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CHAPTER I
IRTRODUCTION

L, Introduoctory remarks

Orthodontice has grown and developed from a
purely mechanical art into s biomechanical seience through
the efforte of research., During its evolution its ine
heritance has been rich. It has borrowed from the allied
sciences of anatemy, blology, physieal anthropology,
physiology, physics and spplied mechanies., From its
relationship with these abstract disciplines, orthodonties
ie slowly emerging as a biophysical sclence,.

Research in orthodontics has shown that tooth
movement is made possible by sdjustments in the periodontal
ligament and the process of bone resorption and bone forma-
tion stimlatsd by the application of pressure snd tension.
It demonstrated elinieslly and experimentally that there is
s range of optimum forces whioch cause physiologic tooth
movement to occur st an increased rate. Forecs systems oan

be developed employing light tension from small diameter arch

wires to produce tooth movements believed to be more in
keeping with the blophysical requirements of the teeth and
their enviormment.




The intra-oral roentgencgram and histologle
studies of the same teeth moved orthodontieally shew a
ologe correlaticn between the two methods of assessment
of pericdontal snd aiveolar chsnges. All of the Anvests
izstors asgree that dwdng tooth movement the widih of the
poriedontal spacc and the thicimess of the lamina durs
increass on the tenslon side and decresse on the precsure side.

The litersturs reveals that the Lisztoric evelution
of the disgnostic procsdurs has been marked by the untiring
offorts of a grostl many lnvestigators both in ressareh and
in olinloal practice. Resaarch in later yesrs should in no
way be congidered ss an altiempt te disguelify those invest.
igators ur their findings. Inetesd, the eliinician should
olardify and possibly improve on the basic rremises 50 Garsce
fully cstedblished by the ploneers of orthedenties,
B, Statsmont of the problom

The perssent atudy waz desipgned to sppralss and
anclyze the redlographic vhanges in the pericdontel spece,
eribriforn plate surrounding the mandibular meler teeth and
to deteimine the smount and direotion of teoth movenent
taking place in patients entering the eompletion stege of
orthoadontic treztuent. At this time residual spaces are
¢losed and there is a finsl sxial rearrangement of teeth




for esthetic and functional purposes. During this time
forces applied to the mandibular molar teeth usually have
two components, one in the horisontal while the other is
in a vertical direotion. In this, the mandibular posterior
teeth move anteriorly vwhile the maxillary snterior teeth move
posteriorly.

| This study will serve as a comparison to similar
work done on patlients treated with light differential forces
by Gantt (1960), Kemp (1961) and Krvavioa {1963).

An intrasoral roentgenographie appraisal uas

used to determine bone resorption and spposition in the mesial,
distal and apleal reglons. Becsuse roentgenograms are only
two dimensionnl, buscal and lingual tipping movements, or
small axial rotations will not be shown on these roentgenograms,
nor can the axact distance of tooth movement be determined,
It i3 believed that this method will accurately show those
areas of tissue sotivity by the changes in the periodontal
space and cribriform plate which demonstrate the direction and
type of tooth movement taking place at a precise time, In
addition to the method of evaluation desocribed sbove, e
cephalometric assessment was made to appraise the type and
amount of tooth movement that ocourred,




CHLPTEDR 1T
Roview of the Lilerature

In reviewing the literature we find that the
studies done on tooth movements have progressed and improved
a8 knovlaedge prew in this area. DBefore the advent of histoe
logic and radiographic date, some of the early observers as
Kingsley (1877), Farrar (1888) and Walkhoff (1900) explained
their observations on empirical concepts that teeth moved
because alveolar bone was bent and thers was displacement
of supporting bone struotures,

The first histologic investigation dealing with
orthodontically moved teeth was done by Sandstedt (1901), He
Placed appliances on the incisors of a dog and moved the testh
toward the labial or lingual, He then prepared sections through
the jaws, which showed osteoclasts and bone resorption on the
side of pressure and osteocblasts and bone formation on the
side of tension.

Uppenheim (1909), performed sirdlar, but more extensive
experiments on the incisor teeth of a young monkey, using arch
wires anchored to the molars, He studied tipping, extrusion
and depresaion of teeth by orthodontio means, He showed that
wherever pull is exerted, new bone is formed. The new bone is




arranged in the direction of the pulling force. Whersver pressure
is exerted upon the alveolus, the bone is resorbed thus creating
space in which the tseth can move.

Keither Sandstedt nor Oppenheim knev the magnitude
of the forces they applied in their investigations but simply
classified them subjectively as light, medium and heavy. Both
men oi}mrved under the heavy forces the phenomenon "undermining
resorption®, an active resorption in the sdjacent marrow spaces
working toward the pressure area.

Sehwars (1932), using an auxildisry spring appliance
measured the forses resulting from the various parts of the
spring which were in eontact with different teeth along the spring.
He concluded that the most favorable forces from the biologic
standpoint were the foroes not greater than eapillary blood pree
ssure, about 23 grams per square centimeter. Sohwars slso
emphasised that in tipping the force varies at different levels
of the root, being greatest near the alveolar crest and at the
apex and decreasing gradually until it is sero at the tilt axis,
As a consequence, the tissue resotion varies in accordance with
the magnitude of tha force,

Gottlieb and Orban (1931), found physiologic (teeth
in funotion) periodontal ligament width to be grester than
biologie (nonefunctioning teeth) width and also found that




when a force cgused the periodontal ligament to boecome
compressed beyond 1ts biclogle width the adjacent bone
began to resorb.

Xellner (1928), reported cementum to be thin
in functioning teeth, thiok in nonefunctioning teeth,
pericdontal ligament wider in funetioning teeth, nerrover in
non=fanctioning teeth.

Kledn (1928), and Krenfelid (1931), showed that the
pericdontal liganent not only vardies with funcotion but also
with age, being wilder in young.

Collidge (1937}, conourred with earlier findings
on the width of the periodontal ligament. ile alse observaed
that the periodental ligement of a drifting tooth vas copm
siderably wider on the tension sgide than on the pressurs
tde and varied with individusles, teeth and different areas
of the szame tooth,

The psriodontal ligament is invelved 4in bons
alterstiona in tws ways: (1) periodontsl fibers transmit
foress from tooth to alveolar bone, {2) bone foruing and dose
Lroying celiuler slsmonts ave often te be found in the
periodontal Jigsuent. The fsotors vhieh have an eoffect on
this procsss of change in the pariodontel ligament and bone
whan an setivatsd orthodoniie appliance iz placed aras
{a) the magnitude of the force in grams or ounces, (b) the




Hetence the foree is sotive and (o) the length of time the
force is applied,

Pegardless of how movement might be ¢lassified,
the periedonts? Yigswemt rescts blclogiocelly ae stated
2bove,

It wvas evident that contrellsd orthodontic treatment
is the dirveot rosult of successfully controlled forces, Agcord
irg to Case and ingle, the rost important of the lawe of force
regerding orthodontic mecherdos wae MNewton’s Third law: *To
avery action there is 2n equal and contrery resction.' Applied
orthodontically, this reans thet whatever the forco oxverted
on s tooth mey bhe, it vsuses resctive forees clither clzevhere
on the same tooth or on adjscent teeth. Tt har alsc boen
pointed ont that the teeth themnmelvers gre not unites of anehorage,
but rather pesns of attadming attackment te the underlying bone
thevmel the medinm of the periodonts) ligement.,

Maettnor end Vhitman (1958) in their sxperiments
on monkeys uming the edgewlise teohniqus found that in every one
ef the animals used thore was slways » pozterior movement of
the anterior teeth end st the same time, theve wes 2 mesial
movement of the posterior leeth vhich were nsed a5 resistance
or gnehoreare umts,

Theyr found hietologlcally that "tinwbaek® bends were

7




the most damaging orthodontic movement and that torquing was
the second most damaging. The so-called "tip-back® bends
did not prevent mesial movement of the posterior segments
but did produce the most severe root resorption. They also
found that tipping the molar teeth in a distal axial inclina=
tion did not enhance their resistance to forward movement.

