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¥ THE CONTEMPORARY TECHNIQUES FOR THE
PREDICTION OF LOWER THIRD MOLAR IMPACTION
Abstract
by .

RONALD DALE FINK

Although the predictiog of lower third molar impaction has

been attempted for many years, 2 prediction service has only recently
been made commercially availabie by Rocky Mountain Data Systems, Inc.
It is claimed that their technique (described by Turley and Chaconas in
1975) can predict, tem years in advance, the space available for third

: molar eruption to +2.8 mm and, because the third molar eruption is a
function of space, eruptiom can and should be predicted. Although an
increasing number of orthodontist employ this service, little indepéndent
sﬁpport for its efficacy is available. Accordingly, an investigation of
the accuracy of this technique, as well as that of the two other wérkers

{Leydard and 2ichardson), was undertaken.

Sixty-two lengitudinal cephalormetric series, spanning the

pericd froa eight years of aze to maturity, were selectad from ths
files of the Bolton-Brush Growth Study Center. Each subject had an
avecaze of tulirteesn cephalozetric radiographs.

Separate predictions were obtained for both lower third molars
by tracing both rignt and left sidss of the mandible, teeth, and oc-
clusal plane for the three ;echniquas. The accuracy of the prediction

rethods were exanined by a variety of statistical tests and the fol-

if




lowing conclusions were drawn:

(1) Leydard's method was biased toward the prediction of im-
paction. Of forty-five erupted third molars, only eight
were predicted.

(2) Richardson's general observations that steeply angled third
molars tend to be impacted and tend to upright less wére
corroborated by this study. However, Richardson did not
present a prediction method per se; therefore, these obsar-
vations do not constitute a formal validation of a predic—

tion technique.

(3) For Turley's method, the coefficient of triserial correlationm

between the predicted measurements and the final status of

e , ) the tooth was of only "moderate" magnitude, averaging .527

E for all predictiom intervals.

(ﬁ) Overall, the Turley method was correct in only 49.5% of the
cases. Its accuracy decreased in direct proportion to the

length of the prediction interval.

Ei{ (5) Because with the Turley method several highly undesirable
3 outcomes have a finite probability, the orthodontist probably

E would choose to "watch and wait,” a simpler course of action
j;' that probably would have both a higher expected "payoff"

and a lesser risk.
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INTRODUCTION

Recently, a computerized scheme designed to forecast the
impaction of mandibular third molars has been presented to the dental
profession by Rockv Mountain Data Systems (R:MDS). This method,
developzad by Turley and Chaconas (1975), is based on a forecast of
the space that will be available to accormocate the third molars at
maturity (nineteen years for males; f{ifteen years for females).

Although this is the first publicized attempt at "computer--
ized" prediction of randibular ﬁhird molar impactions, it is not tha

. only method available to orthcdontists. Indeed, the feaéiﬁility af
predicting lower third mola; igpaction was examined as early as
1935 (Henry and Morént). Leydard (1953) was the first to suggest a
prediction formula using ths anterior border of the ramus to the
-distal surface of the lowar first molar for a linear measuremant 5f
space available for the eruption of the third molar. Margarat

1

Richardscn (1975) examinzd lowar third mol

1u

v impactions bv obs=arving
ths relationship of th2 axial angulation of the lower third molar to
the mandibular plan=.

Upon close examination of these two earlier prediction methods,
faults can readily bz recognized. Leydaré's usz of the antarior
border of the ramus hzs two inherent proklems. Firstly, upon viewing
the lateral cephalogram, the lmage of the anterior border of the

ramus crosses thz third molar, giving the impression that ths third



molar is impacteds in r221ity, the third moiar usually erupts

lingual.to the anterior border, and what may apgsear, radiographically,
to bz an impacted third molar, may actually be a fully erupted tooth_
(Figure 1) . Secondly, accurately tracing the anterior ramal border
in the area of the s2cond and third molars is a technically dif-
ficult procedure. The molar series often obscures the anterior
border, and in many casss it is impossible to locate pfecisely.
Consequently, the anterior horder of the ramus is a guestionable
landmark upon which to base a prediction method.

Richardson's approach appears to be more of an obsarxved
relationship rather than a specific prediction technique. No
definitive criteria were suggested as to how her observations coul& be
used in forecasting future impactions.

- Turley's predictioﬁ technique is bassd upon an easily con-
structed landm§rk, and has recently attracted the at;entiOn_of the
orthodontic community, primarily because of its widespread commercial
circulation through RMDS.

Curicusly enough, an increasing numbar cf orthodontists
ars taking advantags of this service, in spite of the fact that the
only studiss substantiating the technique are studies which have
been performeé by RMDS. Therefore, an independent investigation of the

validity of their technique should be undertaken.

An investigation of any prediction scheme would necassarily
.require the use oI 2 lcngitudinal series.of cephalometric radio-

grapns on subjecis who hava never been treated crthodontically.
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Fortunately, this reguiremant was easily met by obtaining longitu—

dinal cephalometric series from the collection of thne Bolton-Brush
Growth Study center at Case Western Reserve University.

A valid prediction scheme would be an important diagnostic tool
for the entire dental community, because of complications which fre-

quently result from impacted mandibular third molars. Headaches, ocular
disturbances, neuralgias, neuritides, and dysphagias have all been associ-

ated with lower third molar impactioms,(Fahy, 1926). The presence of an

impacted third molar apparently weakens the mandibular angle; and, with facial

trauma, this is the most common site of fracture (Henry and Eorant,
193é). Other complications include pericoronitis, periodontitis,
caries associated with partial impaétion, pathologic resorption of
rltheradjacént root of the second molar, idicpathic rescrpﬁion of the
impacted tooth, and cyst formation (Carr, 1966). Both ameloblastomas
and carcinomas may arise from the walls of dentigerous cysts (Carr;
1965), and cdontogenic cyst membranes ray become neoplastic in the
'stratified squarmous epithelial lining. A valid prediction method;.:
incorporated into diagnoses and treatment planning for young patients,
could be of tremendous value. Consequently, it is the purpose of this
investigation to evaluate statistically the techniques currently avail-
able for the prediction of lower third molar impaction and to discuss

their application to the clinical decision-making process.




2EVIEW OF THE LITERATURE

Erustion of the Mandibular Third Molar

Although thz path of eruption of the mandibular third molar
is similar to that of the other permanent molars, the time of imitial
formation of the third molar has a much greater range of wvariability.
For ease of comparison, the development and clinical eruption of the third
molar has been separated into nine stages of clacificatiou and movement,
as shown in Table I (Garn et al., 19862).

The mean time of appearance of the third molar follicle, in
maies and femalss, is at 8.7 and 8.6 years, respectively (Garn et al.,
1962} + It has bean obsarved radiographically as early as fivs yéars
of ége, but usually cdoes not appéar aftef the fourtesth year (Banks,
1934) . Initiallv, the epithelial bud lies on the surface of tha
rarus, but then bzgins to invaginate into the bone as de.valoément
comences—(Richardson, 1970; Silling, 1973). According to the stand-
ards of Garm et al., 1962), a mean time of cusp clacification Eegins in
males and females at 9.4 _and 9.6 ygafs. respectively. The plane of the
occlusal s-_:rfaca, upen calcification, is positioned upward and
forward at an 2ngle of 40° to 45° to the occlusal plane (Silling,
1973) . The bud varies in its horizontal location, lying frc;m 0 mm.
to 7 -mm. (m=2an cf 1.2 mm.) distal to the second molar (Richardson,

1970} -

AS tnis ziz2, saveral processes are taking place sinultancously.
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The thixd molar, starting in the ramus, migrates downwzarl an
ward, while tha anterior border of ths ramus resords {(B3roiis, 1942;

5illing, 1973). Cons=guently, it is soon locatzad within tHhe body

of the mandible in closs proximity to the second molar. Mzzawhile,
the alveolar process is rapidly growing in vertical height. Thne
thiré molar erupts upward at a faster rate than tr‘a bones is growing,
so that ewvantually ths topth surpasses thes level of the 2lvzgolar
crest and mucosa, and erupts clinically into the plane of occlusion
{Brodie, 1942).

The verticzl correction of the axial tilt of ths thiré molar
dﬁring developzment has bzen investigatad, and the reportead iesulté
have been conflicting. BAs the third molar bud migrates fozward, the
upward and forward orientation of the occlusal surface usuarlly

remains unchangsd. Broadbent (1943) and Weinman and Sichasr (1955)

showed radiographically that rotational movement occurred during the pro-
cess of forward movement toward the second molar. Silling (1973 showed
radiographically that only after the third molar bud came into close
prox _L"u_tj to thz second molar, did a changes in axial orientation take
place. A normal ralzition to the occlusal plane was than achisvad to
allow ervption to proce=d normally.

Vertical eruption of the tooth does not begin until root
formation has bsgun (Moysrs, 1973). 'Nolia's (1280) stagss of tooth
;:alcifica tion indicate that the crown is complete at staga 5, and
cnz third of the root is completed hy stage 7. Thus, vartizal

eruption of the tooth begins somzwnere between stagss 5 and 7

Rccording to Garn's standards for lower third molars, the avarage
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crown completion tims is 13.6 and 14.2 years for males and females,
respectively. The mean time of root formation is 14.4 and 15.0 years in
males and females, raspectively. Clinical eruptior was seen around :
17.9 years for males and 17.8 years for females, and mean apical
closure was completed at 20.2 and 19.9 years for males and females,
respactivealy.

