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Abstract: The purpose of this study was to compare the dental

effects of extraction and non-extraction edgewise in diagnostic

subgroups of known susceptibility. Pretreatment records from a

sample of 238 former Class II edgewise patients who could be

located and who agreed to participate were subjected to dis-

criminant analysis. As judged by the variables that entered the

resulting discriminant function, the extraction decision at the

time of treatment (1969±1980) was based largely on dental

crowding and protrusion. Based on the continuum of standard-

ized discriminant scores that resulted, four diagnostic

subgroups were formed: clear cut extraction and clear cut non-

extraction groups at the extremes of the distribution, and bor-

derline extraction and borderline non-extraction groups in the

centre (discriminant scores near zero). Ultimately, 125 of the

238 patients agreed to return for follow-up records. On average,

the post-treatment interval was about 15 years. The so-called

peer assessment rating (PAR, British weighting) was used to

evaluate immediate post-treatment and longterm dental

improvement. On application to subgroups of graded, empiric-

ally appropriate susceptibility, both treatments produced a

marked reduction in PAR scores. This improvement was similar

to that reported elsewhere for comparable, but less precisely

characterized samples. The present extraction patients had

somewhat higher initial PAR scores and thus had the least

potential to bene®t most from treatment. This potential for

improvement appears to have been realized by premolar

extraction. In contrast, the literature holds out little hope that a

non-extraction treatment could have done as well. Accordingly, if

the protrusive, crowded patient has the most to gain (and the

most to lose in terms of regret), then the speciality has an

obligation to view with caution and concern the growing popu-

larity of non-extraction at all costs treatments. For a ponderable

segment of our patient pool, it would be a pity to abandon

treatments that can do the most in favor of those that can do the

least.
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Introduction

For any given malocclusion there are a host of treat-
ments that compete for attention and market share. To
ask whether and under what circumstances any of them
`works' seems almost beside the point. Indeed, if
orthodontic history teaches anything, it is that all
treatments work well enough to permit survival in
clinical practice. Accordingly, the speciality today seems
to be looking for a simple, popular, orthodontist-
friendly treatment that can be used for all malocclusions.
But can a single `treatment' ± extraction or non-extrac-
tion; early or late; one stage or two ± be optimal or even
adequate for all patients? Conversely, can the menu of
available therapies be so interchangeable that, for a
single patient, a treatment can be chosen purely on the
basis of convenience?

From the standpoint of the individual, it seems almost
a mathematical certainty that all treatments cannot
be equally effective. Stated simply, some treatments
probably produce better results than others. Thus, for
each patient/malocclusion, there may well be one best
strategy and n±1 less desirable alternatives. But how are
we to decide among them? It is easy to tell when treat-
ments are different; better, however, is quite another
matter. In the end, it may boil down to `whose ox is to
be gored'.

At the dawn of the 21st century, treatments are
supposed to be evidence-based and patient centered.
Although the call for `evidence based' treatments seems
to have raised a host of red ¯ags (1), it is hard to argue
(at least in public) against adopting `patient centered' as
a gold standard, bed rock criterion. For many, however,
such a focus would represent a major paradigm shift.
Rather than ease of application and practice ef®ciency
(`quicker, cheaper, better ± any two will do'), it suggests
that we pay more attention to criteria that are of signi-
®cance to the patient. Nowhere is the potential con¯ict
between the concerns of the orthodontist and the needs
of the patient more obvious than in the controversy
surrounding `extraction'.

Some argue that the extraction of ®rst premolars
(`extraction') has a drastic negative impact on the pro-
®le, whereas others say that the effect is, on average,
only 2 mm or so. One school (2) of thought has adopted
the mantra that non-extraction treatments produce `full
complete smiles with nice full dental arches', while
another (3) claims that patients want pro®les that are
really quite `¯at'. The way a treatment interacts with the
facial pro®le is controversial, both in terms of what a
given treatment does and what actually needs to be
done. In the current incarnation of the extraction
`debate', dental stability seems to have taken a back seat
to a discussion of the impact on the face and smile.
Recently, however, the development and increasing

popularity (at least with researchers) of the so-called
peer assessment rating (PAR) has served to direct
attention once more to the dental effects of treatment ±
overbite, overjet, midline discrepancy, right and left
buccal occlusion, and upper and lower anterior align-
ment (crowding, spacing, impaction) (4).