Storey and Smith (1952), used helleal spring
units activated to various force magnitudes to move canines
distally. First permanent molars, together with second pree
molars were used as anchor units for the springs to move canines
distally into the first premolar extraction spaces.

They found an gptimum range of force for the maximum
rate of movement of mandibular canine teeth to be 150200 grams.
The maximum rate of mesisl movement of the molar anchor unit oce
eurred in the high range of force velues; 300-500 grams were applied
to the canine teath. When the forve was below 300 grams for
the molar anchor unit, neither tooth moved appreciably.

Halderson, Johns and Hoyers (1953), found that a
force of over two pourdds can be exerted by an edgewise wire,
They also found that using a series of light round wires to start
edgewise appliance treatment causes tipping and the forces are
much lighter than it is possible to achieve with a standard
edgewise wire,




Jarabak (1960), gave tangible values to the terms
#1ight forces® and "exsessive forces", Heretofors, these
terms wers used without specific mesning. The terms were
subjective evaluations ¢f forces by Jifferent operators varying
greatly from operator to operator as they naturally would.

Orthodontic ferces beyond €«7 ocunces have been shown
to be excessive and result in a decreased rate of tooth move-
ment. (Storey and Smith, 1952; Begp, 19543 Reltan, 1957; and
Jarsbak, 1960). A light orthedontie forece ranges from about
1.4 cunces (30=120 grams), and intermediate forees from about
5.6 ounces {140=160 grams).

Jarabak and Fizgzel (1963), have further slucldated
on the blophysimal aspeots of forces in orthodontics and given
greater meaning to terms such as threshold, optimal, maximal and
sxcessive forces. They have offered numerical force values
for optimal forees for various teeth and have given quantitative
figures to various spring retes showdng how the influence of
spring design can inorease or decrssse force magnitudes, They
have shown us how to determine these forces experimentally and
also how to measure them oliniecally, thus removing much guess werk
Purthermore they have taken the helical spring and shown how its
parts make up a single unit of force and vhen combined with bracket




attachments result in various force systems to sccomplish
desired tooth movements whether they be translation, tipping
or rotational.

Reltan {1957), showed that one of the first signs
of orthodontio forces exceeding 200 grams is reduction of
cellular constituents in the periocdontsl ligament. This is
later followed by hyslinisation in the periocdontal ligament.

Stuteville (1937-1938), Sicher and Weinman (1953),
and Reitan (1951-1956), have all shown that the physiology
of the periodontium and the oellular activity of the perio-
dontel bone itself are affected in different ways depending
on the type éf orthodontie forces used snd the degree of
those forces used to control the movement of the teeth.

Wentz, Jarsbak and Orban (1958), in tooth jiggling
experinents on monkeys produced by traumatic occlusion
(imitating cuspal interference in a bucco~lingual direction)
observed some unique bone change characteristics. The
histologie sections showsd enlarged periodontal ligaments
around the involved teeth, containing hyaliniszed connective
tissue. As the jJiggling movement continued, a eoycle of
crushing, undermining resorption and repair took place in
the periodontal structures. Thers was no definite pressure
or tension side, but rather the combined effect of both

pressure and tension were recorded as the tooth was jiggled
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hueosily and lingrually. The pariodontsl liganent boomne
incressdngly wide until At waz more than three {imes the
original width, resulting in extreme mobility of the ine
volved teeth. lLater healing oceurrad but ithers was axial
resorption of cementum and dentin. Thess findings are of
particalar interest to orthodontists since similar conditions
ean arise during cortain tyses of tooth movement. Cone
sequently we fosl now, that it is of prime importance in
treating orthodontic patiants to first redusa any interferences
of seslusion %o facilitate tho naxt steps in treatment and
thus help reduse ths possidilitiss of looth Hegling.

Amomg the dlagnostlo and $reatmnant aids, the
rosnigenray has long basn used 4in the study of normal and
pathologic sonditions and has bacome sn indlapensabls tool in
aedicine and dentistry, both in practice and research.

Althongh intrasoral rosntgenograms ars used
rouiinaly in dentistry for psriodia caries cheokeups and
axazinations, they are not so used in orthodontice once treate
mant has bepn. By not using this nedinm psriodieslly the
srihodontist 13 overleooking shout the only sourcs of ine
foraation avallable to Min of vhat ferces from his appliances
ars doing to the periodontal ligmtv. tooth roots and

alveslar bone.

i1




Walkhoff (1398), Ruediger and Dieck (1911) were
among the first to desoribe Lone changes and structure
radiographically. BDraunschweiger (1918) and Winkler (1921),
studied the distribulion of bone tradbeculae in the mandible,

Brescia (1959), studied the srchitecture of the
glveolar spongicss and classified it into two distinet
ﬁatterns sech having a subgroup. The first type shoved a
regulsr horizontal srrencement of the spongy trebeculse
rurning frox ths walls of the socket of one tooth to the nert,
The socond type shows sn srrangement of the sponglosa trabeculae
that is irregulzar but with & rmch grester number of trabeculse
in any specific srea of the alveolar procesc.

Beck, Grim and Massler (19%45), made correlstions
of the density of bone in histologic sectlons to the degree
of rediopacity on the respective roentgencgram. They have
found in all instances the histologic ticture confirmed the
roentgenographic observatlons in every detall.

Teleroentgenography, desoribed by Schwars (1957),
is a2 comparstively new technigue which unfortunately is
hardly used in dentistry. In telerocentgenogradhy, the ro
antgenray tube 48 placed at a distence of about 3ix feet
from the film to obtain parallelism of rays, thms avolding
digtortion. It and cephalometrics have been used in dentistry
2% an aid in the disgnosis of malocclusions. In another

12
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form it has also been usad 0 study frectures of the teeth
and jaws, periodontal disease and in locating foreign bodies
and impacted teoth.

Gantt {1960), Kemp (1961), Stier (1962) and
Ervavica (1963) employed telercentgenograms in their studies
of the amoveent of the mandibular first molars which were
used as anchor units during orthodontic trestment. Ain
appraisal was made based on the dimensional ehanges in the
pericdonial space and lamina dura as‘ shown OB Antra-oral
roenigenograas. Gantt and Kemp found that during the upe
righting of the molar teoth using the Loyola University Light
wire Technique, the most prevalent movement of the anchor teeth
was simultanecas extrusion and a distal tipping, the tilt
axls being located near the apex or middle one~sthird of the
distal root. As & resull of this axial change, the meslal
root elevated. ERrvavics, studying the same teath for patients
treated with light wire applisnces during the reduction of
Class II moiar relationship and the closing of residual spaces
{imown ss consolidstion) found the predominste tooth movement
was & mesial migration of the orown on the aversge of 1.23 mm.
and .57 mm. of the roots in extrastion cases and 1,04 ma. of
crowns and +06 mm. for roots in nen~extrecilon cases.

