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INTRODUCTION

Friction plays a very important port in nearly
all everyday activities. Without friction, nalls,
gscrews, aud woving belts would be useless; trains and
putomoblles could not start, but if going could not
stop without a mishap; and one's ability to walk
would be lost. Friction also bus detrimentul effectis
on certaln activities. IT can produce excessive aneat,
wear, or even destruction oi machines and moterials
It zcts to alter the efficiency of any mecranical
device lincluding ortlhodontic appliances.

Ort odoutic applizuces a . ply forces to teeth
and the teeth respeoud by woviug tarcugh tie suprorting

ne. The magnitute of force whicu most elliciently

moves teets ls unot well imown. TIu 1937, Schwarts

reported tae results of his iunvedtigution of mipplied
force related to tooth wovement uuing a tistologic

a.proac .  he coucluded thet a force hich does nodv
exceed caplillary vlood pregsure (20-26 grams per sausre
centimeter) is wmost favorable for tooth movement (an
average permanent bicusiid toot. cont.lus rougily
one sguure ceatlmeter oY root surisce.)

Storey and Sgith (1652) reportezd thzt a force
of 200 to 300 grums

D= i

movement. They cuncluded that Torces wbove or below
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REVIEW OF %5

t-Lr

LI PPERZLTUREBE

Frictional force 1s defined as that force
acting parallel to two surfaces which is necessary to
overcome the resisitance between these surfaces when
g force is acting peryendicular or uormal to these
surfaces. The coefflicient of friction {u) is the ratio
of the frictional force to the normal force.

P= friectional force e coefficlent of frietion
T= H= normal force.

for two unlubricated metal surfaces in contzet
generally r-nges from C.15 to 0,25,

Static frictlon exists when there is no movement
between two surfaces and it is the amount of force
needed to just initlite movement. Xinetic frictiom
(sliding friction) exists when there is relative
movement between two surfaces. Kinetic friction is
generally slightly less than static friction.?l

Leonardo do Vincia(lﬁﬁe-lplQ) was the first to
develop baslec concepts of friction. Some of Lis
conclusions were:

1) frictional resistance is proportional
to roughness,

2) frictional resistence is doubled when
the load 1s doubled,

3) a body resists movement down an lzeline

plane with 1/4 of 1ts welzht.



Falmer , 1n Wig historical reviey of friction,
cites the iavortant contributions of Amontons und
Churles Couloumb to our understanding of friction.
amontons (1663-1705) was o French puo
described the mathematical relatiounsalp of dry friction

in solid bedies, He concluded that frictional

1) iz prorortlional to tue force {lozad) of one

> L] 2 om0 e g S . a
2) is independent of the area of coatact

Tiiese tiwo conclusions lLuve tradltionally been considered

(.

bwo so-called "elagsieal" laws of friction.
The coefficlent of {rictlon was descrited mathematically
by Amontons us P=Un (Amontons Law).

Couloumb in 1735 udded to the classical laws
by sgteting:

I

) frictional force is indevendent of

=

weleolty,

¥

) friction dependzs upon the nature of the

materials in contact (surface roughness).

Ze theorized that {riction was dus to tie intermeshing

e

0f microscopic asperities, much S8 the bristles of
two uair brushes ensage wien rubbed togother.

Modern day thought hus ternded to rerlace sone

—_

lawsg of friction. Palmer has



from thelr original worcing:

1) {rictional force is indépendent of load,

2) frictional force is directly proportional
to the area of zetnal contact,

3) frietional force depends upon the
veloeity of sliding and in the higher
range decreases with increasing veloclty,

4) frictional force depends upon the
nature of the materials in contact.

Palmer reasoned that friction was independent
of roughness, in th.t the results of 100 friction
measurements on eacn of five different metals were
essentially the same whether tne surfaces were polished,
or rough and torn. The friction of groundglass was
found to be less tuan that of polished glass. The
coefficient of friction is usually the same for a
material slid over o fres-ly prepared surface as
thbugh the some visible zgroove of an original trip.

