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INTRODUCTION

The relationship between the rate of tooth movement and the
amount of the moving force has been of primary concern to orthodonists
since the turn of the century but it appears no closer to resclution
than 1t was in Oppenheim's time. Clinically recommended forces range
from the 30-50 gram Mlight physiologic"(l’233) level, to the 135-300
gram threshold-optimal or differential force strengths, up to the
600-1000 gran intensity of the Bull & Hice loops used with the edge-
wise appliance,

lany articles have been written extolling the virtues of these
lighter forces as opposed to the "controlled pathology“(3) of heavier
forces, but little evidence has been offered to test the propositions

on which these treatment theories are based. Several appliance and

treatment systems have been evolved which use these “physiologic"(B’“’S’é’()

and "diffevential"(0,9,10,11) forces. The proponents of these
systems emphasize the assumntions on which their particular rationales
are based but little documented evidence exists in the literature to
corroborate (or disprove) these deductions,

FoRe Begg claims that the "differential force wrincinle™ makes
it possible to move teeth without anchorage loss, and mekes hesd-

gear wear unnecessary, (lO)

¥

Je Re Jarabak uses this idea as part of the basis for his
treatment rationale also,(ll) but neither he nor Begg present any
evidence to validate this anchorage transfer theory,
The theory can be summarized in the following statement:
A certain minimum force is required to initiate Ltooth

1,

movement and increasing this force will increase the
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rate of tooth movement until an optimum force is
reached. Forces beyond this optimum cause increasing
canillary compression(gslg), hyalinization(2’13), and
cessation of movement until the acellular meterial can
be removed by undermining resorption(l@) during which
time the force can cause the anchorage unit bto move.
When the undermining .resorption is complete the tooth

will

o

gain move,
The differential force and enchorage transfer idea was a logical
deduction from the above concepts.and the idea that at a certain
force range (150—200gms.) a tooth will move and that an increase in
forece (300-500 gms,.) will cause it to stop moving and initiate move-
ment in the anchorage teeth instead(10) has many adherents,
This paper seeks to examine these conecents by exploring the

relationship between tooth movement and the amount of the applied

force in orthodontic patients, under clinical conditions.,



LITERATURE REVIEW

(14)

S. Weinstein » discussing studies on minimal forces and
tooth movement, reported that a 2 gram force acting for a sufficient
time (3 weeks) would move a tooth an apnreciasble (.5 mm) distance.
The "piologic sensitivity™ of the dental unit was acute enough to
react to this gentle stimulus.

C. J. Burstone and M. H. Groves(16) used foreces from 25 to 150
grams per guadrant to tip upper anterior teeth and found that their
25 gram force tinped teeth and the optimum rate of movement occurred
in the 50-75 gram range.

E. Storey and R. Smith{17) applied 2 ranges of forces on 5§
patients; a lighter 175-300 gram force on one side and a 400-600
gram force on the other side. Four lower arches and one upper arch
were treated. They found that below 135 grems the cuspdid did nob
move, in fact two lower cuspids withstood a force of 150 grams for
over 3 weeks without moving. A4As the force increased cusnid movement
rate Increased until an optimum was reached at the 150-200 gram force
rangee. MFurther increase in Torce led to a decrease in cuspid move-
ment. When forces above 300 grams were aprlied, the cuspids did
not move but the anchorage unit (molar & bicuspid) moved instead.
They inferred from this that there is a threshold and an ontimum
forece range, and that as force is increased sbove the optimal range,
cuspid movement slows and then stops, "at least for short periods
of time", and anchorage is transferred from the nosterior segment
to the cuspid,

In contrast to the above H. L. Bull(lg) used rectangular

sectional arches with a simnle closed vertical loop to retract



L.
cuspidse These loops exert forces of approximately 800 grams(l9)
when activated to 1 mm,

Using an eccentric cervical headgear to apnly a 1LOC gram
force to one upper first molar while exerting a 200 gram force on
its antimere, G, Andreasen and P. Johnson(zo) undertook a study on
16 girls aged 8-10 years.

