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A long-term comparison of nonextraction and 
premolar extraction edgewise therapy in "borderline" 
Class II patients 

David E. Paquette, DDS, MS, MSD, = John R. Beattie, DDS, MSD, ~ and 
Lysle E. Johnston, Jr., DDS, MS, PhD ~ 
Charlotte, N.C., Orlando, Fla., and Aim Arbor, Mich. 

The long-term effects of extraction and nonextraction edgewise treatments were compared in 63 
patients with Class II, Division 1 malocclusions who were identified by discriminant analysis as being 
equally susceptible to the two strategies. A lateral cephalogram, study models, and a self-evaluation 
of the esthetic impact of treatment were obtained from each of the 33 extraction and 30 
nonextraction subjects. The average posttreatment interval was 14.5 years. Although the two 
strategies produced significant, long-lived differences in the convexity of the profile and the 
protrusion of the dentition (the nonextraction patients were about 2 mm "fuller"), half of the 
nonextraction patients and three fourths of the extraction patients ultimately presented with less than 
3.5 mm of lower incisor irregularity. The two groups showed an essentially identical pattern of 
posttreatment relapse/settling that was related more to the differential growth of the jaws than to the 
posttreatment position and orientation of the denture. Because in the end the various tooth 
movements tended to cancel one another, excess mandibular growth was also the most important 
net contributor to the molar and overjet corrections. In the process, both groups showed a marked 
forward displacement of the mandible, both at the chin and at the condyle. Finally, although it is 
probable that most of the present sample would today be treated by expansion, the 30 patients who 
actually received this presumably correct treatment rated their appearance no more highly than did 
the extraction subjects. On balance, our data provide little support for the popular concept of a single 
stable incisor angulation and for the troublesome claims that premolar extraction--as opposed to 
expansion and bite-jumping--must of necessity produce distal mandibular displacement and, in the 
process, flatten the profile enough to "ruin the face." (AM J ORTHOD DENTOFAO ORTHOP 1992; 
102:1-14.) 

pliances 
products 

Or thodon t i c s  is a mature specialty. The ap- 
and strategies that are presently used are the 
of nearly 100 years of natural selection at the 
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hands of dentistry's best and brightest. Unfortunately, 
many of our nonorthodontic colleagues do not share 
our satisfaction with the product that has evolved. As 
part of an exceptionally unpleasant turf war, they have 
formed what amounts to a parallel universe predicated 
on treatments and theories that run counter to our col- 
lective experience. Crowding? Expand ad libitum; strip 
every tooth; split the premaxillomaxillary suture. You 
say human beings don't have one? On second thought, 
people look better if their teeth stick out. Besides, in- 
cisor retraction causes TMD. Class I1 malocclusion? 
Bite forward--forever. Moreover, the orthodontic 
counter-culture appears disconcertingly eager to indict, 
often in a court of law, the basic strategies that are the 
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hallmark of the contemporary orthodontic specialist. 
It is argued, for example,  that premolar extraction 

is so likely to "dish in" the profile and cause posterior 
mandibular diplacement that it is almost always an in- 
appropriate strategy, regardless of  the tactics chosen to 
prosecute it (e.g. ,  slot size, bracket prescription, 
method of  space closure, type of anchorage prepara- 
tion). ~'z Spearheaded by the occasional lawsuit, this 
attack has proved remarkably successful, despite an 
almost complete lack of support in the refereed litera- 
ture (see, for example,  Drobocky and Smith3). Indeed, 
it is as if Tweed and Strang never drew a breath: our 
extraction rate is shrinking, 4'5 and techniques that most 
of  us have only read about in history books (e.g.,  ex- 
pansion and bite jumping) are now seen and sold as 
important advances, if not for the treatment of  patients, 
at least for the "management"  of  risk. 

It is one thing to make florid claims; it is quite 
another to generate supporting data. Unfortunately, if 
one were to attack what seems to be the crux of the 
issue by comparing the results of  extraction and non- 
extraction therapy, the results would be hopelessly 
compromised by susceptibility bias: patients treated one 
way tend at the outset to differ from those treated an- 
other. 6-8 Significant long-term differences would there- 
fore defy interpretation. Moreover, the problem is not 
easily (or ethically) amenable to the time-honored tech- 
nique of random treatment assignment. 9-H A random- 
ized trial must start with an honest null hypothesis: 
there must be true uncertainty as to the better treat- 
ment. J2 Most patients, however, are susceptible only to 
a single treatment; in the face of  an informed decision 
to treat, side effects may well be beside the point. 

For example,  given a choice between brain surgery 
and a haircut, most would choose a haircut; however, 
if you have a slowly growing brain tumor, you are 
uniquely susceptible to surgery, regardless of  its risks. 
In this context, a blanket condemnation of  surgery by 
enthusiasts of  the tonsorial arts would constitute an 
irresponsible threat to the public health. Similarly, al- 
though many dentists and perhaps even a few specialists 
might disagree, there are some patients whose teeth are 
so crowded and protrusive that they can only be treated 
by extraction. As a result, a comparison between 
extraction and nonextraction treatments can have mean- 
ing only for the borderline patient, the patient who is 
uniquely susceptible to neither treatment and who thus 
can be treated either way. 

Given the ethical requirement that there be  uncer- 
tainty, it is possible to devise a number of  prospective 
strategies by which treatments are assigned at random 

to a sample of  borderline patients. If  properly designed, 
such a study would not only minimize susceptibility 
bias, but would also control for the other biases (e.g.,  
detection, transfer, and proficiency) that often compro- 
mise the outcome of  a clinical study. 6 Unfortunately, 
this approach features two major drawbacks: (1) it is 
doubtful that many would consent to the extraction of  
premolars were they fully informed that the investi- 
gators had determined that nonextraction therapy would 
work equally well, and (2) an adequate period of  post- 
retention observation (e.g.,  a decade or so) would al- 
most certainly be accompanied by severe sample attri- 
tion, not to mention the probable obsolescence of the 
original question. 

One way to circumvent these problems is to employ 
a so-called "retrolective-prolective" design 6 in which 
the admission criteria are similar to those of  a com- 
parable prospective trial. As noted by Feinstein: 

If all of the important variables that affect a clinician's 
choice of treatment have been suitably arranged in the prog- 
nostic subgroups. . ,  and if treatments are appraised within 
these subgroups, the comparisons of nonrandomized treat- 
ment should be relatively free from bias? ~ 

It will therefore be the purpose of this article to 
define the anatomic basis of  the extraction decision, to 
use the resulting decision rule to select and recall a 
sample of  borderline patients who had been treated 10 
to 20 years ago, a n d  then to compare the long-term 
stability and esthestic impact o f  the two strategies. 