Oramling (1962), showed by measurements mads on




cephalometric headplates of forty children having an average
age of twelve years, that in both extraction and non-extraction
cases there was a lablal tipping of the mandibular ineisor five
degress due to the comblned sffect of banding and leveling with
the use of sdgewise forces.

Taylor (1962), in the study of 101 patients treated
with the edgewise technique, measured pre and post trostment
cephalograms and found that anchorage loss in extraction cases
was 3.6 mm., in the maxillary srch and 4.1 mm. in the mandibular
arch, In both instances over one~half the extraction site was
lost,

Stier (1962), employing iweed idgewiss Technique
found the mandibular first wolars, during leveling, moved bodily
in a mesial direction in majority of the cases. Vhile during
the stage of anchorage preparation the crowns were tipped
distelly far less than the roots mesially. The axis of tipping
was located in the majority of cases within the cervical onew
third of the two rools near the cementoeenamal junction (in
the intraeradiculer ares of the alveolar crest),

Krvavica (1963}, continuing the above study (Stier),
found that the mandibular first molars were mesially translated
by tipping when class II forces were spplied to an edgewise

appliance.
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CHAPTER I1II
MATERIALS AND METHODS

A, Haterials

‘The sample in this study eriglually conpriesd
thirteen children undergoing orthodontic trectmant at the
Loyola University School of Dentisiry. BSinee the stert of the
study six of the children have firdshed active treatment leaving
ssven for the final observation in this serial study.

‘ihe patients, five female and two male, were all
treated in accordance with the principles of the edgevise techni-
que, outlined by Tweed. Jix cases required extraciion of four
first bicuspids. U(ne case wes treated noneextraction. The
distribution of the subjeuts Ly age is seen in Table I.

In a previous study, Stier {1962), used these same
patients to determine tooth movements in mandibular wolar
testh during stages of separetion, loveling and anchorage pree
paration.

In 1963 Krvavica used these patients to determine
manddbular first moler changes durdng stages of clase I1 forces.
The study involving this group of patients is
s contimation of the original problem and is concerned with
tooth movement dusing stages ¢f space consolidzilon and come

pletion of treatment,

15
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Be Methods of study

The data used in this study was from tuo sources,
lateral cephalometric headplates and intra-oral roentgencs
grams of the mandibular first molars, using the Universal
Cephalometrix apperatus (Figure 1). The fixed distance
betwesn the Universal cephalostat (headwholder) and the focal
point of the roentgen tube waz sixty inches for latsral
headplates.

A headsparmer for orientation of the head, constructed
by ¥F. W, Steiner of Chieago, Illincis, was adapted (Ganti) and
attached to the orossbar of the Universal cephalometric
apparatus in a position thirty inches from the focal point of
the roentgen ray tube (Figure 2)., This reduction of
target distance permitted a reduction of exposure time while
still taking adventage of the central ray in order to
minimise the enlargement factor. The use of a headspanner
was necessary in order to prevent distortion errors due to
movements of the subject’s hesd, and to allow the operator to
replace the subject into the headspanner in the same spatiasl
relation to the roentgene~ray tube esch successive time a
record was taken,
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An adapter (Figure 3) was constructed to attach
the headspanner to the transverse bar of the Universal apparatus.
This adapter consisted of the following parts: (1) a
vartical arm which was atlached io lhe horlzontal transverse
bax of the Unlversal Cephsalemetrlc spparatusy {2) a2 horizontal
arm with a slesve which fit over the vezrtical axwm of the adapter
and was atlachsd io it at a right angls. The hesdgparmer also
had @& sleeve whilch it over the horizental arm of the adepter.
These two sloeves were secured in a position by large thumb
serews which allowsd lhe sims to befully adjusteible. ihe
slecves wers drilled and tsrped and sutfilied wilh set screws
andi lock ruts whioh gave lhe pleeves a very cloge tolarancs
fit.
1. Aldgameat of earwrods and calitwration of the adepter arme

The two eaxerods of the headspaaner weore slotled and
marked with lead indicators in thelr respective cesters, thus
providing zn iludex by whlch they could be eligned with the
caentrsl rays A scrdes of trialesndesrror atljustments‘ wore made
untdl {he conters of the careports were in direcl aligmnmert zs
shoun by the axeclt supsreposition of the two lead indlestors
on & roentgenogren (Mgure ¥). This positien was then defined
86 "zero’ and suitable reference lines were marked on the

horigontal and vertical adapter armms., Millimeter scales were
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fastened to both horizontal and verticazl arms in such a manner
that the gero points of the millimeter scales colnclded witlh
the reference markings on the adapter arms. The contimied
accuracy of the sarpost alignment was checked each time before
taking s new series of data on esch subject.
3s  Alignment of mandibular first molar area with the Central Ray

From sach of the latersl headeplates taken before
treatment, a tracing was made which included the Frankfort
Horizontal Plane and the mandibular first molars. On these
headeplates the central rays had passed through the earwrods of
the cephalostat as originally adjusted and fixed by the Universal
Hamufacturing Company. A perpendicular was drawn inferiorly
from the Frankfort Horisontal Plans, through the center of
the esr=post images to the level of the lover border of the
mandible, A second line, parallel to ths Frankfort Horizontal
was then drawn posteriorly from the center of the mandibular
first molar until it orossed the previously estsblished vert-
ical 1line. The orossing point of the two lines represented the
zery point from which the horizontal and verticel coordinstes
X and Y were measured in millimeters (Figure 5). Assuming the
horizontal coordinate measured sixty millimeters and the vertical
£ifty millimeters, the headspanner was then adjusted along the

millimeter scales on the horizonital and vertical adapter arms
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to these raespective values., When the pat.ient's head was
positioned in the headspanner, the mandibular first molar was in
a position praviocusly occupind by the earerods. This neans

the central ray was now passing throuch the center of the mandibe
ular first noler instead of the aarwrods,

The roentgenographic film used for the latersl
headnlatas was 8 x 10 inch high speed, blue brend, Kodek HMedical
#mray £41m, The cassettes were equippsd with DuPont high speed
intensifying scresns vhich served to reduce sesondary radistion
and to provide greater contrast on the X=ray. 7The machine
sotting, for each exposure was 07 XVP and 25 MA with an exposure
time of ono=hslf second. The film used for the intra-oral
records vas DuPont code De2, doubls coated dental Xeray film,
The machine sotting wes the same as sbove with an exposure

time of two and ono=half soconds for each film,
C. Msapuremuents

The mbjects were placed in the hesd posltioner after
it had been adjustad to the previously esteblished measure-
monts for each individual, Twoe intraw-orsl roenigenograms were
then taken of both the right and loft mandibular irst molar

sraas prior to treatment. These films wers the first serles and




were marked I A and I B (patient’s right side), and I C
and I U (patient’s left side). Subsequent series were
marked with the pstient’s number and the series number in
acoordance with the above teohnique. The replicstions were
token to provide a measure of experimental error.

After uniform processing, keeping the developing
time, temperature and concentration of solutions constant to
insure good quality, the finished xeraye were scrutinized as
to contrast and density. If it wme found that the xwrays,
intre~oral or lateral headplstes did not meet desired
standards of density, they were brought up to correct den-
sity quality by means of a logetronic Contact Printer (Medel
CP~18) (Figure 6). The Logetron 1s defined as a scarming
servo-modnlated light source for use in photographic printing.
It provides an automstic means for producing uniform prints
from negatives having a random distribution and wlde range
of density variations., With the availablility of this new
plece of equipment we were able to improve on inferior original
werays without subjecting the patients to sdded radiation.

