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Outcomes in a 2-phase randomized clinical
trial of early Class II treatment
J. F. Camilla Tulloch, BDS, FDS, DOrth,a William R. Proffit, DDS, PhD,b and Ceib Phillips, PhD, MPHc

Chapel Hill, NC

In a 2-phased, parallel, randomized trial of early (preadolescent) versus later (adolescent) treatment for
children with severe (�7 mm overjet) Class II malocclusions who initially were developmentally at least a year
before their peak pubertal growth, favorable growth changes were observed in about 75% of those receiving
early treatment with either a headgear or a functional appliance. After a second phase of fixed appliance
treatment for both the previously treated children and the untreated controls, however, early treatment had
little effect on the subsequent treatment outcomes measured as skeletal change, alignment, and occlusion
of the teeth, or length and complexity of treatment. The differences created between the treated children and
untreated control group by phase 1 treatment before adolescence disappeared when both groups received
comprehensive fixed appliance treatment during adolescence. This suggests that 2-phase treatment started
before adolescence in the mixed dentition might be no more clinically effective than 1-phase treatment
started during adolescence in the early permanent dentition. Early treatment also appears to be less efficient,
in that it produced no reduction in the average time a child is in fixed appliances during a second stage of
treatment, and it did not decrease the proportion of complex treatments involving extractions or orthognathic
surgery. (Am J Orthod Dentofacial Orthop 2004;125:657-67)
The optimal timing for treatment of children with
Class II malocclusions remains controversial.
Some clinicians believe strongly that beginning

treatment in the mixed dentition before adolescence is
advantageous, but others are convinced that early treat-
ment is often a waste of time and resources. Patients
and practitioners seek treatments that provide excellent
outcomes by simple and efficient methods. Determin-
ing the relative merits of alternative treatments is
complex, not only because of variability in the initial
conditions and treatment responses, but also because of
differences between orthodontists in treatment beliefs,
goals, techniques, and even skills. Ideally, treatment
should be provided when it would be most effective and
efficient, and would produce the least disruption in the
child’s and family’s lives.

For children with a Class II problem, the debate is
not really whether it can be corrected at various times
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during a child’s development, because ample evidence
from clinical practice suggests it usually can. Recent
reports from several prospective trials clearly demon-
strate that some improvement in jaw relationships can
be achieved during early treatment with both headgear
and functional appliances.1-7 The important questions
are: (1) does treatment started in the mixed dentition
before adolescence, when followed by a second phase
of treatment in the early permanent dentition during
adolescence, provide superior results to single-phase
treatment delayed until adolescence? and (2) is there
enough additional benefit for patients, parents, and
practitioners to justify the greater burden of 2-stage
treatment? These questions can best be answered by
following children with similar initial problems, who
did or did not have early treatment, to late adolescence
and the completion of comprehensive treatment in the
permanent dentition. Studies in which only the re-
sponse to the initial phase of treatment is evaluated
shed no light on this important question.

This article presents data from the second phase of
a 2-phase randomized, clinical trial of early versus later
treatment of Class II problems, in which the untreated
controls of early treatment and those who had early
headgear or functional appliance treatment all received
comprehensive fixed appliance treatment. The objec-
tives were to assess whether growth modification, after
controlling for the finishing clinician, influenced (1) the
end of phase 2 skeletal and dental positions and
relationships, and (2) the time in comprehensive treat-
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ment or the proportion of children receiving or recom-
mended for more complex treatment.

MATERIAL AND METHODS

This study, conducted at the University of North
Carolina over 10 years and concluded in 2001, was a
multi-phase, parallel, randomized trial designed to ex-
amine the 2 major strategies used to treat Class II
malocclusion: early treatment in the mixed dentition
before adolescence, followed by a second phase of
comprehensive treatment in the permanent dentition;
and 1-phase treatment during the adolescent growth
spurt and early permanent dentition. Children with
overjet of 7 mm or more, still in the mixed dentition,
developmentally at least a year before their peak
pubertal growth, and who had received no previous
orthodontic treatment, were enrolled. A moderate range
of vertical problems was included, but children with
extreme vertical disproportions (�2 standard devia-
tions from published norms)8 were excluded. Consent
and assent were obtained before randomization.

