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I. Introduction
Awonm the un=zmswered questions which have persisted in
orthodontics are scveral dealing with tocth movement. For

exampley
Will heavier forces move
forces?

Is there an optimum range of

h

forces

faster than lighter

which will pro-

duce a meximum rate of tooth movement?

Is there a "differential force"?

Does human tooth movement consistently involve
periods of "plateauing" where no or very little movement
occurs?

The fact that defini Liva angwers do not exist for these
hasic questlons, vrﬂcipitahed the present study. This ig not
to say that specific answers can be obtained, but a mor
thorough investigation of these questlons 1is essentlal,

The major objectives of this experinment were:

1. To measure and record the rate of space closure
(tooth movement) betweern individuals using constant
applied forces.

2, To observe vatberns of tooth movement resulting
from 4he zpprication of @iffexeut fores lLoads,

5. To determive if there is =2n optiaum range of force
which 11 produce ¢ maximun rate of tooth mov menﬁ



I1T. Material and Method

Six females and two males, aged 10 years 5 months bE 16

years 11 months, were utilized for this study. The malocclusions
present included three class II, division iy, 2nd f£ive &lacs &,
crowding cases. The eriteris Ffor selectlion were; a) eruption

of 81l permanent teeth, aside from second and third mo 42w Sig

b} the necessity for first premolar extractions with retraction

of all four cuspids, as part of routine orthedontic deirecvions
and ¢) the agreement of esach natient to be available for records

and apnliaznce adjustments at least twice a week for ten consecutlve
weeks,

Appliance Deslgn:

A preliminary study of sectlonal arches demonstrated that
neither Bull loops nor heliczl loops could overcome the rotationsl
and tipgping moments involved in cuspid retractlon. (Callow 196,)1
Therefore, it was declded to retract cuspids along a stralight arch,
“even thouzh thils incorporates an unknown frictional couwponent.

The cuspil

second premolars, and flrst molars in ea ch
15 9

1 tted with preformed stelinless steel bands. The
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bands were marked with a notch on the ccclusal portion of the
buceal surfasce, which were to serve as reference points from
which to measure space closure, Brackets (.022 in.) were placed

40 allow translatlion of these teeth in as close to thelr original

—
-

anguletion and rotatlon &8s possible. The archwires (.0215 x ,02

were fitted %o passively ensane the brackets, and contact the

labial suvrfaces of the respectlive incisors.

-

The retraction mechanicm consisted of round wire slingle

¥

soldered on the arch wires mesial to the

3 A,



second premolar brackets. These helical

elght =mm. long, and varied

imches. Once soldered w0 The

separately stressed in an Instrom

which automatically records the force-deformation

Por this study, thirty springs were calibrated as

The initial seatine of the wires

canines with ,010 in., ligature wire,

minimize friction., The remainlng teeth were

of the arch wire bent over Just distal to the

A reference mark was made on the

the spring, from which an accurate measuremernt to
soring could be made. Fach spring was activated unt
amount of defiection was produced, which gave a

27,

as determin precalibration of the springs.

deflections were maintalined wiih bi-weekly meusureme
adjustments, The measurements were made wlth

needle point callper, and recorded on & card

needle points into it, for & later check with the

curves. (Pig. 1)

Sectional impressions of each quadrant were

igpregelion waterla

h)

alzinate

gserted 1n the mouth

~

activation cf each spring, c¢) at succeedinz intervals
to four days, over a pericd of gewven to elsgh® “wee

proximately 30 minutes after

end of the study. The Eprihg and arch wire at the
were obhllterated with wet ashestos to reduce tenrid

~tortion of the impression material uwpon removal.

known force

an adjuste

by plercing

spring vag

instrunent,
curve. (Callow 1968)1
Table 1.

shown in

involved ligating the

Howe pliers to

and the ends

The deslire

load-deformation

with

were lo-

after TRiEiad

ne and dis-



The space closure data was collected by measuring with a
tweveldngy WieToSR0DE ©i the eashs, %he distonme beimeel reler{ice
‘marks on the canine and secound premolar bands. Distances were

assured to the nearest one hundredth of a mm., and at least
five measurements per quadrant were duplicated to determine
measurement crror.

