Fur waintenanos of nterstitial fhaid, in its proper balance, there Is the thind
fluid wmecium, which actwally ts compnsed of rwo svstems, Jhe cardiovascular
system, through ehe armericles and venules, serves the interstitial fluid. Coovgen iz
brought to the inlerstitial fuid, together with nutrients. In addition, progeniter cells,

hormenes. crizanes, and all of the produets needed for cellular [uration arc supplied
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through this mechanism. The cardiovascular Is an “open” continucus line which
collects carbon dioxide and other wastes, and returns them chrough the venous
apparatis.

Bul znother system, which is “closed” is e immune-haphatic system.
Here, tiny terminal branches, apain located in the connective tissue, serva as a
drainage and a sewer-lilee slodge-tine system [ar The gacthering of wastes and towins
froon withio the copmeative tissue (see g, 1-8) When dhis syslen Galiees the Lissue
becomes “toxic” and perhaps induces pain via the "C" fiber, ks thought 1his system
is cucited in ultra-sound therapy beeausc the troated area is flushed with hanphnoyes.

For sophistication in orthodontics, these three fuid medivms and basic cellular
needs must be understood. Tt is inpossible to move the toeth an 4 sleull, short of
tracturing the bone. All tooth movement and all swreunding tissue behavior is

biolopical and hence bioinechanics is the issae.

BIOLOGIC LAWDS

In cormection with the tissue, it iy esseptial that 1t be understood thad the laws
ol phwsics are madified becsuse physical forces vield 1o 1he laws of higlegy. "Biology
preThaine Lo ]iving Linguae or Jhriﬂ\g DTRAIETHE, dol i% relewrenl Lo as all the “life sciances™.
Certain biologic laws have been stated, soch as Shertdinglon's "All or Nonc" lav,
pertaining to the fiber contraction al muscle, and also his secend law regarding
“:l;'.Lﬂ,i_:n_u.::sl irihiabi liem™ B scle Muncion i :I‘..i.T'IEﬁii.'.I]l.'.lg__\-'-

Additionally, there are certain comstants, or at least near-constants, in the
Fiachemical laws which ean usually be expecied and counted on, such as graviny.
There are certain vther fundamental laws which vsuslly are relerted Looas e Laws of
Nature, such as the body's tendency to censerve energy and to attempt to supply

only the tissuc necessary to perform a given function. Another law in the ink



Liglwesn conscrvation of energy and Bssue is a lawe of "profound efficiency” on the
part. of Nature, The law mentioned shove is the law of “tissue sdaplation”. There are
other Taws of growth and form with referenee to neurctrophism, which pertains to
neuryl aodd blaod control. The divine proportion o 1.0 to 1615 1% s0 commonly

observed there must be some decp law perlaining to economy of propuslions.

PHYSICAL I'ORCES AN SFEED

In the natural world, foroe and secelersion are usually equated. A grealer
torce will mowe a larger body and. under cortinuous application, that foree will
prodduce an incrcase in rate of motion until a resistance is reached to counler that
force. Thus, distanoe and time are Briked in describing speed of motion, such ac miles
or kilometers per howr, down to millimeters perweck, of even slower, sametimes
rillicneters or fractions thereof per year. Such is the natare of desceiplivn of mation
with mass, aned the nature of totalion or ranslation, Rotations are described in

moments of force around a given point of reference.

ORTHODONTIC “FORCES" AND PHYSIOLOGK. MOVEMENTS
Admoal simultaneoushy in the 1870s Cofflin shenved continuous foree (spong)
and Farrar exhibiled intermittent stress {jaclkscrew); both worked successfully
Scientific biolugic explanations for reactions did nor begin until the t900s,
Sandstedt im 15 was the first to describe a hvalinization-like response.
Experimental wurk was done by Gortlick in 1931, Stuteville in 1938, Beitan in 1940
and 1951, inch in 1942 and Leflowitz in 1945, Al nsed dags for experiments,
Cppenheim in 1911, Jahnson in 1926, Oppenbeimoin 1931, and Marshall in

1232 worteed with munlat'}-'a, Mlacupanpan in 1954 and Fetrowic later stedicd cats.
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Azira in 1973 nsed the rabhll,. Human material was used by Hersbery in 1932,
Sicher in 1944, and Reitanin 1950, Bu Sterey and Smith in 1352 were the first to
tocus on the analvss of prf:i.sl.m: ar ti analyse the area over which ferer is applicd.
Ecitan in 1957 showed rant resorption fellowing orihodontic tipping
movements. Burstone in 1960 showed that 3 to ¥ 7 grams of force was adequate to
suocessfully mu:avv;: UpPeT incisors,

Others using human materal wers Andoeasen in 1966 and 980, Hixon in
196% and | 970, and Hosevar in 1981, Chinn in 1988 sununed op wark in forces,
Bt it remained for Dr. Brian Lee in 1993 te conduct expeniments with pressare
analysis in humans, whers he concluded that 197 grams per square centimeter (1.97
grams per square millimeter) was ideal for bodilv movernent.  Lev stales:

*The design of orthodontic appliances should be based on the
principle of wsing the lighuest [orces possible to achicve tooth
movenent in Uhe shortest possille ting that iy consizeent with
minitum tissue darnage.”

Rickeets added two significant variables. The fArst concerned the pressure
required to proserve anchorage (of units desized not 10 e mosed). The second was
the pressurc needed 1o mudify the wlveolar tidge sy during espansion, or arch length
increases beyond the coriginal ridge,

Mmost simmultanesushe (in the early 19508) and without direct communication
among different workers, sinilar obsenvations were made regarding tooth movements
although labelled differently, Vadous descriptions were made in order to
comroundcate the conditions and 1he findings.

In 1951 D Kasae Reitan i Nopvay repornted his resesrch entitled "The Initial
Tissue Reaction". [lis worle, in which Forces were applied with removable appliances,
was studicd on degs. The condition of the pededonitsl membrane and surrcunding
structures was anajveed histologicalty. When excessive pressure was applied, he

tlescribed the area of COMPrCEsion as likcned ta the ht:nmcrgc:umm rharacter and
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siznilar histologic picrure of hyaline cartilage, [le noted that when such
corpressional tissue was produced, motion vwas inhihited. Hence, h}'ﬂliﬂiﬂﬂliﬂ]‘l
became an adopied term.

AL the same titne, investigaliuns were being conducted i Australia Ly L3, E.
Storev (whe was'a bone biclogist) and Dr. o Smith {who was an engincer), Fhe
experimnens weare set up in the orthodantic clindc vder the superision of Sir
Kenneth Adamson, $ix patients were slwlied during the proocys of expenimental
comime met racion. e uremeats were made from the upper arcly, as well as the Jower
teeth, for seiendfic evaluation. Fron ohservztions il was determnined that the kavws of
physics regarding friction could be reversed due wo factors hinlogically elfecied
ip rooth mavemeni, Increase of force o speeific levels did now result in a0
Lcrease of movement, but rather an inhibition of movement. In order 16
explain this sitnation, Storey desoribed cell-free areas in which, sucanotly staled,
reparative and resarptive cells were squeczed ont of the tissue. Stasis rather than
Byplacement ooeureed with koo much force,

Meanwhite, during uhe same periad, Ricketts made clinical cbservalions by
means of delitale measurements of tooth maovement. The technigue employved was
laminagraphy (or body section X 1ay), in which "cuts’ through the alveslus were
analvzed, both sapittaly and wansversely. Drawing on same of the nomenclatume
emploved in radiclogy, Rickerts adopted the term "selerosis”. For instance, inoany
joint leaded excessively, one of the early signs Is 3 thickening of the cortex below
the layer of the cartilage, “This, in medical parlanee, was referred to ay sulechondral
sclerosis. The teem "sclerosis” means hardening of tissue. On vicwing decailed
iaminagraphic (eomographich X-ravs, magnified 20%, Ricketts observed that in
cerlain instances the bone in the arca preceding the mation was seemingly
thickened. 1t appearcd to be an incrcasc of hose and henve resistance to the tooth

movernents that were being suggested.
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Further studics by Dr. Szmucl Pruzansky and Rickeets in cleft palate children
led 160 the discovery cthat, fram assessmetit of the distribution of cancellous bone
within Lhe alveolar process as seen in intraoral Xeravs, heavier trabeculation was
present an the non-cleft side or normal side. X-rays of the lower arch alone were
srployed 10 delermine on which side a unilateral cleft palate was present. Bone
withuul proper funelion was Tess cralwcalaled as compared 1o the normal, as
explained by Wolll's Law of Fundional Adaptation.

Work in the 19905 by T, Vincent Kokich alsa clearlv demcnscrated thar
Lozxding osseoind eprated implants with onthodontic Joroes cansed heavier Lrabecutation
for scieposing) of the supparting abwealar area.

Tt is 1therefore clear thar alvealar bene in the absence of functinon hecomes more
"senile” in clumader wilh sparse rabeculation, ad that loading af booe, ur Jesding of
a taoth or an mnpland 1o the alveolar process, may stimualate a buildup of hone in
resistance 1o an increased load. Three questions emerge. What is the most proper
farce? Whar is its distribation? What is the mosl appropriate time frame? These

arc biologic questions associated with applied mechanics.

TOOTH ERUPTION AND DRIFT

scholars have long conjoctured regarding the mechanisms involved In craption
Experimental studies have shown thae a force of croption does in fact exdst. For
clinical use, we have erploved hvpothetically a pressupe albot 0.2 gramns per onn, of
roat cross section, This would viceld about 4 prams of cruptive foree for o lowsr
incisor and up to 20 gramns for the molar tocth, adding up to 70 to 50 grams for an

adult loweer dentition [without third molars).
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Eruption IHypothesis

Experierice with hiclogic phenomens would lead 1o 3 speculation that po single
Factor would suffice Lo explain cruption.  Interpretation of the “law of adaptation”
would suggest that each Looth would scek a registance normal to its inteyrity.
Thus when an appeasing 1oath s lost the tooth wiil seek opposition, unless sustained
By the tongue or sume ubstscle. This idea is much the same as that of a muscle which
will underge a "dymamic imbalanes contracture” when opposition is lost. When the
tooth crupty the whele alvealus is involved because vruption brings with it new
alvieolar bone, Owver lime the alveslus disappears with tooth Ioss.

The explanation of the mechanism involved may be speculated 1o he in two
main fartors (see Fig. 1-8). First is the desipn of che periodontal fibers to resisc
verlical fpeces of biting and chewing, The tooth is suspended, and the “hammeocd-
lile" tensicn may, with shrinkage in the Bgament, pull the wacth from the existing
alvenlus, The “walls™ of the soclet are stimolated 1o prepare the stage for ingease in
height. The same may be true for preparation of the buccal or labial alveolus
for cxpansion,

The secord Gactor winall be o push {see Fig. 1-8). This may come from
inzerstitial fluid pressure and pechaps from bleod pressure. Bocause the socket, with
its dense bome of Lhe lamina duea, 15 2 wallad chamber the pressure does nol need Lo
be too great Lo produre 8 hydraalic action. A very subtle pressure could produce

etfective infuences.

Dirify

Drift may oocur as the result of ooe and Lthe same prooess. The added factors
arc the ctfects of the tongue, lips and cheelas, and the pattern of jaw movemets in
furction,

The molars with few exceptions doft forward in both arches. In the absence of
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first molar teeth, premolars and often canines drift relatively distally or follow
the Hne of least registance. Bue for boiter understanding, the natural developmental
principles constiute the starting point.

When the teeth are pushed by the Tips in function, they may be considered to
be infixed rather than drifted This happens in the development of malocclusions as

pral etrvironmental conditions deminate the natural developmencal tendencies.

Upper Teeth

The maxillary arch behavior s in general sgreement ameng warkers in gromnd
ard clevelopener . Aldwugh iszeous drift occurs i the padade, the palatal plaoe Jus
served as the principal reference by most workers. Viewed from 1his plane, with
Anierior Nasal Spine regisiered, the npper miolar teeth in erupiion Teavel fan her
\-'E:'L]CEI]]:,-' than Lthe uicizsors, i g ealtg of U7 ron. BT WEUE [oop Vb meslanr, b0 QL4 oo, in
the incisor, or almost 2 to 1. All the teeth deif mesially 0.3 mum. per year on averape
cssentially undl growth stops and the further progress is stopped by the lower lip
(Fig. 1-3.

Luvwer Teeth

Mandibular Plane

A great controversy inorthodontics swrrounds the opinions regarding
nuaehibelar acclusal development, The interpretation of behavior of the lower arch
largely depends upon the method of superimpoesing and registering. When
viewee] in the old tradivional cophalometnc method, from the symphysis and
oumdibular plane., the developmental pattern is upward and bacloyard with the molar
moving upwward at a rate of about 1 mun. per year (Fig. [-10A), This picture is shown

from computer compesitcs of 73 untreated children from age & to 18 years.
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Fig. 1-9

Drift = 1.0 mm. per year

B

A.  Eindlnps of the mean nurmal patiers od cnupat.lon of the wpper teeth Lo
=49 children are measured feom tTe hard prlate at Ana. Moo Feoward drifl.
(Poxitiom #3)

L. Toal forwand movenent of upper arch (togeLher with change in pulate}
equals 1.0 oam, per year. {Pomition #i}



Analysis of eruption
Traditional Method

Tl Ape 6.6 Yr.
T2 Age 18.3 Yr,

Molar 1.0 mm. per Yr.

4l Incisor
&5 mo. per Yr.

Mandibular Plane at Po

Ty 1. 104 Findings of ruption Bom compoaite of W=74% chlldren when suporimprted
w1 triasdibular ]:l-|n11r at chin. Mot molar moves “P‘Hﬂﬂl and forwarl {at 1.0
min. per veur] wnd bncisor moves opward and beckoward (at 8,85 mro. pet

wear), Ol Truditienal Metheal.



orpus Axis

Seen from the Corpus Axiy at Py, the mokar ;oves struight upwaril abom
05 i, per year, and the ingisors crill appear to drift baclkward {Bg. 1-108].

Arcial Grewth

ipwed from the mandihula arcal greswth, method. with the Pm and extemal
oblique tidges superimpnsed, ihe whole lower arch moves upward and farward a
mcan of L4 mm. per year. "[his ncours il growtls coases and the Tips and upper

acch contain the crupdon and drift (see Fig. 1-10B).

Using DrifL - 13ifiedontics

When the eflects of cervicul tragtion o the upper molurs were sindied by
Kitternagen i 1250 It was found that erupsion and distal dgft of the upper
preznolars and canines accurred. Sukies of sorial exraction revealed that canings dnit
distally afer premolar exrad ion, These are developmental eruption and drift
Lendencies conployed by clinicians.

Herarenver, it werlional mechanics and aulity arch therapy, drilt vven alicy
eruption was fuund 10 he drumatic. Preroolars also drilt buccally when an
cxtraoral fave bow is nsed with roling s pansion and is stepped oulward as 2 slaeld.
Thus, with those modalities the premolars may enly be engaged with fixed theragy &

tiee later Brishing stagcs, if al atl.