They found that the teeth subjected to the 100 gram force moved,
on the average, 2% times as far (3.25 mm) in 12 weeks as did the
molars Wl th the 200 gram force (1.30 mm). This difference was found
to be significant at the 1% level of confidence. They state that the
findings indicate that for the maxillary first molars a faster rate
of movement can be obtained by applying a higher force within
physilological limits.

A different result was noted by R. K Utley(el) who studied
cuspid tipping in cats using 3 different force levels: - light (50 grams ),
medium (150 grems) and heavy (530 grems). He found inter alia, that:

1. Maxillary cuspids in thesame cat moved the same distance
regardless of the magnitude of force applied to the right
and left sides,

2. Rate of tooth movement between animals was not related to
force magnitude. When forces of the same magnhitude were
delivered to maxlillary cuspids of different cats, the rate
of tooth movement was consistently different for each animal.

In summary, recent findings are not consistent with the
Oppenheim(ga), Storey-Smith concept of tooth movement. If the
conecept of optimal force is not valid then neither is the idea of

differential force.



MATERIAL AND METHOD

It was decided to examine cuspid movement using a variety of
forces; with metallic implants in the Jaws as reference points to
determine the magnitude and direction of movement.

Eight patients, aged 10% to 17, who required cuspid retraction
as part of their orthodontic treatment, participated in the study.

The forces applied to the cuspides were as follows:

A 300 gram continuous force was applied to the right side
of each patient.
BEight different forces were alloa ted to the left side, one
to each patient. The force levels were:

C grams

50 grams

150 grams continuous

150 grams decaying to 25

300 grams decaying to 200

900 grams decaying to 300

900 grams continuous

1500 grams continuous

Tantalum implants were placed in each patient!s jaws after the
method of A, Bjork(23). The implant sites were as follows:

l, The symphysis of the mandible below the central incisors.

2o The mandible body below and just enterior to the mesial

root of the first molar, right and left.

3. Just off the upper midline above the central ineisor anices.

lle High in the Zygomatic ares, right and lefte.

The implants served as reference points for superimposing the X-ray
films and for measuring the amount of ftooth movement in relation to
the bone.

Hach patient had the L first bicuspids removed and the first

-5
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molars, second bicusplds, and cuspids were banded. To serve as a
more precise identification of the movement of the cuspid and bi-
cuspid in the X-ray films, a short piece of 022" inside diameter
tubing was soldered to each cuspld and bicusnlid bracket and cut
over the bracket slot to facilitabe fitting the arch wires. A
short length of stopped .022" wire was fitted inbto each btube just
before the X~-rays were taken. It was hoped that these wires would
provide a method for measuring movement of the cuspids and the
posterior segments. Unfortunately as the teeth moved (cuspids and
bicuspids) they robtated varying amounts. Each pin was parallel to
the faeial surface of the crown of the tooth it was placed on and
formed an angle with the long axis of the tooth. When the teeth
rotated in movement the pins were no longer parallel to the long
axis of the teeth in the plane of the head-plate casette so they
could not be used to evaluate tooth movement.
Radiographic Technique:

Irmmediately before placing the arch wires and springs, four
angled lateral head films were taken. The head holder had been
modified so that 1t could be turned right or left 25° and fixed
there. The patient could be placed in a reproducible position with
his face turned in 25°, The 250 was considered a reasonable approxi-
mation of # of the vosterior arch divergence ( a series of casts
were measured and found to diverge 1,8°) which would place the teeth
nearest the casefte in a wosition pa:- 1llel to it. Thus measurements
made on the headfilm would coincide 1.ore closely to the same measure-
ments made on the same side of the jaws than would be The case with

an ordinary headfilm in which the midsagittal plane was parallel to



the film.

The ,022 pins for the side to be X-rayed were placed and tied
doun, the patient was placed in the head holder and turned in 250
toward the film, and an X-ray was taken., The patient was taken out
of the head holder and then returned, and another film was exposed
(during this time the patient had to keen his mouth open). This
procedure was repeated on each patient for both right and left sides.