However, it was fouﬁa that this dinmension included distal
rotation of the cuspids, and it did not account for gpace open-
ing between the second premolar and first molar, Therefore, the
distances from the first molar to the cuspld were measured with
g fine tavered Boley gauze, to within .05 mm. This distance was
measured from a chosen anatomical landmark, 1 ¥ nearx the mesio=
boeeel proowe o %he Frst Bolaf, to Gthree ElAJCFedt poliius @i
the cuspid; i) the mesial surface, at or near the basnd height,
11) the labisl surface at the hracket, and 1i1) the linguel

surface, at or near the seating

11) g_ i

The mesial surface measurements were performed on all casts,
completing a full quadrant set at one sitting. At least flve

measurements per quadrant, and in some cases measurements of the

entire cuadrsnt were duplicated to determine measurement error,
These readings gave a bi-weekly record of space closure between

the cuspld @2md Linst Holaw,
The labial and lingual surface nmeasurements were made on
whe siary @ud FiTish cagts, and These served Lt provide & measule
5 i

Ea
i

of cuspid rotation,

o,



Orthodontics
teeth., Although this premise was known
ﬁery little information is
tude of forces and the rate

garl SawdsSteoty

who systematlicslly experimented on animals

ances,

In his three weelk

were noved three nm.

were not

mea

and renorted

sured,

II7. Review of Literaturs

depends upon the zpplication of force to move

to Celsus(20 B, C. - 40 A, D.);

is avallable today regarding the magni-

teeth move.

in 1904, was probably the first

with

s

histological evidence about tooth movement,

incils

exneriment, the crowns of the central

lingually by means of screvws. The forces used

ney were thay However, he

oicta?e of deposition of new bone oca the

i

tension side of the teeth and resorntliorn cn the pressure side,
This ccoufirmed the theory of Flourens(1841), He alsgs coined the
term "undermining resorptlon” for the aciive resorptive process
which cccurred on the pressure side where the alveclar bone was
renoved from the marrow space side of the bone.

OppegheimB ollowed in 1911 with another contribution uvsing
baboons as experimental animals. Various tooth movements weve

performed on

fa)

period of

magnitude of forces used or

‘presented.
difference
With the he
ligament

throuwboses

thi

the

However, a

in the

nresent

etiTt fivuly ilnplaznted Ldseifitous Teeth ever &

rty %o foxrty days. No data concerning the exact
the rate of tooth movement was
histological analysis showed apparent
tissue respouse to light ahd hewij IeTCED ;
avy fTorceg, The presmitve side @f tHs 'pePisdowial
gd & epll-Lreey wlibhmens bleasus, filSed wivh
and hemorrhage, The adjacent bone was entirely



unasltered with only sporadic osteoclasts., The tension side
showed an entire ebhsence of all signs of bone formation. In
contrast, the teeth moved with light forces were sald to show

a classic lining of osteoclasts alon
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alveolar layer towards the tooth on the tension side.
ILater publications continued to deal with histolonic inter-

Dty 2

pretation of tooth movement material. In one, he again used

monkeys to test differences between intermititent and continuocus
9 est

fOFEEIE The evidence produced is interpreted to suggest the

hse of Light (fér below 240 grams) and intermittent forces for
physiologicel tooth movement.

L 1252 Swartz 'O usdertook twe experiments relating tooth
movement on dogs and described the histologic pleture. He used
@ weenrved spriang Bo emert Ffarces of Hub; 17, 'S8l 67 grams on the
fourth, thirTd, =Hd cegond premolaré respectively, when activated
a distance of one mm. Over a period of five weeks (two activa-
tions), the teeth a2ll moved “about ome mw.". The histological
‘reactions were interpreted to mean that ”biolo:idally the most
favoraeble treatment is that which works with forces not greater
than the pressure in blood capillaries (26 grans/cm

2 p 3N
Stutevllle11’1* also reported several tooth movement studles

Py

performed on both dog and human subjects. He experimented with

force values from .5 to 200 grams, active dilstances of .2 to 2.5

qm. The amount of tooth movement rensged from .8 to 1.1 mm. over

2

4

periods of 21 to 82 days. From the histological examinztion of
js g

N

this material, 1t was concluded that the swmount of space throm

-

which a force is active, and not the degrze of force used, lis the
mast Important fadtor in pinimizins Injurjes o ke dental Bnid.