T1{E NATURE OF ALVEOLAR RONFE

Schotars have debated exacthy the limits of akveclar bone. Snome roferences am
made (o the “apical Lrase”, assmed 1o be the bone swrrounding the apex of Lthe roots
wiich is deemed to be the line of separation of ® ghpeolar bone™ with “basalar bone™,

Orcher literalure has ﬁugg::slﬂd t1yat alvieclar bone 8 wpmat&d by the positian of
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Analysis of eruption

Ti Age 6.6 Yr.
T2 Age 16.8 Yr,

0.5 mm. per Yr.

N=T3 parallel

nnnnn

" L
B ARC METHOD

]'-;‘.E_ 1-111K A ]’-“j.nd[ngx nf same :111'n|:||:|.'iih'."t G WL TH ]"'lg. 14-A, bt iup-:rlmp:w-:d 0T
Corpus Axis. Mute Giat the anilorm oodusal plane and perpendicnlar
cruptive af malar at 1.5 mm. make superb method for trestosent analysis.
Tavweer inciaor drifta bodily backoward with this wew.

B, Arc methed {most tnee biotogy} {(Fm and extemal nbligue ridpe) showa
drametic ol uel eroption opesard sl locwasd at molar at b4 mm. per year.



ranscle atrachmems sieh as the bueeinator in which muscle &s attached to basal bone,

I studving the infarit mandible, and i tuo analysing the mandible of older
subfeets whe have heen long-term edentulous, anather conchasinn emerged,  Fhis
prompued the definition that abeedlar proocss was first “any purl af the maxilla or the
mancilile shar was ever associated with the formadion of the tootk ot its coup inn o
Furcticn”. This supggests thas. abveolar bone is at a much decper level than the ol
apex (Fig. 1-11%. The secnnd part of the definition was that alveolar bone is "any
parc of e jaw structure that is assnciated with carmying physical stresscs from the
teeth ta the basalar parion”™. This was conduded fram the same studies of el
skulls and the stress [ines in weathered specimens. This extends the alveolar process
signifivantly beyond the limits usnally deseribed,

Thus the alvealar process seents w falfill Wollf's Law of hone functional

adaptation as much as amy other bone in MNature.

The Cortex

Tl 1nain or greatest. stresscs on bemes sither long or platcd are varried by the
outer vortex. The cortes 15 made up of wany compressed trabeculae with innec
prismalic caleified subslances and Iaversizn systems, The construction of the cortex
or plutes is such that. the main strains and stresscs erwruntered with normal function
can be withstood (Fig. 1-32)0 All tangenlial Forces — cnmpression, tensian, toTsion
e shesr - are resisted by bone,

[t kas been noted that stresses tun parallel to the Lrabeculae orientation,
But maim directional forers ara transmitled perpendicular to the long axis of
suwtures {Fig. 1-13),  How is it possible that a compression rans through a suture
when the ligament tissue is designed to take vension?

The answer lies in the serrations of (e suture, The pressure is onverted o a

pull on the ligament shndlar 1o Lhe pall en the period ontal ligarnent as o hammock:

&



Alveolar

Bone

].-':-IE. 1-11 Aclval Alveddar [ELalA o is |.-e:l-cl.t=.rlr_'|:-: Tur |:IE_1.-'-U|:1-L‘|. roacals us ex-]-:l-u:m:ecl h’}" Ehﬂﬁgﬁ
following loes of teath.



thin cortex

ver lncisurg {5 thin, The buceud plate BT 1he

Lahial cortical plute &t the Lo
roeslar 15 1hick wnd cxiands pluanst the Lo
pre.mr.;al..:-l.r wits over the moderale boical plite.

ngl,'ll. of the root. The loawer firsc




trabeculae

Forces parallel to

sutures

Forces perpendicular to

Eorees are carricd along the long axia of truleecukac.

M.

Fig. 1-13

Main Forces of compression pon perpendicular to sutures but are
wwansmicled (o fension in e serrations.



like tension when biting on a tooth. Each tiny spike is like the root of a tooth.
‘When a continuous [orce overcomes the ligament the bonc iz compressed.
Aaikylusis can ensue even in the plates of the skl capy when the compression
chfiterates the suture, as demanstrated by the experimen s of Hendrickson and seen
st imes in the human skull.

Canvellous bone is made up of many litdle bridges connecting the outer (o the
inner plates, and in fact 35 the original idea of the trabeculue, meaning "little brdges”.
Cancellius bone is also called *rmiedullary™ or "spongy bone” because it is rerniniscent
of the sponge, having spaces inside. It veas further shoan, by Do W Williamuson,
that cancellous bone not only was composed of a different physical anatemic nature,
bul alsn had different gquadities in Lerns of chemical analysis and mineral content.
Within the cancellous area or inner teaborubar srrangement is a vadety of tissoes.
These are blood vessels, hlood-forming cells, iderstital (luid, and adiposs: tisme.

Tooth movennents entail resorption and apposition of bone,  But {urther
miavement invehves ithe atrophy and hypertmophy of ather cells ar the dysirophy or

hyporplasia in the various tissue svsiens.

Periostenm

O the cutside of the alveular rocess, as in all bones in the body, there is the
periualeum. This layer of tough connective tissuc fits tightly around the bone
likemed, by Storcy, to a panty-hiose cancept. The perosiewn has a laver of asteogenic
celbs which affece the developmenta) behavior of the outer cortex of the alvenlar
provess ilself wherever apposition takes place. The periodontal fibers are conmectedd
to the periosteum at the aest of 1he alveclar prooesses (see Fig. |-8). Frankel placed
shields to the labia] tissues which also put tensicn on the periosteum, resulting in
bone appusilion. Tooth movement, aned alveolar modification rommaonhy resulted

fram a *pull” rather than a "push™
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Corlical Bone
The cortical hone of the alveolss on the labial-buccal and he lingual-palatal

siches clisplays a variery of thicknessey, sonetimes paper-thin, as on 1he Tahial and
boaver incdsars, to as moch s several millieters on e buceal of e dower inolars {see
Fig. 1-123.

Ir. nermal situations, the alveolar process tenninates gingieally sroomd the
tooth as a “crest”. This aostitsclt in cross-scorion can be lkened to a “spine” which is
cxtended from the outside of the abveolus (see Fig. 1-6). At the coest the cortical
bonc folds backward on itsclf to form che thin larina lining of the sacket of the
tooth. The entire socket of the tocth in the adult can be likened to a very thin,
compact bone, and henee is referred to as lamina dura. meaning *a hard laver”

In the younger patient, with a developing alveolus. the socket 1s morc
“cribdlorm” i character, It has meore abundant chanmels, rich Dlood vessels, and
immmature bone which underpoes transition to more mature states inthe attempt to
maintain funcuinm white verical grevarh i taldng place. The bamina dure is vsoally
twece the Ugckness of Lhe periodonial menbrune, again depending on the status sl
[unction of the tooth. The larming durs s actuelly more cormpact and takes time to
rescrb. Hence, intnisive forces have heen shown by Bunch to1ake 7 B days
belore action is seen. This has also been cabled *lag lime®. Clinical experienos: bas
suggested thac in adults the lag perdod can be as much as two monihs.

The questicn rermains, “Does a pull or push oo the pericsteum stimulate hone

fammatiaon?™

The Periodontal Membrane and Characteristcs of Ligameni. as & Tissue
The pericdomial membrane is made op of collngenous Gbers wel in e
description of collagen itself is nsually composed of the Type [iL, a5 descibed by D,

H. Slavkin at the University of Somthern Calitornda. Bocawse the fibers anc essentiatly
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interwoven, sorc investigators - malking a longitudinal croys-section -- gained the
impression that the fibevs wera nor contituons and were connected by an
intermediate transileon area. [her workers have concluded that a single fiber runs
from the cementum of the tooth root continuoushy through the periodontal
membirane ates and into the Tamina dura of the socket.

The Jamuing chora 3s ackaplive arud prebably wndergoes a continuwous transition
throughout life. Witness sdaptation in hypercementosiz wich aging. The periodontal
mernhrang is Righly endowed with intersiitial Anid and bleod vessels, as well as
nerves, being highly proprioceplive in characteristie. In patients with an absence of
nerve [unclion for propricceplion a massive overclosure iz withessed. Henor,
moniloring of the syscem is necessary far integrated control.

When a woeth is under active erupdon. the blood supply is increased, and the
periodontal membranc space is widened, When a tooth is in trauma, onc of the

cardinal sipns in the X-may is a wider-than-normal periodontal ligament space.

Ligameninus T ssie

The phsical property of o ligamenn is estizated L suslain aloa 3 10 6 kg
per square millimeter of resistance before breaking. The penodontal membrane i
ligatnenious Llissue and s almos identical 1o the satuead Tigaments in the skall. A
ligament is designed by nauare Lo Lake engion, or cesist o pull, ool e ke
compression. Dr. Arthue Steindler descobed ligament as a checker and restrainer
against a sudden displacement.

Al ligamnens in the body wod do display equiliboan st rest and are relatively
wenstan-lree. Bul ligamend. as a tissue alzo, unlike the tendon, cannat withstand
permanent deflormation.  Ligaments sarannd jnints and seree 1o Bimit harder
el s,

Dot under contimuanus tension ].igammts streted,. Tt is for this reason that
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intrusion is possible {Fig. 1-14}. The stretched ligarient within eight minutes
subjeets the socket (o expansive pressure from the rose Thas the actiom of
prolonged tension I'IE‘:.'-'ru]t.';l in ligament clongation and the force beocomes
compression in Uw socket, This explains intrusion (or depression) and has been
shomen by Bunch in 1942 and Leflowice in 19435 and proven by Ricketts in 1948 up
ra | Akl

The mechanism permitting the stretching of 4 Bgament iz not well known.
Like & rubber band, under stretch the circulerence of the lpament tends o
decrease. It has also boen shown that under & continuous tension the ligament loses
s of its lguid contents, which are elaborated outward into the interstitial S
Theze 35 the uncertainty regarding Lhe exact mechanism of clongation and alsa the
et harism i:ﬂr which "shrlnkag&" oorurs. At any rate, it is the 5tretn.:hing al Lhe
figainent that must be appreciated in order 1o understand the "Bioprogressive-
Biowechanical concept” and the necessity for approprate lght continuous
pressuves [of salety in tooth moverents. Bven Oppenheim prefemred “gentle”

intermoittenl [oroes.

Conclusion

If conclusions could be dared they are: (17 that. for “arthadantic ™ movements,
fized appliances have been too large and forces too excessive: (29 that the cinidan
hay crronecusly thowght shoat force mther than pressure; (3] the binlogy of dtt with
a change in the envirommanl has ot been appreciated; and {4 1he undemtanding of
the mechanisms involved with intrusion are contingent on Uhe (2ol that ligaments

cannot withstand defarmatingn
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SUIMMARY

Technical problemns with full appliance mechanics were discussed. The
achvizability of using clastics concomitantly with Full arch engagement and
intermasdilary clastics for arch manipulation for non-cxtraction treatment vwas
indeed questioncd in the light of history.

Full engagement techniques (employed as staring appliances) have given way
1o a philosophy of the gradual application of selected modalittes for specific poals as
pracriced in the light of current lanawledge.

Applied inechaanics us a branch of phovsics I a0 bose Jor coamunicuidon aud for
tive .'-JIJIJH-'.'..'ilim'L of l:*h_'g,-':«ii[".d laves inscfar as the apphy 1o the chirveal siteation.
Haowever, mechanics must always hie rempered clinieally with the hiologic
camsicleranl oIk,

Homtenstasie, or tissue eguilibrium, was shown to be o base an which concepts
of mechanics were 10 be added. The1endency af the body 1o tecurn ta its arigingl
Balance is & basic biologic law which we may cull the "law of adaptation”. Nacwe will
Ty Lo regain normal dimensions in the perindontal space when teeth are mowved with
appliances. The orthedontist "cashes in" on this phenomenon hecause it is chis
biclogic recovery that underlines the concept of bionechanics.

In addition, three fluid mediums and the four ecllular requircmnents arc also
faceors to be undersicod in the process of homeastasis. Ttis the interstitial fluid n
the final analysls that is the key o cell survival. Nature must also ciminate the taxdc
wastcs from the brealdoswn Inan "orthodontic siee”.

There are indeed few physical 1aws that can be counted on dlinically. Incacased
force. for the movement of teelth may act canlrary to the success of movements. The
explanation bes in the denving of biood supply and tncerstiog? fuids to the desues
and the production of an area in which swormal vitaling has heen curtailed.

OF all e Bong in Uhe body ere 1 none 1hot displays e Laows of
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Adapration” better than the ahveclar process,
A plea is made for unularstanding ligapentaus Lissue, The sretrhing of the
ligarnert perinits inteusion of tecth 1o he successTul brcause COMPrassion is now

prociured cumplﬂ-:] y arauml the sockel,

Fruption and drift are biologic faciors as part of the Farces of coclesion. The
intelligeae clinicion employs these binlngic processes to @id In the (reatment.
The 1ext issue is the arount of pressure necessary (or safety of the oot and

maximum beoc slaptadon, w e taloer up in Chapter Twr.



CONCEPTS OF
MECHANLICS AND BIOMECHANICS

CHAPTER TWO
BICHLOGY AND FORCE APMLICATION

INTRODUCTION

Physical lows amd applicd mechanics were broctly explained as framework Tur
communicaton, Bivlogic implications and the nsture of tooth cruption and tecth
drift were preparatony subjects for now the decper consideration. Brought to
attention was the enprmous value of the understanding of the ligament and the,
charactet of 1he alveolar hone,

Olggification of the bone dircatly to cementnn produces ankylosis which aces as
ar implant ot 4 bone marker. There iz also some sugpestion that fibrons ankylosis is
possible when scar tissue inslead of bone replaces the ligament. Thus, two kevs to
orthadontic success in mechanics convey to the clinician the facility tor tooth
uweTILeits 1o be possible. Fiest is the presenee of the thin layer of 0,10 to 0.23 mo,
tf ligarnentous tissue betwern e root und the socker Second, the cemenium
vrvering of the root is more minerafized and more avascular, and Ltherelure is les
likely 10 be resorbed than the hone.

Bane resorption on one side and bune apposttion on the other are the classic
mechanisms which characterize 1ooth movernents. The question arises concerning an
pplunal kind of force to be exerted in order to cxcite beth apposiden and resorption
of the bone of the sockel willout crestal destruction in the end, and wiihone maot

resorption oo scill, at the same time, preserving ancherapge when desired,

43



Tvpes of Force

There has never Deent an u;gmruﬂnf thal ueeth are movable, Observation of
crupticn and drift of tecth is identified in gradual crowding, together with tooth shifts
leading to spacing that occur under 1renh Inss and periodental disease. Both supply
suffident evidenoe of & migration plenomenon even W the lavman.