Palmer differentiates actual area of contact
between two surfaces from avparsnt area of coantact.
Wnen two surfaces are placed together, microscopilc
projections come into contact. Increasing the load
on these surfaces causes elastic deformation of these
projections thus bringing more material into contact.
This increases the actual area of contaet without

changling the apparent area of contact.
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tive effect of friction of wires in drackets. S*onerlo
soates thet applield Toxces In orthodontic spplisnces
culy be diselvsted Dy friciion. XHe describes

different types of multiple leoop arches which do not
reguire the sliding of wlires through brackets. fThis

by using smell vires rel

& ]
He also says that the arch vwire nwst extend completely

taroughk the buceczal tubes of the mplars to prevent the

end ol the wire from vindine within tpe tube,
1
i

IO LY ORI A ] s e T N Tt oy
SDUYeTone cegeribe LS Segmenied 8rcn Tecimnigue

creates a consliderable amount of friction, since the

-

ance of t-e root of the wooth is

o I T A =
centver oIl reglz

Tty o ey LY o e - e o T e S s . ey
Two fenersl sBcpools of tmought exlist concernin

02

the mecrnzalem of friction hevween = wire oand & bracket.

1) Triction is depetdent upon the amount of
ITreedom vetireen tie zren wilire and hracket

B - e da i elas s e - . SNESPRR ~r A e 2 e o 7 -
and can ne oVercome Y increasing the force,
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of a tooth moviang in pure itranslation is located at a
point 40% of the distince from the aleoclar crest to

he apex and colncides with the geometric centroid of
the tooth. For tipping tooth movements the center of
resletance can vary Ifrom & point near the alveclar
crest of boune Lo the centrold, depending on the amount
of force appiied and shape of the root. 'nen a couple
is placed on a tooth the center of resistance can

vary between a point apiecal to the alveolar crest to

a2 point near the root apex, depending on the magnitude
of the couple. When thne value of a couple is high,
such as in bending a wire to produce neavy torouing
forces to anterior teeth (Lingual root torque), the
center of resistance may approzch the root apeX.

The ceater of resistance of a tootn must be
differentisted from the center of rotation, which is
that point about which a tooth rotates when moving.

A difference of opislon exists as to the looation of

the ceater of rotation azrnd fuctors which influence

iy

its location.
Ihe center of rotatlon has been cescribed by
various investlagtors as:
1) located a little apleal to tue center

of the root,

Ry
(w0

P

) located at the apex of the root,



3) located 2t the alveolar margin,
, . s 28
(Bauer and Long cuoted in Openheim™ ),
2
4) varying with foree magnitude, 9.
5) varylng with the location of force
2
application.
. 50 ;
Christiznsen and Burstone refer to a formuls
for computing the theoretical axis of rotation based
on a moment to force ratlo. The predicted values of
the center of rotation with tahis formula were within
o+
- 3 mm. of the actual experimentally determined centers
of rotation.
31 e r=d -
S.J. ¥lller found that tiprling forces applied
to teeth produced lustantaneous rotation around points
varying from the alveolar crest of bone for lighter
forces to positions near the junction of the cervial
and middle root thirds a2t heavier loads. Rotationel
axes frow longer term tipring force applications were
located apical to the root. He ~ostulated that elastic
deformation of bone was a factor in influencing bone
deformation.
SrimmBE studied elastic deformation of luterseptal
bone in humans and found that the arplication of
force to a tooth produced ap initial small but measurable
deformation of bone in a direction onrosite to the
direction of force application. His findings indicate
that varying axes of rot:ution exist with different types

of force applicaztions, tipring or couple.

- 16 -



MATERIALS AND MET:0DS

Discription of Appliance:

4n appliance was constructed walch was hoped
would produce bodily movement of mandibular cusplds,
mandibular bicusplids and mandibular molars. Nine
patients, 6 female, 3 male, azes 12 to 1% years, all
cancaslan, were selected. A criteria for selection
was thet tiey have minimal lower anterior crowdlng so
that loss of molar anchorage would not necesslitate
early termination of the experiment, and the severity
of thelr malcecelusions had to be such that four first
blcuspids needed to be extracted to complete their
orthodontic trezatment. Appliances were aot placed in
the upper arch Lecaucse the need to use head gear
azainst maxillary molars adds variables whieh can
not he properly equated in different patients.