During the first phase of the trial, the children were
randomly assigned, by using block randomization with
sex as the stratification factor, to treatment starting in
the mixed dentition (either combination headgear or a
modified bionator) or to observation only. A second
phase of comprehensive fixed appliance treatment was
planned for all the children when they were in the early
permanent dentition. Initial records were taken only
after each child had been randomized to 1 of the 3
groups. Early treatment appliances were delivered
within a month of the initial records. Phase 1 treatment
was carried out under the care of a single faculty
orthodontist according to a standard protocol. Records
for all children were repeated after 15 months, and the
children were then randomized, within their phase 1
treatment group, to 1 of 4 orthodontists for completion
of orthodontic treatment. The randomization schedules
were maintained in a computer file, and the early
treatment group assignment was e-mailed to the re-
search associate in response to a query as each new
subject was added. The report for the skeletal and
dental changes observed in the 3 groups during phase 1
was published in 1997.6

The overall design of the 2 phases of the clinical
trial is shown in Figure 1, and patient flow through
these 2 phases is described in Table I. This article
describes the skeletal and dental measures observed at
the end of comprehensive treatment in the permanent
dentition (phase 2) and the treatment outcomes as
indicated by PAR scores, the time in treatment, and the
percentages of children requiring more complex treat-
ment involving extractions or orthognathic surgery.
Psychosocial outcomes (which showed minimal differ-
ences among the groups) will be reported in a separate
article.

It was hypothesized that differences between treat-
ing clinicians might have a greater impact on subse-
quent clinical outcomes than would the effect of early
growth modification. For this reason, at the end of
phase 1, a second randomization to 1 of 4 clinicians (all
orthodontic full-time faculty) was performed. The
child’s early treatment group was used as the stratifi-
cation factor, so that each of the 4 participating clini-
cians would provide treatment for approximately equal
numbers of boys and girls (sex was the stratification
factor in phase 1) who had or had not received early
treatment. The stratified block randomization was per-
formed in blocks of 8 patients with Proc Plan in SAS.9

The randomization sequence was prepared by the study
biostatistician and given to the study coordinator, who
was responsible for assigning subjects to the next
clinician on the list. The allocation sequence was
concealed from the clinicians.

The criteria for inclusion in phase 2 were comple-
tion of phase 1 of the trial and a clinical assessment that
comprehensive orthodontic treatment was warranted.
Of the 166 children who completed phase 1, only 4 (all
in the functional appliance group) were judged not to
need further treatment. An additional 17 children failed
to return for phase 2 evaluation, and 6 moved during
phase 2 treatment (Table I). Two children were not

Fig 1. Design of 2-phase clinical trial.
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treated at any time by 1 of the 4 finishing clinicians and
were excluded from the efficacy analyzable analysis.
The retention rate for completion of the phase 2 portion
of the trial was 82.5%.

In the second phase of the trial, all subjects were
treated by a full-time faculty member, using a complete
edgewise appliance. The clinicians had from 5 to 30 years
experience. Two of the 4 were diplomates of the Ameri-
can Board of Orthodontics. Each was instructed to follow
his or her own clinical techniques to produce the best
possible result for the patient. There were no restrictions
on any treatment methods. Although records were taken at
15 months, patients were not randomized to their phase 2
orthodontist until they were in the early permanent denti-
tion, and phase 2 treatment began after that at the
orthodontist’s discretion. Headgear or functional appli-
ance treatment continued for some patients while waiting
for the permanent teeth to erupt; 45 children (26 in the
control group, 11 in the functional group, and 8 in the
headgear group) had some interim treatment (eg, trans-

Table I. Flow of patients through recruitment, enrollme

Number of patients

2164 screened Rou
Spec

207 met clinical screening criteria
192 met radiographic criteria 15 e

3
12

Informed consent signed, patients randomized to phase 1
group (stratified by sex)

180 returned for records 12 b
4
4
4

175 ready to start trial 5 di
2
3

166 completed phase 1 9 di
3
2
2
1

End of phase 1 records, patients followed until all
primary teeth lost

145 returned for phase 2 17 f
5
4
8

4 ju
Patients randomized to 1 of 4 doctors (stratified on their

phase 1 group assignment)
139 completed phase 2 6 m
137 included in group for analysis 2 pr

Efficacy analyzable sample � 137 who completed phase 2 and were
Intent-to-treat sample � 166 who completed phase 1.
verse expansion of the maxillary arch) as a part of their
early phase 2 treatment.