Orthedantics under Kingsley im 18660 for Class 11 carrection was characterized
by “bitc jumping” with plates cstimated new to requine abeat 300 grams of force
when in place. He also liberally used rubiber elastic bands and employed finger
springs of unknown strength which supplied cortinuenas action (Tig. 2-1}. Thus
inscrrnittent and continucus forces were bath employed. |

Circa 1580, Cotfin in Englaod witly o palatal spring made in a "W shape.,
together with Jackson with s wire “crib” appliance, and Matteson in the TS5,
ernployed helix Ioops a1 all these worlers advocated continuous force application

(Fig. 2-2}.
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The continueus ides was apposed by adhvocates of intermittent forces, such as
Farrar, to be introdeced by sopeass geed s on threads inthe nature of 240 threads
perinch (Fig. 2.3} Continuous v, interrnittent force hias been debared for che last
ventury snd obviously Both can he applied.

Bv 1593 CGoddard in essence splin palales, inbruded and extruded tecth, and

amplmved g labie-lingual Brad (Fig. 2-40.

Amwunt of Force

But the amount of force, heawy or light, did not seemn to be an issue other than
the ameunt a patient could tolerare. The “feree” emplaved clinically in other words,
was based on pain rather than Uhe best imerests of physiotogy, “Pressarc” svas not
the consideration, apparently, but the type of bone in the line of movement was

recognized by Guilford 1n 1898,
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Jothm Farear’s [irst applianoes willy use of Ineernilieol deace by means at
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GOADDARD 1883

Estabklished "brace”

Fig 2es ) Caracbaliardd en PR
A Adready split palalcs wich a sorew,
B el © intevded bt sapper and Jeowes incizacs wath onbnuous (oroe, and
[=rr b s
Lvand E. started the wdez of "braces”.



E. H. Angle, starling in aboul 1855, was predsicn-consaous. Hc hecame
ateeacted to a treaded appliance. The “screw princple” was used in the design of
thie sppliances that were made mone delicate when compared to the large and crude

-
n

customemade devices previously used. The E arch, a threaded 045 labial arch wire,
to ke activated with a mat, was designed. The amount of force was to be guided Ly a
preseription for a half, or a full turn of the ouat, or until 8 "snug feeling” was
expermienced by the patiend, The 0457 wire s still retained for che irmer portion of
the fare bow {or extraaral traction and for *bumpers” {Fig. 2-54). The “jackscrew” is
srill used in both foacd snd removable uppliances.

Angle's appliances, Lo include the Edgewise in 1930, were r=comimcnded to he
practiced with intermittend foree applicaden. The ends of the arch wire were
consuructed to be received into a “buecal sheath”. Tiny wrenches were given to ihe
patient for self-force sdministraton. This was used For the pin and tabe appliance on
a4 020F wire. That wire was Aattened and ariented vertically in arder to be used with
he “Ribhen™ bracket for corque canral by 1912 {Fig. 2-5B),

The “screw principle” was eliminated in 1924 with the development of a "Tiny
Ribbon® Tor dedduons and mixed dentitions, as a "power jack” was used to lake its
place for enpansinn. In essene each adjustment with the intermittent tdea scomed 1o
b based on the ameunt of streteh of the igamem ur bending of bones.

with the development of the Edgewise system {taming the Rilbon on its
cdge], a soldered stop was placed against 2 smalier rectangular tube, and the washer
principle was employed (Fig. 2-6A). The larger wire size (022" X 036" was reduced
to a rectangular 0227 X 0287 which swas techiically {13 to be adapred to the
malocclusion, {21t be stopped al the modar, (3) then very sluwly straightened for an
increase +n arch lenglh, and {4) to reccive washers added onto the wire for space
creation belween the stop and the tube for less than half a millimerer of arch length

increase at each adjustment. lntenvals were increased from one week 0 Dwo weeks

20
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Tip 256 Angle’s Intermediate develapments
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with the Edgewise method (see Fig. 2-06A).

Thus, inlermittent foroe was advised with the Edgewise method and even
pructiced with a frm ligatare-tying plier and full arch engagement in the braclets as
soom 4 possible. These were, in general, the practice procedares with "Primary
Edgewise" a5 oignally conceived by Angle and taught by Brodie. lronically, Angle’s
last developrent, according to Strang, was a theorzed sguare 022X 0227 wire 10
be used.

Calvin Case was a contemporany of Edward Angle, publisling his work in
192} lor extruding and intruding he handed teeth and attached cleats, not brackets.
For deep bires he nsed a round wire size 023" which produced "strong extrusive
force™ upon the premolats and intrusive force on the incisors. His nanow arch form
was very similar to Lhat emploved by Tweed 15 years later. Case: prefermod upper fivse
premalar cazaction in many Class 1 canditions. 1e also craployved slidmg hooks and
yiookes with elaustivs. He leaned teward contimoenrs action by “lvprassing” teeth, and
made use of 3 high labial wire and “sectional” ideas (Fig, 2-GB).

Meanwhile, ather fixel wechnigques wers being used clinicatly. The Lalio-
lingnaal technique employed lighter finger springs. Removable appliances were uscd
with finger springs, or added hars and wires (Fig. 2.7). Cansequently, ihe trsue of

intcrmittent ve. continuaus loree raged on.

Oppenheim

Oppenheim's experinental work, often referred to, was conducied on apes. Tle
tried to deaf with the issue of intermittent vs, continuous [urce, but still did not
secm 1o be concerned with the exact ummount of force per tooth bring emploved
in the cxperiments.  His condusions on the ariginal worl, ennducted in 191§, weee
i retrosped guestionable, Were his continunus forces “heavy” by the present

slandards? The question nowr avises, “Were his inlermittent forces light or emy?”

2T



TWEED 1936

Fig 2 - 4 Cabrin Case was the Srest o fully Band vecths
A Lmployzeat of coamraction and high-pull Irachae,
I sliding hooke, 1) Exlraclicn of uoner rramalacs.
0. Drwoaming the nanine, E o T, Bimilar arch Farm rmigloyed by Thvead



Fig. 2 -7 A lablolingual Llechnique. Mole luop [or ac@viting molar, Bole Baed Cliver
gnich_- p.ane for bite jumping r'ijl—.'Fi.'lrlrrlr.'\i were retnoveble.
B Adwins acccwhesd <asps and alaves. {Coatinuons acd Traerrnittenl, Foreesy
C. Hivkaies madificacien of Crozat wich quad-heliz



Restating his case in 1916, and seerningly falling more under the influence of
Angle, Oppenheim emplaved his work ta further verify the theory of intermittent
application. Thus, the work of Oppenbieim reponted later in 1934 on humans was

uscd as a brief for appli-.‘.:ltj-:m of the Eu:lg:wis: mrechanism.

The “Light™ Advocates

With nbservations of beteer efficiency dinecally the arguments (or Fghter, more
continuaus ferces comtinued. This was manifested in 1928 by T Spencer Atkinson,
whe patenied Whw "Universal™ bracket to ke amploved initially with 3 ght round
wire, b Dr. [oseph Johnson in the (9405 with the Jehil vsdin ol wires, by Dr
Ravmand Regg in 1he 19505 who used round wires with munerows loops for his
techoigue, and by Lr. Juseph Jarabak in the 19605 All inalk exception to the
intertratlent practices with the traditional edgewise syslem (Fig, 2-4)!

Bunch, in 1942, working cxperimentaily, showed depression and <lescribed
delayed action of ane L twe weels for movement o be initated In 1945 Lefhowitz
and ¥Waugh published worl: done experimentally on dogs. Their conclusiong leve a
bearing on the most opLimal types of force 1o be used. Thercfore, interast was
increased. not only o conlinugus and imennittent but alse te the idea of "light” and
"heavy™ forces. Light wire techniques became of wide interest in the profession.

But what was light and what was heavy? What was acmoally meant by
continuous or imtemmitcent? In centmst 1o the Angle concept, the findings and
conclusions of 1efkowitz favored the application of continuows forces much lighter in
charucter than previously emplayed (3 oz. or 90 grams per tooth). But still the idea
of “pressure” or foree per wunil area was not entertained. Lefkowitz referrad to the
stimalation of the blood supply and Mature’s capacity for restoring te noemal
periodontal space from which we formulated the “law of adaptation”.

In 1952, Anthony Sworey, together with an enginesr named Srdth, set up a
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clinical experiment in extraction situations (Fig. 299, Their findings revesled that
[nrees greater than 30K grams sclerosed the canine and produced grester mesial
movement of the posterior segment. Totces [ower, dawn tn 130 grams, showed beteer
canine retraction and more preservalion of anchorage, Uhsin experiimental model
contained fHictional factors, however.

Dr. Rayvmond Begg demomsirated a rapid smovement of teeth, but his rechnique
itvolved severe tipping and later uprghting of teeth in the effort to promote
cificiency for a fivesmaonth commection. But many proclaimed this therapy to be
damaging, as premature aging of the crosts was thought to be produced {see Fig. 29,

Toy Ve 19505 wond 1960y crthodontics found ixself in a dilemma, which was
further heightened by & dearth of nomenclature and abifity to communicate.

Anchorage and the sourees of resistance to tooth movements were still not agreed

L0,

Constant and Interrupted Foree

In the fate 19608, tro comcepls were added to describe toree, "Continuous"
was cxpandcd to the idea of a "constant force” by Burstone, Load deBlection rates in
wires carne under analysis. In addition, excraoral theeapy with “heawy forees”™ of up to
1003 grams came ta be advised Tor Tull time wse by sone elniciams, Others, such as
the authar, advised 12 1o [4 hours of use, or even wear for steeping ondy, and the use
of 300 grams in the dedducus and 30 grams in the mixed deniition condition. The
tenm interrupted” was added by Reitan in E958, in addition o the cuneept of
‘constancy’,

The idea of "rest periods” had been added in the previaus half-centuny by mamy
cliricians using the fixed teclodques.  ResUng Bnes or layers of bone and cementum
arc secr histologically. Thus, not only svas the nature of forces a significant dilemma,

but even rest periods, and the rationale for their practioe, became ether subjects of

it
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COMICVETEY,

Dhiring these vears also the contribution ul growth to teeatment mechanics siill
remained a mvslery, Muscle was talked about ba was difficalt 1o assess.

Ta the 1960% Ricketrs collaborared with benh Reitan and Storey fur o waorking
hwpothesis with referenee 1o lorees, in order to at Jeas| help organize the profession

(Chare Th.

PRESSURE ANALYSIS

'y weork of Burstone and his co-workers measaoed application in terms ol
momerts of forcr because force applied a1 the crowns prochiced rolational etfects
whivh were to be measured in momernes a8 in applicd meclanics. Their publications
indicute] that 2000 pr/omm. of monient was sutticiont 1nonove a molar, and 1300
arAum. of moment was sclequate 0 move a canine, Therelore, more exact arnounis
of force became the inkeres! clinically.

Starting with the 0217 X 021" gold wire, experiments ot aten-yeur pesicd
led Ricketts to employ commenly the 016" X 016" Blue Elgiloy wire. This size and
composition wis {mend 1o have the ideal 2000 grimm. capadey. Therefrre no larger
wirc is needed to arccmplish tocth movement ar orthodontic mripulation (Fig, 2-
10) [excopt for mavement. of a number of teeth az a unity,

If arthopedic forces are desired, ausiliary appliances -- extracral ar intraoral --
are needed to produce 300 to 1008 grams of forre. As a wesall af the ideas of soveral
invostigatars, fighier fornes were gradually murs socepted. Appliances wene designed
for continoeus forves 1o be produced. Many advocates came to profess 10 he "light-

wWila uscls”™.

E1E



CIIART 1

CLASSIFICATEON OF FORCL

Relationshipy of Grams o {minces

DQunies ITAMS Foree
0.5 31417 Very light
i 28.3193
2 4.6 Light
3 84,9
4 113.2
3 1413
f 144 Imermediate
i 1081
= pald
L 234.7

11 283100

L} 311.5 ey
12 306

13 InT 0

14 2562

15 424,53

16 (1 1k} 45330 Wery Heavy
32 (2 lbs.} a7k

ke rounding out For clinical use, ome cunce 18 considerad roughly 30 grams.
Ttis, shree ounces For intermaxillary Laction, For cxample, is ncarcly 1100
grams. and five ounces is considerad abowl 130 grams. Founding cut In this
rmanher makes it casier to calcalate.



CAPACITY OF
016“ X .016"

BLUE ELGILOY WIRE

Conclusion about 2000 gram mm. of momenl

FORCE
LEMNGTII OF BENDING

& 40mm + 5 grams —
©@35mm | + 80 grams ay

@ Bﬂm;" 4+ T grams 'n:mni:nupl.inuu-:
@ 2Bmm + 80 grams

@ 20mm 4+ 1(J0 grams
@ 10mm + 200 yrams

@ Smm 1 400 grams '
W dimm + BU0 grams ﬁf—'—
I TRV + 800 grams

Valueg rounded off for clinical use

Fig. 2-10 Loz deflectivar rates wath Wi mmc? blue Blgiloy — no langoer wire s necded.



Bonding and Farce Reduction

One other Lechnical factor that played a rele toward lighter application of
forces in the mid-1970y was the devclopment of bonding of bruckets, Clinicians
cenild not apply the farees previrusly uscd with bunids for fear of breaking off Lhe
tonded hracket, The discovery of equal or better clindcal results did much o
stinubkxle incerest in lighter and more continucus wire use.

Force 1o Pressure

T3 Brian Lee, of Australia, was among the first to bnvestigate reducing the
comrept of "force” to "pressure” {foree por unit aren). Dr. M. Stoner had related Lo the
“4 T0's™ in foree application: direction, duration. distrlaaeion and degree. But Les,
working with the Begp concept, became concemed with the amount of bone, enface,
in the direction of movement as a guide for the measure of resistance. Based
upon Ler's wark, and in communication wikh Lee, Ricleets produced a root rating
scale 1o Le useid a3 a starting peinc for force application, particularly when plalting
anchorage.

The Root Rating Suale

Presswre s force per unit stea. That being the case, the size of the root
became the questinn inomavement aad ancherage. In his work Lee had drawn the
hypothesis that 200 praow pee syware centineter {or 2 grams per square mitlimerer}
was the pressure of choice i the movement of tecth, (which he essenially confirmed
inn 19257 This breeame 1he hasia of Ricketrs' experiments in U | %68 in which
clinically measured {forves were upplie]. Inteacral photographs were made For
analysis, and cephalometric and laminagraphic Xeravs were also taken for study. Noo
anly tooth movement hut anchorage preservation was the tocus,

The 2 grams per sguure millizneter force per unit arca was found to be exeessive
fen movement of teeth within the alvealus when prescrvation of anchorage was an

issue. Pressures were measurcd and redveed esperimentally to 150, and tinally 10 104

-
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qrants per square centimeter (or 1 gram per square millimeter).  Uhis amount of
pressure has heen maintained essentially now for 30 years, and was confirmed by the

laberatory work of Muira {Fig. 2-11A).