Incidence of Mandibular
Third Molar Impaction

Bjork et al. (1956) found, in twenty-year-old, Swedish males,
at least‘one mandibular third molar impacted in 18.8% of 133 sub-
jecﬁs with completes déﬁtitions, and that 15.5% of the lower third

_ molars were impacted in 110 subjects with incomplete déntitions
(Taﬁie II);

The diffsrence in incidence of impaction between thz com-
plete and incomplete dentitions may bz due to the presence of an
edentulous séaca. In cases with an incompleie dentition, there is
usually a mesial shift of thz postarior teeth toward the edentqlcus

pace. This shift creates additional distal arch space for the

u

Dachi and Eows=ll (1961) found that of 1,192 subjects
reviewed, 17.5% had at least one lower third molar impacted. Morris
and Jerman (1971) showed a much greater incidence of third molar
impaction. Of 5,6000 19.5 year-old male recruits, U. S. Air Force,
22.3% had all four third molars impacted, 11.5% had three impactedl
third molars, 17.9% had two impacted third molars, and 14.0% had

one third molar impacted. Based upon these figures, two out of
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TABLE II

INCIDENCE OF MANDIBULAR THIRD

MOLAR IMPACTION

. 5 Complete Incomplete

Impaction Dentition Dentition Total
(133 Cases)” (110 cases) (243 Cases)

Both Sides 17 (12-8%) ' 8 (7.3%) 25 (10.3%)

One Side 8 (6.0%) 9 (8.2%) 17 (7.0%)

Total 25 (18.8%) I7 (15.5%) A (X¥71.3%)

After Bjork (1956).
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three (65.6%} 19.5-year-old man in tha United States can L2 assurred
to have.one to four impacted third molars. This investigation was
based on men who had not reached ths average eruption ags for the
lower third molar, which age, according to Silling (1973), was 20.552.3
years. Furthermore, what might appear in two-dimensional radiographs
as an impacted third molar, may actually be a tooth that is fres of
contact buccolingually from the second molar; and that, in tims, will
erupt.

Bilateral impactions do occur more frequently thag unilateral
impactions; whether a significant differxence gxists still remains
forrfuture'studies to datermine. Hellman (1936) founé no difference-
.between the f#equencies of bilateral and unilateral impactions.
Howéﬁer, this. conclusion was based upon a very small sample. Daschi
and Bowall (1961)'a150 found no siénificaﬁt difference in a study
of 308 subjects: 16.9% had bilateral impactions and 13.0%
had unilateral impactions. Conversely, Bjork (1956) did firnd a_'
significant difference in a group of 133 cases with complete denﬁi—
tion: a 12,87 displayed bilateral impactions,-while 6.07% showed
punilateral impactions.

Hellman (1936) found a significant sex difference associated
with third molar impactions. 20.8% of 172 20.75-year-old females
and 9.5% of 261 20.5-year-old mzles had third molar impactions.
Hellman explained this difference as a function of mandibular growth,
since in the female, growth of the mandible has usually ceased when
the third molar is ready ta erupt, while in the mzle mandibular

growth may continue during the eruption of the tooth. A larger




sample would make these statistics much more convincing, but also
more controversial, inasmuch as Daschi and Howell (1961) found no

sex difference in a sample consisting of 532 males and 660 females.

Crowding Due to Third Moliars

Many .clinical orthodontists have long believed that the
impacted third molar is a major cause of crowding of the lower
anterior dentition. In support of this view, many studies have
shown that subjects with congenitally missing third molars had sig-
nificantly les‘;s anterior crowding as compared to individuals having
impacted oxr erupted third molars (Bergstrom and Jensen, 1961; Keene,
1964; Sheneman, 1969). It has been _assumed that the mesial force
proc&i:.ced by the impacted molars is transmitted through the posterior
teeth, causing the mandibular anterior teéth to become malaligned.

Laskin (1969) pointed out, however, that if a meéial force
were transmitted from an improperly erupting molar, this force would
cause a corresponding forward shift of all posterior teeth in order
to bz physically transmitted to the incisors. Moreover, he postu-
lated that t-he most likely place for disruption of tooth contact
would be in the canine region. Laskin concluded that bacause the
relationship of the upper and lower posterior teeth did not signi-
ficantly change, and that the crowding was usually seen in the
mandibular incisor area, he disputed the charge that the third molars
were the direct cause of anterior dental crowding.

The effect of the third molar on the lower anterior dental

alignment has usually been evaluated by comparing subjects with




third molars present to subjects with third molars congsnitally

(1Y

missing. Selmar-Olsen (1937) examinad sixty-three mandibles o
different races having ﬁnilateral congenital absence of thz lower
third molars, and he observed siénificant cxowding. Ha bslievsd
that with wvigorous mastication, the external muscles, cheeks, and.
lips have the effect of directing the crowns of the lowar incisors
lingually, with a corresponding labial movement of the roots. In
addition; he suggestad that hyperfunction of the orbicularis oris
or hypofunction of the tongue will cause crowding bf the lower
incisors. |

Vego (1961) showad that arch length decreases, through
anterior crowding, on the average of 2.5 mm. with lower third molars
' present, as com_:;areél to a 1.7 mm. dscrease when third molars were
conge'nitally missing. He attributed this difference to the presence
or absence of the third molars.

-Shanley (1982) divi-d'ed forty-foujr subjects into three groups:
(1) bilaterally impacted, (2) bilaterally erupted, and (3} congéﬁi—'
tally absent third molars. In his study, no statistically signi-
ficant diffarsnce was sa2en among the thres groups with raso2st to
lower anterior crowding. Shanley concluded that the third molar
exerts little, if any, influsence on the alignment or procuxmbsncy of
the mandibular anterior teeth.
| Fuder (1969) showad that the lower first molar (and all
teeth mesial to it)was farther forward relative to point B, and the
lover incisor more procumbént in subjects with only third molar

crown formation completed when comgpared to subjects with cong=zritally
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missing third molars. Thus, with the teeth farthzsr forward on the
mandibular bass, the incisors would b2 more procumlbent, and crawding
would result du2 t2 their less stable pesition. Inasmuch 25 na root
form;.tion has begun (thus, presi-'nably no masial force du= to erup-
tion), the third molar crown could not significantly influence the
antero-posterior position of the teeth mesial to it. Fuder concluded
that the mandibular third molar wés not a direct cause of thz lower
inciscr crowding which often coincides with third mblar daveiopzent.

Mandibular crowding, after orthodontic treatmesnt has bean
completed, may be due to several factors; among others:

i(l) lingual uprighting of the lower anterior teeth, as has
bzen shown to occur with incieasing age (Bjork, 1935);

;kZ) teeth expanded bayond an acceptable angle to basal bone,
resulting in the powerful facial musculature moving tﬁe
teeth back over basal hqne; and

{3) the slow rate of readjustment of the free marginal fibers
in the periodontal ligament, which may cause the t=eth go
revert partiaily or Fully to their original positions-

(Raikan, 1953).

(4) because mandibular growth continues on longer than maxillary
growth, the lower anterior incisors may become malaligned due
to the pressure exerted by the forward growth of the lower

(contained) arch against the restricting maxillary arch.

33 i abova that the
I+ would appear from the studies mentioned v= that

little or no influence on mandibular

7

jmoacted third molar has

anterior dentzl crowding.

Etinlogy of Impaction

' : aE i .d insaction ganarelly focused
Early studies on maloc=lusion and 1nZ sy
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on the importance of environmant, while often overlooking‘ 53 role ot
heredity (Horehouse, 1330, D'Alise, 1930; Nodine, 1943). Begg
(1239) believed that the mesio-distal attrition of teeth dus to the .
chewing of coarse, fibrous food allowed the posterior teeth to
migrate forward, cr2ating space.for tl.ael third molars to erupi:. Due
to the refined comsistency of the modern diet, little mesial migra—
tion can take place, and the chance of third molar impaction has
increased.

Brun (1242) felt that the arez from the distal sﬁrface of
the last occluding tooth to the anterior border of the ramus ab-
sorbed the greatzr part of the force expended by the intermal ptery-
goid and masseter muscles., He hypothesized that pressure from these
muscles, due to the force of mastication, affected the growth and
development of this area, and that because of refined foods, the
forcé exerted by these muscles is greatly diminished. Brua con-
cluded that .the amount of growth would also be diminished, and that
the impaction of the third ;:olars would result. To advccatg such a
line of t'hOught suppose: that bone can grow i_ntérstitially, and bone,
as we all know, grows by apposition, once calcification takes place
(lieioman a2ad Sica=z, 3953} .

Archer (1975) has cited many other possible sources of im-
paction: (1) prim;ar}' displacement of .tha tooth germ, (2) ankylosis,
(3) systemic disturbances, including cleiodocranial dysostosis,

(4) malposition of the adjacent tooth and pressure from the adjaceat
tooth, (5) abnormal density of overlying bone, (6) chronic inflam-
mation, with a resultant increase in the density of the overlying

mucous membrane, (7) acquired diseases with associated necrosis due
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to infection or abcessss, and (8) inflammatory changes in
is ortho-

to exanthematous disgszasss.
Another suspscted cause of third molar impactions

Mzchanics that move the buccal segments distally
impaction (Rice, 1940).

dontic treatmant.
influenced by postarior move-

mav increase the chance of third molar

Eruption of maxillary second molars is

ment of maxillary first molars, which is demonstrated by buccal
Rice concluded that

eruption of second molars into crossbite.
similar distal forces may be directed against the developing third

Silling (1973) believes there is a good possibility that

molars.
orthodontic treatment, which holds back the lower molars or actively

tips them distally, may cause the crown of the third molar to rotate

into an abnormal position, and thus, increase the chances of impac-

tion.
The effect of premolar extractions on third molar eruption

has been investigated, #ith'conflicting results. McCoy (1953) was

of the opinion that third molar impactions occurred in the majority

n: no statisticel esveluation was

of orthodontic cases, even with four premolars extracted. This was
carfoxmed.

sres3s5ion;

only & clinicalisxy
Faubion (1968) showed that almost four times as many mandibular third

molars erupted satisfactorily in patients with premolar extractions.