As soon as the arch wires were removed at the end of the re-
traction period, headplates were again taken. It was felt That only
1 £ilm on each side was necessary but in sme cases 2 were bLaken.
Measurement of the Radiograms:

The cephalograms were cut into upper =nd lower portions through
the inter-occlusal space,.

A line was scribed touching the inferior of the implants and a
perpendicular drawn to this, which touched the distal of the posterior
implant. ILines were scribed along the distal surface of the pins,
and parallel to the occlusal plane at the bracket slot level, Some
care was taken in scribing the lines.

The start and finish films were superinposed on the implants.

In the one case where no upper posterior impslant was nresent the cusps
of the upper third molar were used to superimpose. This procedure
was checked in several of the other sets of films and found to be
accurate,

Some time was spent measuring movement of the pins with a
traveliing microscope but the results were discarded when it became
evident that the teeth had rotated,

The pulp canals and chambers were used as landmarks which were
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relatively unaflfected by the rotations. When these structures were
too indistinet to use, measurement of both mesial and distal of the
crown and the root at or near the apex was resorted to and the 2
measurements were averaged.

Whenever a second set of films were available, duplicate measure-
ments were made. The standard error of the measure was computed and
was found to be .21 mm far the cuspid crowns and ,20L mm for the
cuspid apices. In view of the many possible sources of error, this
seenslow.

The following measurements were made on the cephalograms:

Mandible: Root length, and crown and avex movements of
the first molar, second bicuspid, and cuspid.
Maxilla: Crown movement of the first molar ancd second
bicuspid.
Crown and apex movement and root length of the

upper cuspid.



FINDINGS AND DISCUSSICN

It was found that the cuspid crown measurements were different
from the same measurements on the casts.(23) This discrepancy,
counled with the fact that the standard error of the cast measure-
ments («06) was so much smaller than the radiogram measurement error,
convinced everyone that the cast measurement should be used whenever
possible.

Utilizing the cast measurements for cuspid movement and the
radiogram measurements for molar movement, bar gravhs (Figs. 1&2)
were made which depict the total cuspid and molar changee.

It can be seen that the right cuspids which were under the in-
fluence of a failrly constant force, disp layed a varied response.
Ranze of movement for the lowers was from 1l.20 mm to 2.65 mm and
for the uppers it was from 1,13 mm to 3.53 rm. The mandibular molars
also showed a wide range of movement under this 270-3l0 gram force
category, with movements extending from -.3 rm to 175 nme

All but one of the patients wore a cervical headgear so the
upper molar movements were not utilized.

Scattergrams were made to show cuspld crown movement (Figs. 3&l),
and also display a wide interpatient variability at the 300 gram

(21). However,

level, This is similar to the response noted by Utley
the intrapatient response which is not constant is in disagreement
with Utley's findings.

Utilizing measurements from the casts and the radiograms a

corposite table was constructed (Table /#3), which summarizes total

tooth movement, cuspid movement, and the weekly rate of cuspid
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with

movemente

A graph was constructed to compare upper cuspld movement
5&6). In seven cases out of eight upper

lower cuspid movement (Figs.

cuspids moved Turther than lower cusplds.
Forces that averaged 128, 65, and 6l grams were capable of
(Table #3). These forces are well below the threshold

moving cusnids
’ (1),
Increased forces increasse the rate and amount of tooth move=

te the Storey-Smith
(20),
s

»

Thisk

suggested by Storey and Smith

This trend tends to re
theory(17) and to coincide nmore with Andreasen and Johnson'!s idea

ment (Figs. 3&l).
however the sample is too small and the tendency not c¢clear eunough to

warrant a stronger statement.
On activation of the 300 gram springs most patients experienced
The 900 gram springs

then the pain subsided but

made the teeth very sore for a week and
The 1500 gr
Bven though this force is well beyond that required

did not completely disappear,

some mild to moderate pain of short duration.
am spring caused pain and
to move teeth, it apvarently did not exceed the 'physiologic limit"

discomfort alsoe.

of the periodontal ligament.
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CONCLUSION

Measuring tooth movement on superimposed X-rays with metallic
implants provides a means of assessing tooth movement in relation
to the bones of the cranium. More error is inherent in this
method (SEM .21 mm), however the advantages of relating the tooth
movement to the underlying bones are important.