Mndiflications for Ridge Change and Anchorage

‘Lhe lorce of 1 gram per square mim. is specifically prescribed for moving teeth
along the arch within the alveolar chatuel or medullary bone.  Arch wire sizes and
|t designs were sclected with this dats in mind. [Towever, when labiolingual 1
buceolingual movements are 10 ke marde {or the cortical plates arc to be modified) tha
pressures are reduced 50% 1o 0.9 graos per mm.2. This idea of unit values Ted in
turn 1o the scorional arch principle. Instead of pitting afl the teedy in the Jower
arch against all the reeth in the apper arch, onby the upper buceal section was
engagedt.  Laver the utility seclion, wilh meadifications, was cmploved 1o Orear.

advantage. The wholre scctioning coneept. warmapts 2 marual unto ftsctf {fig. 2-1 1 B).

Mesio-distal Translatery Tooih Movemends mod Arch Sectioning

The hyperthesis of a teoth pressure of 1.0 grams per square millimerer in the
direction ol snovemernt was tested and retested cllndcally. Parce was measured and
tegules were appraised. Tipping actions in which forece s direvied only on the
crest would develop much hiyher local pressures at the erest, a5 shown by
Thurow,

Further work. by F. Wiuira, published in 1973 [Proceding of the Evropean
Transastlong in femdm] shewed that by using very tiny pressure gauges in the
pericadonial membrone, 0.83 prams per square millmeter resulted in tooth
moventenks, In personal comamunicativn wilh Mui, e conbnned chat the use of
|0+ gramiy per square millimeler was perlaaps best, With the foregoing findings, thess

viues were applied as a guide [ar all Jocal movements and hernec apppliance choice

3z



ROOT RATING SCALE

ONE (1) GRAM PER SQUARE MM.

120 55 75 75 40 50 —4qp

AANAIAA

Mesio-distal “Labio-lingual

yorrag iy

110 60 &0 80 25 25 = 385

ANCHORAGE
For Sclerosis X 2 or X 3

For corlical modification 1/2 gram

EE';. 2-11A B H.ﬁtn'lg.:. n s.:lﬁ'\-'_t.aj _p]._q_nq: dirccon. Lliscel mevcnent of ocdar witk seclicmal
mechanics requices (L=<adilyy 1240 prane
Curical anchorage rf Inaver mcdar fhoecallyd X003 — 330 grams
Labial migreernent of lover incsne X 0.3 = 12.5 grams.



RATINGS
Prescribed furce per square millimeter
of ROOT-BONE engagement

@Fﬂr ordinary Cancellous bone
1.0 gram per mm. 2

@Fﬂr ridge modification

0.5 gram per mm.?

@Fﬂl‘ cortical anchorage or sclerosis
2.0 to 4.0 Egrams per mm.%

@ 200 300 150
50 76. 25 25 40 20 2b
1056 135 50 50 70 40 50 65 70

AUIMANAAA

Bucco-lingual Transverse

AL

i06 60 50 70 256 26 50 OO0
2 50 b6 30 30 35 16 16
©)

200 200 160

Fig 2-1LB  Hoot Retings iv Transvesse direclivns.
I = Crilinary movenwent,
2 -- For ridge rhanga,

3 -- For encherage.



and desi o, which included bn:aklng L the stra]_ghr. wire,

TOOTH INTRUSION

Or. F. Muira in Japan demonsoraced conclusively, with experiments in the
rabbit, that intrusion was a possibility. Using one cenwral incisor in the rabbit. as 2
contenl, and applying measured intasive foeces an the adjacent incisor, a forre of 3
prams wias seen 10 slow down s smplion. A Jorce ol 5 prams was seen uo aorest
erupliot, and a forec of 7 grams was seen to actoally intrude the incisor in the
apposite divection along its arcial path ol eraption. Therelere, intrusion has heen
provven both dinically and expedmentally in the daboratory. The e has come to
put the arpurnent aside. Tois not just a “relatve” condition, but true intrsion

dirccthy along the root long axis.

Farce of Eruption

Based e these experments, and clinicalty emploved with the guide of the
rating acalas, a working hypothesis was made regarding the force of cruption. It was
extimared ro ke appronimarety 0.2 grm per sqoare millimeter of root cross-scction.
Thus, arry continucus pressurs aronaed 2 BTN QT 54, Ioarn, would tlxtn:-r::ﬂc,ul]l.?
coLucer the cruptive foroe. Any loroe, sy double that amount, or 0.4 to 0.5 grams
per 5q. mm. would be greac enough tovintnude the tooth as well as cercoming the
cruptive force. Calcudsted in Uvis manmer Lor a lower thicd anolar, o furce of only 20
grams woidd be sufficient 1o overcoane the foree of eruption, and a force of onby 40
grams, as Iohg as it was continuwons, would intrucke it This is in contrast to
experiments Jor intrasion of vl in open bite by some oestigators in which 800k
1000 grams were usad. Based on the present hypothesis, 40 prams or 1/20 of that

Force would be sufficient, il applied ::r}ntimmusl}r (Fig. 2-11-).

EX)



ROOT RATING SCALE

ONE {1} GRAM PER SQUARE MM.

70 80 30 30 45 30 40

”000¢0

For Intrusion

75 85 30 30 40 20 20

per mm.2

Fig 2 11 Theseerien incrusive force for diflerent deeth ol one gan per numn. . 2f roct oross-
sertion. Actua may be Je



Cephalometric Fvidence of Enirusion

"Lhe st 4.‘&]:-}1:][(}:11::1'151': eviclerioe ol Inrusion., oy seen ]_::rr Lhes amathoe, was in
FO48, I owas in a lemale Class 11, Division 2 mixed dentition case ireated with
"Ribknn Philosnphy™. A size 022" X 025" gold wire waz used. The deciduous molars
aned carines weee brepassed as with the orginad Ribbot techrdgue (Fg. 2-12%, Not

only were teeth muruded but it seemed to affect the behavior of the mandible az well,

Progressive Engagement and Findings

Flauing separators for opening spaces for banding was time-consuming, tissue-
damaging, and was painiul. Chrome ailov molar bandsz alone could vsually be placed
wil ol separation in yoeung palients, Progressive bunsling and progressive
control was ccmsr:queml}r df‘:w'.inpr.d. In the beginning, Jenaver molars were tpped
backward to create buccal space will siraiphi wire by nsing the canines 35 snchorage.
A srraight O16" round wire was enmpluyed as (e Girst step in Lhis procedure, 1t was
cvident that canines would intrude as a resull of Gp-backs placed in the wire if the
tipback was 1ot oo vigorous. This was the second clinical evidence of intrusion
pssitality and vwas pecopnized in [954.

The third «linicsl soggestion of intrusicn was scen in oitraction cascs in the
lepweer arele ina Lhe seconed premolar,. Daring too vigorows space closure, the molar wvas
seeme to Ui fonwerd and the lower second premotar appeared to be depressed relative
10 the ather teeth. Fory-five degree cophalemetric fifms were obrained in order te
accurate v measure Uie tooth changes from the lowey mandibular border. ¥With the
furces used, as the Arst molar tipped forward, the second premolar was actually
intruded, The canine, alse meved with cxocssive pressure, tonded to oxtrude.

Tz, by wew, premolars, canines, and lower incisors had been noted 1o he
"depressed”. Dut in some patients the ower incisors had been moved obliquely,

rather than dircctly along their long axis.
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The Birth of the Utility Arch

Iit expetinents with extraction cases a sevond wire {a round L 4") was
anchored o e mielars and bypassed the premolar and canine,  Crphalomed e
compagson revéaled findings of incisor intrusion direcdy into the sockeis, Poor
to this time, direct intrusion of teeth had been deemed impossible. It wvas assumed
clinically 16 be a false impression or an ilusion caussd by rapid eruption of the
adjacent untrealed teeth. Such vwas certaindy not the case, panticalarly in adults
where ne height increase oncuwrrad (Fig. 2-13).

Upper incisor intrusion and tarquing have been gained even against the palatal
shelf when light continuous pressure was applied (see Fig. 2-33). By 1960 there was
na lemaer amy deubt about tue intrasions. 1t was olvicus thac it cequived light
pressure, that the application needed to be continueus, and that pressure on cortical
bne needed to be avoided.

This prompted the developmend. of the “wilivy arch™ and double lower molar
tubes. By 1961 remarkable efficiency was demonstrated with the utility arch for

irrrusion of anterior teath with 016" § 016" blue Elgiloy wire {1ig. 2- 147

Decvelopments in Brackets and Tubes

Ini the porsuit af Bghrer pressures Ricketts selected siuller wires while
attetnphing {0 waintain “three-plane contrel”™. From the 022° X 028% it was reduced
successiully to a 021" X 021" gold, which was cmployed doving the vears 1950 1o
1754 This size was firher reduced tn 019" X 019" in the blue Bluiloy (chrome-
cobalt) wire, still eimgloved within the 22" edgewise bracket for application until
[ %54, The torces as measured, howeer, were sEl] oo cxoousive!

Siamese brackets were adopeed in {959 ro eliminate the ine(licien staple. The

need for a4 smaller bracket box was olwvious (rom the study of results. The dual

)
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fig 213 A Adelt female, e A% yean {Clues T Division 1) Conpleir dosed biae, Supra
erupled |mreer incises ansl prolnsive gpper antedors. B Coreecticoges af roelar oo
Class 1 and imtrusion ceoaction of wpper inciser, C. Condilon afrar 20 amonths of
Treatment. Blute lip change. 1) Coevection of Jower molar 1o Class 1 and
Inurusion and esnplaceanent af lower ircisor io AT plane



UTILITY ARCHES

Fig, 2-14 A D of elassie nprper Lhilivy archowile "2 shape for clasizz amd mpening ar
elesing aczizn. B, Beagh tracing of phate showing nirasion o7 upoer anterior
goction from occlusal olanc. €. Classic lower Unhde T Treamalic lower incisor
imirnsoes shown jn racing 30 photsmraph.



brackets increased beverage and increased the effeclive force of te wire due to
shortening of the lever AT, This accureed at the same time lighter and more
COMLITLOUS PICSSUTES WeTe tl.hm:ght o he indicaled. Preformed hands were designed
and the brackets and tubes were “preadiusted”,

After three years of experiments the (0187 bracket was settled on in 19538 in
collaboration with D, C. Steiner and e 13, Lang (Fig. 2-15). Messurements of
forces and clinical resulls Jed (o g reductien Brom OEB" X 092" o D177 X 022" 1o
016" K 022" and finally te 016" X 016" ({Lighter wires were sought to be used
with the smaller bracker). In 1280 shout 10% of orthodontists uscd che 018" slot,
By 1995 15 uge had grows to 30%, and will probably continue to become more

popuiar, as it comes Lo he tanght in graduate schools.,

BIOLOGIC STIMULATION

All connective tissue cells have one reanarkable charactestic in common: cach
cell is a muputactuning plant. 1L ceceives [tom the inlerstitial laid the necessary
Twiilding materials, produces collagen, and elabomtes through its membrane a ground
sulsstance,  JTds material in tumn, according 10 [ Simean Kodbaed in 1973, s acted
upon by the environmental wensonial forees 1o produce Lhe spedific conmeative tissue,

ane of which is hone,

Orithoepedics

Skeletal alteration iz a hiologic process invaling sutures, cantilage and bone
rewadelling, Inuerest in skeletal magilto-manditulae relarionship s well as arch
relationship has become a major concerin clisdcyl work, Bune and zoft tissue
devclepment, and their alteradon hy arthodontic means, together with behavier of all

connecdve dssues, inchuding the integuanental profile, arc also of major concern. The
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COILTTvesies st with permanency in alreration of the mandikle, bur scientific

ﬁn::[ings show thart ma:ullm slrcletal n.:han_ge can be penmanent.

Histologry

Rescarch at the cellular level condugted by D, Bugene Roberts showed
mechanisms which affected bone formation and bone behavior under plvsical stress,
Bonc cells are initdated from progenitnr mesenchvanal eelis. Beme is formed,
begimning as Type T eollagen elaboraled from the cells,

The osweoblast is the [inal istmexdiate producer of bone which breomes an
osteacyte as it is surrounded by caleificd wmaterial. For the production of an
osteoblast, progenitar cels ang required which go through a sedes of about six changes
im characier and function. The arresting idea is that for the production of new bonc a
biclogic process is required going Throngh omecid fivst hefore Being caldtied

Clsteoclasts remoyvc bone arud gi.‘lnl cefls, I.ugl:llu:;: wiLh 1113{3’!;_:5:]1:155_:13 cells, da
the: cleanup. If ronc of these colls for the biolegic process are admitted 40 an area,
then stasis is produced. This is what Storey meant when he described a “eell-free
area”, Cells are needed for osteolvsis to oceur. This process 15 pararmaunt i U
movement of teeth. The bone becomes an anchor sauree when it cannot be
resur bed,

In addition, the application of force on almost any material will prodoce
elecisical respomses. These muay be so low and subtic in nature that they are
discunnted, bat L. Rolerio Jostis showed that leading a bene produced an effect on
the calcum don,. Thus, another of the physical effects of foree that must be
comsidlersd I the stimulation caused by clectrical potentials within the alveckar
apparatus. Thiz, together with the whole concept of interstitial fluid, which needs
acid-basc and clectrolvte balance, 1s not a cancept. commonly appreciated by the

dlinician. Pracriticacers tend w follow the habit of thinking applied mechanics. They
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enjoy the idea thal it is their mechanics doing the moving of e rather than
MNature.

One finding is abundantly cvident from every investigatar reviewsd thus far,
AN Tound that excessive force causcd hyalinization which was [ofuwed Dy
hackward or undermining resorprion, alsc semetimnes called reverse action. The
qis=stion, not often yddressed by those invalved in hisiologic ineestigations, persists:

"Howy can undenmining oocur in compact hone?" (Fig. 2-16).

THE SWITCI TO MANAGEMENT OF CORTHCAL BONE (RIDGLE)

Mamy suthars, including Oppentbieim from (911 to 1940, deseribed Lhe
undermining resurption as a natural happenstance. When too heavy an orthadontic
force is applied Lhe blood supply twhich actually Feeds intarstitiul Nuid) is squeezed
out, [f the pressure is great enough 1o allect Uhe area, instead of osteoclastic cells
working in g 'frontal artack” on the bone, the tissuc in that area is "pinmed dewn'.
Mature thea makes a "flanking ateack”, or a sorreunding “reuward attack” on the
home. Thus resorption occurs in the arca anterior to the tooth socket or Jamina
Jdura rather than the socket sucface under pressure. Such areas are alse thought Lo
undergo necrosis. In such instances, particulorly in heavy continuous forces, the area
el bane necrosis oy alsu e combined with ateas of root resorption. Cementum also
daes not appreciste hyperemia and must be resorhed far deciduous touth loss by the
aneuretic cffect of 1he pulsating Moed supply of the wrypt.