55% of the third molars were retained in patients with four pre-
non-axtraction

Q
molars extracted, whersas only 15% were retained in the
z2ys in the

g
|~
I

haradity.

group.
Attention has shifted from the role environment

etiology of third mclar impactions, to the influence of




Hellman (1928) k=alieved that impactions might be a local manifesta-
tion of.a general condition. He measured the ace, height, and
wzight of subjects with four molars erupted, and subjects with
three of four impactad third molars. On the averags, the group with
molar impactions was one year younger, lighter in wéight, and taller.
In facial and cranial dimensions, every subject in the impacted
group was smaller in fac;‘.al height, width, and depth. Hellmaa
concluded from this that impaction of third molars was not a special
occurrence, but rather, is a part of a generalized condition.

Bjork et al. (1956) feit that lower third molar impactions
were due to four facfors. The first, and most important, was the
~direction of condylar growth. They assoeiated_ a vertical véctor of
conéylar growth with inadequate resorption at the anterior border of
the ramus. The second factor was an insufficient increase in the
length of the mandible in proportion to tﬁe amount of condylar
_growth. The third factor was the direétioﬁ of tooth eruption, since
a2 hacxkward eruptive pattern of teeth will decrease thz length of the
alveolar arch resulting in a dacrease in space for the third molar.

The Sourth facror concernad ths maturation of tha third molar.

Bjork showed that impactions are associated with retarded minerali-

zation of the third molar, and psrhaps a generalized retardation

of dental developmant. In addition, Bjork and his associates found that

third molar space, the distance between the distal surface of the second
molar and the anterior border of the ramus on a level with the
occlusal line of the mandibular arch, is larger in subjects with

fully erupted third molars than in subjects with third molars
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unerupted, but in normal position. Itwas concluded that ths erup-
tion of the third molar influenced the "“resorptive rebuilding" of
the retromolar area to allow eruption of the tocoth. In twslve out
of seventeen cases with bilateral impactions, the mandibis was

shorter in length at twelve and twenty. years of age when compared

to mandibles with erupted third molars (Bjork et al., 1935).

ldo

n

Current studies support the view that insufficisnt space
the retromolar area is a direct cause of maﬁdibulaf thiréd molar
impactions (Bjork gj:_a_l_., 71956 ; Leydard, 1953, Turley and Chaconas,
1975). It is for this reason that prediction schemes focus around
‘this main point (Henry and Morant, 1936; Leydard, 1953; Turley and
Chaconas, 1975). y ; ; <

Prediction of Iower Tnird
Molar Impaction

The accurate pradiction of lower third molar impaction would
enable the orthodontist to prescribe removal of the third molar at
a time as early as eight years when surgery might be less traumatic
to the patient, and, in turn, complications due to lowsr third molar
impaction and sxtraction would b2 avoided later it AL -5

Henry and Morant (1935) were the first in the dental literature
to suggest removal of third molars based on a prediction technigua.
They weres also the first to recognize that a measurement of avail-
able space in the retromolar area should be the focal poirt of a
Their so-called "third molar spaces indax"

prediction techniqu=.

incorporates a me2asurs of the retromolar area: "the maximim breadth

of the outline of the third moiar as a parcentage o
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greater the space for ths third molar, and vice versa. Mandibles

r

with normally erupted third molars showed indicss ranging Zrom 43 to-
90; third molars thzat were excessively erupted showad valuss that
rangéd from 93 to 107. Ramal impactions ranged from 90 to 142, and
mésio—oblique impactions ranged from 81 to 160. Thness valuas ware

| based. on 2 sample consisting of ”1'87-d<_=.ntal and madical stusfants at
age twenty-two.

. : Although Henry and Morant §poke of this analysis as a
prediction technigue, there was no actual prediction formla davel-
oﬁed. | The third molar space index is only a measure of tha severity
of impaction at maturity; it is not a predicticn férmulal. :-sorec:)ver,'
all the measurements were performed on variably magnified periapical :
films. To locate accurately where the mesial surface of the
first molar and distal surface of the second molar meet thz alveolar
crest in the construction oi" the third molar space would b= techni-~
cally difficult (Figure '2) 2

Leydard (1953) was the first to suggest a prediction formulae,
24 that vary lisrle growza occurs in ha area
between tha lowar first molar and the anterior border of th2 ramus

and reported that, at matuxity, the

after fourtean yzars of age
-average size of this gimension was 21 mm. Uncar the assumption that

the average person will ultimately attain 21 mm. in length from the
distal surface of tne first molar to the anterior boxédsr of the
’

ramus, he measurad the combined mesiodistal diamsters of th2 second
- n 2 .

. 2 i i ters wa2re graatarzs
and third molars and, if the comoined diameters re greatar than
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FIGURE 2

CQNSTRUC'I‘ION OF THE THIRD MOLAR SPACE B-C
. (after Henry and Morant, 1936)

Onmm = s

o
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21 mm., he conciuded that the third molar would be impaciad. This
method can be employsd at any age after third molar crown comple-
tion and, in premolar axtraction cases, an estimate of sxczcrted
mesial drift can bz adésd to the projecfed available space in the
retromolar area.

Unfortunately, the relation of the anterior bordar of the
ramus to the third molar may be of gquestionable significance. Bs
viewed in the lateral cephalometric radiograph, the anterior border
often appears to obstruct the third molar from full eruntion, but
"in dry skulls, it may be seen that the molar actually erupts lingual
to the anterior border in most instances. Thus, what may appear in
. a lateral radiograph to be an impacted third molar may actually be
a fﬁily erupted tooth.

Ricketts (1972) also based a prediction scheme on the rela-
tionship of the lower third molar to the anterior ramal bordsr,
and he stated tﬁat thes lower third molar must lie 50% ahead of the ,
external ridge for a .5 chance of eruption. The probability would
be 1.0 if the third molar were located completely mesial to the

L)

; ey 5 . : B
ridga. One wouléd infer from Ricketts’ mathod that the antarior

)

border would obsiruct the third molar from eruption, when actually,
as stated before, the tooth erupts lingual to it. Moreover, this
prediction can only be used in the young adult patient, when the
third molar is nearing its final position. Prediction at early
ages, when the third molar is located high in the ramus, would

appear not to be possible with this method.

Margaret Richardson (1975) examined the problem of pradicting
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impaction from the standpoint of the angular r2lationship of the man-
dibular third molar to the mandibular plane. She measured the angle:
formad by the occlusal surface to the mandibular plane a2t two stages:
(1) as soon as the occlusal surféce éalcified, and (2) Qhan the third
molar assumed its final pésition. Richardson found that, on the
average, there was a significantly grzater initial angle of the third
molar to the mandibular plane in stage one for the impacted group as.
compared to the erupted group. Also, there was a significantly
greater change in angulation of the mandibular third molar in the
erupted group. She conclude& that a steeply angled developing
third molar had a better than average chance of becoming impacted.
Richar&sou’s stﬁdy dgalt with observations rather th;n with
the development of a.prediction tecﬁnique. She spoke in generali-
zations, such as "steeply angled" and "better than average chance,”

and no characterization of what constitutes "steeply anglei” was

offered.

A fourth prediction technicue has recently been resorted by
Turley and Chaconas (1975). Their study was based on sixty ortho-

dontic patients whos2 third molars proved to be either impacted,

UV i AL .« T 12 T s s e vimes (i

2y

— = - s
erupted and in function, or erupted but not im Ifunction. TIa2y

the distance from the distal surface of tha sacond

O

stated that

molar to "Xi point" is the crucial measurement for prediction of

third molar impaction., Xi point is a constructed landm=ark which is

said to closely correspond to the position of the lingula on the

-

medial surface of the mandibular ramus (Ricketts, 1972). . If, at

o distal of second molar) is

maturity, this distance (Xi point t
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20 mm., eruption of the third mclar has-a.lo-.-; probability. At 25 mm.,

1

the case i‘s considered to be "borderline" (third molars that are
erupted, but not in functional occlpsion, fell into this category),‘
and.if the measu;:ement is 30 mm., the third molar has an excellent
prognosis (Riékétts et al. ,' 1975).. A
' To predict impaction at an earlier age, the aistance Xi poinkt
to the distal of the second molar is projecteé to maturity by way of
the following prediction equation (Schulhof,hl976):

1.6 x N x cos 8§ + leeway épace ='grqwth for Ifl years, where

N = number of years,

@
Il

angle formed by the functional occlusal plane and
Xi point to pogonion,
l.6 = average growth in millimeters per year, and

leeway space = 1.6 rm.

‘For females, the formula is purported to predict to age fifteen;

for males, to age nineteen.

OF ‘the predic{-_idn"techni__qués available tc orthodontists,

- Turley's is perhaps the most popular. It is said to pred‘ict the

amount of'grcv.-;th from Xi point to the distal surface of the.sscond

- molar to *2.8 mm. (Data Bits, RMDS) . It also has the advantage of.

using Xi point, a landmark .Ehat is not_ obscured by any other super-

imposed structures, and is easily located on any cephalometric

radiograph.