Afver removal of the first bicuspids, the
mandibular cuspids, second bicusplds and molars were
banded, lmpresslons were tiken, the bands were seated
in the impressions and poured in plaster. Round tubes
with an iunside diameter of .045 and an overall lenzth
of approximately 20mn. were soldiered parwallel to
each otver ol the buceal and lingusl surfaces of the
molars and blecusplds. These were stabllized by a

kolding Jjug during soldering to insure their parallelism,

- 17 -



An 045 highly polished stainless steel wire was then
extended tnrougl each tube, held parallel with plaster
and soldered to the cuspids. [ooks were ithen soldered
on the buccal and lingual to the .045 wire in the cuspid
area snd to the .04%5 tubes in the blcuspld region
so that springs could be attached which would apply a
distal force on the cusplds and a mesial force on the
bicuspids and molars (Fig.l, appendix).
The springs (Unitek Pace Hulticoil, heavy, medium
and light) were calibrated on an Instron tensile
testing machiline so that they would deliver & certailn
force at o predeternined length. The rooks in the
blcuspld area were constructed so that shims could
be added whi.ch would increase the length of the springs
and meintain thelr deslred force level as the teeth
moved. 3By aprlying equal forces on the bhuccal and
lingual of the teeth and sliding the teeth along
relatively ridgid rails, it was felt that variables
introduced by rotations would be 5abstaﬁti&11y reduced,
Tubes {.022) approximately 3mm. long were soldered
vertically to the buccal of the cuspld znd molar bhands.
Trese vertical tubes were used to hold .022 sitainless
steel posts 10 mm. in lengith when takiang razdiographs,
§0 that points of referernce would be avallable for eval-
uating tipping and measuring tootn movement (see Gruiksh&nkBB

y
and Nixond*),



An appliunce was cemented in each of the two
lower quadXunts c¢f the nine patients wilth zine
oxypnospuate cemeat (Flg. 2, appendix). The patientis
were seen at one weerx intervals, impressioans were taken
over the appliances at that time, and the springs were
measured and adjusted as need to deliver the proper
rredeternined force. Force values of 100, 300, 500,
700, and 1000 grams were assigned randomly to each
patient and the same force was applied to the two

appliances in each patient,

fegting of Appliances:

To evaluate the friction ir the appliance and +the
maximum tipplog which 1t would allow, an apparatus was
constructed which was believed would clogely approximate
tine action of an asctivated appliance in the mouth.

Ihls appraratus coneisted of a board witr pulleys and
a "¢" clamp in which the actusl appliances could be
posltioned and tested for deflection and frietion
(Fig. 3, appendix). Plaster was placed in the molar
and blcuspld bands to prevent appliance deformation
and the "O" claup was tlghtened over the plaster.

an 072 wire was fastened in the cﬁspié band with
plaster to simulate the tooth root. 4 finc thread
was [astened to the hooks on the cuspid, extended

over ocne pulley and attached 40 a weight. Another

- 19 -



thread was attached to the 072 wire at a point
whieh would egual the apex of a mandibular cusvid,
(Average values for teeth lengths were obtained from

5

Greene Vardimun Bleck's measurements of teeth™ 7).

U

Thls second thread extended over another pulley to
another welght of equal value. fThe first thread and
welght provided the retracting force on the cuspid
while the second thread and weight simulated the
reslstance of the alveoclor bone 4o movement.

The apex of the tooth was cihosen as the center
of resistance in this test of deflection and frietion
because forces at this point would produce the maximum
Torce couple between the wire and tube, Tthereby
producing the maximum friction and wire deflection.
The actual center of resistance is probably located
near the ceatrold of a tooth, however, controversy over
the location of this point, large individual variations
in the shape and length of teeth, plus varying rlorce
applications make it difficult to select a valid point
for force avplication. In choosing the root apex to
apply reslstance force, it is felt that a more relizble
(reproducidle ) determination of friction and deflection
1s obtalned. It is emphasized that the values of
frlction and deflection obtalned in this investigation
are the maximum that could be expected in the arppliance

and that actual values could be expscted to Le somewhat



lesg with 2 siorfter moment arm.

Two a_pliances were tested for maxinum deflectlion
by posltioning them on the apparatus and applitng force
values ranging from 63 to 1032 grams. A traveling
mnieroscope was used to mezsure wire deflection from
its resting position. This instrument could detect
differences as small as 2.5 microns. The standard
error of the measure was calculated to be .012 mm.
Deflection was first measured for the .045 wire at
the center of the cuspld crown over the solder joint
with the cuspid band at a point 9 mm. from the mesial
of the .045 tube. This would correspond with the
average space avallable (7 mm.) for cuspid retraeiion
and forward molar and bleuspid movement when a first
bicuspid is extracted. The .045 wire was firmly fixed
to tiie tube to prevent sliding during deflection
measurements. Deflection was thon measured at the
root apex, and deflection in .072 wire {root simulator)
was determined. By reducing the measured total
deflectlon by the amount contributzd by the 072
wire, total deflection ol the root was determined.