Because of faculty turnover, 19 patients (14%)
experienced a change of clinician during phase 2 of the
trial. From one-third to three-fourths of their phase 2
treatment time was spent with the second clinician.
Because the primary outcomes of the research project
related to the clinical completion of phase 2 treatment
and therefore were under the management of the second
clinician, patients were categorized according to the
finishing clinician for analysis purposes.

Records were taken for each patient at the end of
phase 1 and at the completion or discontinuation of
comprehensive treatment. The cephalometric measure-
ments were obtained from conventional cephalometric
radiographs taken at the end of phase 2 by the same
radiographer on the same machine, using a standard
technique. Each cephalogram was traced and digitized,
by using the UNC 140-point model, by 1 of 2 experi-
enced research technicians, who were masked to the
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early treatment group when analyzing the final cepha-
logram. Measurements were made by using an x-y
coordinate system, established with the sella-nasion
line rotated down 6° anteriorly as the horizontal refer-
ence, and the vertical reference a line through sella
perpendicular to the horizontal reference. The method
error for the landmarks ranged from 0.21 mm (maxil-
lary incisor tip) to 0.73 mm (pogonion).

The primary treatment outcomes of the study were
a restricted set of 11 cephalometric measures used to
describe the position and relationship of the maxillary
and mandibular skeletal and dental units. We limited
the number of variables to decrease the redundancy
among many of the available cephalometric measures
and to reduce the likelihood of a chance false-positive
finding. Secondary treatment outcomes included the
alignment and the occlusion of the teeth, the duration of
treatment, and the complexity of treatment measured as
the extraction rate and the number of patients receiving
orthognathic surgery.

The alignment and the occlusion of the teeth were
assessed with the peer assessment rating (PAR).10 All
dental casts were scored independently at the start of
phase 1, the end of phase 1, and the end of phase 2 by
2 experienced raters. When disagreements occurred,
either between raters or between sessions, they were
resolved by discussion. The raters were masked to early
treatment group when evaluating the dental casts from
the end of phase 2. The PAR score for each patient at
the 3 times was also categorized as excellent (� 5),
satisfactory (6-10), or less than satisfactory (� 10) by
using the guidelines suggested by Richmond et al.11

The time for completing orthodontic treatment was
measured first as the time in months between the
placement of any appliance after phase 1 and the date
the patient was debanded. Because some patients had
interim appliances before a complete fixed appliance
was placed, treatment time was also recorded as the
time in full fixed appliances, excluding any interim
appliance.

The extraction rate was calculated as the number of
patients in each group having any permanent teeth,
excluding third molars, extracted to facilitate orthodon-
tic treatment. The surgery rate was the number of
patients receiving orthognathic surgery during the trial,
either at UNC or elsewhere. In addition, patients were
subjectively assessed on completion of phase 2 as
needing surgery on the basis of their finishing skeletal
and dental relationships. They are included as a sepa-
rate category of patients who might have benefited from
surgery but did not, for different reasons, proceed with
this plan.

As is frequently done in clinical trials, 2 groups of
patients were defined for analysis, an “intent to treat”
(ITT) sample, which comprised all patients (n � 166)
who had completed phase 1, and an “efficacy analyz-
able” (EA) sample (n � 137), which comprised only
patients who completed phase 2 with 1 of the 4
finishing clinicians. Data for the ITT group were
imputed with regression coefficients (Appendix). The
level of significance was set at 0.01 for all analyses.