The roentgenograms of the first serles were then
transilluminated on & trecing table. Under a stationary
three power magnifying lens, the root images of the mandibular
first molars wore marked in four areas in the following manner:




TABLE 1
DISTRIBUTION OF THE SUBJECTS BY AGE

&GE TUTAL
(YEARS)

i3 1

i 2

15 2

% 2

MEAN 1,71 AL 7




FIGURR 1

THE UNIVERSAL CEPHALOMETRIX UNIY




FIGIRE 2

THE HEADSPANNER MOUNTED ON

THE UNIVERSAL CEPHALOMETER




FIGURE 3

HEADSPANWER VITH VERTICAL
ARD BORIZONTAL ADAPTER ARMS




FIGURE &

SUPERIMPOSED LEAD INDICATOR SHOWING
THE ALIGHMENT OF THE EAR.POSTS WITH
THE CENTRAL RAY




FIGURE §

TRACING OF A LATERAL HEADPLATE
INCLUDING THE X AND Y
COORDIRATES




Logktronic ===

FIGIURE 6

JOGETRONIC COUTACT PRINTER




With a fine pointed needle, the film was perforated in the
narginal area of the mesial root about one millimeter
from the periodontal space where the latter was best dise
tingulshable, Thie marking was designated as "point A*, The
seme procedure was followed in marking point B (apical area
of mesial surface of mesial root), point C (marginsl area
of distal root, ) and point D (apiecsl area of distal surface of
distal root), (Figure 7).

Each film of the first series thus marked was then
superimposed individually over sach of its followeup films
in subsequent series in order to transfer the perforation marks
to the same areas. Thus, the comparison of the periocdontal
space around each tooth was made very nesrly at the same level
in each successive series, After all roentgenograms were
marked and bound as alides, they were projected on to a white
cardboard screen at a fixed distance of eight feet from the
lens, which distance was maintained throughout the observation
period. £ magnification factor of 20:1 was established and
re=~checked by projecting a slide of a metric scale in such a
manner that a distance of two millimeters on the slide measured
forty millimeters on the soreen. The slide projector used was
a Kodak Cavalcade with a Kodak Zktanar Projection Lens, 5
ineh, ¥ 12.8,




FIGURE 7

MARGINAL AND APICAL REFERERCE
POIRTS A, B, C, AND D, A3 MARKED
ON THE INTRAURAL ROENTGEROGRAMS




The changes in width of the pericdontal space and the
types of tooth movements were appraised as follows: 4 reference
strip of plain white paper, one inch wide and ten inches long,
was divided lengthwise into four sections (A,BsCyD), each
corresponding to one of the four areas marked on the roentgence
grems as described previously. In esch section, a thin
vertical line was drawn and labelled as the reference line
(Figure B)., The first slide, Series Rumber I A of patient
Number 1, was then projected on to the screen and the white
paper strip was placed against the soreen in such a manner
thet the reference line in section A coincided with the image
of the ocuter border of the cementum, adjacent to point A
{narginal srea of the mesisl root), The width of the perioe
dontal space was estimated for this area and recorded on the
reference strip by drawing a short vertical line with a fine
pointed red pencil. This procedure was repeated for polnts
B, C, and I, recording esch widih on the respective section
of the same reference strip (Figure 9 ). The next slide pro-
Jected was that of the same tooth after the next stage of
treatment to be studied had been recorded., Using the same
reference strip, ihe smna rrocedurs for roecording the perice
dontal widthe in the four aress was {ollowed, except this time,
a fine pointed pencll of another colar vas used.

In the first method of eveluating the data, the paper
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FIGURE 8

REFERFNCE STRIP
EACH BECTION CONTAINS A REPERENCY LINE
CORRESPONDING TO ONE CF THE REFERVNCE
POIWTS &, B, Gy Dy WHICH WERE MARKED CH

THE INTRAORAL ROENTGEEOGRAMS




FIGIRE 9

BVALUATIOR OF AREAS A, B,

Qg Ly PRICR TC TREATHUNT
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strips vhich have just been deseribed were employed to reveal
the direction of change in the width of the periodental space,

& decrsase was indicated if the second line fsll between the
first {red) line and the reference line. If the second line

wad recorded outside the red iine, the spacc was cvalusted as
having inoressea., Correlation of the changes cccurring at the
four marked positions cosuwld Wisn be made to reveul the type of
toth movemeni which toek places in the interval belng studied.
ihis procedure vas {olliowed on each of the intruecral z-ray films
in each suries.

ihe sevond wethod of evalualing thess dats vaz s
visual subjevlive apprailsal. ihe originsl jroe-treataent £ilm
and its followeup series ware all projected simultanvously, whioh
made it possible to compare visuaily any particular stage of
trestment with any other and to obilain e composits pieture of
the type and dlrection of tooth movement. The {indings from
this visual eppraisal were then initasrproted end compared with
those derived from the records on the referenscs atrips.

The third method of evalratlon raguired that measures
rments be made on caphalomelric headplales taken after consolidaw
tlon {space closing foroes) had been utiliced for a peried of
twelve weeks in order Lo determine the amount of tooth movement

which ocecurred during this treatment interval.
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This was then compared to headplates taken after class
II forces (Krvavica) to measure the emount of mandibular molar
movement during ths space consolidation stage of treatment.
Consolidating forces exert s mesial component of force on the
mandibulsr molar teeth.

A traoing was made of each original headplate shoving
the mandibular symphysis, the inferior border of the body of the
mandible, the angle at the junction between body and rams, the
posterier border of the ramus and the right and left mandibular
first molars. The mandibular plane was then established by
drawing a straight line between menton (most inferior point of
mandibular symphysis) and the most inferior point at the angle
of the mendible. A roference line was drawn perpendicular to
the mandibular plane and tangent to the immer border of the
symphysis. Two reference pointa were marked on each of the
mendibular first molars, point C, in the ares of the grestest
convexity on the mesial outline of the crown snd point R, at the
apex of the mesial root. Straight lines perallel to the mandib-
ular plane were iraced from each reference point on the molars
(point C and R) to the reference line tangent to the symphysis.
The 1ines thus constructed are showm in Figure 10 as"c* and *»%.
The respective lengths of these lines were measured in millie
meters and recorded in column "A* on & data sheet., The tracing




FIGURE 10

TRACING OF MANDYBULAR LAMDMARKS FROM A
LATERAL HEADPLATE TAKEN BEFORE TREATMENT.
(e AND r REPRESENT THE DISTANCES OF THE
CROWN AND APEX YROM TH® REFERENCE LINE AT
THE INNER BORDER COF THE SYMPHYSIS).
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vwas then superimposed on the followeup headplate and the outline
of the right and left mandibular first molars at this stage of
treatment were drawn on the same tracing in dotted lines. The
same procedure was followed in measuring the distances ¢’snd r’
between the reference line and the teoth in its new position, and
these distances were recorded in column "B" on the data sheet,
The differences between the values in oolumn A and Column B

were calculated and recerded in column € on the data shest,

These differences were marked with positive or negative signs dee
pending on vhether the difference represented an inoresse or
decrease in the respective measurements. The data were analyzed
statistically and transformed into graphs in order to evaluate
the types of tooth movements which occurred,

The cephalometric landmarks described above were
selected for the following reasons:

(1) The inferior and posterior borders and the syme
physis of the mandible were traced in order to facilitate an exsct
super-position of the tracings on the headplates.