Az shown by Roluan, all necrosis, all neerosis. is characterized by anoxia in
s fiest sapes. In other words an absence of cargen always leads to ccll death, "Tlas
is true not only of the whale Tindy, har alse the imefividual cells within the body,
Tissue or cellular vitality is an underlying consideration for all orthodontisis if

they wani Lo maintain complete Lissue integrity,
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(Rotation)

Shear force

Cancellous (loose) Cortex (compact)

Easy backward resorpiion Limited action

Flg 2-14 Abowe: Aler Thoruew (Edgrewise Octhedonlics), TransluCon of tbe ceol diecedy is
miate 311 raraon requiting @ seetching of Fganend esdmaced 1o by abaowt &< gran
peroren® s ronted sarfare, Lefl: Moserownt agaiesl cioneeflens hons Tias spases
Tenaded with cells, Hight: Agarnst cactica’ oone, cells (and socesticial 1lwd) aze
more limited, and hence an anchorege source.



Cortical Anchorage

Az mentiomed hefore (soe Fig, 2-16), the question arises concerning the
processes of lateral or hackward resorption when cortical bane is encountersd]. When
roots engage cortical plates the action will become stutic when the pressure is
cxcessive. Many examples of this are demonsteated clinically (Tig. 2-17, A}, Araoh
roat becomes 4 peint uf resislance. Henee it becomnes an anchor for an undeternined
pericd of irme. Perhaps pressurc ultimately remeves the cortleal bone and hence
dehiscence of bone,  Atrophy of the gingiva can ensue, which s also theught to be

duc to iy pressare {i.e., pressure cschemial.

Ridge Modification

But if modifization of the ddge (aveslar proocss) s sought, the onthodontic
pressure must be quite ditfcront, First, the pressure must e very Light, mayhe ane-
half the vsual 1.0 gram amount, or (> grams or lcss per millimerer of oot sarface. In
this cvent, rapidity of movement should not be an ohjective. Brodie aaughl
students tro use only one washer an one side for expawsivn at cach twoawesk intenval

and even Lo aleemats restinent of 1the individual arch which wauld mean one washer

each [onr wecks.

Rotational Foroes
'I'he rotation of a Lot means a stretching of the fibers wl reatiachment
which suggests a 1ension-type o appositiunal phenvimenon for embedding of fibers,
In order tr streteh likwers 31 35 estimated that 0.4 grams por o, is required.
Henwever, the anakysis is not that simple. 1 4 round root. v pearly sound roaot,
is to be rawated the foree would be applied to all the fibers. Taking this into acccunt,
the lower premolars mud upprer incisors. perhaps, would be about 108 man 2 This

would mean a secd for 40 grars of force. Thus a lever srm of 10 pun. woald need to
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nawve a 400 gram/mmmoment.

Il the reot af the lower incisor, which is ablang in shape, 1s to be moved the
situation 1% different. The labial half of the root would be pressure, and the lingual
hall nl the reen wenild be lension - or vice versa. This woold reduce the sirerching of
e Ligarenl and wichl an analysis abowd equal to o mesic-digtal movement
(30 grams). The same would apphy to vpper molars (1240 grams).

As another fucter, biologically the bone development needs Lo he
stimulited to prepare the arca where the tooth is inteaded 10 be placed or is
directed. This means, further, an akteration of the perdosteum iF movement. be
toward the outer platcs. This is the possible secret, at krast thecreically, in
successtol expansion of arches without ndye destuttion (g, 2-17, B).

Thus, cxpansion of promolars buccally, in both arches, shoubd talke about 30
grams, Fov mnlars (with toen roots) onby about $0) grams is needed, according to chis
theory (see Fig, 2-11, AB.C),

A quad helix in 038" BElgilov can deliver G600 grams, This wall sclerose the
leme avcamid the area of the rrant. Bt if alvenlar madification for rotation anc‘l,a'n_r
et iy cdestied 3L needs Lo De & o 70 graos er an apper molar. Hawe

crihadontists Iween Lon impatif-.n!.? Tesess Lhe t:-,-pi{:;ﬂ apeErator enjoy this tiszue sefize?

S50FT TISSULE MODIFICATION -- ATRODPILY -- DYSTROPHY

The word “atraph¥™ may have several descriplions, one of which is a "“wasting
away . Perhaps thiz term is a poor one (o the concep of soll-G:zue modification in
orthodondes. Atrophv is alse 83id o be due w0 a lack of nowrishment leading to a
reducticn in gize af the cell, or the ditmuanition of lisswe. Part of the body and dissues
vart sroply [roon e Lher plosiclogic or patbelogic Guctors,

Chystrophy is degemeration. 1t is often due to prolonged defeciive nosrishment

Ay



patich meaps axyeen and oulrienls ot becnce of the add-base ur deceralyte
roquircmnents for cellular survival, Perhaps orthodontists chould think in terms of
dysirophy in stcad of avrophy.

Gofl-kizmue modification, referred wo in vhis context, 1510 ihe gingiva, the
keratinized gom, the mucosa, the conneenve Lissme, or evell Lhe perinstentn. In Tact.
i probably perlains to Al the tissves, both connctive and epidermal in Tv): OF Al
cesiyes other than bone modification. Tt has heen shown that swelling of the soft
{iss0r provucing & et avorne the neck af Whe teoth can actualky be s facior In
sooth migration, tooth INovement, of 4 LAdse of relapst.

Every experienced orthedontst has seen cxlraction cases in which the soll.
lissue is “pilod up” b an pactruclion site dring che rostment. process. Tn wiher words,
iy these particular cases bone nocification has been o faster process 1han soft tissoc
atruphe - dystroghey of adepration. Therefore, aliention 10 sufl dssue 15 unaveidable.

Whep Leeth are moved the soft tissas adapts 18 the tooth movement
Creineed prossure un soft Lissue amywhere in the boudy will produce atrophy,

Usually such sol-tissuc atrophy i precoded by pressure eschemia, which
undonbtedly 15 alsa assod] sted with inrerstitial (uid expressiaon lesding 1o anoxia and
nerrusis snd hence dystrophy. Tls, alnommal pressure, particularly of a wfficient
Auraticn, theoretically beads to death and loss of tisstic, Therefare, in orthodongies,
the eoncern is nat only with alveolar bore but alsa with preservation of the
copnective tissue, and with pressae isctiernin of salt tssuc, particularly om the Labial
of the lower amedor teoth so uflen frightening 10 the clinicion.

_Chies dramatic evidence of the pressurc ischomia phenomenen is the reversal of
arrophy to hyperteaphy of gingiva with yumpet” therapy. This 1s also the proasion
for luops te be placed in arches in oycher to protect the gingh [rom lip pressue.
Anather proof of the pressure theory 8 The lass of lower incisor labial solt tissue fron

a chin cap that 5 improperly firted.
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SUMMARY

There has been an ongoing argument for more than a century regarding types
of forces for optimal Clinica;l use. A number of factors are of concern, such as (1) light
or heavy, (2) continuous or intermittent, (3) constant or interrupted, (4) tipping or
bodily movements together with (5) resting periods. Orthodontists speak of
physiologic movements but seem to be guided more by pain tolerance than by
anything else clinically. The Bioprogressive thesis is that light pressures be applied
as continuously as possible for tooth movements, but that “anchorage” requires
heavier pressure and, in addition, cortical bone.

The idea of pressure, or force per unit area, is the concern in the final analysis.
The amount of continuous pressure needed to “stretch” the ligament in order to
overcome eruption forces is a primary consideration. With the ligament yielding,
pressure is placed against the socket which is designed to take tension. As soon as the
lamina dura is resorbed intrusive movements are amazingly rapid.

From that approach, Root Rating Scales were devised as a basic starting point
for reference. (We advocate the memorization of these data -- see Fig. 2-11.) The
original scales were to apply to movements within the alveolus. Intrusion values seem
to follow that rule of one gram per square millimeter of enface root surface (or cross-
section of root area). When cortical plates (labio-lingual or bucco-lingual) are to be
modified the force is to be reduced one-half. When anchorage is desired the pressure
is double or more.

Tooth movements, in the sense of biclogy, are instigated by mechanical signals.
Too much pressure produces sclerotic changes and will inhibit movement. This same
phenomenon is employed as a process for anchorage production. This idea is
particularly appropriate for "cortical anchorage". When ridge modification is desired
the ridge needs to be prepared by very small signals so that lateral alveolar

process development or “ridge modification” can be attained.
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Soft tissue atrophy and dystrophy are farther comditions of interest in
bicmechanics. Maintenancs of the coverng of Ui alvewlse bane is as much a goal as

vermeciun af tooth relacions,

The effecls of muscle tension are a further comsideration, and release of muscle

tCcnEon. i3 % epardte LSsue.

The ullimate objective is Lo provide che patient with an ecchasion that will

serve himdher for 100 vears,
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CONCEFTS OF
MECHANICS AND BIOMECHANICS

ClIAFTLER THREE
MECHANICS TOR ANCHORAGE

INTRONDUCTION

Orehodontics, in the end. is o gurue of mechanical anchorage! Anchorage is
invobved in moving the teeth within 1he same arch by using resistanee af 1eeth against
each other ar by ackled musoular and saft-rissue resistance. Anchorage of une arch of
teeth against the other s exnployed foe maxillo-mandibular correctinn. Lxtraoral
forces are added as a further scurce of anchorage. Growth snd growih madification
criter inko the anchorags squation. Scar tissue becomes a prefvund [scior when
present, pardoulaly i post-operative deft conditions, Thas “mechanics™ and
“anchorage” are invobyed in ecrrection of cssentialiy alk malocclusions.

Terhnically, "biomechanics™ deals with forces ay Lhey react under living
conclitions, not an the typodont, Biomechanics, im Lruth, becomes the frameweari Tor
comcepls of “clinical anchorage”. Aveays with any physical mechanism, action ael
reaclion are the same.  However, diflerentiad resulis of action witl vary with the
amicunl. of Foree and the distribution of that force against different types of hone,
sof ). {iggues, muscle or scar tissuc, Consequently, a classitication, and a hierarchy,
needs to he established for resistances to be caloulaed.

Anchnrage s described as resistance to 2 drag. Tn addition, all resistarcss
may meed trr be considered in order to precetennine or estimate the dental cianges
desired, changs for alveclar process, or intended change in skeletal structure topether

with the modification of muscular Factors.,
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The Bioprogressive philosophy may be summarized as "The application of
biomechanical principles in a progressive sequence, executed to produce --

with minimum effort -- the maximum benefit with the least tissue damage”.

BIOLOGIC ANCHORAGE

Anchorage is also considered clinically to be a means of achieving stability as it
is “set up” with certain provisions. The objective is to hold fast, to check motion, or
to firmly fix if possible (such as an implant). It has also been declared that an
undisturbed tooth is the best anchor!

For purposes of communication we may refer candidly to three types of
anchorage in orthodontics. The first may be thought of as "local". It is restricted and
pertains to individual teeth (ankylosis or implants are a local source). The second
may be considered "regional". This refers to a more profound anchorage by groups
of teeth employed for intermaxillary traction or for orthopedic maxillo-mandibular
change. The third type comes from the “muscle matrix”. This is primarily resistance

offered by the lips and tongue, which can be recruited for advantage.

Evaluation of Anchorage

In applied mechanics “stability” means holding still as opposed to
“displacement” from one position to another. Relative “stabilizing” may be the
proper context because displacements or movements can only be relative to some
point of reference. It is for these reasons that the Ricketts-Bench-Gugino four-
position analysis serves as the best basis for clinical reference (Fig. 3-1). Any
dramatic departure from that normal during treatment is most often the result of the
technique, particularly in short term.

Force is likened to weight. Equilibrium is attained when opposing forces cancel
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FOUR POSITION SUMKMATRY GROWTH ANALY SIS

ARCH BEPTH
26.5 10 283.5 mm,

3.1A

Fig. 3:14 Pesitioe 1 shows Fadal Axis data for chin behavien grows 25 wian. per year wid
¢l 17 a1 7 years. More molar an Axis. Preition 4 shonws Lewver teetn frarn
Corpus Ay al P Mote 0.5 o R inolar and Jiaal behavize wl in: s,



J.7 mm.

3mm, —

3.1EB

Fig. 3-15 Pogior 2 shows essertizl constaey of Fuint & The doibed line suggests a VErY
slizhn forward Lendeocy. T'osilion 3: traditional Cluoigz af sueihasal plans dewernvard
10 7 ) and Feeweard (0,5 iy per Year fur snolar.



gt Dlipect Enrces arc obwious beeaase they are due Lo direet canlact by prressiare,
friction or (thrust, fn orthodontics direct {orces are exerted Dy appliznees, chewing,
and pressores from the fip or Lengee. More elirect, forces are those of coprion and
the efferts of skeletul growth, Remote [ories may be from gravity o electromagnetic
influcnces, bt ave mmost cften grorcd froan 2 clinical standpoent.

For Uhe greater parl. o hadeatiss become concerned with Lhe sirces and strain
within Ihe appliances croplovesd. Lhe physical propertics of the wite materials and
the capacity of loop coT Agurations nord to be ko for planning of 1he techmiqucs
trs be chosen, Uhis makes orthodnntios a physical science, so 10 speak.
Unforiunately, however, the hivlogic laws, alihongh Jess obvious, averride the
prhysical laws,

Anchwrage Sources

There arc five main [actus In e Hlassilhcarion of anchorage:

L. |arraoral (hone, conned ive Lissue, implas)
(nall of clastics)
MMuscolatur:s

2
3 FExlrapral

4, Prusturing (Mandible)

5 Cwrowth {Negative Peedback Factor)

Hicrarchy of Resistances - A L'urther Claysilication

In Biomechardes we many further te iresiglances” in a biologic hiet archy. 1'his
is fur purposes of better understanding. Anchoruge is the withstanding of an
oppusing force. One resistane: is piltoc aguinst another mesistanor. For a cogert

appraisal this Aassification inchudes eight levels:

1. Pregsure on interstitial Quids in rormective 1asue
7. Tension on ligamerls, gingival soit tissoe and prrostoum
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Pregours om bone of lamina durea and 5urmunding Cobertive tiesge
Pregzure ot rancellows bone
Ezgagenent apadist “cortical” one

Pressure against labio-lingual muscles

U

Effects of muscles in the circumferential chain
&, Effects of growth,

{Anlcylosis, implants and scar tissue are separate issues. )

Biscossion of the Hierarchy

InLerstitial Pressure

The pertodontal atembrane is richly endowed with interstitial lelds in order ta
supply axygen and nutrients to the cells. Because Huids arc not reducible i volure,
pressure on a tooth frst pushes the periodontal fluids toward adjacent areas, This is
nature's first linc of resistance or signalling, A pull on the tengion side sends signals
brv compression of fibers against cach other and produces thoid slieeadon (Fig, 3-2).