PATIENTS AND METHODS 

After approval of the present protocol by the Institutional 
Review Board (IRB) of St. Louis University Medical Center, 
at least five attempts were made to contact all Class II, Di- 
vision 1 first premolar extraction and nonextraction edgewise 
patients treated at St. Louis University between 1969 and 
1980 to determine their willingness to return for follow-up 
records. Because of the passage of 10 to 20 years since the 
completion of treatment, most could not be reached; however, 
a total of 238--about one out of every nine patients--agreed 
to participate. These potential subjects were told that they 
would be contacted for follow-up records should they meet 
the empirical admission criteria that would be generated from 
their initial records. 

Identification of borderline stratum: 
Discriminant analysis 

Given that the goal of the present study was to compare 
the effects of extraction and nonextraction therapy only in the 
subset of patients for whom there was empirical evidence of 
uncertainty, it was necessary to define the extraction/nonex- 
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Table I. Sample description 

Group [ Males Females Star! 

Average age O'rs.) 

I Fi, zislt I Recall 

Extraction 13 20 12.53 14.37 28.78 
Nonextraction 19 I I 12.60 14.20 28.69 

traction "gray area" and then use this information to identify 
the patients who would actually be recalled. To this end, 
diseriminant analysis* was used to characterize the anatomic 
basis of the extraction decision as employed by the clinicians 
who did the treatment planning. 

The dataj that fueled the discriminant analysis were ob- 
tained from each patient's initial lateral cephalogram and 
study models (photocopies magnified 21.5%). The key ele- 
ments of the present cephalometric analysis are summarized 
in Fig. 1. The model analysis featured standard measures of 
individual tooth size, arch width (at the canines, second pre- 
molars, and first molars), arch length (in two segments, 
6-1-6, '~ and four, 6-3-1-3-6), discrepancy (based on the four- 
segment measure of arch length), lower anterior irregularity, '~ 
and arch symmetry (separate measures of right and left dental 
arch width taken relative to the midline). Our goal was 1o 
obtain some measure of almost any characteristic that could 
have been used to arrive at the extraction decision. Of the 89 
independent variables that resulted, a linear combination of 
six, maxillary crowding and protrusion; mandibular crowd- 
ing, protrusion, and irregularity; and profile convexity, pro- 
vided a highly significant (p < 0.01) discrimination between 
the 132 extraction and the 106 nonextraction patients. In 
standardized form, the discriminant function then was used 
to generate "confounder summarizing" discriminant scores 
for each of the 238 subjects (Fig. 2)." Note that extraction 
patients tend to have negative scores; nonextraction patients, 
positive. The larger the absolute value of the discrimninant 
score, the higher the probability that, in practice, only one 
of the two alternatives would actually be employed. Scores 
close to zero, however, would be indicative of patients whose 
maloeclusions could have been treated either way and whose 
follow-up data therefore would support a meaningful be- 
tween-strategy comparison. 

Attempts were then made to recall the 48 extraction and 
48 nonextraction patients whose standardized discriminant 
scores lay within about one standard deviation of zero. Of 
these 96 former patients, 16 could not be recontacted, 9 re- 
versed their original decision to participate, 4 failed their 
appointments, 2 had become pregnant, and 2 had gaps in their 

"Subprogram. DISCRIMINANT, Statistical Package for the Social Sciences, 
version 3.1 (SPSS, Inc., Chicago, IL) running on a VAX 6210 minicomputer 
(Digital Equipment Corp., Nashua, N.II.). 
"~Digitizcd with a transparent digitizing pad (Scriptel RDT-I212, Scriptel 
Corp., Columbus, Oil) and a commercial ccphalometric program (Dcntofacial 
Planner, version 4.22A, Dentofacial Software, Toronto, Canada). 

initial records. Tile remaining patients, 30 nonextraction and 
33 extraction, signed an IRB-approved consent form and re- 
turned for lateral cephalograms, study models, and self- 
assessments of their perception of the esthetic intpact of treat- 
ment (Table I). The average posttreatment interval was about 
14.5 years (range, 9 to 20 years). 

The extent to wlfich the discriminant functions led to the 
recall of structurally comparable samples (i.e., subjects rel- 
atively free of susceptibility bias) may be judged from the 
superimposed tracings of the group averages* depicted in Fig. 
3 and the descriptive statistics for the initial values of the 
various ccphalometrie and study model variables summarized 
in Table I1 (the variables used in the discriminant function 
are numbered I through 6 in italics). 

Cephalometric analysis 
For each patient, the posttrealment and recall lateral ceph~ 

alograms were subjected to the same descriptive analysis that 
was used in the initial descriminant analysis. The main goal 
of this analysis was to characterize the skeletal, dental, and 
soft tissue changes that occurred, both during and after treat- 
ment. In addition, detailed regional superimposition was em- 
ployed to quantify the source of tile correction/relapse of the 
molar relationship and overjet. Although this analysis has 
been described elsewhere, ~5 a brief description is, perhaps, 
in order. 

On the basis of the guidelines developed in Bjrrk's lab- 
oratory, 161~ cranial base, maxillary, and mandibular regional 
superimposition was used to measure the displacement (as a 
result of growth, orthopedic changes, or functional shifts) of 
maxillary and mandibular basal bone relative to cranial base 
and the movement of the molars and the incisors relative to 
basal bone. Each landmark was transferred tbroughout the 
entire series from the film on which it could best be seen. 
For example, if SE (the intersection of the averaged greater 
wings and the sphenoid planum) could be seen most clearly 
on the posttreatment film, anterior cranial base superimpo- 
sition on common structures from the anterior margin of sella 
turcica to foramen cecum was used to carry the point through 
to both the initial and recall tracings. From the maxillary 
superimposition, the anteroposterior growth of the maxilla 
(MAX) was estimated by measuring the distance between SE 
points, the differential growth and/or functional shift of the 
mandible relative to maxilla (ABCH) was measured as the 

*Prepared with the aid of "'Average.'" a customization of Dentofacial Planner, 
v 4.22, Dentofacial Soft',,,are, Toronto, Canada. 
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Fig. 1. Cephalometric analysis. A, linear measures; B, angular measures. The numbered measures 
correspond to the enumeration of Table II (first column). 