(2) 7The irmmer border of the mandibular symphysis was
chosen as the reference landmark because itz cephalometric ree
lation to the mandibular first molar fecilitsted the messuring
technique and it is easily ldentified on the lateral headplate,

(3) The selection of the mendibular symphysis as
a reference for the positions of the mandibular teeth was




preferred to other crenial cephalometrie landmarks becaguse the
relation between oranium and mandible may change during
orthodontic treatment. Thus by eatablishing a reference on the
mandible, the position of the mandible would not affect the
validity of the measuring technigue,
D._ Design of orthodentic appliance

Fach of the subjects was fully banded. The last
bands in the arch, whether placed on the first or second molers,
were provided with 0.022 x 0,028 inch edgewise buceal tubes, 1/i
inch in length. The tubes were angulated 5° from the horizontal
in order to give the testh a distal tip-back when a straight
arch wire was inserted into the tubss, In cases where second
molars were banded, the first molar bands carried two single
edgawise brackets, The premolar and canine bande were provided
with one single edgewise bracket each, while those used for
the maxillary central incisors were wide slsmese, for the maxe
illary laterals medium siamese, and those for the msndibular
incisors, junior siamese brackets. All of the brackets had
zero degree torgue slots and none of them were angulated in the
hoerizontal plane (Pigure 11},

Leveling was the first stage of treatment. The
purpose of this stage is to align the brackets atiached to the
bands =20 an edgewise archwire can be fitted to the brackets

4




with greater ease. The initial leveling archwires for the
patients in this sample were fashioned from (,Cl6 inch diameter
Semi-Spring Temper Hlgiloy wire. They were formed individually
and varied in design te fit each maloeclusion. Frior to
insertion, all archwires were heat~treated to spring hardness.
In cases of severs crowding of the anterior teeth, lingually
locked or rotated ineisors, or partislly erupted canines, the
*Light Wire Differential Forces Technique® was employed only
during the stage of leveling. For each broken contaet between
the four incisors, a vertical helical loop was hent into the
anterior segment of the srchwire. Betwsen the lateral incisors
snd the canines, verticsl helicel expansion loops were engaged
to level the brackets just in this initial stage. Wwhile the
anterior segment of the arch wire contained the helical loops,
its posterior segments were straight or only slightly curved for
arch form. The hellical loop arches were used in half of the
cases but only during the leveling stage.

In cases with normally aligned anterior teeth, "ideal®
arch wires with bentein tieback loops and mild tipeback bends
were formed of Number 1 temper, 0.016 inch diameter Tru«Chrome
vire (Pigure 12). The tls«back loops were placed about one to
tue millimeters mesizl to the hueccal tubes end served to keep
the arch wire taut by tying it back to the bucecal hooks on the
molar tubes,
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FIGURE 11

DIAGRAM OF FDCEWISE BRACKFYS AND BUCCAL TUBES,
THE BUCCAL TUBES ARE AMGULATED FIVE DEGREES WOR
THE DISTAL YTPPING CF THE TERMINAL MOLARS, THR
BRACKETS ARE FOT ANGULATEDR AND BAVE ZERC
DEGREE TORGUE SLOTS,




FIGURE 12

FROM 0,016 INCH DIAMETER WIRE
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The dlsmeter of these leveling arch wires and the
degree of their tipetsck Lends, were incressed each appointe
ment until the breokels were aligned to allow the engagement
ol rectengulsr arch wirszs. The phose of leveling was then
conpietec by plaoing en ideal 0,021 x (.027 inch, round edge,
rectanguler arch wire with bent in tleoeback loops mesial to
the bucoal tubes (Figure 13).

After the leveling stage 1s completed, anchorsge
Preparation is begun. According to Tweed, anchorage pree
paration 18 that phase of treatment when teeth selected for
anchorage are tipped distally to a position from which they
are assumed to resist anterior displacement more effectively.
This 1s scoompiished by incorporating tipeback bends into
the arch wire in conjunction with a distal force epplied to
the mandibular aerch. Class III elastics supplied the distal
force which 1ls effected through intermaxillary elastics which
are extended diagonally from soldered hooks on the anterior
segment of the mandibular sarch wire, interproximslly between
the mandibular lateral incisors and canine teeth, to eimilar
hooks on the buceal tubes in the posterior segments of the
maxlllary arch (Figure 14). In order to countersct the
reciprocal mesial fores on the maxillary arch resulting
from thess ciass ill elsstios, resistance bends are placed
in the maxiliary arch wire and hesdgear is employed which




exerts a distal forse on the maxillary arch. The force ine
corporated into the hesdgear must be greater than the force
resulting from ths clsss III elastics in order to assure
offootive anchorsge in the maxillary arch.

In extraction cases the retraction of the canines
into the extraction sites is started vwhen anchorage is parti-
ally prepered. This is socomplished by placing open coil
spring mesial to the canine brackets. The four inolisor teeth
are bound together by a figure of eight ligature srcund the
archwire just snterior to the coil and then carrying the ends
of the ligature back erossing the strands and ligating thenm
around the distal of the buccal tubes of the last bended tooth
in the arch. The coll is now compressed against the canine
bracket and carries these teeth distally., These activating
ligatures are renewed al subsequent appointments until the
distal movement of the canines iz completed.

When the mandibular ineisor teeth upright on
denture base and have some lingusl axtal inolination and when
the crowns of the posterior teeth are tipped distally,
anchorage is considered to be prepared. The mandibular arch
wdre is changed to 00,0215 x 0.028 inch stsbilizing srch vire
to permit the use of class II elastics. The maxillary
arch wire is changed to a 0.021 x 0,025 inch resilient arch

wire to effect distal mass movement under class II elastic

L2




foyren, Vhen space hae developed meeial to the upper canines
then ir this sreh we place Bull leope between cardnes and
1stersls te allow for the olosing of these spaces, The Bull
loops are activated by tying tho arch back to the most distal
maxdllery molars that are bended. Class 1T slastic hooks are
soldared incisally on the mexillary arch vire mesial to the
canine braaket area. Class IT elastics axtond from this hook
o the mexillery avch sdrs to a hook plagad gingivally on the
buscal tubo on the terminal mandibulsr anshor molar (Figure 15).
Distal movanant of tho maxillary testh 48 contirmed until these
toeth have besan careied hal? the width of a premolar farther
31stally than novwal and until the Ancisor testh sre biting
ondetomend. This allows for a cortain amount of return
movensnt that always ocours when the elsstics are removed.