Lipament -- Tension

Ligament, ax a tissue, serves to sdabilize and prevent dislacation of joinc.
Ligarnent can witlhelooe inleosil lenl slresses such as are experienced in chewing (a
hanunock-like function). Ligamemt 15 4 poor anchor, however, because it cannot
withstand permanent deformation - il sireiches and elongates. The ligament
supplics only eight (8) minutes worlh of anchorage.

Pedostomun i3 allached to atooth eontignous with gingival fibers. The amount
of resistapnce offered by pericsteom is prahably somewhere hetwean that of the
ligamcnt and the fascia,

Fressure -- Done {(Lamana Duara)

A thin layer of compact bone lines the socket, “T'his is laminated (hundle bone)

for atrachment of the ligament. After the ligamene is stretched by tension wd the
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pressure side 12 compressed. the lamina dural bone forms the most profound “fiest
line” registance sgains orthodontic movements [Fig, 3-3),

Pressure -- Bone (Cancellous)

This "lacy” or medullary bene conrains a genercus blood supply and fluids,
Alsa, the smalter trabeculac may reserb vapidly as they are affected by a surounding
prassure. Mowement of teeth within cancellows bone requires less anchorage than
when the odter plates are encountered. A macrow space may become an intcrstitial
epace m the ligamemious area (see Fig. 3-3).

Pressure -- Cortical Bone

Cortjcal bane, lacking generons bluod vessels and being highly campacted,
serves ax a significant anchorage soarce. Baclkward resorplion is more difficult. It
will Therelore he discussed as a sepacare emivy (see g, 3-3).

Pressurc -- Oral Musculalure

Pressure, from the sublabial area fin the lower), er resistance has been
demonstrated o be resistant encugh 1o stabilize the entire denture, causing flac
mouths to exist. This can be recruited as an effoctive source of rosistance, as with the
“shicld” or "bumper” or “T" loops (Fig. 3-4).

Pressure -- Postural Musculature

The muscles of mastication and facial muscles maintain denture height. Pain
can cause a dismapticon of netmal resistance in the chain which cncircles the head.
¥YWilh release or prevention of tension in closing moscles, teeth are pmnitt.t:d o
extride and anchorage is lost in the process. Alsc. uncorrected breathing problems
leae] to continued mpouth opening. These arc mere impeortant factor than at first
realized. Uncheclked, they [cad wo relapse {Fig. 3-2).

Growth -- OUrthopedics

Growth is & feedback factor to 2 change in jaw cladenship. Inhibition of

grosweth in either jaw changes the requirements for anchorage. Activation of growth
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serves in the opposite capacity and alse changes anchorage demands (Fig, 3-6).
Crowth inhibition likewise can change a treatment regime. Rapid growth with
generous vertical increascs can be a detrimental factor to anchorage but bencficial to
movermnents also, Stabilizing of the lower arch by cortical anchorape is anderstood b

the sophisticated cinician.

SPECIFIC PHENOMENA

Intrusion

The question in orthodontics is na longer whether ineusion is powssible, bt
rather au:tuaﬂ}- how Intewsion 15 :t-'.‘.r-c:-;ln[r_lieih::nl angl when Lo slup L Jhis weas
discussed in Chaprer Two. Intrusion, as considered in a histologie and anatornical
context in the 1940s, was based on the presumption that bene resarption conld nor
take place under tension. When occlusal farce is placesd on a toouh it is pushed
hirther inta the soclet, but the resistance to that foree comes from the tension on
Lhe: pecodontal ligament as the tooth is suspended in the socket. Thus, the force
om the wall of the abveclus is to hold the ligament outward against the pull inward
Henee, the socket design is ke o double suspension bridge, helding the socket
onlbware] [Py, 3-7) Qrdinuey force of mastcation and swallowing and normal
Lialogic forees therefore pull the socket inward due to the suspension which is
intermitient during chewing and swalfowing and even bruxdsm,

Thal conpept would be an entirely plousilde restelotion for intrusion were it not
far one fact which is not well appreciated, i.c.. the periodontal ligament
streiches under continuous tension. Rescarch has shown that within a period of
right minuies a toolh under continucus pressure rests apainst the socket amywhere it
15 placed, Thus, when the ligaanene is avercome by continuous force, the concepl al

tension resistance mast be changed o the recognition af pressure or conpression
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within the complete socket.

The prevailing idea in the pasi alsoe was based on the finding chat o
apposition was a slower process than bune rsorplion. Consequently, if bone
1esGrplion was more rapid than bone apposition, the bone would not scrve as the
anchor, but the tension on the lignmentons side woudd be the point at which
anchorage would be manifested That was a Divlugiu concepe, but again, of course, it
disd nost take inus account that the igament simphy cannot withstand a continuous
deformation!

The fact that the lipament yiclds to contineouws wensian leads (o rejection of the
wneepl. of mesio-distal tipbadk for orthoconitic anchorage advantage. The old idea of
ee-holding consequently is questinned, even for the promotion of osteoid tissue
thought to be more resistant to resoeplion. Jve-holding is plausible, hewever, in the
transverse plane!

Intusive Foroe Rﬁ'{uiremﬂnm

The driemesive Mo was calewlated from the root’s widest cross sectional area.
With a fores of essentially 1 gram per square millimerer of enface oot sarface in the
vertical dirertion, intrusion is successful if it is contiouous, Tlis tanges uo 1 w 20
wrams for the lewer Inciser wo perhaps 60 to 90 grams for 4 molar {Tg. 3-8). Again,
this is explained By the tension resistance of the perindontal membrans being
sverrome, as the teeth are pushed dicectly inee the oo was direciun of the socket.
Thas, the entire socket is placed under compression, The whele reot behaves
sirnilarly 10 the action hovizontally on the compression side. Iranically, acceeding 1o
caleularions, intrusion actualhy roquires the least amoant of force regquired fora wolh
mereenene, and sucprisingly is ehe casicst movement once started,

Keys to InLrusion

There are twa keys to routine intrusion seoeess, The first is that praessurey be

light enough, The szeond is that the force be comtinuous encugh, As we stated
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carlier, the force of empion is estimated to be abaut 0.2 gram to perhaps 0.3 fram
per sguare wullineer, or cere= [0l i Lbes mincseenn ol force LI.SL:lEI.]]_'g,-' Emph:l}u:d Lo oove
the tooth. This wonld mean that in the weerage hunan lower indsor a force of 3 to 4
grams wonald constitate the force of CTHRpTiCN. 'ﬂlf'r:rf'.ﬁmﬂ}', double thac force (0.4 1o
0.6 gram per mm.® ) would stop It and teiple that fomee {or (6 1w .9 gram per mom 2}
would intrude it. This tits closely the rating scale [see Tigure 3-8). The capac ity of
the 0167 bluc Elgitey wire also needs to be understoad for foree and pressnre analysis
in mechanics [see Fig 3-5).

Ancther old misconception was that forces nesded ro intnude an aneerior tooth
would cxtrude the: POsieTior tecth, Homesver, As stated prh'im:s] ¥, EXCEREIVE 1NITisive
Ferce produces sclerosis or stasis in the anedior {eellwhich are inlended 1o be
intruded, Too moach wtrmsive fores on o tooth desired to be intruded anchors thart
target tooch and the anchoe tacth mnlare consequently maves. Particularly if pain
ensues o Tespitatory abstruction persists e mandible ie held open and the molar
Lherelore extrudes. Masticatory influence was proven on an adult patient cdentulous
in the upper unilaterally, cthe lower molar extruded from che utility arch when ne
opposition was present and was maintained on the inctional side,

Tooth cxtrusion is checked by the forees of mastication, In Eact, the rachet
principle for intrusion mav obtaing forees of chewing puash the tooth ines the socket
and it is then held by the appliance!

Thr recerds of paticnts cmploved to demeonstrate inkmision possibilivy were
showwn in Chapter Tawe, but intrusion of upper sccond andd third motars is showiin
Figure 3-% (T3}, The techrique enployed was a Wilson “plug-in” unit with a leop
formcd in it for a pressarc of about 80 grams. The thivd imolars and ther the second

molars were intruded for correction of open bize.
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Movements for Space Closure and Space Gpening

The wisdom of guiding teeth within the cancellous bone for efficiency in
mnewernent is well appreciated. This was pointed out and referred to as “medullary
space” n 1898, The curer and inner rahle of the abveolos or the buccal and lingual
cortical plates were also called 3 trough, or a channel.

When roots are placed apainst compact bone, movement is inhibited and
consequently was veferrad o as "cortical amchorage™. This resistance is employed
deliberately for production ol anchorage. The opposite, for prevention of ancharage,

is called “cartical averdancee".

Canine Relraclion

Lage of movament for the retraction of the canine in exLraction cses |y
cuncingent on aveiding engagement of the root against the cortical plates. Many
clinicians have concontrated oo mechunisins for the rapidiny of canine merverments
afrer extraction of premolars. “I'he attention should actually be given to the amount
ol ancherage loss of the melar or pasterior sepment, In any technique twe forces
oppose each other. -

The vt rating seales arc applied. These pressure values sre more than a
liyprathesis becanse of the hundreds of clinically proven examples, Mesio-distal
movenwnt of a tecth. within the plates, requires the pressurs of about 1 gram per
square millimeter of rot surfaces. The canine secket arsa, presented for resistance, is
about, /5 ., The ares of the molar is 100 6a 125 mm.2 Thai resistance when
added o the second premelar, which is ahout 30 pun®, brigs the value to around
[F5 mm,* total, to vield a 17575 ratio or almaost a ratie of 2.5 to 1. The patient
KB, shown in Figure 3-10 was treated st g rime when forees aesed were still too beavy,
bt it serves to illustrate extraction prolilems,

Dir. Brian Lee measured hundreds of canines and showed that the silhione e
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cutline in the huccal-lingual comtonr of the lower canine is actually larger than the
upper canine. The root of o typical lower canine actually bulpes both buceally and
lingually. The lower r:a.nintl has an auspicious root, despite 1ts smaller crown. Even
with that, an average foree of 80 prams made as comtinueous and as constant as
presible, and free of friction, is the choice. Usually, with canine retraction sections
a [oree of between 100 and 125 grams is croployed for the adjustisent. which,
dissipatee] ver 3 one-month pericd, comes down Lo aboul wero and therefore
averages about 60 1o 75 grams for the life af the action.

In the expeiments of Storey (see Chaptler Twod, forces of 300 grms and
shrwe causes sclerosis of the canine and loss af anchorage in the posterior segment.
But the Htorey experiments also inchuded Erction in rhe research desigm, as does the
sliding of a tooth along a straight arch wive. 17 the wire beciangs Bend or curved from
The: [owees of food dering mastication, or curves are placed for uprighting flexion, the
force |y pverceane rction can almost equal the force needed for retracitom. The
requirements fur stabilization of the anchorage teeth then involves aiso the ability
to withsiand the additional foree of friction. The "Synergy™ bracket of RMO
decidedby reduces wire friction compared to other designs, but still sliding is sliding.

Fhis iz the consideration in the design of the free retraction sections (see Fig. 3-10).

The Lag FPeriod

In any tooth movement, with the exception of extrusion movemnents, dhere is
abways an inirlal lag pericd. The reazon for this becomes abviows when it is realized
that before Lhe tootly can mnove bone resorption of the bony socket must occur.
Hyperemnia wust be stimwlated and biclogic initiation of bone vesorbing processes
tales tima alsa, particularly in adults, Initially, the thin cortical bone -+ the lamina
dlura - povusl be resurbed. As stated previously, an excessive force scleroses the

memnbrane area, and thercfore the I:-u:rn:.e socker When [rEssures exceed e toferanees
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of the blood supply and the interstitial flued, the resarprinn process is delayed
consistent with the lyualinization. Uhe lsmina dura in Lhis event then acls as an
anchor source or resistance, hence the delay in movenent or the “lag period™ {see
Fig. 3-3). In order to biclogicallv climinate the socket, a fromal resorplion is the hest
soluticn. Tleasé remember thac the objective indtialby i= for the sthnuladion of the
osleoclasiic action, not tooth mosvcment per s¢. The dissohing of the bone around
the socket takes time -- it takes time to be initiated . and 1t takes tioae for it to be
pccomplished.

Therefore. for the adjusument for a tooth movement, the clinician is obliged to
think first about stimulating of the ecflular activity rather than immediate toath
movement. Hence the lag period is rocogmized.  Iovanies in individuals Lt is
classically present mare often in adults. whc pessess a maore differentiated bone, In a
young paticnt with s more extengive blood supply to the Jamina dara and the
“eribilumn® paare af e socket, the ndtial action does now eake as long {fron Jaours
ap to 14 daysh In Lhe adult patient, however, with a thorougbdy differemisted tonal
alveotar process, the initial reaction 1o eliminace the lamina dura may tale weeks 10
respond.

When movement is slow in any direction, the tendency 1s to apply mreater
force. Such a course of acrion theoverically iz absolutely contraindicated. VWhen
moventend is ot seen in all likelihood dhe foree is already too greac and should be
reduced. Tn addition, all ieeces sheald be transformed to the idea of pressurcs when
applied at the clinical lewel. Thas it is not the wire but how it is applied. despite what
the manuiaclurer claims. {See Fig. 3-8 [or Nexion analysis of 0162 blue Blgilow.}

{ortical Bone Resistance

Chinical examples of conicat "hang-up™ are numerous. For instance, during
lirgua} retraction of e lower cisors, particnlady wilh dhe uee of a lnger spring or a

ronancd wire in 4 braclset, s risles aee invelved The Gost. s hal the rool, end may
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tend to move labially. The lingual cortical bone, being mere difficult to reserh,
becomes an anchor poimt {(Fig. 3-11). The labial surface of the root, engaging e
thin labdal plate, uldamately moves more easily. The tp of the root thus may actuatly
move foravard, With Dioprogressive metheads this preblem is minimized (sec Fig, 3-
113 Tipping was pormitted in L9570 Tt hy 1he |980s lighter pressures were uscd,
and ripping was all but climinated witheut wndue anchorage loss.

Cortical resistance is common in the treatment of impacted canines and canine
retraction. Cortical bone is also a convnon nhatacle in attempts to close space tor
missing first melars when the socket area becames corlicated.