The correction of crowding requires space, and
extraction is perhaps the surest source. Expansion,
either dental or skeletal, has received a great deal of
attention as a substitute for premolar extraction.
Unfortunately at a rate of 0.7 mm of extra perimeter
for each mm of expansion, it would take approximately
12 mm of stable expansion to equal the space created
by the extraction of four ®rst premolars followed by
careful space-closing mechanics (5). Unfortunately,
although expansion is easy, there is little evidence that
the changes it produces, especially the hoped for
increases in arch perimeter, are stable. The lack of an
effective substitute for extraction, rather than some
sort of change in the public's perception of facial
beauty, appears to have led to the convenient claim
that people prefer the `toothy' effect that contemporary
non-extraction, non-compliance, preadjusted treatments
tend to produce.

Freud said that `biology is destiny'; for patients, the
choice of treatments is their destiny. Because each regime
produces a restricted range of outcomes (5), it can be
argued that a given treatment may be appropriate only to
a limited spectrum of patients. Thus, the use of even a
reliable, popular, objective index to study the dental
effects of, say, `early treatment' (6) or to compare
extraction and non-extraction edgewise (7) may produce
results that are dif®cult, if not impossible, to interpret. If
a study's groups are formed purely on the basis of per-
sonal treatment decisions, it is impossible to know not
only what sort of malocclusions have been studied (8),
but also the type of patient to whom the results apply.

The purpose of this simple investigation, therefore,
was to examine short- and long-term change in PAR
scores in carefully de®ned diagnostic subgroups of
extraction and non-extraction Class II patients. The goal
of this approach was to characterize the interaction
between malocclusion and treatment strategy. It is
hypothesized that PAR score improvement will be a
function both of the choice of treatment and the degree
of pretreatment crowding and protrusion.

Patients and methods

The patients studied here and the statistical methods
employed to de®ne the various samples have been
described in greater detail elsewhere (9±12). Following
approval by the Institutional Review Board of Saint
Louis University Medical Center, at least ®ve attempts
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were made to contact all edgewise Class II, division 1
®rst-premolar extraction and non-extraction edgewise
patients treated in the graduate orthodontic clinic
between 1969 and 1980. These treatments were effected
by way of standard, 022¢ non-preadjusted edgewise
appliances in conjunction with various combinations of
anchorage preparation, Class II elastics, and extra-oral
traction, as needed. Because of the passage of 10±20 years
since the completion of treatment, most subjects could
not be reached; however, in the end, 238 ± approxi-
mately one in 10 ± were located and agreed to partici-
pate. These potential subjects were told that they would
be contacted for followup records should they meet the
empirical admission criteria that would be generated
from an analysis of their initial models and lateral
cephalograms.

To characterize the pretreatment differences between
the extraction and non-extraction patients, a total of 89
linear and angular measurements were generated and
then subjected to discriminant analysis. A linear combi-
nation of six of these characteristics ± maxillary crowding
and protrusion; mandibular crowding, protrusion, and
irregularity; pro®le convexity ± provided a highly signi-
®cant (p < 0.01) discrimination between the 132 extrac-
tion and the 106 non-extraction patients. Based on
standardized discriminant scores, the ex-patients were
divided into four groups from which 125 of the original
238 agreed to return for followup records: 33 clear-cut
extraction, 33 borderline extraction, 29 borderline
non-extraction, and 30 clear-cut non-extraction. The
post-treatment interval averaged about 15 years.

The PAR was used to assess the dental effects of
treatment on each of the 125 sets of study models. This
index was developed to assess malocclusion at any stage
of dental development and thereby to measure the suc-
cess of orthodontic treatment in terms of dentoalveolar
change (4). Because of its relatively complete charac-
terization in the literature, the British-weighted version
was used here. The senior author was trained in the use
of the PAR Index at The Ohio State University. The
calibration process was supervised by Dr Kevin
D. O'Brien of the University of Manchester, UK. A sub-
sequent reliability exercise on 30 study models produced
an intraclass correlation of 0.89. The start (T1), ®nish
(T2), and recall (T3) study models of each of the 125
Class II patients were scored (in random order)
according to the British weighting of the PAR Index.