211 subjests were instructed to change the intrae
orsl elastics trrse to four timee deily. The aprointments were
at thrse wesk intervale for checkeupe and necesssry spplisnce

chan; oo,
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FIGURE 13

IDEAL RECIANGULAR LEVELING ARCH WIRE WITH
TED OF 04021 x 0,027
INCH WUMBER 1 TEMPER TRU«CHROME WIRE




FIGURE 1&

LATERAL INTRAORAL VISW OF 0,021 x 0,027 INCH
RECTANGULAR ARGH WIRRS WITH TTP-BACK BENDS IN
CORJUNCTION WITH CLASS TTT ELASTIOS AND CHERVICAL
HEADGEAR T0 THE MAXTLIARY ARCH AS "TILIZED IN THE
TDOWHISE TACIRIONE DURTHG AKCHORAGE PREPARATION
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FIGURE 15

LATERAL INTRA~ORAL VIEW WITH CLASS II

ELASTICS AND BULL LOOPS AS UTILIZED IN

EDGEWISE TECHNIQUE DURING FINAL SPACE
CONSOLIDATIOR




CHAPTER IV
EXPERIMENTAL RESULTS

The findings of this investigetion will be re-
ported in three parts corresponding to the three methods
used for evaluation of the roentgenographic data. Part one
is based on the interpretation of the markings on the refere
ence strips described in Chapter III, part two deals with the
findings from the visual appraisal of the serial slide
projections, and the third part contains the findings derived
from a cephalometric appraissl of the mandibular molar teeth.
Parts one and two will disclose the types of tooth movements
observed and part three will be oconcerned with the amounts of
tooth movements,

A, Interpretation of the reference strips

Only one combination of changes in the periodontal
width was observed during the twelve week period when final
space consolidation forces were in effect: An incresse in
the width of the periodontal space at points C and D (distal
marginal and distal apical areas) with a corresponding decrease
at points B and A (mesial marginal and mesial apical areas).
This type of change was the result of a mesial translation.

In one of the recordirngs, the reference strip

revealed no dimensional change. This coincided with the

W7




cephalonetric measurements and visual appraisal. Exsminstion ef
this ohild revealed practically no improvement toward the
correction of the malocelusion had taken place during the
prior five months of treatment, Cther information revealed this
ehild wes 2 nonwcooparstive patient,
R, Vipasl Appralsal of the Intrs«Orel Radlogrsrhs

Az menticned in Netarlals and Fwthada. there were four
series of intrasorsl x-reys teken threoughout the entire treste
mont peried, These sre Ldontifled as followe

1 Befors treetmsmdt

TI After snohorsge prepsration (Stier 1962)

I11 After oloss II foroes (Krvavies 1963)

IV Sfter space consolidaetion (Pollien 1965
£ study of the intra-oral xerays in the last series indicates
that the most eoxmon movement soourring during the final phase
of trestuont wos 2 nesisl bodily sovenent or translation ¢f the
first mandibaler moler teeth, This ves confirmed by the ree
latcim of the teoth to thelr sarvourding structurss sod slso
thickerdng of the wridbrifora plets slong the distal rost surface
fyom the margingl ares st the slveolar orest to the apex,
Ce Findings from ths Cephulometric Measurements

1. Conera) analysis

The mepsurexents talen frem thoe cspholometrie




headplates after claas II forces and after final space
elosing (consolidstion), revesled that the mandibular
first moiars moved bogily in & mesial direction with very
little tipping. The measurenents are tshulated on the date
sheet in figure 16.

Column A cuntains the values of the righv and
left sides after class II forces; Colusm B shows the measures
ments taken after final space consolidation, fThe difference
between A and B are recorded in Columm C, indicating the amount
of mesial movement. All the liguwres represent messurements
taken in millimeters as described in the previous chapter, In
every case excepl one, there was a mesial movemenit ol the
mandibuiar first molar teetn due to spsoe consolidstion forces,
The amoant the teeth came forward is qusntitatively similar in
ali cases but mumber il, where the right corown csne forward
6 millimeters, The reason this occurred was that aiter starting
treatment of this patient on a nonmextraction vasis, four first
premolers {inally had to be extrastied in order to complete
trestment satisfactorily. Lack of patiasnt ccoperation forced the
change in treaiment. This resulied in added forece being placed
on the mandibular first molars in the later

consequently a greater mesial movement pccurred in these teeth.




2. Statistical analysis
The data shovn in figure 16 were graphed in a histogram

(Figure 17) and analysed statistically by Fisher’s Analysis
of Variance. The computations of this anslysis are shown in
figure 18, and will be discussed in detall to show their ime
portance in interpretating the results of this investigation.

| In appralsing the work done it was interesting to
note the magnitude of experimental error from all sources. This
study displayed an error amounting to sbout ten percent of the
mean measurement {coeffiocient of variation equals C.104#) which
means that any glven measurement ecould be expected to have an
acouracy of plus or minus about three millimeters (the 997 cone
fidence limits are plus or mims 3.46 mm.). This is higher
than either of the twe preceding experiments and resulted
from the total sample sizs being reduced from 13 to 7 patients,

When looking at the analysis of variance table (ANOV

TABLE, Figure 18) we see that the main effect in the upper
portion of the table all show significant differences., The
source of variation due to "patients" was expected to yleld &
significantly large mean square because the patients did not have
identical mandibular dimensions due to varying growth pstterns

and arch formas. The large mean square due to *Sides® could be due




DATA SHZET

(BE?ORE) (AFTER) (DIFFESENCES)
PATIENT | RIGHT | LZFT = RIGHT | LEFT | RIGHT  LEFT
CROWN 12 15 | 9 14 ; =3 ~1
A7EX 8 56 12.5 -2 2.5
CROVN 13 19 12 6.5 -1 ~2.5
EPEX 9 14 7.5 10.5 |  ~1.5 =35
CROWN 13 13 11 11 -2 -2
ZPEX 11 11 9 9 -2 -2
CROWN 17 20.5 | 17 20.5| 0 0
zpzx 11 16 11 16 0 0
CROWN 16.5 16.5 | 10.5 13.5 6 -3
i%éx 15 15 12.5 14 : -2.5 -1
- CROWN 9 11 9 10.5 0 - .5
13
APEX 5. 7.5 5 7 0 -3
CROWN 13.5 | 13.5 | 1L.5 11.5| =2 -2
APEX 8 | 8 7 7 -1 1

FIGURE 16
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NUMBER
OoF
OCCURRENCES

16
b .
12

10

he75 8,75 12,75 16.75 20.75 MILLIMETERS

TISTOGRAM OF THE CEPHALOMETRIC MEASUREMENTS

FINURE 17

HISTOGRAM OF PATIENTS SHOWING NUMBER OF
TIMES EACH MEASURRMANT OCCURS
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ANOV TABLE
SOURCES D.F. S.S. M.S. F SIGNIFICANCE
5% 2.49
PATIENTS 6 348,357 58,06 37,70 | 1% xcx  3.63
5% 1.99
SIDES 1 86.255 86.26 10,91 | 1% x 13,74 |
5% 1.99
TREATMENTS | 1 35,362 35436 14,28 12 xx 13,74
_ 5 1.99
POSITIONS 1 152.790 152,79 26,03 | 1% xox 13.74
5% 2.49
PXS 6 47,401 790 5.13 | 1% xxx  3.63
PXT 6 14,857 2.48 1,61 NeSe
5% 2.49
P X POS 6 35.241 5.87 3.81 | 1% xx 3.63
SXT 1 080 OF [ <1 N.S.
S X PC3 1 <540 S | K1 N.S.
T X POS 1 .540 S | <1 N.S.
RESIDUAL 25 38.50 1.54
TOTAL 55 |759.89 ;

Standard Deviation of Error = 1.241 mm. and the 99%

CONFIDENCE LIMITS ARE = (2.79 x 1.241) = & 3,46 mm.