Volume 102 Borderline e.rtraclion a/td none.ttracliotz comparison 5 
1*,'umber I 

Class II Edgewise 

16 
Frequency 

14 

12 

10 

8 

0 ~ 1 1  I I I I I I I I | I | I I I ,l~ I I I | 

- 5 . 0  " 4 . 0  " 3 . 0  - 2 . 0  - 1 . 0  T 0 . O  

I I I I I I I I I I I l I I 

1.0 2.0 3.0 4.0 5.0 

S t a n d a r d i z e d  D i s c r i m i n a n t  S c o r e  

Nonextraction (102) i Extraction (136) 

16 

14 

1 2  

10 "  

8 -  

6 

4 

2 

0 

Frequency 

$ 

 liid 
. . . . . . . . . . . . . . . . .  " ; o ' "  -5.0 -4.0 -3.0 -2.0 - . 

h 

o 1.0 2.0 3.0 4,0 5.0 

S t a n d a r d i z e d  D i s c r i m i n a n t  S c o r e s  

Nonex t rac t i on  (30) i Ex t rac t ion  (33) 

Fig. 2. Standardized discriminant scores. Top, parent samples; bottom, borderline subsamples. Note 
that the recalled subjects came from the area of overlap between the two parent samples and thus 
represent patients for whom there is empirical evidence of uncertainty. 

distance between D points, and the movement of the maxillary 
central incisors (UI) and the first molars (U6) was determined 
by measuring the distance between averaged (right/left) me- 
sial contact points and incisal edges. Similarly, mandibular 
tracings from adjacent films were superimposed (mean f.unc~ 
tional occlusal plane orientation. D point registration) and the 
movement of the lower molars (L6) and the incisors (L l) was 
measured by taking the distance between averaged mesial 
contacts or incisal edges on adjacent films. In addition, molar 

movement was broken down into a bodily component (the 
displacement of a point bisecting the molar apices) and a 
tipping component calculated by subtracting the movement 
of the apices from the movement of the averaged mesial 
contact points. 

Each measurement was executed parallel to the mean 
functional occlusal plane (MFOP; initial/recall average) and 
,.,,'as given a sign appropriate to its impact on the molar or 
the overjet correction: positive, if it improved the relationships 
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T a b l e  II. Start, f i n i s h ,  a n d  r e c a l l :  D e s c r i p t i v e  a n d  i n f e r e n t i a l  s t a t i s t i c s  f o r  r e p r e s e n t a t i v e  c e p h a l o m e t r i c  a n d  

s t u d y - m o d e l  m e a s u r e m e n t s  

No. Measure 

Star/ 

E.~traclion No/te.rlractio/1 I I 
I 

Lbwar (mm) 

I. Overjet  7 .9  

2. Overbi te  3 .9  

3.  Wits A I B  3 .2  

4.  Lip to E plane - 0 . 5  

5. U6-PTV 18.7 

6. U I - N A  5.3  

7. L I - N B  (1) 4.5  

8. L I - A P o g  0 .3  

9. Ar -Gn  104.6 

10. Pog-NB 2.4  

I I .  N-ANS 51 .5  

12. A N S - M e  65 .4  

13. N-Me 115.1 

14. S -Ar  34.5  

15. S -Go  69 .4  

I r regular  index (2) 6.5  

Disc repancy  

Upper  (3) - 1.7 

Lower  (4) - 1.0 

Angular (degrees)  

I. SNA 80.8  

2. SNB 75 .8  

3. ANB 5 .0  

4.  Y axis 56 .5  

5. Pal.  p l . -SN 7.5 

6. Occlusal  p lane-SN 17.0 

7. I /1  124.3 

8. U I - S N  (5) 106.6 

9. U I - N A  25 .8  

I0. L I - N B  24 .9  

I I.  Z angle  (6) 73.4  

12. FMA 22.9  

13. FMIA 62.1 

14. IMPA 94 .6  

Finish Recall 

Eatractioa None.~traction I t Extraction Nonextraction I t 
I I 

7.7  ns 2.8 3 .0  ns 4 .8  4 .3  ns 

3 .2  ns 1.3 1.3 ns 3 .6  2 .6  ns 

2 .3  ns 0 .4  - 0 . 3  ns i . 7  1.0 ns 

- 1.1 ns - 3 . 6  - 1.7 ** - 5 . 9  - 4 . 7  ns 

18.8 ns 20 .9  17.7 ** 24 .4  21.7  * 

5 .5  ns 2.1 4 .6  ** 2 .4  4 .3  ** 

3 .6  ns 3 .9  5 .7  ** 2 .7  4 .0  * 

- 0 . 1  ns 0 .3  2 .5  ** - 1.3 0 .8  ** 

104.7 ns 109.0 i 10.2 ns 114.3 115.9 ns 

2 .8  ns 3.8 3 .4  ns 4 .7  4 .0  ns 

50 .9  ns 53 .5  53 .7  ns 55 .6  55 .6  ns 

64.1 ns 68 .4  67 .9  ns 70 .7  71 .4  ns 

113.4 ns 120.5 120.4 ns 124.8 125.8 ns 

33 .4  ns 35 .8  35 .0  ns 37 .9  37.1 ns 

65 .8  * 73.7  74 .7  ns 78 .8  81.8  ns 

5.1 * 0 .6  0 .5  ns 2 .9  3 .4  ns 

- 0 . 4  ns - 0 . 5  - 0 . 3  ns 0 .6  0 .8  ns 

0 .7  * - 0 . 1  - 0 . 1  ns 0 .4  0.1 ns 

80 .4  ns 78.5  78 .9  ns 79.3  79.5  ns 

76.3  ns 75 .8  76.1 ns 76 .0  77 .0  ns 

4.1 ns 3 .2  2 .8  ns 3 .3  2 .6  ns 

56 .2  ns 57 .3  57.1 ns 57 .7  57 .4  ns 

7 .0  ns 8 .3  8.1 ns 7 .9  7.7 ns 

16.6 ns 19.2 18.5 ns 16.8 18.6 ns 

124.7 ns 130.8 122.7 ** 137.3 131.2 ** 

107.3 ns 98 .4  104.4 ** 97 .8  101.8 * 

27 .0  ns 19.9 25.5  ** 18.5 22 .0  * 

24 .2  ns 26. I 29.1 * 20 .9  23 .9  * 

74 .4  ns 79 .5  76 .8  * 81 .9  80.4  ns 

24 .9  ns 23 .3  22 .9  ns 22 .6  21.1 ns 

62.1 ns 60 .3  57 .4  ns 65 .7  62.7  ns 

93.  I ns 96 .4  99 .7  ns 91 .7  96 .2  * 

* P  < 0 .05 .  