Comical Root Shapes

Thw: secrmd vislois that a comiinued force mav canse the tooth o extrude. For
instance, with lingusl Uppiong af the lower incisar, the cone-shaped root actuabhy
imvites the action of an incline plane against the planwn alveclare (sec Fig. 3-113.
Further contraction of the incizor segment sventually produces a decper bite. This
poouns even whel steps are taken to try to prevent it when the retraction Force is
too great. Such a closing of the bite, produced latrogenically, will eccur cven while
the chin switys open. This produces a false clinical irmmpression with regand 1o
the behavior actually taking place,

Lower cunincy

The same example of cortical resistance can be seen in lewer canine retraction.
In the lower arch the canine crupting later is often blocked out labially, and
cxtracticn of the first premolar cxposcs a lingual shelf of bome which will need 1o be
resorbed away as the canine is retracted znd comtracted (see Fig, 3-113 Theretore,
during the canine retraction, and contraction tvpically, the root end of the lower
canine may be initially displaced o che labial or the mesial. The contical bone,
because little reverse resorption will occur through cortical bone, becomnes the

site of registance. Once the weth It wprighced, and retraction pressure is sull active,
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the apen of the root will move through the thin lalvisd comical plate. The raot, if
entgaped apuinst the lingual plote will wo mouoch fovge, lurlher swesses the pasterior
anchorage "T'he canine croam will tip distally and lingually, and the canine wAill
extrade nder excessive loree or altempes 10 move 3 oo wapidly. This behavior is so
copremendy obzerved Lt there is no need for turther discossion,

Lpper Ingisors

The upper inciser is the most commen tooth to have "torgquing” problems, The
palaral plate contains switls of almost fibrous-like bone which is wery tough and
resistant 1o resorption. When accldents occur, most frequently i is the labial plates
of the alveclus that arc fractured -- not the pafatal shelf.  As upper incisors arc
retracted the tendency s to experience the apex of the root to move forward. This
means that palatal tovquing action should be (17 started earhy in the course of
rreatment, (2) be comtinpous. (3) last long, and (4) be wery light: in the range of 20
Lo 30 grams per looth (see Fig, 3-11). Inveny poor anchorage conditions the palatal
E'Eah: shold be rermoved surg_'_il:all}r,

Impacted Canines

Ancilther -E.h.‘_:l.l'l'l.l.':'i{': ol curtical ml,n;;l;l,mug:: 1% seespy ]mfr:u:{ﬂ‘i e CIANIITLES,
patticularly the [abial impaction i which the attempt i3 made 1o bring i dowoward
into the arch theough the labial cortical plate. This has proven so difficult in some
patients that operators have suspecled an ankylosis of the canine, when, in fact, it is
just up against cortical bone that is resistant Lo excessive force being used to bring it
inte place. Records have shewn that the incisers and premolar teeth used as anchors
have heen inwuded belore Lhe came has achjeved 5 proper posidon. The reticular
arypl. should not be cleared away at surgery because the bone responds to a blood
supply lile an aneurysm.

Lower Molars

But the classic demenstration of cortical bone anchotage 15 found in the lower
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molar aren. With the edgewise arch philosophy in the wmdd-1%40s, studens were
wught fusw diflicudc indeed it was to close the space in the event of an early loss of
the first permanent melar after it had been missing for one year or more. In face,
s practice was that the seennd motar was uprighted and spuce was inaintainesd
tor a bridge for the dimensions of o premolar in such cvents. ¥ith the old technigoes
emploved -- consisting of straight tie-backs, heavy pull coils, or heavy Joops -- the
remaining space filled in with comex was simply not closed.

The answer 1o such evenls iy quite simple in retrospect, After a tooth has been
lost for a pericd of thne the socket s healed and the alveolas becomes corticated
aver the extraction site. To elase (he spare raeans resorhing cortivsl Doue miber than
cancellous bone.  Heavy pressuees lyabinize or sclerose both sides of the space.
Closurc Is extremely difficult under such canditions. The answer 1o closing space

when corticated hone is present is very light pressures,

Lower Buccal Anchorage

The last area of comical ancheorage to menlion is indeed the thickness of bone
ort the eal plate. A traditional technical difficulty was cnoountered in the
vprighling of a lower sccond malar that had erapeed in lingual cossbite, Sometines
bariding, and the use of o wire te attempt W onove the lower second malar buecally
wuuld resultin the lingual movement of the first premelar bofore the seeond mealar
comld be positioncd comectly, Heavy crisserrss elastics also were problematic, The
plate, sometimes 7 mm. thick buccolingually sl slso sometimes extenading over half
the length of te root, offers a profound resistance, and the tendency to use heavy
pressures must be warned against, The more suceessful pressure is 0.5 prom per oo
which resnlves 1o abour 50 grams only.

Lirwer Molar Anchorage — Vertical Congideration

In the early 1250s, 2 study using cephaleanetrics and laminagraphy was
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conducted on patiencs being treated at age § with the classic Ribbon arch applisnee.
Intermaxillary clastics were cmloved for conrection of Class M, It was discovered that
less anchovage loss cccurred with Ribbon technique than was measured
previously with the Edgewise mechanism. Fleasc imagine, even with only the first
molars and incisors banded, less lovver arch displacement was scen than that measurned
with all 1he I.E".E:T].'l employed a1 age |2 {see Chapter {ne, Fig. 1-2].

I anatomacal vesgew 30 will be voded Chat Dhe Toseer Tiest molar, an the mixed
dentilion age, i3 surrounded by 4 hesvy buecal plate and excernal oblique ridge. With
an initial axpansion action and with the &llects of mastication, which bent the
straipht Ribbon wire desawured aoesial to the malar, a nalurad lip-back together wilh
lingmal crowen torque was manifested, Thues, with that root position a vertical
displacement of the lowwer molar was inhibited by the bone en the huccal
cortex. The vertical and haricemial stabilily inbiliteon susiained the lower arch from
moving foreard under the pull of the Class TI elastics (Fig. 3, 12). This chscrvation
came to be tawght as “corticat anchorage” in | 954 (see also Fig. 3-3). Figure 5.13
demonstrates sclerosing values.

This is all the moc impertant when it is realized chat the mandible grows an
any are and the natural cruption is dramatic in an upward and forsard direction

{Fig. 3-14,

“RIDMSE™ COMPLICATIONS

Cme of the corclusions reached from the use of the Edgewise applisnce as an
exparsion device was the tinding of dehiscence and the idew of U pecessily o Leeal
“to the fidge”. Orthodontists consequently tried to conform the final arch as close
as possible to the original arch dimensions. There was a bona fide reazen to

evnlve 1o that theory which was hased an experiences from treated patients with
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BONE ENGAGEMENT

1 gram per mm.Z4

For Sclerosis X 2 or X 3 grams
For cortical change 1/2 gram
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Edgewize and with the “rapid” philosophy.

Fublications suggest that orthodaontists, in the late 13205 and 19305, were in a
hurry. Becausc all the tn:n:th: could be manipulated simultanecuasly, orthodomiists
rame to advocare watting for all the testh to be prescnt before sturting, Adsa, for oy
Class YT case, intermaxillary elastics were w0 be applied immediately, at the same
time the individual arches were being levelled and aligned. This regime was
advocated prior to the advent of cephalomerrics. Tt should be remembered that in
Uhe [ 9208 assumplions wers made thal Lhe mandible was activated and that skeletal
bones were being altered with Tmpunity.

Bur, by the mid 19305 a numher of uncomplimentary results were recognized
LTI palienls:

{1} mandibles were rotated open.

{2] preater B strain was prodnced,

{3) upper anterior teeth were exteoded,

(4} gumory smiles wore produced,

{3} incomnplete and unstable results were noted, and even worse,

(6] stripping of the lower incisors was too common to be tolerated.

With thiy behwdor the suther concluded that pressure isehemda from the lower lip
way being prodoced, The lip pressure needs to be releascd, not increased.
Orthodonists tended to blame unsatisfactory results on a poor diagnosis
rather than investigating the iatrapenic effects of the technique itself. Thos
archodes sty becamie beheolden to the ndge

Heowever, expanston with other light techniques revealed that successtul results
were experienced, 1 buccal pressurcs, for ddge modification, are desired thoy must be
wvery, very gentle,  This is theorized to be in the range of only 25-30 grams for a

premolar {0.3 grams per mun.? of the root surface) (see Fig. 3-13)
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The Edgewise Bracket and Early Problems

The Edgewise bracket was a model in that it really was the first bracket which
permitted control of the tooth in all five requirements. One answer to the foregoing
problems encountered with rapid treatment, however, was deemed to lie in the need
for extraction of pre-molars, as advocated by Tweed. Most common was four first
pre-molars, in more minor conditions the upper first and the lower second premolars
were removed. In even more minor anchorage cases, in order to attempt 1o avoid
expansion of the teeth off the ridge, four second premolars were extracted. Still later
four second permanent molars were removed under the auspices of the ridge
theory and for stability.

The loss of the gingiva on the labial plate of the lower incisors, as stated, was a
disastrous occasion. A clinician needed only to experience one single case on the
possibilities of major stripping to accept the concept of adherence to the original
ridge. Flaps laid later would indicate that the teeth had been moved buccal or labial
to the original alveolar process. Thus, such findings justified arch size reduction
through extraction in order to try to keep teeth "on the ridge". Orthodontists in the
1950s who treated non-extraction were said to be "off base". This idea suggested that
the ridge was likened to “basal bone” with its own genetic predisposition.

But, modification of the ridge is an everyday occasion, even by those professing
to keep the teeth on the ridge. The best example of this is the retraction of the
anterior teeth in a double protrusive patient, the forward movement of the lower
incisors in a Class III case prior to surgery or the need for mandibular arch
advancement in patients with retrusive lower dentures (see Fig. 3-4). Therefore,
buccal-lingual (transverse) movement, or labial movement for incisor advancement is
a major consideration in orthodontics, and is best achieved with light square wire

such as .0162 blue Elgiloy (Fig. 3-15).
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Root Resorption

The most commaon source of toot resorplion is in the upper indsars, as
reported Ly D Thomas Thempson, D Dale YWade and others. Reasoning anel logic
suggested that the roots of these tecth are commondy meved over the greatest
distance, such as in Class 71, Thivision 2 or straight baclossrd lor retraction in Class I,
Dhvision 1. Cunseguently, some alterations were made: in the criginal theory and
application of the arch wire. Bocause necrosis fwhich is the cause ot root
resorption) always has its first stape as anoxiu, the denial of oxygen and
nutrients vis the incerstitial {luid may be the key factor.

Pressure Reduction for Ridge Modification

Whem the movement of roots of teeth is oulempled [or modification of buccal
ar lalaul cortical plates in cxpansion, or the palatal plate in incisor rcteaction, the
pressure must be eeduced from that employed foe mavements in cancellous bene.
1rect resorption s desited becavse backward resurption from contical bone is
difficul. A build-up of buceal or labial bone in advance of the movement most
be stimulated. It probably is encouraged from influences of the periesieam,
The values in the ariginal rating scale must be cut in half. This means 0.3 pram
per square oillaneler of presenting root surface in the lahial Baceal or lingual
dircction (see Fig. 3-13).

In additiun, bodily mosement s desired to help dewelop the alveelar process.
This is preferced Lo breaking down the erests with tipping farees (which increases the
pressurc). It alsn nevessitates later uprighting. The lighter pressures are also aimed at
preventing rovt resurplion. 1T, palience and skill are roquired for expansion.

As a working hypothests, if eorlical stimulation and medification are intended,
then forces In the ranges nf (L9 prame per squarve millimeter are appropriate. Thus,
Fighter pressures thar ever belore cunsidersd feasible are advocstsd. Conratination

of the light L0162 wire will help #ffect these values {sce Fig 3-15).
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Exprangion witdy the Crozal techrdgue, with the Lobiolingual wechiique, with
the: Franke] techmique, and with other fixed light-wire techniques has proven
surcessfol. There is mo Lll'li.'.SIiﬂl'l. however, that in some patients extraction may be
the most conservalive road to talke. Many outstanding aperators, and many
enlightened orthodontic scholars serlously watching their patients many years later,
have been led o an cxtraction lewel of less than (0% of thelr practicc, if their
patients are started carly.  This is with the 1se of technigues and proper
biomechanics herein descoribed. Black and Chviental patients are move frequently
extracted for esthetic reasons. In fack, in the (inal analvsis, the argument could be
made that the onlv reason for extraction could be [ar eschetic reasons.

Possible Errors

Prozsure ischemia of gingival Lissue leads directly to stripping of teeth or
pingival teceszion,.  Displacement of interstitial fluid in the connective tissie is a
factor in the breakdown of the labial tissues in the lower incisor area. Tre addilion, 2
ratatinn of the mandilile {withour a concomitant tipping of the palate) will resule in
art incrgasead bedghtl or vertical masgllo-mandibular relationship. When rotation
oceurs {for Bile opening) it tequizes a further stretching of the lips and a tightening or
pursing of the lip muscles in nrder 1o dese the mouth, But, ironically, in additien a
rapid tipping of the resth with round wire coused inordinate pressure on the root
side of the alveolar crest. Later uprghting with heavy rectangular wires often
forced the rocts of the incisors, canines and I_1]:{'111n;;-|.;|]:3 li'r_t_'rn”:.- Thrrmgh the buceal
plates. Ooe significant answer, Lo U expansion dilemnmna, lay in the trestment of
decp bite by inrusion of ingisors to prevent increased lip strain, Intrusion in the
lower may further take advantage of the wider bone in the symphoysis.

tn owder 1o further reduce pressure ischomia, which would be tollowed by
atrophy and dystraphy, surgical release of genetically endowed tight lips has been

successfully emplosed by Ricketts, S Fredricks and others. These techniques need to
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be revopnized (Fig, 3-16) and are futuristic

In most full-banded techniques in the 19405 crthedontists artempted w
regubate the Jower arch and then use it for anchorage 1o hopefully resist incermaxillaey
clastics; an upward and a torward displacernent of the lower arch resultad The
tipping of the occhisal plane compounded clinicad prablams. All the Leeth in the
upper arch were simultancously Bgated inle 2 continuous wire, [ven [ollowing an
accentuated curve inthe upper arch wire, patients having intenmaxillary traction
oxperienced upper anterior exirusion. Conlemgoeary slraighl wire advocaies sl
cmploy this plan. although with Lighter wires,

Answors

With research and cxperimentation the answer 1o the unsatisfaciony resulis was
{13 bghter foree, {29 procedures to counter avto-rotaticnal cffects on the mandihle,
{3 conurol of sechumage 1o prevent extrusion, and (4 intruding before retracting
the anierior teeth. [n keeping with the principle of stimulation vather than

descruction, the pressures wers reduced (Fig, 3-17),

ORTHOTPEDIC FORCES ANTY ANCEHIORAGL

Dbservation with excraoral therapy, mainky cervical Leaction on Llee upper
micfar, is consldercd from an anchorage poind. of view. The reason [oe 1his is that the
upper first molars alone, when engaged with a Kloehn headgear and a cervical strap,
pravide cnaugh ancherage wo miove Lhe entive naxilla

Torquing of the losver molar root ander the lower buccal plate incresses the
iower arch anchorage. After that maneuver the use of heavy indermaxillary elastics
artached to the lower arch bas heese shown Lo prodoce enoweh anchcrage w tip the
palatc and also modify the mandible temporarily. The question s, how? (see

Fig. 3.17 and Fig. 3-12}.
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Theoeetically, {orees bevond the level described for alveolar modification
pro<loge conuwetive tissue, sclerosis and ancharage against the ool But if these
{orces are imtemmupted in n;a;;:w'e, the teerh smay serve [or poocd anchoape withont
being inordinately damaged.