FIGURE 18

XXX = HIGHLY SIGNIFICANT VARIANCE RATIO

N.S. = NON-SIGNIFICANT VARIANCE RATIO
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in part to the normal enlargement of an x~ray image occurring
when the objeot is further away from the film cassette. For this
resson comperison betwesn the phaolute messurements on the two
sides 13 not totally walid. The large mesn square due to
*Treatments” was highly significant even with only one degree of
freedom. This indicates that there were real differences in the
locations of the mandibular first molars with respect to the
reference line after gpace consolidation. The even greater mean
square due to "Positions® indicates a true changs in the
angular position of the mandibular molars with respect to the
reference line.

There were only two of the 2.factor interactions of
significance, The first of these was *Patients x Sides®, The
fact that this mean square was large indicates that the difference
between the location in slveolar bone of the right and left
mandibular first molars was not the same in all patients. Figure
19 shows a graphical representation of these lovations for each
patient. In this graph the right side messurements for patients
nusber 1, 6, 7, 9, 11, 13 and 14 are shown on the top line and
the left eide messurements are on the bottom line. The measure-
ments equal the combined total of the orown and apex of each
side before and after space consolidation and have been computed
for all 7 patients in a separate "Patients x Sides" table which
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is part of the Analysis of Veriance computation. The corresponding
measurenent points for each patient are commected by dotted
lires for ecse of comparison. If all these dotted connecting
linez wers parallel, or nearly eo; then they would suggsst no
interaction: but some of them are wertical while others ave
diaponal, that there is a diffsrance in the tseth messured from
the midline in these patients is significantly ilinstrated in
thie greph,

The second signifiecant 2efaotor intersction =as
“Patients x Positions®. 7The large mean sguare indicates that
sons of the patients had the angular position of thelr mandibe
ular first molars diffarant from thet of other patients. The
mrapbisal representation of this intersction 4is shown in figure
2. The dotied connseting lines shows similarities in patients
in the dlstance of erowns and roots fvem the reference line. In
211 of the g2mer it wax observed that the orowms were still
rmors distel then were the apices., This indicated that mandibe
vlsy first molsrs had nol yet vesovewsd from snchorage preparstien,

A special gravh has bheen wade for displaying the re-
lstive poeitions of erowms and voots of all seven patients at
each of the pbases of irestwent. 'Ibis is suown in figure 21.
Tooth positions befores treptmont indicata that the orowns were

eloser te the liner horder of the symphysis than were the apices;
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FIGURE 19

THE LACK OF PARALLELISM OF THE DUTTED CCNNECTING LINES
INDICATES AN APPARERT DIFFERENCE BoTwWiEEN THE RIGHT AND
LEFT SIDE MEASUREMENTS IN SCME OF THE PATIENTS
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FIGURE 20

THE DOTTED CONNECTING LINES SHOW SYMILARITY
IN PATIENTS RELATIVE DISTANCE OF POSITIORS

OF CROWNS AND ROOT3 FROM SIMPHYSIS
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FIGURE 21

THE DOTTED CONNECTING LINES ILLUSTRATE POSITIORS
OF CROWNS AND ROOTS THROUGH ALL PHASES OF TREATw
MENT POINTIRG OUT THE COURSE TAKEN BY THE TEETH




while T», anchorage preparation (Stier 1962) shows that

the c¢rowns were tipped distally an sverasge distance of 2 zm.
vhlla the roots moved in a nesial direciion on the average of
25 mm.  After eoloss IT forces, T3, (Xrvavica 1963), it was
found that the crowns moved mesially an average of 3.06 mm., as
did the roots an average of 3.36 mm. In the final space
congolidation phase, T), the orowns continued their forward
nmovement, averaging 1.80 mm. while the roots also moved forwerd
on the average of 1.40 mm. This forward movement of the
mandibular first molar teeth is a combination of translation

and very slight tipping.




CHAPTER V
DIZCUSSICH

The goal of orthodontlcs is the corrsction of
malocelusions and the placement of teeth in such positions
that thelr owun functionsl dynamiocs will tend to maintain
the correct ceclusion. Achlevement of the treatment goals
are individualized and limited by genetic composition and
physical development of the patient. This means that the
biologic aspect of mslooclsions and their etiological factors
involved demand the orthodontist be thoroughly schooled in
the basic sciences. In the ares of olinical orthodontics it
18 becoming apparent that blologie knowledge is not enough,
but that it must be coupled with the diseciplines of analytical
mechanics and applied physics before it realizes a true level
of sclientific status.

In designing this study, the desire was to determine
the type and direction of movement whioch occurred in the mandibe
ular first molar teeth during the final space cmnsolidation
phase and, to the end of treatment. These patients were treated
wlith the Zdgewise technique in accordeance with prineiples oute
lined by Tweed. A study and evaluation of the change which
ocourred in the periocdontal space, as determined from intra-oral
radiographs, presented the dats from which an evaluation of the

tooth movenents were made,
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The quantitative snalyais was based on cephalometric
measurenenis taken on lateral hesdplates. The nothod of ObDe
taining the intrasoral Xersys and cephalometiic mousureaents
was expleined in detail in the chapter on iaterials and ¥othods,

The Pindings of this investigation will bs discuszed,
based on the different methods of evalustion and the amechanics
and force sysiems responsible for the tooth movement axhibited,

It vas observed that curing the phess of spave
consolidation to the completion of trestsment, the mandibulay
first molars demonstrated the same Lyps of movement; scoording
to ali the method ™ of evaluation. This consistantly was a
mesial translatory movement of the arowms and rocte in boilh
extraciion ani noneextrection trestment which resuited $n & dis.
tinet widening of the pericdontal space on the distel roeot surface
of both marginal and apdesl points measured, Stier {1962), 4in the
inmtial phase oi this study fownd that Guring tho loveling stege
there was a bodily mesial movement of these testh in a mzjority
of cases. He also found that during snchorage preparation the
prevalent typs oi tooth moveuwunt was & dstal tipping of the
orowns and a concomitant mesial movement of the roots with the
point of rotation located in the cervical one-third of the root.
The mesial movement of the roots exceeded the distal movement of

the erowns an averags of 0.5 mm. Krvavica (1963), observing




these same patients through the stuge of olass II forces, found
that with the reversal of meshanice from olsss III (anchorege
preparation) to class II forces there was a mesial movement
of the ocrowns on the average of 3,06 mm., while the roots
moved an aversge of 3.36 mm. in the same direction. Following
these patients to the completion of trestment it was found
that the mesial movement of the mandibular first molars oone
timied but to a lesser degres. From the cephalometyic
neasurements recorded on the data sheet (Figure 16), the
mesial movement of the crowms of these teeth sveraged 1.50 mm.,
wlile the roots ceme forward on the aversge of 1.40 mm., This
was a meslal translation and tipping movement.