**P < 0 .01 .  

T a b l e  III. D e n t a l - a r c h  d i m e n s i o n s :  m e a n s  a n d  t s c o r e s  f o r  b e t w e e n - t r e a t m e n t  d i f f e r e n c e s  

Measure 

Start Finish 

L: tr~ t E,trac.o/,IXo.e,lr..'o. I , 
Recall 

Extraction I Nonextraction I t 

Arcla length Ij 
Maxil lary 72 .6  71 .0  ns 61 .0  72 .7  ** 58 .7  69 .5  ** 

Mandibu la r  60 .6  60 .3  ns 51.5  63 .2  ** 48 .9  59 .3  ** 

Intercanine width 
Maxil lary  31.7  31.2  ns 32 .6  32 .0  ns 3 ! .9 31 .9  ns 

Mandibu la r  24 .2  24 .8  ns 26.4  25 .9  ns 25 .2  25.3  ns 

Intermoh/r width 
Maxil lary  45 .9  46 .5  ns 45 .8  49 .3  ** 45 .0  49 .0  ** 

Mandibu la r  41 .6  43 .3  * 41 .0  45.  I ** 41 .2  45 .8  ** 

*P < 0 .05 .  

**P < 0 .01 .  
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(as would be the case with mesial movexnent of the lower 
molar and incisors); negative, if it made them worse (e.g., 
forward growth of the maxilla or mesial movement of the 
upper dentition). The present sign convention is such that 
ABCH minus MAX serves as an estinaate of mandibular (i.e., 
D point) movement relative to cranial base (MAND). More 
importantly, the various measurements of skeletal and dental 
change must add up to both the molar and the overjet cor- 
rections. For example, the algebraic sum of ABCH (i.e., 
MAX plus MAND) and molar movement relative to basal 
bone (U6 plus L6) is equal to the magnitude of the molar 
correction; the sum of the growth of the jaws and the move- 
ment of the incisors is equal to the overjet correction. Because 
of the technical difficulty of this part of the cephalometric 
analysis, all tracing, superimposition, and measurement was 
done by hand (with the aid of digital calipers); no digitization 
was employed. 

Finally, the displacement of the condyle (C point, the 
center of the pretreatment condyle) was estimated by means 
of the technique of mandibular regional superimposition 
(mandibular canal, unerupted molars, symphysis) described 
by Bjfrk. ' 'l~ This measurement was included to test the net- 
tlesome argument that premolar extraction commonly dis- 
places the condyles-- that  is, their "basal bond'--dis tal ly .  

Error study 

With the aid of a table of random numbers, 10 three-film 
series (five extraction and five nonextraction) ,,,,'ere selected 
and reanalyzed. Dahlberg's formula, S D E =  V~D- ' /2N,  
where D is the difference betv,'een double determinations, 
was then used to calculate the error standard deviations for 
each of the variables in the analysis. '9 For the general de- 
scriptive analysis, the 30 double determinations (10 se- 
ries x 3 films) ,,,,'ere obtained by digitization. U6-PTV had 
an SDf. of 1.6 ram; the remaining linear measures were all 
under 1 mm. With the exception of the Z angle (3~ the 
angular measures had an average SD~ of about 1 ~ For the 
hand done analysis of treatment change relative to the mean 
functional occlusal plane (20 double determinations--10 se- 
ries x 2 increments), the various dental measures had SD, 
less than 1 mm (0.4-0.9 mm). Moreover, measurements of 
skeletal change were almost as reliable: Maxilla, 0.64 ram; 
condyle (C point), 1.04 ram, ABCH, 1.06 mm; and Mandible, 
1.33 mm. The results of this error study compare favorably 
with other estimates of technical error ~-'-" and argue that the 
present analysis is sufficiently reliable to pemfit the resolution 
of between treatment differences that might be of  clinical 
significance to the practicing orthodontists. 

Model analysis 

The various measurements of arch length, arch width, 
discrepancy, and irregularity t~ that were used in the discrim- 
inant analysis were obtained as before from digitized.pho- 
tocopies of the occlusal surfaces of the posttreatmcnt and 
recall models. 

Esthetic evaluation 

At the recall appointment, each subject was shown a 
standard form that depicted, in random order, tracings of his 

---0- 

Fig. 3. Superimposition (FH at PTV) of averaged initial ceph- 
alometric tracings: red, extraction; blue, nonexlraction. Note, on 
average, the two groups before treatment were essentially iden- 
tical, both dentally and skeletally, even though they were chosen 
for recall on the basis of only six measures of dental crowding 
and protrusion. 

or her pretreatment and posttreatment profiles. They ,,,,'ere not 
told that the profiles were theirs (and few recognized them as 
such) or that the profiles were in any way related to their 
treatment. The subjects ,,,,'ere asked to choose the better look- 
ing profile and then to quantify the strength of this preference 
by placing a mark on a visual analogue scale (VAS),-" a 100 
mm line :4 anchored on the left by "the same" and on the right 
by "very much betteri" The distance between their mark and 
the left anchor was taken as an estimate of the effect of 
treatment on facial appearance (confounded, of course, with 
the impact of growth). The sign of the measurement reflected, 
the nature of the subject's choice: positive if the posttreatment 
profile was preferred and negative if the pretreatment profile 
was preferred. The subjects were then presented a second 
VAS form that featured their pretreatment and posttreatment 
frontal photographs and were again asked to express a pref- 
erence and to mark the VAS in proportion to the strength of 
the preference. Obviously, in this instance, they were aware 

of the source of the photographs. 

Statistical analysis 
The between-groups differences for the initial, posttreat- 

merit, and recall data, and for the treatment, relapse, and 
overall changes ,,,,'ere analyzed either by means of completely 
randomized t tests or, in the case of proportions, Z tests. 
Coefficients of linear correlation (r) were used to assess the 
relationship between differential growth of the jaws (ABCtl) 
and tooth movement (i.e., dentoalveolar compensation), both 
during treatment and in the years that followed. 
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Fig. 4. Superimposition (FH at PTV) of averaged posttreatment 
cephalometric tracings: red, extraction; blue, nonextraction. 
Note the incisors and lips of the nonextraction patients are, on 
average, about 2 mm more procumbent. 