In view of the fact that this prediction techniqu= has cap-

tured the atten{:ion and interest of the orthodontic comnunity, it

wi‘ll, therefdre, be the purpose of the present investigation to
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characterize indapsndently the accuracy of Turley's prediction
method on a larcgs sample over varying prediction intervals, and to
compare the results with those previously publishad by RMDS (1975).
In addition to this, Richardson's and Leydard's prediction tachniques

will also be evaluatzad.




MATERTALS AND METHODS

Sample
Serial lateral cephalometric radiographs for sixty-two
individuals were selected from the files of tha Bolton-Brush growth
§tudy'according to ths following criteria: (1) the availabilicy of
serial racords from eight to eighfeen years or older, (2) preszuace
of a full complement of taath,-including the third molars, and
(3) no history of orthodontic treatment. On the average, gach

series consisted of thirteen cephalograms.

Technical Details -

The lateral cephalograms used in this study were cbtained
with a Broadbent-Bolton cephalometer, using a scurce-object distance

of sixty inches. For each of the various predictiomn methods, right and

left sides were traced separately in different colors on .003-inch frosted

matte acetate. The Bolton-Broadbent Orientator was used on the correspond-

ing postercanterior cephalometric radiographs to identify the right and

left sides. Linear measurements obtained through the use of dial vernier

calipers (modified Helios dial calipsrs, catalogue No. 382, Dental Corpo-

ration of America, Washington, D. C.) were rounded to the nearest tenth of

a millimeter. Angular measurements obtained through the use of a Baume

pfotractor (catalogue No. 701-402, Unitek Corporation, Mbqrovia

california), were roundzd to the nearest five-tsnths of a degree.

. . ) 2 = =
For each of the various prediction methods, rignt and left sides

were traced separately in different colors on .003-inch, frosted

1 rolar that remainad in the sam2 tosition
- aki

L4 -

ratte acetate. Any Hiir

el
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for at least thra2 yezrs, in subjscts eighteen years or oldsr, was

considered to bz impaciad (Ricnardson, 1975).

Lindmarks and Measurements

ILeydard's Method
(Figure 3)

The basic tracing consisted of: (1) outlines qf three molars

and two premolars, (2) the anterior and posterior ramal outlines,
(3) the functional oczlusal plane (a line dra#n through the cusps of
the first and second pramolars and the first molar), and (4) a line
perpeﬁdiculér to the occlusal plane, passing through the height of
contour of the distal surface of the lower first meolar. The -average
1er;gth of the retrormolar area, according to Leydard, was 21 mm.
The masﬁ'_odistal diamsters of the second and third molars were mea—
sur.t.a-d , and a comparison made between the amount of tooth structure
and the estimate 6:. “he availazble space (21 mm.). Impaction of the
third molar would bz predicted, if the mesiodistal diameters of .the
second and third rmolars ware greater than 21 mm.

Richardson's lMethod
(Figure 4)

of: (1) the ogtlins of tha man-

&

tracing consist2

mi. o T
id0le D=25iT

T -

dibular thiré molar, (2) the posterior ramal outline, (3) th= in
ferior border of the mandible, including the symphysis, (4} the man-

dibular plane (msnton to gonion), and (5) a line from the cusp tips

of the lower third molar to the mandibular plane.

Two tracings ware made for each case. The initial tracing

: = epn e - 21 surfa-:
was done at the time of calcification of the occlusal sur:zacz of

|
i
|
;




FIGURE 3

THE CONSTRUCTICN OF THE

RETROMOLAR DIMENSION

(after Leydard, 1953)
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|

FIGURE 4 : F.
i
i

ANGULAR RELATIONSHIP OF THE THIRD
MOLAR TO THE MANDIBULAR PLANE g |
(according to Richardson, 1975) i
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the lovier third mola:,rand the second tracing was donz aftar the

third molar had assumzd its final position.

Based on ths final status of the third molar, the sizty-two

series were cdivided into compacted and erupted groups. Two compari- lig
;l

sons were mads bztween the impacted and erupted grouns: th= first

characterized any differences in the initial (davelopmantal) 'angula-

tion, and the second dealt with the change in angulation o:f the

third molar.

Turley's Method

The basic tracing consisted of: (1) outlines of th= second

s i =

and third molars and the first and second premolars, (2) ths anterior

and posterior ramal lires, (3) the sigmoid notch, (4) the outline of

o R

' the inferior border of the mandible, including the symphysis, (5) the

SN

construction of Xi point (Figure 5), (6) the angle O betwean the

ey
s

function occlusal plane and the line Xi point to pogonion (Figure 6),

and (7) Frankfort horizontal plane. Inasmuch as machine porion

obstructed th= view of external auditory meatus, the Frankfort hori-

3 e

zontal plan= was constructed by using the sella-pasion lin= as a

Based on the data of Riolo et al., 1974, equations were i

calculated to express the FH-SNa angle as a function of age and, thus, . |

permit .an average Frankfort horizontal to be constructed for each age :

(8-16) based on SNa. The equations (male and female were as follows:

A e T

Male: Angle = 7.7618182 - .2618182 x Rge

Angle = 7.7127273 - .1490909 x Ag2

=

Female:

T
[ote e




FIGURE 5

THE CONSTRUCTION OF Xi POINT
(According to Ricketts, 1972)







FIGURE 6

THE CONSTRUCTION OF ANGLE 6
(ARccording to Turley
et al., 1975)
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Statistical lMethads

To evaluai= the basic assumption of Leydard's techniguz, a

t-test was used to test the null hypothesis that the combined mesio-

s e e RGN

distal diamsters of the second and third molars is 21 mm. Thae data

3

N

were divided into four groups: (1) female impactad, (2) female

erupted, (3) male impacted, and (4) male erupted. In aﬁditién, each

oy e

group was subdividad into right and left sides.
In evaluating Richardson's method, two t-tests wer= performad:
the first to determine if there was any significant differeace in the i

~ an~a

developmental angles of the third molar between th2 impactesd and

erupted groups, %nd secondly, to determine if there was any significant
difference between the impacted and efupted groups with respect to the
change in angulation. The right and left sides were tested separately.
In evaluating Turley's method, the ‘following statistics were i

usedé . ’;
(1) Triserial correlation {Jaspen, 1946), to de*;e_mina the -i 1‘

hatween the predicted measurement of spacs

correslation e
l {

!

available at maturity and the final status of the tcoth !?
g |

(1. EF’ ENF)' This correlation was performed on the two, four, t |

six, eight, and ten year predictions. The formula for tri-

serial correlation is:

d rA e - Y
ZaYa + (Zb-Za)Y¥b AZb‘- , where

:tri - o
za?  (zZb-7a)< | i ]

- :
oyl a b ol

the proportion of cases in the functicnally

W]
I

erunted group,

b = ths proportion of cases in the monfunczicnally

eruptad group, and




(2)

(3)

(%)

(5)

and erupted groups at nine years
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.

¢ = the proportion of caszs in the impacted group.

= a+b+e=1

Q7
qb =22+ by :
=3 kibhkie
; c
Za = the ordinate of the normal curve, assuming a

unit normal distribution, at 9,5
Zb = the ordinate of thé unit normal curve at gb.
Ya = the mean of the functionally erﬁpted group,
Yb = the mean oflthe'nonfunctionally erupted group,
Yc = the mean of the impacted group.

The root mean squared error

./ p{Predicted measurement - Actual measurenent)2
RMSE = N =

3 x 3 contingency tables to show the relationship between
the predicted and actual status of the third molar for
each prediction-interval. Certain decisions (a prediction

of I given EF or EF given I) are highly undesireable and,

therefore, have been designated as "disasters.”

there was a significant difference

A t-test to determine if

betwean the predicted space available at 9 years, for males

and females, and the actual space available at 19 years

for males and 15 years for females. The t-test used here

comes from page 122 of Dixon and Massey, 1969.

A t-test. assuming equal variances, to determine if there was
]

a significant difference in space available between the impacted

and maturity (nineteen yvears for

males, fifteen years for females).

Ty
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Error Study
To characterize the reliability of the cephalo:atri§ pethods
emplocyed here, twenty lateral cephalometric radiographs ware selectgd
with thé aid of a tzble of random numbers, All landmarks and mea-
surements were re-done, and the coefficients of linear correlation
between the first and second measurements calculated for each dimen- ‘:
sion (Table III). This correlation, r_2, is a measure of intraobserver

measurement reliability.
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TABLE III

RELIABILITY COEFFICIENTS

Measure Side Cofrelaiion 2
(r)

s M - R - .990 .981

x5 o7 L .992 .983

% to Ramus R .984 .969

6. to Ramus. L .979 958

8 (Turley) R .921 .848

8 (Turley) L . .934 .871

L 8 to R .989 977
Mand. Pl.

L8 to L .973 .948
Mand, Pl. :




RESULTS .

The results of the present stud;( will be presented undzar the

following headings: (1) Leydard’s prediction method, (2) Richardsoa's

prediction mathod, and (3) Turley's prediction m=thod.

lLeydard's Pradiction Method

The means of the combined mesiodistal diam‘e-ters of the
second and thixd molars, andr the t-values, are presented in Table 1IV.
The t-test revealed generally srignifica.nt differsnces betwzen the
combined mesiodistal diameters'of the second and third molars and

i 21 mm. It may be seen that the means of the second and third molar

diameters are greater than 21 mm. in every case. ; : '

Richardson's Prediction Method

The mezn values of the initial angulation and changs in ‘
taird molars, and tke appropriate t-valuss, are

There was a significant difference bstwesn

rupted groups with respact to the initial angula-

; St R e
ticn and chargs in angulation. Taus, the impacted group ta=nded to

3 ~q a lesser change in angulation
have a steeper developmental angle and g g

when comparsd to ths erupted group.