An interesting comparison to the above result can
be brought out by a similar work done by Gantt (1960),
Kemp (1961) and Krvavica (1963). These men utilized the same
method for gathering data as done in the tdgewise study but the
technique utilized in treating the patients in thelr sample
was the LoyolewJarabsk Differential Forces Technigue. Gantt and
Remp found that during the initial phases of troatamtl.
comparable to leveling and anchorage preparation in edgewlse
technique, the most prevalent movement of the mandibular molar
teeth was a simultaneous extrusion and distal tipping, the axis
beling estimated near the spex or middle one~third of the dietal
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root, During this change in axial inelination, the mesisl
root slavated, Krvevica, following these patients through
class 11 forces and to the end of treatment, found that the
predominant typs of tooth movemert was a mesial movement of
the crowns on the average of 1.28 mm. and C.57 mm. of the
roots in extraction cases and 1,06 mm, for erowns and C.66 mm.
for roots in noneextraction cases. He concluded that thls
technique can be utilised to hold mandibular anchor units in
place with little or no forward movement in extraction and
non=axtraction cases,

Let us now snalyee the force systems responsible
for the mesial translation of the mandibular first molare in
the stare of claas IT and spanoe oconsolidation forces as
sxhibitad by the patients in this study treated with the
edgevise technique., As explsined previcusly under the heading
*Appliance Design® in the chapter on Naterials and Methods
after anchorsge has been prepared in the mandibular arch, the
lower arch wire is changed to 0,0215 x 0,028 inch stsbilising
arch wire te permit the use of clagss II elastics. The class II
elastics which are Xetype orthospec will have a mesial foree of
130160 grams on the lower anchor unit snd the same force in
& distal direction to the upper arch when stretched over a
distance of 25«30 mm. 7This class II force transmits components
in 2 horizontal end vertical direetion. ¥With this force system
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we have designed en appliance that will trenslate the mandib-
ular anchor unit mesially when activated.
Before explaining why this takes place I
mst define two terms which will make the
description more meaningful, First the
term forge which is the action of one body
upon another., It may be either a push or
a pull. Second the term gouple which is a
system of two forces acting upon a given
body. These forces are equal, opposite and
parallel but not collinear. They do not
have the same action line nor the same

point of application. In orthodontics to
translate a tooth we must have a gouple

and a forge.
When the rectangular lower arch wire is placed inte

the buscal tube on the mandibular molar tooth we develop a
couple because of the two points of contact with the arch wire
at the ends of the buccal sheath. Then to this we add the
force from the class II elastic and thus ereste a system which
translates the involved units., These forces defined socording
to analytical mechanics diseiplines give a concise and clear
understanding to the experimental results and thus enhance the
meaning of the findings in thls study.

The fact that there is no such thing ag stationary
anchorage has been brought out by Salsman, who feels that the
entire mandibular denture is displaced meslislly when the patients
wear class II elastics,

Huettner and Whitman (1958), in their experiments on




monkeye found that tipebeek kende did not prevent the mesial
movement of posterior segnerts. They concluded that fixed
anchorags 18 noneexistsnt., In thls sezs experiment they found
that tip~basck movemente produced the wmost scvares reot resorption.

In comparing the hefore and aftor trasatment intrae
oral xeraysz of the patisnts in this study, 1% was poesible in
almost every instance te fully observe the mendibuler first and
second molars and second pramolars. I% was found that in 4 out
of the 7 patients there was evidence of significant root re-
sorption or oenentum secalloping. In one of the patients thers
was impaction of mandibular sesond molars and in snother,
impaotion of third molars dus to excessive tip-back bends during
anchorage preparation. Also most of the patients finished
treatment with the meslal root of the mandibdular first molar
thrmist against the root of the lower second premolar.

It han been said that root ragorption 1ls a soar of
an orthodontie operation. In his text "*Technique and Tresiment
with the Light Wire Appliances®, Jarabak presumes root resorption
is inevitable 47 the finctlonal esthetic baneflts of ortho-
dontics are to be had, but points out that we try to objectively
evaluzte those causes that wo can provent or raduce and accepd

thoss which are ph;,cr‘s:‘w}.ngiaally inescapable.
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CHAPTER VI
SUMMARY AND CONCLUSICORNS

I. Summary

A. This investigation was a roentgenographic study
of orthodontlie tooth movement exhibited by the mandibular first
molars during the stage of space consolidation snd to the end
of treatment. The treatment utilisved was the Ldgewise Technique
as outlined by Tweed. This study was a eentimatioﬁ of work by
Stier (1962) snd Krvaviea (1963).

The sample in this study originally comprised
thirteen children, Since the start of the study, six of the
patients have finished active treatment leaving seven for the
final observations in this serial study. All patients undervent
orthodontic treatment at the Loyols University School of Dentistry.

B. The types of tooth movements were determined by
the interpretation of intra~oral roentgenograms taken during the
treatment stages listed sbove. The amount of tooth movement in
oach case was derived from cephalometric messurements taken from
lateral headplates.

Two methods were employed for the evaluation of the
intra=oral roentgenograms. The first was based on the changes
in the width of the periodontal space in four areas slong the
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root as recorded on paper reference strips, from which it

was possible to detsmmine the types of tooth movements

wileh ocourred 1n 2 meslo-distsl direotion daring sach stage
of trestmerti. The second method of appraisal was a visual
interpretation of the dimensional chisnges exiivitied in both
the periodontal width end the thickness of the ecribriform
plats, In addltion, the overall positional change of the tooth
as a rosult of erthodontie treatment was evaluated by this

pProcsdurc.

Ce A total summary of the entire treatment procedure
during the vardousz stages found:
1. During leveling {Stier 1962), tha majority
ol cases showed a wmoslal bodily movemesnt,
2. 4fter anechorsge preparation (Stier 1962), ths
prodominant tooth movenent was a distal
tipping of the crowns on the average of 2.0 rm.

while the roots moved mesially an average of 2.5 mm,

3. Krvavica (1963), observing these patients
aftor olass II forces found that the
pravalont type of toolh movenent was a
nesial wovenent of the orowns an average of
3.06 pm,, vhile the roots moved an avarage
of 3.36 ms. in the same direction.




L, In this study, through the final spsce
consolidation stage to the end of treate
ment, the predominant tooth movement
vas & mesial movement of the mandibular
first nmolar crowms on the average of
1.80 rm, while the roots moved an
average of 1.40 mm, in the same direction.
These figures indicate that the oversll
type of tooth movement was a translation
snd very slight tipping in both extrace
tion and noneextraction cases.

II., Conclusions

1. The use of a headholder in conjunction with a
long cone on the Xeray machine and a fixed target distance of
thirty inches reduces distortions on intraeoral roentgenograms
and makes it possible to align the teeth in buocal segments
with the central ray to such a degree that replicate roentgenc=
grams are nearly of a duplicate nature,

2. The intra=oral roentgenograms taken during this
investigation have shown eclearly that the width of the perioe
dontal space and thickness of the oribriform plate were changed
during orthodontic tooth movement and that thess dimensional
chengzes can be demonstrated roentgenographically. On the side

of tonsion, the width of the periodontal space increased and




on the pressure side, it deereased. During the nrocess of
tooth movement, the c¢ribriform plate beceme thicker end more
radicpajue on the tension side, and it disapreared on the
side of pressure, These findings substantiste those of previous
investigations reported in the literature.
3¢  The predominmnt tooth movement of the mandibular
first molars during final epace consolidation with the edpewise
mechanism and under the influenec of olaes I elsstics ("X¥
type orthospec) wam a meslel translation and tipping in which
the average meaial crowm novenent wes slightly groater than
the mesial root movement, This showe that tipeback bends did not
prevent, megisl movement of the mandibular posterior segrments
and the anchorege did not remain stationary,
b, The mechenical combination of s couple ard force
resvlt ir & bodily or transletory movement of the invelved units,
5. Hegmifioant root resorpticon end impsction of
teeth cen result from heavy forcer in conjunction vith tineback

movernente,
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APPENDIX I

BEFORE TREATMENT

AFTER SEPARATION




APPERDIX II

AFTER ANCHORACE PREPARATION




APPENDIY ITT

AFTER CLASS IT FORCES

AFTER SPACE CONSOLIDATION
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