We evaluated the equivalence of the 4 groups
finished by the 4 clinicians in several ways. For the
proportion of patients in each early treatment group and
sex, the chi-square test was used, and for age, the
Mantel-Haenszel row mean score statistic was used. A
multivariate analysis of variance (ANOVA) on maxil-
lary, mandibular, interjaw, and dental measures was
used to assess the similarity of these physical charac-
teristics. The multivariate findings were confirmed by a
1-way ANOVA on each measure. As Table II shows,
the 4 groups categorized by the finishing clinician were
quite similar in all characteristics at the beginning of
phase 2. A factorial ANOVA, with sex, finishing
clinician. and early treatment group as the explanatory
factors, was used to assess each end-of-phase-2 ceph-
alometric measure, the PAR score, and the ranked
values of the treatment time measures (Appendix).
Comparisons between pairs of treatment groups or
clinicians were performed with the least-squares com-
parisons in Proc GLM in SAS (Cary, NC). The propor-
tion of more complex treatments and the proportion of
“less than satisfactory” results were compared among
the early treatment groups with the Mantel-Haenszel
chi-square test.

RESULTS

There were no differences in the findings between
the ITT and EA analyses (Appendix). The data reported
below are from the EA sample, the children who
completed phase 2 treatment.

Composite tracings for the 3 early treatment groups
before phase 1 and at the end of phase 2 are shown in
Figure 2, and descriptive statistics for the primary
cephalometric measures are given in Table III. During
phase 2 of the trial, the advantage created during phase
1 treatment in the 2 early treatment groups was lost,
and, by the end of fixed appliance treatment, there was
no significant difference between any of the 3 groups
for all anteroposterior and vertical skeletal and dental
measures (Table III). The P values in the table are
derived from factorial ANOVA with interactions re-
moved from the final model after controlling for effects
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of sex and finishing clinician (see Appendix for full
model results).*

PAR scores at the beginning of phase 1 and end of
phase 2 are given in Table IV, and the percentages of
children in each group achieving excellent, satisfactory,
and less than satisfactory scores are shown in Figure 3.
There was no difference in average score at the end of
phase 2 (P � .35) or distribution of those achieving
excellent, satisfactory, or less than satisfactory scores
(P � .59), when comparing the children who had early
treatment and those who did not. There was no statis-
tically significant effect related to the orthodontist.

The total length of phase 2 treatment time including
interim treatment after phase 1 and the time spent in
fixed appliance treatment excluding interim devices
ares given in Table V. Comparing the total duration of
treatment beyond phase 1, it appears that this was
shorter for patients who had had early treatment during
phase 1. However, the difference in treatment time
including interim appliances between the groups only
approached significance (P � .03). When the time in
fixed appliances excluding interim treatment is com-
pared (Fig 4), the average is almost identical for the 3

*WWW.dent.unc.edu/depts/academic/ortho/research/
RCTcompleteAppendix%20tables.htm.

Table II. Descriptive initial characteristics by finishing

A
(n � 40)

Mean SD

Age (before phase 1) 9.76 1.06
Skeletal relationship

ANB (°) 6.60 2.06
A-B difference (mm) 10.60 3.11
Unit difference (mm) 18.75 3.33

Maxillary skeletal
SNA (°) 83.46 3.87
A to N perp (mm) �0.49 3.81

Mandibular skeletal
SNB (°) 76.86 3.46
Pg to N perp (mm) �12.00 6.46

Dental relationships
Overjet (mm) 8.22 1.84
Overbite (mm) 5.27 1.88
Maxillary incisor to SN (°) 109.23 5.21
Mandibular incisors to mand plane 95.27 6.44

Stratification variables (%)
Male 42.5
Control group 40.0
Functional group 25.0
Headgear group 35.0

P values from multivariate ANOVA. skeletal relationships (P � .
relationships (P � .06).
groups (P � .20). There were significant sex and
orthodontist effects for treatment times with and with-
out interim appliances, with boys generally being
treated longer in phase 2.

The percentages of patients in each group who had
permanent teeth extracted during phase 2 treatment and
the numbers who had orthognathic surgery are shown
in Figure 3. The percentage of children who went on to
orthognathic surgery was quite similar in the early
treatment and untreated phase 1 groups (P � .69). The
percentage of children who had extractions was not
statistically significantly different among the 3 groups,
but approached the significance level (P � .02). Note
the higher percentage of extractions in the children who
had functional appliance treatment in phase 1. For 32 of
the 37 patients who had teeth removed, the extraction
pattern was maxillary first premolars with or without
mandibular premolars, the usual pattern to correct Class
II malocclusion with tooth movement alone. The other
5 patients had other extraction patterns.