Turley's Prediction Methnod

The results of the triserial correlations, root m=an squared

-38-
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error, and the contingency tables are presented in Table VI,

Table VII, and Figure 7 and Table VIII, respectiv=2ly. Thas nean
differences between th2 predicted and actual space available with
appropriate t-values, and the mean values of space available at

age nine and at maturity with the appropriate t-values are preseanted
in Tables IX and X, respsctively. The t-values in Table IX showed
a significant difference between the predicted and actual space
available. In Table X, the t-values showed a significant
difference between the impacted and erupted groups with respact

to spaca available. In every case the mean of the erupted group

was greater than that of the impacted group.
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TABLE VI

COEFFICIENTS OF TRISERIAL CORRELATION

BETWEEN PREDICTED SPACE AND FINAL
STATUS OF THIRD MOLARS

Prediction Correlation
Interval Coefficient
(years) {(reri)

2 .596
4 51k
5] .395
8 ; ST
10§ .633




SL9~

TABLE VII

ROOT MEAN SQUARED ERROR
(in millimeters)

Prediction :
Interval Male Female
{years)

1 217 - 1519
2 3.09 1.69
3 3.61 i3 18
4 4.09 1..85
5 3.64" 2.05
6 L4378 2. 36
7 3.86 ' 2:59
3 4.20
9 5.54
10 5.73
11 5.40
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TABLE VIII

SUMMARY OF PREDICTION RESULTS, BY INTERVAL

Interval Predicted | Actual Qutcome Summary
Qutcome EE‘ ENF I
E 9
= (9.5%) Total = 95
1 ENF 5 3 10 Correct
i (5.3%) (3.27) ] (10.42) Predictions = 68.5%
I 15 53 Incorrect
(15.8%) (55.8%) Predictions = 31.5% .
Disasters = 15.8% |
| |
Ep L | -
(9.4%) |  Total = 96 |
2 i 13 3 100 | Correct |
e (13.5Z) |(3.1%) |(10.4%)] Predictions = 64.6%
I 165: 50 | Incorrect ; |
CISETT Yt (52.1%)i Predicticns = 35.4%
| Disasters = 11.5%
4 |
E 10 1 4 | E
e (9.5%) (1%2) |(3.87) | Total = 105
3 ! E. 15 9 15 1 Cortspt j
; NF (14.3%) | (1.9%) | (14.2%)]  Predictions = 58.1% |
: i 9 49 E Incorrect 1
ot (8.6%) | (46.77)]  Predictions = 41.9% |
i ! i Disasters = 12.47 |
' ! i
E 10 3 | J
F (10.9%) (3.32) | Total = 92
E 10 3 18 ! Correct !
4 ! NF (10.97) | (3.3%) (i9.6%)  Predictions = 53.2%
- " | 36 | Incorrect
(13% | (397) ‘ Predictions = 46.8%

Disasters 16.37%

| l




E W
Fol e Total = 99
5 F 1k 2 23 Correct
3 (12.27)| (2.27) | (25.62) Predictions = 52.2%
pLEso ; 9 35 Incorrect
: (10%) (38.9%) Predictions = 47.8%
. | Disasters = 10%
Bles 10 4
(L) 4.7%) Total = 856
6 i ENF ' A5 3 16 Correct
I ; (I7E7) 53 (3.57%) | (18.6%) Predictions = 50.1%
{ T i 8 30 Incorrect
; ? (9.2%) (34.9%) Predictions = 49.9%
i | Disasters = 13,97
5
: E ! 6 i
Bl (7%) (1.2%7) | Total = 86
7 i E i 23 3 23 Correct
! NE ! (26L477) 14.(3.5%) | (26.7%) Predictions = 37.2%
l i | 7 23 Incorrect
:; *[ (8.2%) | (2637%) Predictions = 62.8%
! | Disasters = QL 4%
bR ; 9
[ & (14%) | Total = 64
] ] E l 20 | 3 28 Correct
' e (31.3%) | (4.7%) | (43.87) | Predictions = 23.4%
! I ;I il ; 3 Incorrect
‘ i (.5 | (4.77) Predictions = 76.6%
} Disasters = 1.57




TARLF VEIT--continued |

Ep | 8 2 |
ey (4.87) | Total = 42 |
9 o ! 8 3 17 Correct |
& (19%) 27 (40,52)| Predictions = 35.7%
I ! 4 | Incorrect §
| (9.57%) | Predictions = 64.3%
i Disasters = 4.8% |
E 8 2 2 ,
i (21.12) (5.3%)| (5.37) | Total = 38 ;
10 B 10 1 13 Correct |
| (265375 (2.6%) (34.1% Predictions = 29% |
T E 2 Incorrect
L (5 .3%) Predictions = 71% _
{ Disasters = 15.3% f
: i' |
E 8 ‘
¥ (23.5%) Total = 34
17y E 32 1 12 ! Correct ‘
NF (35.4%) | (2.9%)|(35.3%) Predictions = 29,3% {
T 1 Incorrect i
¢2.97) Predictions = 70.7% i
Ep 97 3 16
(0. 7201 (.59 (1.9% Total = 828 .
Overall En ; 142 27 185 5 Correct ; |
e N B ; (17120 1(3.32) (22.3%) Predictions = 49.5% &
&6F alt & | 72 0 286 Incorrect '
intervals) i (8.7%) 1(0%) (34.5%) Predictions = 50.5%
! i Disasters = 10.6% r
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TABLE IX

PREDICTED AND ACTUAL AVATILABLE SPACE BY SEX AND FINAL MOLAR STATUS;
ALUES FOR THE DIFFERENCES BETWEEN IMPACTED AND ERUPTED MEANS

t~VA
Kucher % 1
of Xp - o RMSE o
Cases
Female Tmpacted
Age 9-Pradicted B +3.94 10.06 9.58%=*
V3.
Age 15-2ctual Lacd +3.73 -k 7.145%
Femala Erupted
Age 9-Pradictad R: 3 S 3.44 %.07% |
VS. i
Age 15-Actual e ; +2.56 3.82 9.13%% ,
Male Impsacted
- Age- 9-Pradicted R: 4 +7.07 14.50 10.21%*
vs.
Age 19-Actual L: 4 +6.13 14.91 10.11%=% |
Male Erupted W i
Age S5-Predicted B2l +3255 12.47 7.29%* E
vs. :
Age 19-Actual E:i8 +3.71 13.52 5.04%%
* = gignificant at p < .05 |
% = gignificaat at p < .01
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TABLE X

SUMMARY OF MEANS WITH APPROPRIATE
t-VALUES AT AGE 9 AND AT MATURITY

Sex Age Side Xy Xp df t
Female 9 Right 10.37 13.57 7 -1.98
Left 9.53 12.80 7 -2.66%
15 Right 17236 " {1 20047 17 —-3.53%=%
Left 1714 20.00 17 -3.14%%
Male 9 Right 10.38 12.88 17 -2 .87%=%
Left 9.98 12.74 117 -3,37%% -
15 FiphE e 21.91 24.63 24 ~2.03
Jebr ol S 2555) 25.67 1 7% -2.39%

* = significant at p<.05
significant at p<.0l

.
4
*
]




DISCUSSION

The purpose of prediction is to predetermine the outcomz of ‘
a future evant so that, should the undesirable be anticipated, appro-
priate preventiv; or palliative measures can be instituted. The pur-
pose of the present study was to validate on sixty-two longitudinal
s2ries f£rom the files of the Bolton-Brush Growth Study Center three
methads that have been, or could be, applied to the prediction of

lower third molar impactions. The results for the three techniques {
|

will be discussed separately.

Leydard's Method

Based on the present results, it appears that Leydard’'s
tedisposad to the prediction of third molar impaction, re-

gardless of ths actual outcome. In every group, except one (females,

q
e
o]
<
]-.lo
&
Q
rh

be possibly attributed to sampling variation, especiall

the small number of observations and tha resulting reduction in the

powar to discrimipate even large differences.

molar to the

. = =5 S 7 of 2 5% ha as2n
eleven of the 124 observations 8.9% of the cases In the presant

$sdimension averaged 15.5 mm. By comparing this to the

—50-
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mean mesiodistal dizmeter of the second and third molars (23 m),
it seems obvious that jmpaction would be the most probable result if
the assumption that impaction is an exact function of the availsble
space at maturity is correct. The accuracy of tne Leydard method
can be seen in the followirg summary of prediction outcomes:

‘tﬁ'ale erupted——4 of 19 correct (21%)

Male impacted--21 of 21 correct (100Z

Female erupted——2 of 6 correct (33%)

Female impactedA--IB of 14 correct (93%

Based on the findings of the present study, it may ba con-

cluded that Leydard's prediction method cannot distinguish between

future impaction and eruption with sufficient efficiency to warrant

widespread clinical use,

Richardson's Conjecture

Richardson's observations on the general significance of the
angulation between the lower third molar a2nd the mandibular plane have
been corroborated, in broad outlinme, by this study. "Steeply angled"

third molars tend to bescome impacted aznd tend to upright less,

In the erupced group, it was seen that with a greater initial

angulation, there was acorrespondingly greater change in the angula-
tion. Thus, it would appear that the degree of uprighting is an im-
. = ;

portant factor in eruption of third molars. To my knowledge, how-

t adict the exteat to which the
ever, there is, as yet, nn way to pr

. 2 ¥ e e
third molar will upright. In oxder for Richardson's observations to

ieti method, it would be nacessarcy
gy T iction m=etno W
become 2 clinically useful pred >
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to know, based on the initial angulation of the thir

rl.
o
j—4
)
a1
v
(0
)

0
0

change in the angulation expected. Uatil this can be dona Richard-
son's "mathod" cannot be considered a predicticn techn nique,per se,
although the descriptive statistics presented here might form the
basis of a formal prediction method that could, in turn, be validated
in a subsequent study. It may be noted, however, that the addition

of data on available space would probably be required to achieve an

efficient method.