This deflection was then broken down into the amount
contributed by deflectlon of the .045 wire and by
deformation of the cuspid bhand,

Friction was measured in 10 of the 18 appliances

by placing the appliances on the avparatus in the
o b i



same manncr as described for the deflecticn measurements,
using enual welzhte in each direction. In this
configuration, a state of equilibrium exists with
a force courle present between the tubes and wires.
If no friction at all existed, ithe reduction of the
welght on one side by a minute amount ﬁould result In
movement in‘the tubes toward the opposite direction.
In this experiment, the weight on one side was
progresgively reduced until movement was Jjust inltiated.
The amount of weight reduction recessury to start
movement was considered to be the frictional force
in the appliance.

To reduce the welght by & known amount an
amalgan plugzer equipped with two strain zmazes
(dgnamometera ) was used to arply a force at the apex
of tne root opposite to the welzht avp.licatlion at
that point (PMig. 3, appendix). The strain zauges were
connected througn a Wheatstone Bridge circult to a
Sanborn straln gauge amplifier and graphic recorder.
Thig instrument was calibrated before and after each
appliance was tested, by hanglug welghts of known values
from the amalgam plugser (Piz. 4, appendix). Weights
as smallas 2 grans could be deterwlined with this device.
Forces applied to reduce the weight of one side of
the friction testiugz apparstus were reglstered on
zraph paper. That point at whlech the appliance

- 22 -
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gtarted to slide was determined on the zrapr recordings
(Fig. 5, arpendix) as the polnt where the tracing
leveled off and the friction value could e read
directly from the gravh. 4 similar method of measuring
frictlon which used a device containing strain gauges
to sllide a sample of material aloang o surface at a
constant rate with a lathewas reported by Sponseller

36
and Gavan .

Bince hand pressure was used o apply the
dynamometer, slightly lrregular graph patterns were
obtained. To determine 1f differences in friction
at different load applications were real, a range of
frictlonal force values was read from the graph, and
the mean friction value was computed. If no overlap
in ranges was present, 1t was assumed that the differences
were real.

An zttempt was mace to simulate the mechanical
action of "jilgglinz® wirleh oceurs in the mouth
through the zction of mastication and musecle forces
on ortiodontic appliances. This was done by fixiag an
electric (50 cycle) wibrator to the back of the friction
testing apparatus (Fig.6, appendix). Tuils could then
ve turned on «t a constant raote to test vibrating
frietion following each determination of static friction.

Approximately elght friction determinations

were made on eacn of 10 azpliunces at & force loads



(63 to 1032 grams) under static and vibratory conditioms.
The mean of the frictlion values obtalned was determined
and a coefflcient of friction was computed for each

force applicztion under static and vibrating cozditions.
This was not exrzected to bve tie true coeficlent of
friction bvetween two stalnless steel surfaces because

oi the presence oi the couple between the wires and
tubes. Using the term coefficient of friction provided

a convenlent means of expressing the friction to

force ratio.

In order to determine tiue effect of sallva and
lubricants on friction the following determinations
were made. Two of these appliances (Lo. ITI ard VII)
were torcughly cleaned with a brush, soap and water
(cotton string was used to clean the inside of the
tubes). They were dried aad agaln tested on the
apparatus for friction. Next they were scvaked in
salive for 15 minutes ani tested. They were kept
saturated by inter:zittent applications of saliva with
a2 camel's nalr brush. These appliances were agalin
torougnly eleaned and t@sﬁed for friction zafter
lubrication. One (Jo. II) was well lubricated with a
heavy grease (KEL&F Grease), and the other (lo. VII)

with a thin machine oil (Ritter Bngine 01il).

Frictlon in the Bdcewlse Appllance:

Following the testing of the experimental



appliance, the Irictlion testing apparatus was modlified
slightly by the addition of a second "O" clamp at a
distance of 20 mm. from the first clamp. These clamps
could securely hold & strand of wire 20 mm. long,

the approximate discance from tne meslial of & bracket
on & second bicuspid to the distal of & latersl

ineiscr bracket. This gituatlion would then be somewhat
nalogous to taat existing when a cuspid is belng
retracted distally.