DISCUSSION

To place the results of this trial into the perspective
of clinical care, it is important to consider several
points: the application of clinical trial methodology in

ian for 137 patients completing both phases

Clinician

B
(n � 18)

C
(n � 36)

D
(n � 43)

an SD Mean SD Mean SD

.32 0.86 9.66 0.94 9.81 0.98

.99 1.36 5.68 1.87 5.92 1.95

.96 3.09 9.88 3.38 10.14 3.27

.65 3.74 20.21 4.05 19.36 3.20

.08 3.89 82.29 3.45 82.52 3.69

.04 3.69 �1.68 3.26 �1.50 3.61

.09 3.95 76.61 3.45 76.60 3.59

.09 7.20 �11.94 6.52 �11.87 6.46

.79 1.90 8.42 2.23 8.38 2.18

.02 2.02 4.63 2.88 5.55 1.72

.08 7.17 111.27 7.40 110.91 5.75

.44 7.29 93.99 5.92 94.53 6.61

.4 66.7 67.4

.8 36.1 39.5

.8 33.3 28.0

.4 30.6 32.5

xillary skeletal (P � .51); mandibular skeletal (P � .95); dental
clinic

Me

10

5
9

19

83
�1

77
�11

7
6

108
94

44
27
27
44

36); ma
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this study, the generalizability of the results, and the
extent to which these results reflect those of usual
clinical practice.

Fig 2. Computer-generated composite superim
of phase 2. Differences between children who h
1 had largely disappeared at end of phase 2.

Table III. Descriptive statistics for primary outcome ce
treatment groups

Control
(n � 51)

Mean SD

Skeletal relationship
ANB (°) 4.36 2.06
A-B difference (mm) 8.76 4.38
Unit difference (mm) 25.64 3.96

Maxillary skeletal
SNA (°) 82.41 3.96
A to N perp (mm) �1.75 4.31

Mandibular skeletal
SNB (°) 78.06 4.12
Pg to N perp (mm) �8.97 8.39

Dental relationships
Overjet (mm) 3.99 1.75
Overbite (mm) 2.97 1.28
Maxillary incisor to SN (°) 107.62 7.30
Mandibular incisors to mand plane 97.99 5.02
Until recently, most orthodontic treatment assess-
ments have been based either on observations made by
clinicians in their day-to-day practices (case reports) or

tions of 3 groups before treatment and at end
atment and untreated controls at end of phase

etric measures for end of phase 2 for 3 early

Functional
(n � 39)

Headgear
(n � 47)

P valueMean SD Mean SD

3.79 2.12 4.00 1.91 .41
8.33 4.79 8.69 3.58 .90

26.84 5.49 26.79 4.99 .33

81.59 4.58 81.59 3.38 .51
�2.74 4.96 �2.64 3.69 .48

77.84 4.77 77.60 3.34 .86
�10.54 9.55 �10.27 7.16 .64

3.72 2.04 3.48 1.29 .32
3.25 1.67 2.83 1.33 .36

106.12 6.00 107.42 6.89 .53
94.77 7.68 96.64 5.96 .05
posi
ad tre
phalom
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on comparisons of groups of initially similar patients
assembled from available records (much better if the
data are collected carefully).13 Unless the differences in
the outcomes are huge, using case reports as evidence
on which to base future practice decisions often is
misleading. The main practical problems are (1) bias
due to systematic differences in the groups being
compared that can arise during the selection, treatment,
or evaluation of patients, and (2) variability—the bio-
logical differences between people.12 When alternative
orthodontic treatments are being evaluated, it becomes
very important to differentiate between outcomes that
can be safely attributed to differences in the treatments
being provided and those that arise because of differ-
ences in the people being evaluated. Treatment com-
parisons based on biased groups are difficult to inter-
pret. Biases are hard to account for and can exaggerate,
nullify, or even reverse true differences.