Turley's Method

In contrast to Richardson, Turley (1975) has assumed that
eruption is a function of available space: (1) 30 mm or more from Xi
to the second molar is adequate for the third molar to erupt in func-

tion, (2) 25 to 29 mm from Xi to the second molar is marginal (prob-

able eruption, but not in function), and (3) 24 em or less from Xi

to the second molar is inadequate space for third molar eruption.

Boeausa I found third molars to bLe erupted and in function with meas-

urements as low as 17 mm, five cephalometric radiographs and tracings

were sent to Mr. R. J. Schulhof, President of RMDS. The five radio-

graphs were of subjects in their twenties and all had third molars

erupted and in function (as verified from plaster study models). The

were returned by RMDS with measurements of 17.5, 18.5,

radiographs

91 28.5. and 30.5 mm. These determinations were obtained by aver-
> 28

aging the cephlometric images of the right and left sides. Thus, to

MO‘L»‘-D sk <l

both mandibular third molars, only one set of

rh

cn o

P

predict impact

inc a separate prognosis for the
data was employed, and, accordingly, 3 sep: prog
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two sides could not be provided. In tracing the radiographs

e

M

rom
my sample, I drew each side individually; accordingly, a separate
prognosis was performed on each lower third molar. In comparison
to RMDS' measurements, my measurements (in millimeters) were: 17.5
and 16.5, 17.8 and 17.9, 20.5 and 20.5, 27.35 and 28.9, and 31 and
31--only slightly different from the commercial readings.

Mr. Schulhof made several comments on the two sets of meas-
urements. He felt that my definition of the Frankfort horizontal
was substantially different from that of RMDS. He mentioned that,
if - horizontal were drawn frdm orbitale to machine porion,
the parallels constructed to that plane would give a
slightly smaller measurement from Xi to the second molar. Although
theﬂFrankfort horizontal employed in this study was based on the
sella-nasicn line, the resulting measurements did not differ from
those of RMDS by more than 1.15 mm, a difference that may be attri-
buted, in part, to variation in tracing technique and which, in any
event, would not lead to a markedly different prognosis.

Furthermore, Schulhof pointed out that the RMDS sample in-

i It wor D0=2 anpropriara. how-
civdad scome arthodontic cases. It would sesm mozz appropriatzs, ho

i ent and to ad-
ever, to generate standards in the absence of treatm an

just the resulting prediction based on the known impact of the var-

- - '3 T
ious modalities of therapy (extraction, "distalization,” etc.). For

% + wxtraction treatment has a tend-
example, it has been shown that nonext

ency to impact third molars (Rice, 1940; Silling, 1974), whereas in

s ior ot uld
extraction cases., the mesial movement of tha posterior teeth co
£ <1 >

facilitate the eruption of the lower third molar and thus produce

. R R RNy,




somewhat more availlabls space than would otherwisa b

Y

expected.

[14]

In analyzing the performance of Turley's method, three as-
s of the nroblenm t camined . the sionifi i
pects of the problem must be examined: (1) the significance of the
relation batween space and eruption, (2) the extent of the relation-

1@ overall

e

ship between predicted spaca .and actual space, and (3) t
relation between'predicted space and the final status of the third
molars.
In the present sample, of seventy-five third molars that

were impacted, sixty-nine had Xi - 7 dimensions that were in the 16
to 24 mm range and the remaining six were in the 25 to 29 mm ranga.
Of five third molars that were erupted but not in function, three |
were in the 20 to 24 mm range, and the other two were in the 25 to

29: mm range. Of forty third molars that were erupted and in func-

tion, twenty were in the 16 to 24 mm range, fourteen were in the 25

to 29 mm range, and six were greater tham 30 mm. Contrary to Turley
and Chaconas (13975), it would appear that a measurement of 30 mm from

Xi to 7 is mot always necessary for the eruption of the third molar into

functional occlusion. Although Leydard and Turley assumed that the

tha third molar was a function of zvailabla space, ths
present study showed this not to be the case, If

one were to adhere to the standards developed by Turley, it would be

very likely that one would predict impaction and, perhaps zas a re-

sult, routinely prescribe enucleation.

The present investigation has shown that the predicted space

= 5 i rears of age was generzlly sieg—
for both males and females at nine year 28 ally sig

o
o)
-
1
.

4

nificantly larger than the actual space at maturity (Ta

3:-
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creased, the amount of p

ry

ediction error decreased. This tendency

Fis
rr

for error to decrease with time is probs:bly a function of the
smaller amounts of 7growt'n to be predicted at the shortsr intervals.
Moreover, the contingency tables showe& that the predictions ‘

never achieved the 90% accuracy that was claimed by RMDS (Schulhof,
1976). Overall, the Turley prediction.' was correct in 49.5% of tha
cases and wrong in 50.47 of the cases. Although ‘tha purposa of Tur—
ley's method is to determine, at an early age, the future starus of
the lower third melar, it is at these earlier ages that its error in
preéicting the final status of thz tooth is ths greatest.

The triserial correlation between the predicted measurements
and the final status of the tooth was oniy "moderate,” averaging
.527,‘ and the efficiency (E), as estimated by the formula, E =
[(1 - Y1-22)100) is 15%. Thus, only 15% of the variability in this
final status of the third molar is "accounted for" by Turley method.
action in erro:’A would noz s2em hign cnough to warrant wide-
spraad use.

The preseat study has shown that, for both males and females,
a significant difference exists between the erupted and impacted

i initi b1 i2asurement at ninz2 years.
group, with respect to the initial Xi to 7 m r 3 y

A prediction method could conceivably be based on the distance be-

tween Xi and 7 at nine years of age compared to the means reported

here for the erupted and impacted groups (Table RI). Of course, the




TABLE XI

INITIAL Xi-7 DISTANCE: MEANS FOR IMPACTED AND ERUPTED PROCESS:
BY SEX AND SIDE: 95% CONFIDENCE INTERVAL FOR THE DIFFERENCE

Impacted "~ Erupted 95% C.1.
Sex Side X X for
7 I E Differsnce
R 10.37 " 13.57 3,20%3.89
F le
e L 9.58 12.80 3.37%2.84
R 10.38 12.88 2.50%1.84
2%
e L 9.98 12.74 2.76:1.73
i
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efficiency of such a method would have to be validated on another
sample,

In order to evaluate the success of Turley's method, RMDS
compared the actual number of impactions to the number expected on
the basis of a forecast of future space. A Y2 test showed that
there was no significant difference between observed and expected
frequencies. Interestingly enough, the same test was performed by
substituting an expectad frequency of .5, independent of the magni-
tude of the Xi to 7 prediction (Johnston, 1975). Again, there was
no significant difference. If one were to look at only the extremas
(impacted and erupted with function), the prediction method was cor-—
rect 80%Z of the time, However, the clinically interesting and chal-
1enéing cases do not f£all into the extremes, but into the niddle;
cases that present with liﬁtle space or with a great deal of space
from Xi to 7 would seem relatively easy to predict (given, of courss,
the assumption that eruption is a function of available space).

Since the Turley method does not achieve the success claimed
by RMDS, the clinician oust decide whether this technique is suffi-

3 = P o o ; = =
ciz2atly accurate Lo justliy icS US

e as a routine diagnostic pro—-

cedure. Moreover, because it is assumed that the orthodontist will

act on the outcome of the pradictions, any forecasting method must be

. : ‘ 17 - £
evaluated, not only in terms of its accuracy, but also in terms of

onsequences of the decisions prompted by the predic-

the long—-term cC

tion scheme.




Clinically, thare is a continual nee
and the orthodontist nmust be prepared not only to act cea them but
also to live with the consequences. In order to provide a rezasoned
perspective for a discussion of the problem of third molar predic-
tion, a brief examination of the process of decision-making is, per-

ppropriate.

oy
w
v

aps,
In evaluating the status of the lower third molar, the ortho-

dontist is faced with the problem of making a decision in the face of

what might be termed "structured uncertainty™; that is, the possible L

future states of the third molars are known (I, Eyp Or EF)’ but not

the exact probability associated with each. In dealing with uncer-

taratj, the assumption that the decision-maker is in a state of com-

plete ignorance is usually made (Ackoff, 1962). Ackoff, however, be-

lieves that the assumption of complete ignorance is to a2ssume too

little, for some knowledge of nature usually is available (such as

the empirical probabilities reported here) and shouléd be used ia the

decision process. When making a decision in the face of uncertainty,

> 1 24 31 A 2 £ M
1 s action may se ava J_laAJ'E, ana aas 025

woye rhan ons courlse @

=y

coursa of action must be identified. This is the type of decision

situation which has been the subject of extenmsive study under the

heading ''game theory.