RESULTS 

The results of this investigation are straightforward 
and easily summarized. Although the discriminant 
function employed only six variables, the two groups 
it delineated were, at the outset, highly similar with 
respect to a wide range of craniofacial characteristics 
(Fig. 3; Tables II and III). At the end of treatment, 
however, the two groups of patients showed a number 
of significant differences, most of which--notably, the 
protrusion of the dentition and convexity of the 
prof i leEwere still present at recall, a decade or so later 
(Figs. 4 and 5; Tables II and III). As may be seen in 
Tables IV to VI, the posttreatment changes were, on 
average, almost identical. In terms of lower incisor 
irregularity, both treatments produced results that more 
often than not could be considered successful: 73% of 
the extraction patients and 57% of the nonexiraction 
patients had less than 3.5 mm of lower anterior irreg- 
ularity at recall. Moreover, there was no tendency for 
one group to relapse toward the other, or, indeed, for 
both to regress toward some between-treatment mean; 
instead, the treatment differences tended to persist. 
Save for a weak tendency for "rebound" in the overbite, 
overjet, Wits A/B,  and irregularity corrections, much 
of the relapse was correlated not with the specific effects 
of treatment, but rather with a pattern of posttreatment 
jaw growth that was common to both groups (Table 
VII). Contrary to popular nonorthodontic opinion, there 
was a tendency for mandibular basal bone to undergo 

�9 

(9 

t 
Fig. 5. Superimposition (FH at PTV) of averaged postretention 
(recall) cephalometric tracings: red, extraction; blue, nonex- 
traction. Note the differences present at the end of treatment 
(Fig. 4) are still obvious over a decade later. 

forward translation in both groups, approximately 3 mm 
at the chin (see MAND, Table V) and 2 mm at the 
condyle (C point). Perhaps most significantly, despite 
the marked between-groups differences in the fullness 
of the profiles, the patients themselves showed no sta- 
tistically significant tendency to prefer the esthetic im- 
pact of one strategy over the other (Table VIII). 

DISCUSSION 

It has been said that all of fashion tends to end in 
excess. By the present standards, the extraction rate of 
20 to 30 years ago might seem to be a case in point. 
It can be inferred from the literature that by about 1965 
it had reached a rate of perhaps 60% to 80%. 4 Therefore 
it is not surprising that the present parent sample of 238 
features a 57% extraction rate. Most of these patients, 
although "borderline" when they were treated, would 
today probably by thought susceptible only to some 
form of nonextraction therapy. Indeed, it can be argued 
that the all-or-none nature of extraction would make 
the present borderline patients especially susceptible to 
the presumably more easily modulated nonextraction 
approach. As a result, the 30 patients who had the 
presumed good fortune to have been treated without 
extraction might be expected to vindicate the present 
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practices by displaying superior esthetics, stability, and 
the like. The present results, however, do not support 
this reasonable assumption: although the two strategies 
produced markedly different effects, the pattern of re- 
lapse was essentially identical. As a result, most of the 
between-treatment differences were still evident at r e -  
call a decade or so later. Ultimately, however, there 
were no significant differences in lower incisor crowd- 
ing and in the patients' perception of the esthetic effects 
of their treatment. 

In terms of the long-term source of the molar and 
overjet corrections, it should be noted (Table V) that 
there was a negative net contribution from tooth move- 
ment relative to basal bone. Instead, both corrections 
were ultimately derived from the pattern of maxillo- 
mandibular growth. Growth potential (i.e., is it likely 
that a patient of this age and sex will grow during 
treatment?), however, is rarely considered in the process 
of treatment planning, even though it constitutes a ver- 
itable deus ex machina that serves to rescue treatment 
plans predicated on tooth movements that rarely occur 
(e.g., distal movement of upper molars in growing ex- 
traction patients). In passing, it should be noted that in 
adults there would be no excess mandibular growth to 
militate against the distal movement of the upper mo- 
lars; however, the emergence of a contribution from 
tooth movement is usually not enough to make up for 
the lack of differential jaw growth. As a result, the total 
molar correction is usual!y smaller in adults. '5 

Indeed, "growth" even has a marked impact on the 
goals of treatment. At the end of treatment, the ex- 
traction patients were considerably closer to the Steiner 
"compromises"; however, subsequent growth served to 
upright the lower incisors about 5 ~ in both groups and, 
in conjunction with other posttreatment changes, "fiat- 
ten" the nonextraction results so as to bring them more 
in line with the posttreatment Steiner goals (Table II; 
italicized data in Fig. 6). As has been long argued in 
the context of growth prediction, the failure to consider 
the interaction among initial facial form, the probable 
impact of treatment, and the usual pattern of growth 
may lead to the occasional esthetic "horror story" ex- 
ploited by those responsible for the current stampede 
toward expansion and bite-jumping. 

As has been noted, the posttreatment changes were 
essentially the same in both groups (see Tables IV 
through VI). Given that the dentitions of the two sam- 
ples were nearly the same before treatment and very 
different after, this finding denies the existence of a 
single optimal incisor position/angulation that can; "in 
and of itself, ensure long-term stability and "optimum" 
esthetics; apparently there is a range of positions that 
will serve the patient equally well. Moreover, in support 
of an earlier report by Simons and Joondeph, 25 the re- 

EXTRACTION 

Start Steiner Finish Recall 

5.0 3.5 3.2 3.3 

5.3 2.0 2. 1 2.4 

2 4 . 9 /  2 4 . 6 /  26 .1 /  2 0 . 9 /  

/ 4.5 / 3.9 / 3.9 I 2.7 

2.4 3.4 3.8 4.7 

NON-EXTRACTION 

Start Steiner Finish Recafl 

4.1 3.1 2.8 2.6 

5.5 3.2 4.6 4.3 

2 4 . ~  26. 7 2 9 . 1 /  23 .9 /  
/ 3 . 6  / 4 . 4  / 5 . 7  14.0 

3.6 4.6 5.7 4.0 

Fig, 6. Mean outcome (posttreatment and recall) and Steiner 
"compromises" for the two treatment strategies. 

lapse of the overbite correction was unrelated to the 
strategy of treatment. In general, much of the relapse 
seen here can perhaps most easily be interpreted as a 
dentoalveolar compensation for a shared pattern of max- 
illomandibular differential growth (ABCH). On the ba- 
sis of the correlation coefficients summarized in Table 
VII, the more the mandible outgrows the maxilla, the 
greater the probability that the upper molars and the 
upper incisors will tip forward, that the lower incisors 
will tip lingually, and that lower molar anchorage will 
be preserved. From the vantage point of the molar and 
the overjet corrections, all of these effects detract from 
the corrections produced by treatment. It must be em- 
phasized that, in contrast to the "functional orthodontic" 
concept of mandibular distal displacement/entrapment 
caused by changes in tooth position, our interpretation 
assumes a more conventional direction of dependency, 
i.e., that jaw growth is the independent variable and, 
as such, is the efficient cause of the dental compen- 
sations. 