i

He also contradicted On
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movenent was much more haranful

"jiggling" would not allow for repair of b

Abvout tuls time, investigators

to the fact that

Lforce

neglecieg Tater, more stu

O
ment of the 1 by

underiaken g

Veinstein presented studies

generated by the oral muscular <«avitonm

muscle forces as low as 1.68 grams above
over a sufficisnt time, are capable of nov

The literatvre pertaining specificsail
investigation of the relationship of force

rerious appli

ent,

vulded meovenent sirnce
one and cementum,

g made an attennt to

a5 an
. Paulich'-~,

LS
Ui
\J

in

g S

of orthodontics relating
"seems to be sadly

dies involving neasure-

ance designsg were

of human tooth nmovement

He concluded that
the resting fores, actine
tng teeth.

to te of tooth

Ta

novement is exitremely l1limited. OFf the five known to the asuther,
26
the most conclusive study was one conducted by Storey and Smith
Rt lvine the 3 2 .,\ ik : e J1la 27 ] ines 1 fimre RS
involving the retraction of mandibular canirnes irn fiye humen
subhjechs Using s@ecalibretsed hellieal torsion springs, and

weekly intraoral wueasurements from a fixed

axillary arch, they obitained results whic
difference in tpoth movement between the 1

and heavy (400-500 Gms,)

Springs.

i showed a marked
isht {175-300 Gms.)

moved rapidly

wlth the application of the light forces, aund the movenent
contvinved until the force had decreased to the ranze of 135-1£0
grams However, the cusplds always moved by tipping approximately
about the axvlical cne-third of the root, as eviderncesd by follow-

up radicgruaphs, Forees in excess of 300 grams tendsd to move



The authors expanded Oppenheinm's concent an
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1s an optimum range of force values which should be used to pro-
duce a nmaximum rate of movement of the cuspid tooth, without

any movement of the anchor unite This optimum range of force
extends approximately from 150 to 200 Gms, The main results
from fhis work are summarized by the authors in a graph relating
rate of cuspid movement to load applied.(Fig. 2)

For this particulsr experiment, the maximum rate of cuspid
movement averaged about .75 mm. per week, at the so-called
"optimum force range", However, the authors recogitlzed the Feaet
that no absolute force values can be determined since the range
will vary frow patient to patlent because of differences in age,

sSeE, health, eXé.

L7 , . :
Reitan27 5 can be credited with performing the most extensive
work in tooth movement research in recent years. His investiga-

tions have been most complete, attempting to illustrate the use
aid sigwlfieenes of correleting histelozliesal, Finmdings with
practical observations. Initially, his experiments were carried
out on dogs, but more recently he has become involved with

human materiszsl.

!\J

'y

In 1957, Relt 3 cited a series of experiments psrformed
wlth continuwous forces, where measurements were made of the feorce
appliéd and the distance the teeth woved. MHexillary first pre-
molars were selected in human subjects, and esch was restored
with occlusal amalgam restorations, into whickh a tiny hole was
drilled. Applying & continuous force to one (method not given),
and using the opposite as 2 control, the exnct smourt of tipping
tooth movement could be measured with calivers. The type of

recorded for one twelve year old subject, when a foxce of 30 grams



was applied for 29 continuous days is Lllustrated in figure 3.

B

The tooth movement procesded in a stralght linse acceleration

for 6-8 days, and then reached a point of no further nmovement,

the formation of an "area

which Reitan describes as indicative o

of hyalinization", This is defined as a cell-free area of

periodontal tissue which does not permit osteoclasts to remove

w

the adjacent bone by direct frontal resorption, Instead, he
theorizes that the bone removal mus® occcur by the undermining
resorption process, which causes a delsy in the tooth movement
pattern, Reiten found the averasze time Iequired for elimimatien
of this compressed area by indirect resorption to vary from two

to four weeks, but no mentlon is made of the frequency ol measure-

e
ment. The duration of this process is influenced by the length

-

ely to entall a loanzer period

]

of the root, a short root being 1il
of hyalinization. In fact, because of this root length differ-

”~

entialy he feeds thet wnlle L6 UpHET TauineR it WRY be hefeEsamy
to apply 150-200 grams for continuvous bodily meovemenit, 1t may

only require 100-200 grams for lower csnines, and somevhat less

for premclars. However, he demonstrated histologically, a tippiag
movement performed with continuvous forces will create compressed,

cell-free areas in the periodontal membrane at lower force values
than for bodily movement, becauvse of the mechanical principles
involved.