The most widely used criterion is the so-called "maximin

ine

3

rinciple,” according to which the worst possible outcome
g 8 J-

fde

utility

]

. 1 - C R B e ) { i,
( inimvem C"Eliﬂ.) dSSOC{atEd Wlth eacn p0551b1e declsion 1s 1dentizx d,
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The apﬁ’.ication ot this critoerion can bz dascrib
reference to a hypothetical '.'payoff matrix '(Table XII). TIn this and
{(read "orthodontist")
are labelled 2;...2;, and the strategies (outcomes) of his "opponent”

Nature) are labelled S....S_ . In selecting the best predic-

; R

tion method, the player will always choose row two:

he notes the minimum return for each alternative (-6 for row 1 and 2
for row 2) and chooses the row that promises the highest minimal
winnings {(the maximin). Thus, by selecting row two, he is assurad

of winnings at least equal to two. The most common criticism is the

maximin criterion is conservative, if not pessimistic, inasmuch as

it is based on an "expectation of the worst" (Ackoff, 1942).

can be szen in another example (Table XIII). Row one is ths best row
to select using this criterion siace it contains the maxinin. Many,

howéver might choose row two with its greater overall expactation of
2 =

gain (as loag as xow one do€s Tot lead tc an mazacceptabla resulit,

i.e., bankruptcy or, in the case of the clinical orthodontist, frank

harm to the patiant and a possible lawsuit).

To lessen the pessimistic effect of the maxinmin utrility prin-

" - I " I
cinle. Hurwicz introducad a so-called "index of optimism,"” o, which
—- =3 - e

ain for =ach stratsgy, v

33

its commlement, 1 - @, multiplies the lowest; the middle values ara
L -"_ 4 Y

The strategy with the highest expected gain is chosenm as the

ignored.

optimal course of actiom.
By ignoring the middle values, certain possible stratezies
a =0

;;,f Mature ara ignored znd attention is, instead, focusad on the
<= B oF
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TABLE XIT

PAYOFF MATRIX-—-MAXTMIN CRITERION

Player's Strategy of Nature
Strategy Sl Sy S3
El -5 5 -6

a 2 3 7 <—Maximin




-61—

TABLE XIII

PAYQFF MATRIX——MAXTMIN CRITERION

Player's Strategy of Nature

Strategy Sl So S3
aj 1 3 5 <Maximin
2,y -1 200 500
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extremes. The decision maker is free to select a value of based on

personal preference. If a decision naker wantad to selact ourse

M
2]

£ 4 ] 1 = ) T 1 1 -

of action whose associated minimunm g2in 1s maximum, hs would set ¢
D - < z sam 3 \ ™ i i
near zero. Consider the game against Nature involving the payoffs
shown in Table XIV. Given a coefficient of optimism o = 1/4, and

1 - o= 3/4, it appears that row two is the optimal choice. If the
decision maker preferred to maximize the maximum gain, he would set

0. near to one. For the game shown in Table XV (o = 3/4 and 1 - q =

1/4), it appears that row one is the optimal choice.
Two common criticisms of this criterion may be noted: (1) the
estimation of g is completely subjective, and (2) the effect of in-

termediate values is ignored.

A third criterion is that of "minimal regret." For each
state of nature (for example, E,, Eyp, I), it can be determined

which course of action would yield the maximum gain, and then a "re-

gret" matrix is constructed in which the difference between the pay-

off obtaired and that which have been obtained if the best course of
action had baen chosen. According to this criterion, the course of

action will be selzscted for which the maximum regret is minimum.

This eriterion pay be examinad in Table XVI. It can be s=zen that the

decision-maker should choose that course of action associated with

minimal regrst, in this case aj.

A fourrh cziterion is the "criterion of the mean” (Laplace

; = . E =
Criterion). The average value (expectation) of each row is estimated,

- 2~ - 1= 7 - = :
and tha row with the highest total is chosen as the optimal course of

- : g - ] o T
action {(Table XVII}. A criticism of the Laplace criterion is that in
playinz a game with three colurms the risks of several courses of

z 2

d
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TABLE XIV

PAYOFF MATRIX--HURWICZ "INDEX OF OPTIMISM"

Player's| Strategy of Nature Expected
Strategy Sl 5o 83 Gain
1
, | o
QJ 18 = l,d'”-l- _3 X 3/6— L x 0 i"l/—rlrr\l = -,.08
i =2 = =2.25 =0 !
A 2 %0 e 1% 1 = 3/4 Of3 = 0
5 =0 =375 = .75 | :
|
= D&

=
|
3
|
o
S
F
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TABLE XV

PAYOFF MATRIX--HURWICZ "INDEX OF OPTIMISM"

Playerrg_ |-—Strategy of Nature FExpected
Strategy é Sl Sy S, Gain
aq |8 x 3/4 -3x1/4 4x0 5.25/3=l.75
P =6 = =.75 =0
a 2x0 3x 3/4 -1 x 1/4 2/1= 67
% -0 =225 = ~.25 3
a = 3/4
1 -« =1/4
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TABLE XVI

APPLICATION OF THE CRITERION OF MINIMUM REGRET

Player's Payoff For Regret
Strategy Strategy of Nature
% 5, 8, | 81, 8583
2 30 25 5 0 0 -45
a, 10 25 50 (=20 0 O




TABLE XVII

THE CRITERION OF THE MEAN

Player's Strategy of Nature Expected
3 Winni a.
Strategy 5; Sy Sq Winning/ 1.
aq 4 2 0 6/3 = 2.0
a, 2 3 4 9/3 = 3.0
a 5 0 2 ) 3 =003

3 a

i

§
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TABLE XVIII

THE CRITERION OF THE MEAN

Player's { Strategy of Nature Expected
Strategy § S1 Sy S5 | Winning/a;
f
+
| -2 0 24 0
ay f 24
a, L0 0 0 0
= i
}—5f] 0 50 0
a3 ; oU
i




action may be quite different even though the totals are equivalent

(Table Y¥VIII).

bl

With each of thase criteria, an estimate of the payoff for

be used. Every outcoms can be specified; haowever,

W
or

each outcoms mu
the assignment of values to each is often too complex and subjective
to be of any immediate practical significance. Thus, anyrcritericn
chosen by a decision-maker can be disputed on the basis of the sub-
jectivity of the estimate of anticipated payoffs. However, even an
attempt to estimafe the possible consequsnces of a career of deci-
sions would be of considerable heuristic %nd,in all probability,
practical significance.

Given that some rationai estimate of "payoffs' can be
achieved, the problem of which criteriom is the best in a particular
situation can be discussed. As noted by Arrow (1958):

It is clear that we do not really have a universally walid cri-
.terion for rational behavior (best choice) under uncertainty.
Probably the best thing to be said is that different criteriz
are valid under different circumstances.
| Ackoff (1962) has suggested the pessibie development of a
"meta-criterica,” which would allow the determination of "which of
tha available ériteria of best choice is the best criterion.”

Since the Turley method is based on overall statistiéal ex-
pectation, the criterion of the mean will be used in the examinarion
of the Turley prediction method and three other common, but invariant
clinical assumptions: (1) impaction in every case, (2) eruption (mot
in function) in every case, and (3) eruption (in function) in every

case. The criterion of minimum regret will also be examined, bacausa

argued that there are certain highly undesirable out-
=3

it can also be
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conas (i.e., extracting a good tooth or leaving an impacted tocth)

that might cause the orthodontist considerable regret.

7 —

The three ultimate states of the third molar (E., Exp, 2nd

tooth is predicted

i)

I) imply three distinct courses of action. If
to erupt into function, then, obviously, no action should be taken.
If the third polar is predicted to erupt, but not into function,
agzin no action ;houldJEe taken, inasmuch as the outcome is ques-
tionable. For ianstance, if the tooth erupts with both mesial and
distal marginal ridges exposed, thea complications wouldvnot neces-—
sarily result. However, if the tooth is partially impacted, with
only the mesial parginal ridge exposed, complications (i.e., perio-
coronitis, carias; periodontosis, etc.) are commonly sesn. In any

event, this borderline situation would seem to require too accurate

ermit an early, irrevocable, decision. Therzfore,

a prediction to

Lo |

a "wait and see" approach should be taken. Finally, if the mpaction

f the third molaz is predicted, enucleation of the tooth bud might

8] 1

then be prescribed in order to avoid complications later in 1ife,

To examina the Terley methed from the standpoint of decision ;
theory, payoffs were assigned to each specific oukcome. The payoffs
were derived by multiplying the empirical probability of impactionm,

function, or eruption-and in function by a sub-

erunticn and not in
jective estimate of the consequence of each specific outcome. Al-
though the dentist may well be dealing with structured uncertainty,
the probabilities associated with impaction and eruption were esti-

- : 5 i i will be us=d cal=
mated here and, for the purpose of discussion, wil d to cal

culate the mathematical expectations. The values (gains or losses)
T L: -

i h outcome are summarized in Taole XIX.
assigned to eacn

e e
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TABLE XIX

VALUES (GAINS OR LOSSES) ASSIGNED TO EACH OUTCOME

Actual
Cutcome EF ‘ _F‘NE’ [#ET
| 1
| E 9 2 -25
al ok
13
(&)
ns Exr 4 5 g
a
e T ~50 o 1g
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The values were assigned so that a decision leading to a
Type I or Type II error (i.e!, extracting a good tooth and leaving an
impacted tooth) would be penalized and correct decisions would be re—
wardad. The large negative vélues given to the two highly undesirable
outcomes could just as easily have been made smallér. If an ortho-
dontist were to‘have all third molars enucleated, there would ke no
way‘that eruption could occur and, thus, the patient and the ortho-
dontist would never know that a mistake had been committed. Accord-
inglf, a smaller value could then be assigned to this outcorm=. In-
stead, the viewpoint taken here is that the enucleation of third
molars that would ultimztély erupt is wrong, inasmuch as a patient
might need the tooth later in life. Similarly, if the third molar
waré pradicted to be erupted and it actuaily impacted, a smaller
value cculd have been assigned to this outcome since this result
could be resolved later in life by the removal of the impacted tooth.
However, this typa of incorrect prediction can be known and, as ;
result, could be dzmaging to the orthodontist’s reputation. In addi-

tion, if the patient had the impacted teeth extracted and developed
Iy h

s

c.), the patient could conceivably

complications (pzim, infectiom, =tc.
blame the orthodontist. Therefore, to penalize these unfortunate
lame the 1

occurrences, high negative values were assignad to both outcomss.
CCHUIE = - g

i ~ o oonld. haw : ssio to both; how-
It may be noted that a value of - © could have been assigned :

r. for the purpose of discussion, lesser penalties were imposed.
ever, T

ff (expectati e various outcomes are 3um-—
The payeff (expectations) for the var 5 drE

It may be seen that the ovarall value of the

marized in Table XX.