Table IV. Descriptive statistics for PAR score
measures

PAR

Control
(n � 51)

Functional
(n � 39)

Headgear
(n � 47)

P valueMean SD Mean SD Mean SD

Pretreatment 32.5 6.9 30.4 8.7 32.3 7.5 .38
End of phase 2 9.3 8.1 8.4 7.7 7.2 5.7 .35

Fig 3. Comparison of secondary outcomes in 3 groups.
Less-than-satisfactory outcome was defined as PAR
score of 10 or more at end of treatment; extraction rate
was percentage of children who had extractions for
orthodontic purposes; orthognathic surgery rate was
percentage of children who had orthognathic surgery or
were judged to require it for satisfactory outcome (2
patients). Increased percentage of extractions in func-
tional group approached but did not reach statistical
significance (P� .02).
Many advantages of clinical trials relate to their
ability to control bias and are strengthened when the
random assignment of patients to treatment groups is
included in the trial design. The assumption behind this
method is that random allocation to treatment groups
also randomly allocates all factors, both known and
unknown, that might influence the treatment outcome.
The expectation from randomization is that this will
prevent confounding variables, whatever they are and
however they interact to affect treatment, from system-
atically benefiting 1 treatment over another. In many
instances in medical and surgical practice, treatments
evaluated by using weak research designs have been
widely endorsed, only later to be found to be ineffective
or even harmful when tested in more rigorously de-
signed and executed trials. The recent reversal of

Table V. Descriptive statistics for treatment time
(months)

Phase 2 including
interim treatment

Phase 2 excluding
interim treatment

Control (n � 51)
25th % 25.9 19.4
Median 34.5 26.7
75th % 44.6 33.1

Functional (n � 39)
25th % 19.8 19.8
Median 25.5 23.5
75th % 39.2 36.2

Headgear (n � 47)
25th % 23.6 22.9
Median 30.1 28.5
75th % 41.2 36.0

P value .03 .20

Fig 4. Time in fixed appliances in phase 2 (excluding
interim treatment) by short, expected, and long catego-
ries. There were no significant differences between
groups in distribution by category or (Table V) in median
treatment times.
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recommendations for hormone replacement therapy for
women shows that doctors’ clinical impressions can
sometimes lead to long-maintained but erroneous as-
sumptions about the benefits of treatment.

The research hypothesis in this trial defined both the
groups to be studied and the randomization sequence.
The first question, “Can you modify growth?” resulted
in the phase 1 randomization of preadolescent children
to growth modification versus an equivalent observa-
tion period without treatment. During phase 1, all
patients were under the care of a single clinician to
minimize differences that might be attributable to
differences between orthodontists. The second set of
questions related to whether the effects produced by
early growth modification would remain after all treat-
ment was completed. A hypothesis this time was that
differences between treating clinicians might have a
greater impact on the treatment outcomes than any
effect from early growth modification. This resulted in
the phase 2 randomization sequence in which the
patients completing phase 1 were rerandomized to 1 of
4 orthodontists, who would then treat approximately
equal numbers of boys and girls who had or had not had
early growth modification. This permitted assessment
of both the impact of early treatment and the clinician
effect together with any interaction between these 2
variables.

The randomization protocol resulted in 3 highly
similar groups at the start of the trial and at the
beginning of phase 2. The similarity of the groups does
not, of course, mean the children were all alike. But it
does mean that, within the 3 groups, the distribution of
characteristics would be very similar, and we verified
that the distribution of the variables we could measure
such as age, cephalometric characteristics (ie, ANB
angle), and dental cast characteristics (overjet) were
almost identical. It is important, however, to remember
the assumption underlying random allocation—that the
distribution of factors we could not measure, such as
cooperation or future growth that might influence the
outcome, would also be equally distributed among the
groups. Of course, there is no way to ever verify this
assumption.

The results show clearly that phase 1 treatment
made a difference initially in skeletal and dental mor-
phology, and that those differences almost totally dis-
appeared after phase 2 treatment was completed. How-
ever, it is important to keep the limitations of any study
in mind. The sample for our trial did not include all
types of Class II children who would be encountered in
clinical practice, and the conclusions therefore cannot
be extended to patients with different problems.

A point of particular importance is that our subjects
were restricted to children without facial asymmetry
and with reasonably normal face height—extremely
short-faced and long-faced patients were excluded. Our
conclusions, therefore, should be valid for Class II
children with normal face height but should not be
extended to those with combined anteroposterior and
vertical problems or those with skeletal asymmetries.