Other findings included fsvorable histologic responses in
torquing movements with 130 grams off forge In the apieal FPegion.

Aleoy he noted that only 25 grams of force were required for

extrusion of individual teeth, Totermittent Torces of around

]

ed arecas, but they were less

P
=

70=100 grams caused hyalini:

extensive and of shorter duration than in continuvous movement.
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Burstone recognlzes the extreus

+
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ficulty of el

()

i o
ting forces and tooth movement due to the grest number of vari-
ables that can influence the recorded rate of tooth displacement,
Ee found that if a relatively constsnt force is placed on a tooth,
a typical type of graph is obtained if rate of tocth movement
is plotied against time, when measurements are waﬂe ¢n 2 Srbte 10
day basis.(Fig. 4)

Three phases of tooth movement can be differentiated which
Burstone labels; 1) initial phase- corres nondim mainly to

displacement of the tooth in the pericdontal ligament space,

1) lag phase- period during which the tooth falls to move, or

H-

has a relatively low rate of displacement, possibly associated

with hyalinization of the periodontal membrane, and iil) post-

.

lag phase- period following during which the ra

-

A

e of tooth
movement graduaslly or suddenly increases.
In comparing the application of 10 grams as oppesed to 200

grams to tip a2 central lunecisor, a2 very similar initial rate of

w
r‘b

tooth movement was observed. fowever, aftey the lag phase, 1l
tooth under the heavier force demonstrated & perlod of more
rapid tooth movement, Bursitone concluded that over a long time

rate of movement for heavy continuous

4]

Iinterval, the avera

’JQ

forces mav be greater than those observed for lighter continuous
J < O
. 1 N
forces. He =~oes on Lo say. "the complexity of the +tissue changes
(&) & ¢ p [
as well as the presence of a great number of variables suggests

1)

lary
g

that there are inherent difficulties in postula any simple

va]

relationship between force magnitude and the rate of tooth

! o Ae

. =il , R . -
In another study conducted on 22 patients, opti ubl rates

pping tooth movement for application of continuous forces

o
ek
i
o



d when 50-75 grazms were applied.

(i)

to mexillary iaelisers wers observ
The force values tested ranged from 25-150 grams. Increasing
the magrlitude gf fexree beyond bioe optlmum dhd et Therease the
rate of tooth movement.
o e - .
In a recent paper by Andreason and Johnson™“, the distal
(bodily) movement of the first permanent molars in a selected

reported. For each subject, during

=y
o
n

sample of 16 individuals
a 12 week period, a force of 400 grams was applied to the molar
on one side of the maxillary arch, while a force of 200 grams
was applied to the molar on the other side. The findings

showed that on the average, the teeth in the 400 eram force
t55) J &)

teeth in the

0]

group moved approximately 2% times as far as did th
200 gram force group.(Fig. 5) TFor this study then, a faster rate
of molar movement was produced by placing an incressed force upon
it. These findings are not in consonance with eilther Storey and

Smith oxr Reltan,
]

\

A most recent investigation studied the distance and rate
of tooth movement which occcurred in 21 young domestic asthiSe. 1

response to different force magnitudes, Thirty mexillary canine

teeth were moved (tipped) in a distal direction by forces delivered

from precalibrated latex elastics faestened to the third premolars.

-

Three ranges of force intensity were used; 1ight(40-60 grams

&

e

medium (17’ 5 165 grams), and heavy(400-560 grams). Twelve teeth

on which no “poliances were placed were retalned as controls.