Interestingly enough, although ABCH, anteropos- 
terior mandibular advancement relative to the maxilla, 
bore a significant correlation to almost every posttreat- 
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Table IV. Treatment, after treatment, and net change: descriptive and inferential statistics for representative 
cephalometrie and study-model measurements 

Measure 

I Treatment change Posttreatment change Net change 

Extraction I Nonextraction ] t Extraction ] Nonextraction ] t Extraction ] Nonextraction ] t 

Linear ( m m )  

Overjet - 5.1 - 4 . 7  ns  1 .9  1.3 ns  - 3 .2  - 3 .5  ns  

Overbite - 2 . 6  - 1 .9  ns  2 . 3  1.3 ns  - 0 . 3  - 0 . 6  ns  

W i t s  A / B  - 2 . 8  - 2 . 6  ns  1.3 1.3 ns  - 1.5 - 1.3 ns  

Lip to E plane - 3 . 1  - 0 . 5  **  - 2 . 4  - 3 . 0  n s  - 5 . 5  - 3 . 5  **  

U 6 - P T V  2 .3  - 1. I ** 3 . 5  3 . 9  n s  5 . 7  2 . 9  **  

U I - N A  - 3 . 2  - 0 . 9  **  0 . 3  - 0 . 2  ns  - 2 . 9  - 1 . 1  **  

L 1 - N B  - 0 . 6  2.1 ** - 1 .2  - 1 .7  n s  - 1.8 0 . 4  **  

L I - A P o g  0.1  2 . 6  **  - 1.6 - 1 .8  ns  - 1.6 0 . 9  ** 

Irregular index - 5 . 9  - 4 . 7  ns  2 . 4  3 . 0  ns  - 3 . 6  - 1.7 * 

Discrepancy 
Upper 1.2 0 .1  ns  I .  I I .  I n s  2 .3  1 .2  ns  

Lower 0 . 9  - 0 . 8  * 0 . 5  0 . 3  ns  1.4 - 0 . 6  **  

A r - G n  4 . 4  5 . 5  ns  5 . 3  5 . 7  ns  9 . 7  11 .2  n s  

P o g - N B  1.4 0 . 7  **  0 . 9  0 . 6  ns  2 .3  1.3 **  

N - A N S  2 . 0  2 .8  ns  2 . 0  1.8 ns  4 . 0  4 . 7  n s  

A N S ~  3 . 0  3 . 9  ns  2 .3  3 . 5  ns  5 . 3  7 .3  * 

N - M e  5 . 4  7 . 0  ns  4 . 3  5 . 4  ns  9 . 7  12.3 * 

S - A r  1.3 1 .6  ns  2 .1  2 .1  n s  3 . 4  3 . 7  n s  

S - G o  4 . 4  8 . 9  * 5 .1  7 . 2  ns  9 . 4  16 .  I **  

Angular (degrees) 
S N A  - 2 . 3  - 1.5 * 0 . 9  0 . 7  ns  - 1.4 - 0 . 9  ns  

S N B  - 0 . 5  - 0 . 2  ns  0 . 7  0 . 9  n s  0 . 3  0 . 7  n s  

A N B  - 1.8 - 1.4 ns  0 .1  - 0 . 2  ns  - 1.7 - 1 .6  ns  

Y ax i s  0 . 8  0 . 9  n s  0 . 4  0 . 3  n s  1 .2  1.1 ns  

Pal .  p l . - S N  0 . 8  1.2 ns  - 0 . 4  - 0 . 5  ns  0 . 5  0 . 7  ns  

Occlusal p l a n e - S N  2 . 2  1.9 ns  - 2 . 3  - 2 . 9  n s  - 0 . 2  - 1.0 ns  

1/1  6 .5  - 2 . 0  ** 6 .5  8 . 6  ns  13 .0  6 . 6  ** 

U I - S N  - 8 . 2  - 3 . 0  * - 0 . 6  - 2 . 6  n s  - 8 . 7  - 5 . 5  n s  

U I - N A  - 5 . 9  - 1.5 * - 1 .4  - 3 . 5  ns  - 7 . 3  - 5 . 0  ns  

L I - N B  1.2 4 . 8  * - 5 . 2  - 5 . 1  n s  - 4 . 0  - 0 . 3  ** 

Z a n g l e  7 .1  2 . 4  **  2 . 4  3 . 6  n s  9 . 5  6 . 0  * 

F M A  0 . 3  - 2 . 0  **  - 0 . 6  - 1.8 ns  - 0 . 3  - 3 . 8  ** 

F M I A  - 1.8 - 4 . 7  ns  5 . 3  5 . 3  ns  3 .5  0 . 6  ns  

I M P A  1.8 6 . 6  ** - 4 . 7  - 3 . 5  ns  - 2 . 9  3 . 2  ** 

*P < 0 . 0 5 .  

* * P  < 0 . 0 1 .  

ment molar and incisor change, it was unrelated to the 
reappearance of lower incisor irregularity (r = 0.02, 
n.s.). Shields, Little, and Chapko 26 have reported sim- 
ilar findings in a long-term retrospective study of 
premolar-extraction patients, " . . .  growth as deter- 
mined from measures of mandibular length and 'chin' 
displacement on the overall superimposition failed to 
show any influence on postretention mandibular an- 
terior irregularity." This lack of correlation may con- 
stitute a by-product of extraneous variation, say, in the 
length and type of retention or in patient cooperation; 
it may also imply that the factors that cause lower in- 
cisor irregularity cannot be inferred from study models 
and lateral cephalograms. 

As may be seen in Tables III and VI, the average 
changes in the intermolar and intercanine dimensions 
were generally small and, with the exception of 2.5 
mm of net intermolar expansion in the nonextraction 
patients, were consistent with the normal pattern of 
occlus~l maturation in untreated subjects with "clini- 
cally 'good' occlusion, ''27 modified by the anteropos- 
terior movement of the teeth into wider and narrower 
parts of the arch. Perhaps as a result of this relative 
lack of canine expansion, 73% of our extraction patients 
and 57% of our nonextraction patients returned with 
less than 3.5 mm of irregularity. In passing, it may be 
noted that because the extraction patients started out 
with slightly more irregularity and ended up with 
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Table  V. Dental  and skeletal c o m p o n e n t s  o f  the molar  and over je t  cor rec t ion  

Treatment change Posttreatment change [ Net change 

Measure Extracti~ I N~176 I t Extracti~ [ N~176 I t I Extracti~ I N~176 I t 

Skeleton--jaw displacement relative to cranial base 
MAX - 1.3 - 1. i ns - 1.3 - 1.6 ns - 2 . 6  - 2 . 7  ns 
MAND 3.2 3.5 ns 2.7 3.2 ns 5.9 6.7 ns 
Net skeletal (ABCH) 1.9 2.5 ns 1.4 1.6 ns 3.3 4.1 ns 