An extr.cted cuspld was banded and ligated to the
secured wire. A load could thean be plszceu on the
tooth in a manuer similar to thut descrived 1n the
frietion test on the experimental applisnce, and
frietion could be evaluated (Pig. 7, appendix). The
load placed at the apex of the tooth was applied at
a2 point slightly lingual to the apex, s0 that a
maximun rotatlon component would be produced, thereby
producing mexinum friction.

A combinstion of twenty different comnditions were
set up on the apsparatus and tegsted for static and
vibratory friction at the six force loads used previously.
These conditions conslsted of using different wire silzes,
(round and edgewise), various brecket widths, (slamese, Lewls
brackets, and single brackets), different ligature ties,

ight, loose, heavy, light, and A-lastKs), and the

——
c¥

influence of saliva.



FINDINGS

The mean deflection of the 045 wire at the
cuspid band in an occlusal direction was found 4o range
from .O75mm. at 63 grams of force to .079 mm. at
1032 grams (Table I; Graphl, appendix). The standard
deviation from the mean was .043. The mean deflection
at the rcot apex (after adjustment by subtracting the
deflection in the .,072 wire root simulator) was found
to range fronw 159 mm. a2t 63 grams load to 2,287 mn.
for 1032 grams (S.D. = .056).

A mathematical model was used to compute the
amount ol deflection at the root apex due only to
bending of tzne ,045 wire. (The values obtained should
equal the measured deflection at the root apex if no

pending of the cuspild band occurs).
g .

A
B

1}

pl---AE

In the above figure, 1f BC is the mezsured

deflection of the ,045 wire, 4B = U mm. and BD = 19 nm.,

then the expected deflectlion at the apex DE =




The computed values for root azex deflection
ranged Ifrom ,158 mm. at 63 grams force to 1.433 mm.
at 1032 grams. Wnen compsred with the measured values
of deflection at trhe apex 1t was found that the
measured values exceeded the computed values by =
range of 001 mm. at 63 grems lozd to 854 mm. at
1032 grams. Tue increased values for measured
deflection were believed due to a bending of the band
nouterial at higher force loads.

Four of the ten experimental anpliances tested
for friction were found to contain binding due to
slizht permanent bending of the wires. These
arpliances were not counsidered in the evaluation of
tootn movement (Martin537 and ansonaa) or of friction.

The meazn friction values for slx appliances
varied from 20 grams to 350 grams over the force range
for static friction and from 12 to 305 grams for
vibrating friction {Table II, Graph 2). The coefficients
of frictlon tended to be nearly line.r throagnout the
force ranges with somewhzat klgher values obtalned at

low and nigh ends of the spectrum (Graph 3). The
range was from ,2566 te 405 for static friction and
from .184 to .2%% for vibrating friction. Vibrating
reduced frictlon by an average of 27 grams wilth

slightly nigher reductions at nigh force vzlues,



Friction valueg determined for the two appliznces
saturated with salliva were found to te *igher than
those with the same zpplisncey tested dry. Tone static

friction values over the forces tested ransed from

¥

20 to 308 grams for dry appliances and from 54 to 504
gramg with saliva (Table III, Graph 4). With
vibrating conditions, 2z similar difference was [found.

T™e effect of a heavy grease applied to ome
arpliance was to increase the forceg of friction
slightly throughout the force range. 4 thin oil,

applied to another appliance, ilncreased friction

glightly at the lover force rances and decrezsed
friction witsh higher foreces (Table IV).

Teste on the edgewlsge arplisnce revealed fewer

discernible diiferences 1n friction wvalues than with

2]

those obtauined on tne experimental =zppliance. BSome
of the more appurent findings are llested below.
1) Tight ligature wires increased friction

markedly, esgecially =t the lower forces
After the wire slid throug:- the bracket
a small amount, the lizature would tead
to become leoosened and friction was
reduced. Tignt ligatures seemed to
incresse friction more in round wires
than in rectangul.r wires due to the

increased rototion and tipping allowed



3)

%)

5)

i

vy the round wires, producing more

pars

binding.

Alugtiks increased friction at lower
forces, znd allowed bracket disengagement
at hizher loads.

Vibration csused less friction

reductlon in the edgewlse appliance

tihan 1o the exverimental appliance.

The higher force loads on small wire
slzes produced a binding of the brackets

wileh markcedly decreased sliding.

4t 1izht forces the friction for an 022

wire was very nearly the same as thst
for an .016 wire.

Fo significant difference gould be

o

detected wien the bracket wmad arch wire
were saturated with saliva.
Slightly lower friction values at low

ferees were obtalned with the Lewis

bracket, aowever, the variability was nigh.