U’I

The experliment lasted a minimum of 3 days for one Pranp ol

animals, and s maximum of 30 days for another,
The results showed that resardless of the different mao.ginl-

tudes of force used, the maxillary spids of both the rigsnt

o)
=
‘:)

E

and left sides of the sane animal moved equal distances. Also

L,



the rates of cuspld tooth movement were not related to the magni-
tude of the force used., Eainh srniasl exhibited its own individusl
rate of tooth movement, regsrdless of the Intensity of the ortho-
dontic force. The maximum rate of tooth movement was observed

~

in an aniwval with an appliance delivering a force in the medium

e

L.

range, where the tip of the cuspid moved 7 mm, in 9 days, a rate
of 0.8 mm. per day. The slowest rate was observed in an snimal
with a heavy force appliance, where the tin of the cusnld moved
only 0.2 mm. in 30 days, & rate of 0.03 mw, per day, However,

for this study, no correlation was found to exist between the rate
of cuspid tooth movement, and the magnitude of force de
by the appliance. This finding differs from those of all previcus

investigators,

e
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Table 2 SPACE CLOSURE AND RATE OF MOVEMENDH
Mandibular Right % Mandibular Left {/
| Force | Total [av. Rate| Total |iv. Rate] Force | Toial v Retel Toimy” AV, Rate
Space of Space| Cuspid [of Cuspid Space |of Svace Cuspid |of Cusj
% Closure | Closure {Movement |Movemend Closure | Closure | Movement Movement
“[(grams) | (mm.)  [(mom/wk) (mm, ) (mm/Wx) (grams) (mm, ) (mm/wk) (mm.) | (mofue)
— g B e e TRt S e 8
3-2 69135 Sl 462 1.68 .226 0 .05 .007 .20 027
-1 B01+19 | 1.62 .202 1.42 178 | 64+ 3 .68 .085 .48 +060
a5 [PO5£43 { 1.4 165 1.71 0200 1174128 1.55 .181 1.65 .19)
=2 e i
-9 539+21 2,78 +330 1.86 221 837462 3,70 «439 2,32 275
;__,?‘ 323460 | 3.15 . 401 2,15 274 (15154124 | 3.82 . 486 2,32 .295
R = ot
o [339+22 © 2,55 <302 2,65 314 128+17 1,72 .204 1.47 .174
A ;5 Xz ;" v =
L1330 4. .33 0160 1.33 »160 236+l11.ﬂ Leod | «160 1, 35 : .160
_y 302420 E 1,40 158 | 1,20 .135 64a+119 M 215 30 | 1. 65 | 207
v Maxillary Right g | o Maxillary Left =
] Force | Total Jav. Rate | Wotal [iv. Rate | Fewes T eisi {Av, Rate| Total hv, Rate
@ Space {of Space : Cuspid iof Cucplé Space | of Space Cuspid of Cusypid
2 Closure ;| Closure Movement Moveman+’ Closure ;| Closure Movementioverent
(grams)) (mm,) j(om/wk) (mm.) [ (mmfwk) : (grams) (mm,) 7 (mmfwk) (mm.)  (mm/ak)
R ”E"-' @ - f} I‘I —S‘?- — S R, S - 4
-2 327424 | 2.34 315 1 234 | 315 {0 <55 074 220 | 2074
} D | [ .
-1 294428 2,25 «281 1.90 0238 g 65+15 53 066 53 066
-5 [270+53 Sie 62 o422 2,37 s 2T El5p+18 %3 i <389 3,00 §250
aartany 4 — - . BRCLE it it I AT AT Tt w4 e e g AT am 4_‘“._,:5 e W W TP s, oA} e et R AT B it SR o P - o A Pl - .
-9 1349431 2,60 «308 2.40 285 863+66 4,05 480 2,75 $326
-7 1398414 4.45 -566 5 5) 449 15394120 4.90 623 3.40 433
N !
) 32li25 3.50 415 330 591 ;56i15 1.73 .205 2,23 265
e e s — <._.._‘_..~E st R R L e s e et B rh L a9 St st e R T L —— ~ e
_1131A+39 2,13 257 1.13 136 2 6 1.30 157 1.05 0127
1t
4 29121 | 3,40 .384 2,40 271" 5395210 4,15 468 2.40 | .27

pace.GIOSure wag measured on models,
ovement as measured on radiographs,
15 deceying %o 100 g,
00 decaying to 200 g,
00 decaying to 450 g,

'175 decaying to 150 g.
¢ 4300 decaying to 200 g.
900 decaying to 200 e

Cuspid movement is this spaoe closure minus molar
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