Dentition--molar movementlrelapse relative to basal bone 
U6 

Bodily -3.1 0.0 ** - 0 . 4  -0 .5  ns - 3 . 5  - 0 . 6  ** 
Tipping 0.6 1.0 ns -2 .2  - 2 . 6  ns - 1.6 - 1.6 ns 

L6 
Bodily 4.6 1.6 ** 0.3 0.7 ns 4.9 2.3 ** 
Tipping - 1.3 - 1.7 ns 0.3 0.2 ns - 1.0 - 1.5 ns 

Net 6 0.8 0.9 ns - 2 . 0  -2 .2  ns - 1.2 - 1.3 ns 

Dentition--b,cisor movementlrelapse relative to basal bone 
UI 5.2 1.2 ** - 1.2 -0 .8  ns 3.9 0.4 ** 
Ll - 1.8 1.2 ** - 2 . 0  -2 .3  ns - 3 . 8  - 1.0 ** 
Net 1 3.4 2.4 ns - 3 . 2  - 3 . 0  ns 0.1 - 0 . 6  ns 

Total correction--ABCH ph~s Net 6; ABCH plus Net 1 
6/6 2.8 3.4 ns - 0 . 6  - 0 . 6  ns 2.2 2.8 ns 
Overjet 5.3 4.9 ns - 1.8 - 1.4 ns 3.5 3.5 ns 

*p  < 0.05. 
**P < 0.01. 

Tab le  VI. C hange  in denta l -arch  d imens ions :  means  and t scores  for b e t w een - t r ea t men t  d i f fe rences  

Measure 

Treatment change Posttreatment change 

Extraction l Nonextraction l t Extraetion l Nonextraction 

Net change 

I t  Extraction[ Nonextraction[ 

Arch length IJ 
Maxillary - 11.5 1.8 ** -2 .3  - 3 . 2  ns - 13.8 - 1.5 ** 
Mandibular -9 .1  2.9 ** - 2 . 6  -3 .9  ** -11.7  - 1 . 0  ** 

hltercanine width 
Maxillary 0.9 0.8 ns - 0.7 - 0.1 * 0.2 0.7 ns 
Mandibular 2.2 1.1 ** - 1.2 -0 .7  * 1.0 0.4 ns 

lntermolar width 
Maxillary 0.0 2.9 ** -0 .8  -0 .3  ns -0 .8  2.5 ** 
Mandibular - 0.5 1.8 ** 0.1 0.7 ns - 0.4 2.5 ** 

*P < 0.05. 
**P < 0.01. 

s l ightly less (Table II), the net  change  favors  p remola r  

ext rac t ion (Table IV).  Al though  the d i f fe rence  is sta- 

t ist ically s ignf icant ,  it is quite  small  ( less than 2 mm) .  

We wou ld  therefore  sugges t  that  it be  in terpreted pro-  

vis ional ly  as an a rgument  against  the s ing le -s ided  hy-  

pothes is  that ext rac t ion t rea tments  are genera l ly  infe-  

rior. In any event ,  t h e  results  o f  both  t rea tments  are 

s o m e w h a t  more  favorable  than the various r e p o r t s  b y  

Little and assoc ia tes ,  2s'29 w h o  report  "unaccep tab le"  

long- t e rm results  ( i . e . ,  more  than 3.5 m m  of  lower  

inc isor  irregulari ty)  in about  70% o f  their  extract ion 

pat ients  at 10 years  and in 90% at 20 years .  Indeed ,  at 

recall  the present  pat ients  had about  the same mean  

irregulari ty as has been  repor ted  for  pat ients  who  began  

t rea tment  wi th  genera l ized  s p a c i n g ?  ~ Al though  these 

d i f fe rences  may  wel l  be technique  re la ted,  it is clear  

that they may  also reflect the fact  that the present  find- 

ings c o m e  f rom a careful ly  se lec ted ,  conse rva t ive ly  

treated sample  o f  border l ine  pat ients  wi th  Class  II mal-  

occ lus ions  ra ther  than f rom a r andom sample  in wh ich  

malocc lus ions  o f  various types  and degrees  o f  severi ty 

are c o m m i n g l e d .  
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Table VII. Coefficients of linear correlation (r) 
for the relationship between apical base change 
(ABCH) and tooth movement during and after 
treatment (both groups combined; n = 63) 

I Treatment Posttreattnent 
Measure change change 

Molars 
Upper  6 - 0 . 1 4  - 0 . 6 3 * *  

Bodi ly  0 .20  - 0 .04  

Tipping  - 0 . 4 3 * *  - 0 . 5 3 * *  

L o w e r  6 - 0 . 4 9 " *  - 0 . 7 2 ' *  

Bodi ly  - 0 .19  - 0 .32* 

Tipping  - 0 .42** - 0 .42** 

Mola r  correct ion 0 .36**  0 .44** 

h~cisors 
Upper  l - 0 . 3 1 "  - 0 . 6 5 * *  
L o w e r  1 - 0 . 3 1 "  - 0 . 7 5 * *  

Irregular i ty  - 0 . 16  0 .02  

Overjet  0 .03  - 0 .02  

*P < 0 .05 .  
**P < 0 .01 .  

Despite the relative stability of the irregularity cor- 
rection, most patients showed at least some relapse 
(overall average, 2 to 3 mm). Long-term studies, how- 
ever, have generally failed to implicate the factors com- 
monly invoked to explain this type of relapse. For ex- 
ample, the present study and others before it 3~'32 have 
failed to detect a relationship between canine expansion 
and lower incisor crowding. These negative reports, 
however, cannot be used to justify a return to expansion 
as a generalized answer to crowding. A correlation co- 
efficient is an index of shared variablity; if one variable 
is held relatively constant, by definition there will be 
no correlation. In effect, the heretofore generally- 
accepted rule that arch width be maintained has served 
to ensure that most samples will feature so little delib- 
erate expansion that a correlation with relapse would 
escape detection. We would suggest, however, that the 
nonextraction treatments of 1935 featured no such re- 
striction. As a result, Tweed probably saw and reacted 
to a marked correlation between expansion and sub- 
sequent relapse. By returning to expansion as a routine 
treatment, it is clear that we have forgotten our history; 
in a few years, we will pobably be forced to repeat it. 