Ho dilference in the friction values
for single brackets from twin brackets
was observed at low force levels. it
high forces, more friction existed with

Single brackets, due to binding,



9)

Lo significant difference could be
detected in the amount of friction in
the 021025 edgewice wire from the

«019X.025 wire.
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DIBCUBBSION

The amount of defleetion measured 1n the
experimental tooth moving appliance shows the
difficulty which exists in obtaining pure bodily
tooth movement. The amount of tipping in the mouth
would probably not approach the calculated deflection,
due to the greviously amckaowledged overestimation
of the moment arm to center of resistance, still tipping
must be expected when heavy forces are used. A
consideration of the deflection allowed by the band
materlal as well as the wire should be given o any
future appliances designed to achnleve bodily tooth
movement.

The values obtained for frictionsl force in this
study in general tend to follow the first "elassical®
law of fricticn which states that "friction is proportional
to the loazd 3§plied“1. A range of values was determined,
when resding the frictionsl force from the graph
recordings, to give an estimate of the variation and
measurement error. This racge, which averaged from
+ 5 grams at 53 grams load to + 20 grams at 1032 grams,
is probably an overestimzate of the error of the method.
4T least eight friction readings were made on the
graph paper for each force load and the readings are

guite uniform (Fig. 5), therefore, the differences in

- 3] -



frictional forces obtalned vrobably tend to be more
real thana range overlap would indicate.

Tne vibrating friction used in tiils investigution,
was found to be somewhat less than static friction,
but the actual mechanism which exists in the¢ mouth 1s
probably much more efficient in reducing irictlon.

he forces of macstlication against solid foods should
produce considerable vertical and lateral movements of
the teeth which could act to overcome the friction

in a bracket.

Tre findings of higher friction values for saliva
were surprising. It has been expressed in the
literature that saliva may act as a lubricant to reduce
friction in orthodontic apﬁli&ﬂces.ga If the results
of thils study are valld, an explaination of the action
of saliva in increasing friction could be based on
the inherent friction present lun any viscous fluia!
providing sdded friction to two realtively smooth
surifaces witi low frlction coefficients. fThe higher
frictlon values obiained for oll at lower loads tends
to suprort the above explaination. With relatively
low force loods and low friction materials the
Jubricants (oil, grease, or sulive) provide more
internal friction toc the systems than they hLelp to
overcome. 4t highner loads, as the Llindings for oll

tend to show, more friction between the murflaces
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develop and tine innerent friction of the lubricant
becomes less important, relative to the large friction
between the materiszls.

The findings from the evalustion of friction in
tue edgewlse appliance tend to oppogse the viey!9-21
that clearance between bracket and arch wire are
iuportant in decreasing friection. A more important
gonsideration in the production of friction would seem
to be bipding of bracket edges onto the areh uire.ga
Phls can ocecur more readily with small wires. Wide
brackets are an important factor in reducing binding
by allowing less tipplng on the arech wire. Tlght
ligatures increase frietion, however, the length of
time they remain tight in the mouth is open to
cuestion.

When force is placed on teeth by an appliance,
friction ig probably produced in the appliance - gtill
the teeth move. Because teeth are surrounded by 2 vital
environment, ch.unges take plauce which constantly alter
the noture of the force directed on the tootan. Uo
known appliance can be expected to deliver a constant
force to a tooth. By the same reasoning, & frictional
force whilch exists on & testing Loard on tone labordtory
bench cannot be exuected to duplicute the chunglng

force of friction which exists in the mouth.



SUMMARY AND CONCLUSIUNS

This study mas initizted to test frictional
forces in an experimental tooth moving appliance
designed to ecuate the rate of biologic response of
a tooth to applied force. A laboratory test of
friction produced the following results:

1) friection was roughly proportional to
load,

2 vibrating Ifriction was slightly less
than static frictlon,

3) saliva increased frictionm slightly,

4) Dbinding of bracket edges on wire caused
high frictional values.

4 test of maxinum tipplng which could occur was
performed on the experimental appllisnce. Deflection
values obtained ranged up to 2.2 mnm. for heavy loads.

The nature of frictlon is not well understood.
Differences of opinlon exist on the importance and
action of friction in ortiodontics, Xost available
discusslons of friction are based on theory. Euphasis

should now be directed to the testing of these theories.
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Figure 2, Appliance in the mouth,
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Mgure 3.