Panticularly as the upper malar is ratated aod expancled with the dental bowe of
the facal apparatus, the upper molar is sullicently stabilized snd the forces are then
trinsmitted 1o the midlacial sutures. A force of 1 gram per square millunerer of
maxillary sutures is needed hypathetically to move the maxilla, similar te the coneept
of movement of a tooll willin U alveclus, This is calculaved o be around 120
grams for 2 bodily moveinent of a molar, Atter arch lengeh achicevement with the face
b, when additionasl siress is dissipated against the upper incisors, that woo adds in 3
secondary manner o maodify thy maxilla, A toree of 300 grams on the deciduous
second melar, when held wprighe, is shewn to anchor that tooth, A foree of 500
gramms on the upper fivst permanent molksr is proven to move the masdlla when not
tied up with another application. Palala) separation is demonstrated with the quad
helix 1sing the mindar alone for anchorage. The (038" blue Llgiloy wire (with the
medivm gual hefix size) can exert 600 grams hefore reaching rhe praportional limit.
Thus, il ancharage forces are required for “ochopedic” change e otiginal root rating
scales wonld be increased to two to four imes the foree requirad for tocth movement
alcrne,

Temporary changes in the mandible by beading, apparently, al U jaction of
the body with the zamuz may occur From vigorowus elastics, which i3 seen in individual
padents and suggested by composites of growps of patienis (see Bigs. 3-12 and 3-17).

When the orthopedic foroe with face brw and cervical waction are emploved ac
the proper level, and when night wear oaly is preseribecl and when pain is nat

rrenluned, the luwer molars will intrude in the mafority of cases,
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Non-Compliance Modzalities

The: Herhst appliance emploved for Class 1T commection is another modalily, buc
e oot well undeestood,  Mandibular growth stinulation is not as drumatic as olien
hoped Jor. A sanple of Jasper-Jumper cises are shoaven (Fig. 3-18). Suwdies of
patieniis three of four yeurs aller correctinn showe very little of any incressed growth
with mandibular posturing. A composite of 138 pulienms treated by four differcnt

remevable postering apphances is shown in Figure 3149

SUMMARY

The ttle of this buok could be "How to Think About Mechanics in
Crihodantics” as an aftermative to the sulject “Livmechanics™.

Three general theoties secmn essentially to characterize the prodession. The first
18 the proposttion than weedt can be changed enly within e abveclus. This postulate
viras the result of sarly work with cephalometrics [ollowing treatmeme with the
Edgewvise philosophy of the 1930s. Tt resulted, unfortunately, in e idea of a
stondfast adherence Lo treatment "to the rdge" or to whe skeletal bascs. Tamh-bame
anchiosage was appraiscd alemg the indivdoal arch and "anchorage reinforcement” was
a coniman thought process, “Lolal arch snchorage against the pposite arvh became
an issue with nlermaxiliany elastic tractina.

The second procept is 1that some skelelal or onhopedic change can e induced,

‘The third idea is that growth, when svailable, can be used as an adiunct.

The last twir concepts suggest that control of denture heigitt is a climical
requirement and involves a thieough knledge of *anchorage”. The ideus
promwlgated held that the oral environment can be modificd. This attitude includes
“ridge” mirdification, Finally, the vtilizaticn af growth is made a deliberae part in

the planning procedure.

B4



Fip. 3-1% Cormgniasite ol 10 praierts reaied Tur 7 ool will lasper Juper Mole fursand
rrenerment ol Tewver macisor and very Litfle maxillasy aetheperTies, l'.".n-ﬂr:-rm-'- e
Pigures 212 and 3 17 wich intrusive rnechanics and elastice,



/

Four 'IyYpee of
inncEER Tour Funtionals

T2

—paturing Appl

_N-j_aﬂ. Cloaa 11

hiter
Agn 13.03% ¥,

B

W=lda Funtionale
predielion o 'x

PILEDICTION

Wg Trektment

Durmtion

2.6 ¥r. C

COMPARIBON

g 3-19 Campeanee u fowr grinps of prsturing devices. Az T1, Bis 12, Cis the
presbiezion of TL, and B3 i T comparson showirs  sEght wnderysowth ol ke

el porngranzd [ the Jiorucact



Rtamechanics 15 much more than just individual 1oath mavement. Complete
arthopedics not oody deads wilh bone, but also with necves, muscles, oonnective
Hssues, Even epithelial tissues are invohved in the process of clinicd management.

Thus eortravral tractiom, quad helix, utility arches. sectiomal mechanics, and
concatination of wires represent perbaps the most sophisticated aspects of
contetnporary crthodeontics, In non-compliant paticnts tixed posturing devices arc an

OPTIOrL.
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CONCERTS OF
MECHANICS AND BIOMECHANECS

CHAFTER FOUR
GENERAL SUMMARY

It is olwious from a discussion of mechanics with leaders in orthodontics that
differenuces e in the basic beliefs concerning the optimal forces 1o be employed
clirndeally. The controversics concern rapidity of moveinens, health of tissue, and
anchorage. T the end, health and anchorage are the anore important consideratins.

Throughout the past teenty-five vears comprater composites of treated patients
have been derived after wse of almmest all the lesding appliances. The comparisons
proint out distinctly different resules according tn the various mechanical regimes
{Fig. 4-1).

The effort. was made (o explain condemporary concepts of force application,
Fven a piven appliance can he used m a different manner. Theretore, the concern iz
not with an sppliance necessarilv, but with how it is conpleyved.

Tu think coly abott srthedentic “force™ is a cardinal error. Any force
delivered musl he anabvsed relative 1o its area of distribation. Thiz means that force
per unit ares, o pressure, iz Lhe linal issue, but ichas been onder-appreciated in the

past. A “Hghw” lforee that tips a 1ooth can produce a heavy pressare at the coest of the

SOt

Chapicr One
It wras showT Lot .;-I.I_JP]it_‘d T A cs SEEves ::-nlj_.r as 4 staring bacc. Eilegic

laws are the main considerstion in order to uncdemiand the tissues” reaction to
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MECHANICS DIFFERENCES

A B C
_I\'crrmal Control Cervieal Traction Class IT Elaztics
N=100 -.Tmm. h=bl -1.5mm. N=50 +3.0mm

Utility Arch

Intrusion
Differenee in Modality
+4.2mm.
[ig. 4-1 A, s analysed In the older craditional methed a contral ©f 100 untrzated subjects

ien 3 0aris is shown, [Pollished [9a4d]

B. Lower inrisar bahavizse in 30 patiemcs treateqd ancehe upper witl, cericat
Cracilicn.

iC. Results im 30 paticnes treated nor-caoraciion with intermnaxillecy elastics.
D, DiTerezes between Boacd O resulis,

E. The meare introsdon in 15 patien s teesled with miility arches and non-
rafeactani.



pressures. The body tends Lo make extensive efforts Lo return to @ seate of
equilibrium when it is disturbed both chemically and physically.

Boch chomical and physical homeostasis were esplained relstive 1o treatment.
This sarmed with the explanation of cellular needs and went on to cover bialogic baws,
principally the *Law of Adapration”.

Both laboratory and clinical work have both been cenducted in order to
dletermine the best suides du Nullow. Possibly for the mest raptd changes clinically 2
force of vwo (2} grams per spuare mitlimeter may apply, Howewver, where the
preservation of anchorage is concerned, and when salely [rom root resorption is
semght, a Tovce of 1O gram per muin.? of root surface s adequate. Bur particularty
whiere tidge modification is desired, the forees are hest reduced down to 065 gram pes
square millimeter of enlace root surface against comupael bune and connective tissue.

On the other hand, when arthopedics is the aljecdve and when cortical
anchorage of bone is to be atilized, the farces rorrespondingly may be increasezl 1o 3
to 4 grams per men.2 of presenting oot surlaee, particularly on the cortex of the
alweolas,

Ligament s a misunderstocd Hagoe 1 would seemn that resewehens in the past
have assmed it to be like o dendon e fascia o periosteum. Ligament functions as
a checker or reswrainer against a sudden action. This ligameninos resistance, as
during the force of masticatiom, ts bomie by the pericdonzal memlnsne. The
wembrane, or lerprh of the Bgamend, is ullen no more than ang-tenth W one-quarter
of one nulimeter, 1lowever, ligamend ag a tissuc cannot withstand a continuous
deformation. It stretches, This is seen in reaumatic ocdusion and under
e hednntie namipulation, Ligsmer does nol serve as a prolonged anchorage. This
leads 1o Uhe conclusion that bone and muscle are the main soooees of resistance ta
taoth movernents clinically.

The characrer of the alveolar process behaves almost perfectly scrording ta
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Wolff's Law of Functional Adapration. It comes into existence and responds with
the wolh when the environment permits. Onthodontics has perhaps been too

precccapied with the “ridge” and has not understood it from a biclogic point of view,

Chapler Lwa

et the 1ssue was o deal with the analysis of pressurc. Toot ratings were
presented which have [ar three decades worked very well as a clintcal scarting point.
The values are ooedified dependiag wpen e desines [ur anchorage or cortical
avioldance or rdge modification,

Because the forces in the maxilla are resisted againsgt sutures, and hecause the
sutwere §s alsa vornprosed of lgumenl, aod forder becase Bundle hone lieg on Bolh
sides of the sature, the characteristics of the suture were analysed. 1o is hypathesized
thal the same gne oTam per square millimerer wonbd apply 1o the sutured alteration in
growing children.

Based on the fact that movement of the maxilla is scen cephalometricaliv, the
combined sutural resistance with deducrion would suggest 300 square millimeters per
side in children age 3, and enlarging to 70 or meore in adetescent subjects.

Cortical bone was described as the chief souree of anchorage, paricularly for
intermaxllany trction. Lip reintorcement was alsc described, The behavior of soft
tissue was prooulgated as prebably being modificd by dystrophic phenomenon.

Il frrces eequired 1o move melars are 2000 gram-millieeters of moment {100
priens al a lever Jislunce of 20 mom,). then o blue Elgiloy 016" X 016" winc is
adequate to move elars, and arme farger wire is excessive, The proportional limits
were describedd showing the reed for longer lever amms by means of loeps hotweon

teeth to cut down the force, increase the range, improve efficiency, and be more

biﬂlugic if results.
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Chapter Three

T Chaptar Three, the suurces of anchorage were arrunged in a sequence and a
hierarchy. This was nothing mexs than commnan sense reasoning. Eight factors were
Yisted, starting with intevstitial fluid and ending with growth.

Vo dimical acumen ten specific instances of ancharage considerations wore
pointed out. Mest dirddans learn these the hard way — theough mistales. Perhaps il
these are expldned and comeeived i 1he biclouie sense, pecblems can be aviided.

With the understanding of Uwse factors wo be applied ot the clinical chair
rotinely, twn great apporlunitics lie before vhe orthoduntist, The first is orthepedic
change in the young patient which can reduce the need for extraetion or fur swgery
Inter. The second is the succcss of Jateral expansion when practiced with the
principles {aid down, 'Lhis can save paticnts [rom extraction while, at The same gime,

receiving beandful faces and pleasing smiles,

Orthodnntic Diagnosis

‘The complete abstract idea of the tenm Diagnosis as emiploved in orthodentics
often is concrived ta be the eliclopy, the description of the sheletal gondicions, the
classification of the dental srrangemend , the sttuation of the estheties, and in addition
the treatment objectives o plan. As wsed, it actually Includes a prognosls, But
patients do not die from o malocclusion, althongh one patient tried to comumit auicide
heemuse of a prounathic mandible. Therefore, orthedontic diagnosis is the
determination of the nature of the patient’s needs or desires toward some
degree closcr to perfection:

The decision in planming mechanics rests in The end with the orthadontist’s
gnals. These goals, in oum, are decided by Lhe orthodontist’s “cancept of possibility”.
Like it or not, beanly of the foce and a pleasing smile enters o the tinal plan.

Dr. Carl Guyine has theorized the “clinical nunn”, as deseribed by BIr. Paul
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Siman in 1924, to be the “Zero Base”™. The peak of the curve al’ distribution is 0.0 on
a histogram with plus or mines clinical deviations from fram that (.0 valie. When a
rmber of conditions are taken into account, weiphed and combined, tey deteroane
the “degres of difficulty™. That difficulty In tum rests with the smonnt of change
requized, which comes back again wo a forecast of the objoctives. This is an
nnavaidable sitmnion in orhedaontics.

What s Ve Zerw Base? Where is Lhe peak of the curve For the face and for the
tecth from which variation can be compared?

In 1950 the avahrer, from dara an nermal growing children and adults, sec
objectives for the skeletol profile by ratucity at g 0.0 o convesily Tormales and a
+ 2.0 mm. convexity for females with clinical deviations at £2 mm. For the deneal
prefile the lower cisor e APo was found to he 1 1.0 mm. s 22° 22.0 mm. The
interincisal aivgle was loud Lo Be 13, Fhiy was eoploved a5 ideal, but broader
samiples led to A posidon of +2.01t0 +2.5 mm. I'or the lower incisor to APe, and
experience showed that Caucasian padents could be st as much as +3.0mm. or
mwres i speific cases.

Tro | 990, forty vears Tater, the auther studied 133 children from the deciduous
or early mixed dentitian D-(=ﬁ_3 vears) to marurity. Corrected for termination of
active growd ihe age was 16.5 years, but In chronclogy the average age was 19.2
years. The findings of a generared cemputer compesite are shown in Figure 4-2,

The morpholopy of the face as detennined from computer studics in 1¥65 was
comfivmed by a second, larger group of paticnts in 1990, (See Fig, 4-2 for values for
the facial anis, teral height, denture height, Facial depth and comvexity; and please
review The manaal Progressive Cephalometrioe: Paradigne 20681} The position of the
lover incizor was + 1.5 mame 2.0 a0 237 wilh an interincisal angle of [30° The mean
lower arch depth (from mesial of the molar 10 incisal center was 23 dmm. =14 mm.

Thercfore, the ooginal Zera Base of 1950 was essentially canflimmed.
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Cronsequently, in setting obiectives and determining anchaorage, specific
emplacemeiils must be comsidered at feast ax o congeept.

A plea is made for monitodng patients with headplates amd ongoing analysis
eombinely. It s only by using this toob of cephalometrics with the Tour-position
anilyyis (shown in Fip 3-1A & 1B) that understunding of mechanics and
biomwchanics can be gained. Otther manuals, therefore, need o be consulted for
sophistication in practice.

Chaite frequently a clinician may react for expediency rather than scund

biclogic principles. Let us hope thar the prafession will provide a lasting service with

bath health and beaury as its foondarion.