Perhaps to counterbalance a residual collective 
doubt about the long-term stability of expansion, it is 
today practically an article of faith that nonextraction 
therapy will produce superior facial esthetics (and pre- 
sumably a modicum of immunity to lawsuits charging 
iatrogenic distal displacement of the condyles and the 
like). This popular rationalization, however, does not 
square with the present results: the extraction patients 
perceived that they had undergone every bit as much 

Table VIII. Esthetic evaluations: frontal and 
profile VAS scores--group means and 
percentage of subjects improved 

I VAS Profile Frontal* 
Group score Improved (%) VAS scorellmprovedl (%) 

Extract ion 1 I. 1 m m  58 33.5  m m  69 

Nonextrac t ion  3 .0  m m  50  13.4 m m  57 

Signif icance ns ns ns ns 

*Six frontal p h o t ~ r a p h s  miss ing.  

improvement in their appearance as had their nonex- 
traction counterparts--perhaps even more if contem- 
porary attitudes are factored in as prior probabilities 
(Table VIII). Indeed, at recall neither group tended to 
show the esthetic stigmata that are so often said to 
accompany a brash with conventional orthodontics. 

Bowbeer L2 has published a variety of measures and 
guidelines designed to codify the functional orthodontic 
ideals of bimaxillary protrusion as a key to "facial 
beauty and TMJ health." In his cephalometric/photo 
analysis, the angulation of the upper lip and the an- 
teroposterior position of the mental crease, the upper 
incisors, and the points A and B are measured relative 
to Frankfort horizontal perpendiculars erected through 
nasion and through the bridge of the nose (BNV, "Bow- 
beer Nasion Vertical"). As an exercise in reality testing, 
this analysis was applied to the present patients and to 
the "Bolton Standards" for ages 12, 14, and 18. 33 The 
results of this project are summarized in Table IX and 
show clearly that "esthetic norms" of Bowbeer define 
profiles that are every bit as protrusive as those of the 
present patients with Class II malocclusions before 
treatment and much more procumbent than the carefully 
selected, "optimum" faces depicted in the Bolton tem- 
plates. For those whose esthetic tastes are less extreme, 
it may be noted that both the extraction and nonex- 
traction patients studied here ended up more or less in 
the middle. 

Finally, although our critics rail at the marked arch 
narrowing and distal condylar displacement that are said 
routinely to attend the extraction of premolars and the 
use of "backward-pulling headgear" and Class II elas- 
tics, the present extraction/nonextraction comparison 
shows that, at recall, both groups presented with es- 
sentially identical maxillary and mandibular intercanine 
widths (Table 1II). More to the point, neither treatment 
tended to produce distal mandibular displacement; on 
the average, both groups of patients experienced and 
benefitted from forward translation of the chin and the 
condyle during treatment. It would seem, then, that the 
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Table IX. "Bowbeer" analysis 

Bolton norms 3~ 
Bowbeer 

Measure* norms '-z 1 2 1 1 4 1 1 8  

Upper lip to BNV angle 15-35 ~ 27.0 31,0 29.0 
Mental crease to BNV ---2 mm - 2 . 5  - 0 . 5  - 1.5 
UI-A 4-6 mm 1.5 2.0 1.5 
A-B 3-6 mm 6.5 6.0 5.0 

~traction Nonextract~n 

Start Finish l Recall Start l Finish l Recall 

30.0 29.0 15.0 29.0 34.0 22.5 
0.0 - ! . 0  - 1 . 5  - 0 . 5  0.0 - 1 . 0  
6,0 1.5 2.0 5.5 4.0 3.5 
6.5 6.0 6.0 6.5 5.5 5.5 

*BNV, Bowbeer nasion vertical; NV = nasion vertical (nasion perpendicular). 

negative effects of conventional edgewise therapy, both 
extraction and nonextraction, have been greatly over- 
stated. Given that many of the stated goals and effects 
of functional orthodontics seem to be based more on 
wishful thinking than on real-world data, this outcome 
should come as no surprise. 

In simpler times, our findings would support several 
useful conclusions. For example, if growth is the usual 
long-term source of the molar and the overjet correc- 
tions, a decision to extract upper first premolars with 
an eye toward leaving the molars in a Class II rela- 
tionship would seem an eminently logical approach to 
the treatment of a nongrowing adult. Moreover, given 
that much of the relapse seen here took the form of 
dentoalveolar compensations for posttreatment jaw 
growth, one might also infer the type and the minimum 
duration of the retention program required for the av- 
erage adolescent patient. Indeed, the present findings 
even argue for a cautious modification of the extrac- 
tion/nonextraction borderline of the 1960s and 1970s. 
Unfortunately, it is almost too late for reason and logic. 
The claims that the methods of the orthodontic specialist 
commonly produce unsightly flattening of the profile 
and distal displacement of the mandible have had a 
marked chilling effect on orthodontic treatment 
planning. It must therefore be emphasized that the pres- 
ent findings do not support this viewpoint and imply 
instead that the rising popularity of nonextraction-at- 
any-cost treatments may well represent a threat to the 
public health. In short, we appear to have been bullied 
into fixing something that was not broken. 

SUMMARY AND CONCLUSIONS 

Discriminant analysis was used to identify and recall 
a restricted stratum of borderline Class II nonextraction 
and premolar-extraction patients who had been treated 
10 to 20 years ago. Because the treatments had been 
performed and documented by a large number of cli- 
nicians working in a university setting, and because 
there was empirical evidence of uncertainty as to the 
better treatment, the resulting follow-up data are as- 

sumed to represent a relatively bias-free comparison of 
the long-term effects of the two treatment strategies. 
The results of  this study are as follows: 

1. For the present parent sample of 238 patients 
with Class II, Division l malocclusions, the ex- 
traction decision was based on profile convexity 
and on upper and lower anterior protrusion and 
crowding. 

2. For the borderline patient, nonextraction treat- 
ment produced a significantly more protrusive 
denture (about 2 mm), both at the end of treat- 
ment and at recall over a decade later. 

3. Despite the significant between-treatment dif- 
ferences, the majority of the subjects in both 
groups showed less than 3.5 mm of lower an- 
terior irregularity. 

4. In general, the pattern of relapse was unrelated 
to the type of treatment or to the posttreatment 
position and orientation of the denture and, in- 
stead, appears to constitute a dentoalveolar com- 
pensation produced by the differential growth of 
the jaws following treatment. 

5. Ultimately, both the overjet and molar correc- 
tions were derived almost entirely from the dif- 
ferential growth of the jaws, rather than tooth 
movement relative to basal bone. 

6. There was no evidence that either treatment 
tended to produce a distal displacement of the 
basal bone of the mandible or its condyles. 

7. Despite a significantly "flatter" profile, the ex- 
traction patients proved as likely to view their 
outcome as an improvement as did their nonex- 
traction cohorts. 

We thank Dr. Dennis Killiany for organizing the data 
base employed in this study and Dr. Frank Sobkowski for 
his helpful suggestions during the preparation of this manu- 
script. 
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