TABLE XX

OUTCOME OF ALL TURLEY PREDICTIONS
(LaPlace Criterion)

Predicted | Expectation
Outceme (V x P)*
Outcomes Overall
i EF . ; ENF ik
Strategy él: Turley Method
EF | 5.%-418 [aedixidlS =25 x .02
= .9 =1 . = .5 0.50
Eyg 4wl s iliniTam 03 lud w22
sl | = 687 e eys = .22 | 1.05
I i -50 x .09 | 0x90 10 x...35
= 4,50 | =0 = 3.5 1 -1.00
Total 23

Strategy as: Predict I

I ; -50 x .44 0x .08 | 10x ,59 |-16.1
| = —,22 | =0 | =50
Strategy as: Predict Exp
B . i% B Hig hoishe s deprids %e3% o« <2:75
- =176 e = .59 |
Strategy a[;: Predict Ep
E [ 5 x .46 @ 2x.08 | -25x.59] -12.39
¥ =g a6 L = -14.75]

#V = yalue assicned to outcome (s2e pp. 70 ); P = empirical
1 - - j
probability (see pp. 43 ).
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ga#e using Turley's nethod (obtairad by adding the averags gains of
each row) is .55. WVhen this is compared te the thres invarlen:

actions (always predicting I, ENr, or Ep), the best overall coursa
of action, according to the Laplace criterion, would be tha ipvariant
prediction of E e Morever, the Turley method as applied to ten-year

prediction interval (the interval zdvocated by RIDS) again was

IJ‘

nferior to thr prediction of E - (Table XXI). 1In addition, the best
coufse of action, according to the criterion of minimum regret, wouid he
the invariant prediction of ENFas shpwn by the regret matrix in Table XXTI.
However, if a higher expectation is associated with the prediction tech-

nigue when compared to the expectation associated with predicting E\F

for every case, the orthodontist would be faced with two choices which
could, perhaps be handled by the criterion of minimum regret. Associated
with the prediction method are the two highly undesirable outccmes (i.e.,

extracting a good tooth and leaving an impacted tooth) that, for many

would more than Qu tweigh any overall advantage afforded by the predictionms.

Thus, it would seem more prudent to bzse a decision on the criterion of

minimum regret and, thereby, avoid these undesirable outcomes. Thus tns

cimal course of action would be to predict nonfunctional eruption and to

[#
g

1]

;jait mmtil the patient has passed the age of third molar eruption.

‘4

The decision to extract would then be based on tha final position of
the tooth, thereby avoiding any grossly undesirable (and irrevarsible)

outcomes For both the patient and the orthodontist.

Ethical CJnSLrﬂlﬂtq on Enuclaa;;o1

Tnasmuch as Ricketts and associates (1976) have advocated

enucleation based on the outcome of the Turley prediction method, it
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TABLE XXI

OUTCOME OF THE TURLEY TEN YEAR PREDICTION-INTERVAL
(Laplace Criterion)

Predicted Expectation

Outcome (Vx P)*
Qutcomes | Overall
Erd 1 T
°F “NF = |

Strategy a;: Turley Method

EF SR T A0 ] -25 x .15| ~-2.60
=1.05 =l =" =395
B . 4 x .26 SR R E 1 x,34F 1.50
NF = 1.04 = ,15 e
¥ -50 x 0 0x0 10 x .05 | .50
=0 =0 =405
Total 7
Strategy a,: Bredict T
I =50 % alsatix .0y 10 x .54] -18.10
= 23.50 = 0 = 5.4
Strategy as: Predict ENF
Ey 1 % x A7) piEaa0s -l x S8l 2.82
me =1.88 ! s i 2ley |
Stratagy a4: Predict EF
E 5 % 47 i 2% 0B -25 x .54i -10.99
E 8,35 e 08 e = 19,5
%V = value assigned to outcome (see pp. 70 );
P = empirical probability (see pp. &5 . )
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TABLE XXII

APPLICATION OF THE CRITERION OF MINIMUM REGRET

Player's Payoff for

Strategy Strategy of Nature Regret

Ep Ey Ll Ep Egp I

Turley -2.92 25 3.22 {-4.68 -.15 O
Method

Predict 1476 .04 59 0 0 -2.63
B

i # s
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would seam appropriate to comment, from the standpoint of a dentist, i
on 1ts routine use in dental practica.
One 2ssumption made by many orthodontists is that the third

molar does not increase the efficiency of occlusion, and that its
loss is of no great significance. Unfortunately, no one can pradict
the future loss of the first and sscond molars due to caries or in-
jury. If such ; loss occurs, the third molar could possibly be used
as av abutmgnt to .2 prosthatic appliance. Even though the third
molar is not needed at a particular time, this is not sufficient rea-
son to ignore the possible future need of this tooth.
Another commonly held belief is that the impacted third

molar causes crowdipg of the mandibular incisors. Thus, many orthof
dontists extract the third molar to prevent relapse of the lower an-
rtaricr teeth. This belief has been sexriously challenged by many
(3rcadbent, 1943; Bjork, 1556; Shanley, 1962; Fuder, 1969), and, 21-
though Vego (1961) has reported crowding of nandibulzar incisers In
association with the presence of impacted third molars, he also noted

crowding of lower incisors when third molars were cengenitally miss-

Daschi and Howell (1961) have shown that 37 %Z of the impacted
- third molars were found radi ographically to have radie-
Jucent areas (cysts) around the crown. A cyst may not only affect
the third molar but also, in time, the adjacent teeth. Because cyst
farmatién is associated with the impacted third molar, many ;linical
orthodontists believe that enucleation is justified. However, It

could be argued (but not yet proved) that cyst formatiocn might also

—~—d
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be caused by epithelial remnants left behind during enucleation.
Handleman (1976) felt that the enucleation of the third
molars may cause a psychological problem for the child. The child

. « . is asked to accept a surgical procedure in the back of
his mouth, and the loss of two permanent teeth, when they are
not in pain, znd can see no rvelatiomship ta straightening their
teeth. Perhaps we have a trade-off: the less traumatic surgical
procedure of enucleation for the more psychologically trzumatic
loss of unkaown Ybody parts' in-the young child.

If an orthodontist chooses routinely to enucleate the lower
third molars, thereby ignoring the arguments—beoth real and imagined—
against enucleation, he could only do so if an accurate pradiction
mathod were available and the significanca of the various outcomes
were taken into consideration (with reference to some known cri-

terion). This investigation has shown that such accuracy caaonot be

obtained from the three methods examined. Howaver, if the perfect

prediction method did exist, certain variables must be considered as

part of the m;erall decision apparatus. It would be necessary to

know if the patient would need comprehensive orthodeutic treatment

not, so tnat space could be

snd whacher it would involve extraction OT

o - ' - > 3 £ 3
added or subtracted from the predictioa formula. The dacision to

paucleata at such a2 ea:ly age, in turm, would depend on additional

decisions that can only be made at a later time. It appears, there-

ionable procedure even if a

fore, that enucleation would be 2 quest

perfect prediction method were available.



SUMMARY AND CONCLUSIONS

3

Although the prediction of lgwer third molar impaction has
been attempted for many years, a prediction service only recently has
been made commeréially available by Rocky Mountain Data Systems, Inc. It
is claimed that their technique (described by Turley and Chaconas in
1575) cen predict ten years in advance, the space available for third
molar eruption to *2.8 mm and that, because the third mola:-erﬁpcion
is a functiom of space, eruption can aand should be predicted.  Al-
though an inecreasing nurber of orthodontistsemploy this service,

- 1ittle independent support for its efficacy is available. Accord-
ingly, an investigation of the accuracy-of this technique, as well
25 that of two che€ workers (Leydard and Richardson), was undertaken.

Sixty-two longitudinal cephalometric series, spanning the
period from eight vears of age to maturity, wera s?lected from the
files of the Bolton-Brush Growth Study Center, Each subject had an
averasz of thirteen cephalometric radiographs. ;

Separate predictions were obtained for both lower third molars
by tracing both right and left sides of the mandibla, teath, and oec-
clusal planes for the three techniquaes. The accuracy of the prediction

methods were examined by a variety of statistical tests and the fol-

lowing conclusions were drawm:
(1) Leydard's method was biased toward the prediction of im-
0f forty-five erupted third molars, only eight

. paction.
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{4)

(5)

iy e

were predicted.

Richardson's general observations that steeply angled third
molars tend to be inpacted and tend to upright lass were
corroborated by this study. However, Richardson did not
present a prediction method per se; therefore, these ohser-
vations do not constitute a formal validation of a predic-
tion technique.

For Turley's method, the coefficient of triserial correlation
between the predicted measurements and the final status of
the tooth was of only "moderate” magnitude, averaging .527
for all prediction intervals.

Overall, the Turley method was correct in only 49.5Z of the
cases. Its accuracy decreased in direct proportion to the
length of the pradiction interval.

Because with the Turley method several hizhly undesirable
outcomes have a finite probability, the orthodontist may well

choosa to "watch and wait," a simpler course of action that

nay well have both a higher expected "payoff" and a lesser

e
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