Increased force produces greater booth movement than lighter
forces ( at least through the 50 to 300-800 gram range ).

There is a wide variasbility of interpatient response to a similar
force.

Intrapatient resvonse to forces did vary in contrast to Utleyls
findings on his cat study.

The magnitude of force which can be tolerated without symptoms

is quite high (1500 grems).
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HEAD PILM MEASUREMERDS
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TABLE III
SPACE CLOSURE AND RATE OF MOVEMEND*
Mandibular Right { Mandibular Left
| Force | Total [av. Rate| Total |av. Rate| Foves | Tatal | iv. Rebe] ety |&v. »
E. Space |of Space| Cuspld [of Cuspid Space of Space Cuspid {of Cu:
‘:§ & Closure | Closure [Movement |Movement Closure | Closure | Moverent{Moven,
S “Nerems) | (mm.)  |(mm/wk) (mme) | (mm/wk) (grams) (mm.) | (mm/uk) (rm,) | (mm/fn
7 D = B i Eaanes 5 et - e e S
7 13-2 PE9435 3.43 o462 1.68 .226 0 .05 .007 .20 Sk
; 11-1 pO1+19 1,62 «202 1,42 <178 64+ 3 .68 .085 «48 060
§ gy POSE43  1.41 .165 5 200 (174428 .55 .181 165 193
13 119 $59+21 2,78 «330 1.86 221 837462 3.70 «439 2wl | 275
pC 3.7 23160 | 3.15 401 2:15 274 (15151124 | 3.82 .486 2,32 .295
. - - ¢ : S S—
11 4000 [339422 1 2,55 +302 2.65 s 3L4 ?1281-_17+ 1ai2 «204 1.47 : o174
et ? 1 a6 bseun 't 160 | 133 | .160
] . 16-11P13330 1 1.33 160 1.33 . 3644 o33 Lo W53 % sl
i | ..f... : . : P = iy w....‘.mhg_“q:{ — x;m».,mm_-n“t AR A e -
< idnﬂ 301420 g 1.40 <158 1,20 J135  1648+119° ¢ 2,75 % 210 1.83 § 207
] = : e S s TR e u— g
Maxillary Right Maxillary Left
S Force | Total v, Rate| Total anatej “Force | Total |iv, Rate]| Total Wv. Red
i o Space .of Space ! Cuspid iof Cuspic Spece :of Space! Cuspid of Cusy
5| 2 Closure | Closure Movement Movement§ Closure ! Closure | Movementiovemen
: (grams)| (mm.) (mm/wk) (mm.) | (om/wk) é (grams) (mm,) ¢ (mm/wk) (mm,)  (pm/vk)
D e e— ,._li.ﬂ... ,SD-a- --‘1/ L :;J -'\2 ﬁp- - s e R R — -
I }3*2 327124> 2.34 «315 2,34 315 F 0O a5 +074 +35 1 L074
; .
D3 [Li-1 |294+18 | 2.25 .281 1.90 +238 | 65+15 .53 066 &5 066
1.0 0~5 [270453 3.62 o422 2.37 277 153418 3433 <389 5.00 350
1 11-9 |349+31 2,60 « 308 2.40 «285  863+66 4,05 « 480 2.75 «326
I N3-7 (398414 445 +566 3453 <449 15394120 4.90 623 3.40 +433
_ | o Mmmw,wm.; B T T e
P22 321425 | 3.50 415 3.30 391 3‘56115 1,73 2205 2125 0265
i e T e S ] [T -
RA 16-111214239 | 2.13 257 | 1.13 136 246436 1,30 | 157 | 1,05 § .127
111
35'14-4l291i21 3.40 «384 2,40 271" 5394210 4,15 468 2.40 5293

¥Space closure was measured on models.
movement as measured on radiographs.,

175 decaying
,F300 decaying
1900 decaying

to 100 g,
to 200 g,

to 450 g.

'175 decaying to 150 =.
114300 decaying to 200 g.
900 decaying to 200 Ze

Cuspid movement is this space closure minus molar