Apparatus for testing frictlon in experimental
applisnce, showing place of application of force
with dynamometer to reduce load on one slde.

Figure 4.

Calidbration of dynamometer

.
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Figure 5. Sample graph recordings of friction
values on dry and saliva saturated appliances.
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Figure 6. Priction testing apparatus with vibrator.

Mgure 7. Apparatus for testing the edgewlse appliance.
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TABLE I

Mean deflection values (mm.) for the
gxperimental tooth wmoving appliance.

(n = 2)
Force Orown  Apex 072  Apex Apex Apex Band %
(gms.) wire (4d43j.) (comp.) (from band  bending
bending)

63 LO75 L1758 016  .159 158 001 0.6

187 «192 5359 O47 492 « 405 <GB 17

328 W262 - L2044 082 «822 516 « 206 25

hi% A0 1,330 L1060 1.170 w53 « 317 26

T4T « 548 1.944  ,218 1,726 1.157 «569 33

1032 BT79 2,590 .303 2,287 1.433 854 L

TABLE II

Mean friction values {gms.) for the experimental
tooth moving appliance {n = coeffiecient of friction).

(n = 6)
Force Statlic Vibrated Range(+) am(stat.) m(vib.) % reduction
(gms.) in p
by wib.

63 26 12 5 » 405 «196 51

187 50 35 8 «258 .184 31

328 92 65 10 .280 « 157 20

3 ke 13T 112 15 266 +218 18

4T 229 192 9 « 506 «254 % 4

1032 350 306 20 339 . 296 13

B



GRAPEH 1

Deflection of Appliance (mm,)

1032 =t . X

747 - X
Force + //
I
Applied /
] //
(fgﬂlSa) / /
i
515 —‘::- b 4 /9 o]

187 == x /a, o
. // ////
63 /QI <

i | i [ L 3 5
2 K 6 B 1lo 1.2 1.4 1.6 1.8, 250 2.2
Defleetion ~ (mm.)

Lt L e deflection at crown

o cdeflection at apex (adjusted for bending of
072 wire)

X— — ——xdeflection from bending of band (at apex)
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300

GRAYH 2

Priction

200+
Friction
(gms.)
100 +
Force Applled - (gms.)
GRAPH 3 = JFriction
0'4 o, °\
A
\
\
\
1 X .
0e3 ~ ,,/'“”” =
\ //’/. \\\\\ /"// /
\Q"/ ‘\\\"’/
d o
Coefficient //////////
o
of 0.2 <L —
0\\“~o—~”"o
Friction (u) tmmem————sgtatic
(gme.) o ovibrated
Oul
e
63 187 328 515 7h7 1032
Applied - (gms.)

Force
o Ll



TABLE IIX

Priction with Saliva

STATIC
Force Dry Baliva M Dry 4 Sz2liva % increase
{gns.) in u with
Saliva.

63 20 54 325 .850 162
187 3l 88 w273 W4TL J

328 76 155 234 A1 76

515 122 182 . 238 % 48

747 188 275 « 251 « 368 47
1032 308 405 «298 « 393 32

VIBRATED

63 12 30 .192 469 144
187 35 62 187 329 76

328 55 102 168 313 86

515 100 158 194 « 306 58

T47 159 248 2135 $ 332 56
1032 262 290 .226 «3T0 &7

Mean friction values (gms.) for the
experimental tooth movement appliance

dry and saturated with saliva (n=2).
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GRATH 4

Mean values for friction in the
experimental appllance tested dry
and saturatéd with saliva (n = 2).

{static friction)

400 —
300 4+
Priction
200 —
(gus.) o -
- / ///
o ’,//
/'ﬂ
100 -~ / _ =%
o o2
/ ’,/"Q/
- o ,,e”’
-
0/‘/
l || i I 1 || ] i [ 3 i i l;
J L5 I! g [ L2 I | 7 T T J T L l
63 187 328 515 T47 1032
Force Applied - (gms.)
o e saliva
R - dry
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Force

63

187
528
515
T47

1032

Mean friction values (gms.) with clean,

?TABLE

IV

dry experimental tooth moving appliances

compared with the influence of a heavy

grease and a thin oll.

STATIC

Dry Grease il |
20 55 40
51 78 60
76 118 88
122 180 125
188 250 172
308 395 265

ey

Dry Grease 0il
12 45 18
35 68 38
el 95 70
100 150 110
189 232 140
262 345 235