Standard descriptive statistics (means and standard
deviations) were calculated for the T1, T2, and T3 study
models. According to common usage, a reduction in
PAR score of 30% is considered to be `improved';
22 points, `greatly improved'. Based on this categoriza-
tion, v2 contingency tests were used to test the rela-
tionship between treatment and short- and long-term
improvement in PAR score.

Results

Descriptive statistics for pretreatment, post-treatment,
and recall PAR scores are summarized in Table 1. It may
be noted that the clear-cut extraction patients had the
highest PAR scores at the outset; however, after treat-
ment and later on recall, the scores for all four groups
were, on average, low and quite similar. The distribu-
tion of improvement categories ± greatly improved,
improved, worse/no different ± among the four treat-
ment groups is summarized in Tables 2 & 3. As may be
seen, very few of the 125 patients failed to show some
sort of improvement. Contingency tests were used to
assess the relationship between treatment strategy and
categories of PAR-score improvement. In these v2 tests,
the `improved' and `worse/no different' cells were
combined to achieve expected frequencies of at least
®ve. At the end of treatment and perhaps to a degree at
recall, the extraction treatments showed disproportion-
ately more subjects in the greatly improved category:
v2 � 11 (p < 0.01) and 7 (0.05 < p < 0.10), respectively.

Discussion

The various groups studied here were de®ned by stan-
dardized discriminant scores. Ultimately, therefore, they
were formed by treatment plans devised some
20±30 years ago. At this time, few would have contem-
plated using a single treatment for all patients. Some
patients were seen as being susceptible to extraction;
others, to non-extraction. For the groups of patients
studied here, the variables that entered the discriminant
function imply that the extraction/non-extraction decis-
ion was based largely on crowding and protrusion.
Accordingly, although extraction has since fallen out of
favor with many orthodontists and their referral sources,
the four diagnostic subgroups studied here have a
rational basis and thus are at least of heuristic signi®-
cance, especially when viewed from the standpoint of
the patient.

It is clear from the similarity of the recall PAR scores
that both the extraction and non-extraction edgewise
treatments were effective in producing short- and long-
term improvements in the dental characteristics meas-
ured by the PAR Index. Indeed, the improvements seen
here are similar to those reported for two-phase func-
tional/®xed treatments (6) and for various kinds of
extraction and non-extraction treatments in samples
containing a mixture of Angle classes (7). These ®nd-
ings, however, do not mean that the various treatment
strategies are interchangeable. They mean only that both
extraction and non-extraction are effective in patients
who are susceptible to the repertoire of changes that
each tends to produce.
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Patients differ in their susceptibility to a given regi-
men. Patients with `straight' pro®les and no crowding,
for example, seem particularly suited to some form of
non-extraction treatment. In the present study, how-
ever, the two `borderline' groups had discriminant
scores that clustered around zero and thus were mor-
phologically similar prior to treatment. For these
patients, it seems to have made little difference dentally
which treatment was employed. As reported elsewhere
(11), however, these same two borderline groups
showed modest, but noticeable and statistically signi®-
cant, differences in pro®le protrusion that averaged
about 2 mm. In this intermediate type of patient there-
fore the choice of treatment would seem to depend more

on facial aesthetics than on dental characteristics. In this
context, it should be noted that patients, themselves,
may prefer pro®les that are considerably `¯atter' than is
commonly assumed by those who wish to avoid the
rigors of extraction mechanics, both for themselves and
for their patients (3).

In contrast to the similarity characteristic of the bor-
derline groups, patients in the two `extreme' groups
differed greatly with respect to crowding and protrusion
(11, 12). Both the discriminant scores that de®ned the
groups and the present estimates of PAR-score
improvement in the extreme extraction group argue that
it is the severely crowded and protrusive patient who
has the most to gain from orthodontics. From the
standpoint of the PAR Index, a patient with a straight
pro®le and little crowding has a limited potential for
improvement. Indeed, it takes an initial score of 22 even
to be eligible to be `greatly improved' (4). In the present
study, it was the extraction patients who had the highest
initial PAR scores and who were thus eligible for the
greatest improvement. The fact that they actually did
undergo the greatest improvement is perhaps signi®cant.

Both short- and long-term, the present results argue
against the common, word-of-mouth claim that `extrac-
tion' ruins dentition. It suggests instead that it is the
clear-cut extraction patient (that is, one who presents
with marked protrusion and crowding) for whom
orthodontics can do the most. A problem with this
inference is that history never reveals its alternatives:
perhaps all of the patients would have seen the same
reduction in PAR score had they been subjected to the
non-extraction alternative. If treatments are inter-
changeable, why not use the one that is easiest and most
popular with patients and referral sources? Unfortu-
nately, the literature provides scant justi®cation for the
belief that extraction and non-extraction treatments are
interchangeable in application to the extremes.

Peer assessment rating is a dental index. Non-extrac-
tion treatments have been shown to have only a limited
capacity to correct the crowding and protrusion that
contributed to the initial PAR scores of the present
extraction patients (3, 13). In contrast, premolar

Table 1. Descriptive statistics: means and standard deviations (SD) by stage of treatment

Group Pretreatment Post-treatment Recall

n Mean SD Mean SD Mean SD

Non-extraction

Clear-cut 29 28.3 8.2 3.9 4.2 10.1 6.3

Borderline 30 31.5 8.3 5.1 4.6 12.5 9.2

Extraction

Borderline 33 32.7 7.4 5.2 3.9 12.1 6.1

Clear-cut 33 37.7 8.8 5.6 4.1 11.1 7.3

Table 2. Treatment change in peer assessment rating (PAR) score,

by groups

Group Greatly improved Improved Worse/no different

n (%) n (%) n (%)

Non-extraction

Clear-cut 17 (59) 12 (41) 0 (0)

Borderline 21 (70) 9 (30) 0 (0)

Extraction

Borderline 28 (85) 4 (12) 1 (3)

Clear-cut 30 (91) 3 (9) 0 (0)

Table 3. Overall change in peer assessment rating (PAR) score, by

groups

Group Greatly improved Improved Worse/no different

n (%) n (%) n (%)

Non-extraction

Clear-cut 11 (38) 16 (55) 2 (7)

Borderline 14 (47) 12 (40) 4 (13)

Extraction

Borderline 16 (49) 14 (42) 3 (9)

Clear-cut 23 (70) 10 (30) 0 (0)
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extraction makes incisor retraction possible and thus can
produce a long-term correction of at least some incisor
irregularity. Thus, at least from the standpoint of the
PAR score, it probably cannot be argued that non-
extraction could have produced a comparable improve-
ment in the two extraction groups. If this be so, it is
necessary to consider the concept of `regret', the dif-
ference between what a patient gets and what he/she
could have had, given the best available treatment.

If there is no effective substitute for premolar extrac-
tion, if non-extraction treatments have only a limited
capacity to correct crowding and protrusion, and if
extraction really is bad, then there may well be a sizeable
sub-population of patients for whom orthodontics can
do little. The literature, however, contains little support
for the common, crude indictments of conventional
`extraction' therapy. Indeed, the present study argues
that, compared with outcomes seen in non-extraction
patients, premolar extraction can produce dental results
that are as good or perhaps even a bit better in a spectrum
of patients for whom non-extraction probably can do
little. At the very least, our results stand as a reference
standard for those who seek to apply non-extraction
treatments to the extraction extremes and vice versa. The
long-term data should prove interesting.

In the meantime, the present communication advances
the hypothesis that the orthodontist's greatest oppor-
tunity for success may well be the `extraction' patient
who is treated by extraction; the greatest potential for
regret, the extraction patient who is not.

Conclusions

When matched according to empirical measures of
patient susceptibility, both extraction and non-extrac-
tion treatments produce comparable PAR-score
improvement, both short- and long-term. Clear-cut
extraction patients, however, seem to have the most to
gain from treatment. The present study argues that, for
these patients, extraction treatments stand the best
chance of meeting this need and hence of ful®lling the
specialty's potential to effect meaningful change.
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