Although there was a lower limit for severity of
overjet in order to be included in the trial (�7 mm),
there was no upper limit. Some children in the trial had
extremely severe Class II problems. The effect was that
the trial groups can be considered somewhat more
severe than the average Class II patients who seek
treatment in a typical practice. This is reflected in the
number of patients from the trial who went on to
orthognathic surgery and, possibly, also in the number
who had extractions during phase 2 treatment.

When a treatment method in any type of health care
is less successful than hoped, there is a tendency to
blame it on the patients’ lack of cooperation. If they had
taken their pills in a study of drug effects, or hooked up
their headgear correctly, or worn their functional appli-
ance more regularly in this project, surely the result
would have been better. Some of the variability in our
phase 1 treatment outcomes undoubtedly was related to
cooperation. The data show, however, that cooperation
was not the only factor in determining the treatment
outcomes and might not even have been the major one.7

Being in the trial probably led to more emphasis on
cooperation than usually is the case, and there is no
evidence that cooperation in the trial was less than it
would have been for the general population of Class II
children. These children were treated as part of each
orthodontist’s normal practice, mixed in with other
private patients in the usual facility. They were not
subject to any special care other than their record
schedules. More importantly, during phase 2, each
orthodontist received a group of patients that included
children who did and did not respond well during phase
1, and did and did not cooperate well during phase 2. It
seems unlikely, therefore, that our failure to find
differences at the end of phase 2 can be attributed to the
extent of cooperation during phase 1.

As expected, the data from this trial did show
differences among the orthodontists who did the phase
2 treatment. Is it possible that the differences due to the
different orthodontists in phase 2 somehow over-
whelmed the effects of early treatment? There are 2
reasons to consider this unlikely. The first is that there
was no pattern to the differences among the clinicians.
For 1 clinician, the control patients took a little more
time to treat and the functional appliance patients a
little less; for another, just the reverse was true; PAR
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scores were a little better for those who had early
treatment with some clinicians; with others, the scores
were a little worse. This essentially random distribution
of orthodontist effects would be easily distinguishable
from a systematic effect related to early treatment.

The second reason is that the orthodontists were not
all using exactly the same approach to treatment. Those
who did the phase 2 treatment were trained at 3
different schools and had from 5 to 30 years of
experience. All used a modern edgewise appliance with
prescription brackets during fixed appliance treatment,
but 22 slot twin brackets, 18 slot twin brackets, and 18
slot single-wing brackets were chosen by different
orthodontists. Archwire sequences and sizes were as
different as might have been expected from the differ-
ent backgrounds and appliance choices. Despite the
differences in the clinical methods during phase 2, there
was no evidence of a systematic difference in outcomes
due to early treatment.

It appears that orthodontists are quite prepared to do
what needs to be done to treat each patient. Were the
patients who did not have early treatment managed in
exactly the same way as those who did? Almost surely
not—they needed modifications in the treatment ap-
proach based on differences when phase 2 began. But
this modified treatment was as successful as the treat-
ment that followed phase 1, and it took no longer. The
conclusion must be that, for most patients, 2-stage
treatment for Class II problems (in children with
normal face height) is no more effective and consider-
ably less efficient than later 1-stage treatment.

It has been argued that a benefit of phase 1 treatment
would be simpler treatment during phase 2, which would
save clinician time even if it did not reduce the time in
fixed appliances. Did having early treatment lead to less
complex treatment procedures later? We did not measure
the amount of chair time or orthodontist time for the trial
patients during phase 2, and so we cannot directly com-
pare this between the groups.

Two things for which we do have data suggest,
however, that a significant reduction in the complexity of
later treatment was not a typical outcome of early treat-
ment. The first is the number of patients who required
extractions or orthognathic surgery during phase 2. Both
of these can be considered to indicate that complex
treatment was required. Well-controlled space closure and
preparation for surgery inevitably take more of the clini-
cian’s time than most types of nonextraction or nonsurgi-
cal treatment. Early treatment did not reduce the complex-
ity of later treatment from this perspective—there were no
significant differences in the percentages of children with
extractions and surgery.

It also seems reasonable that if early treatment
reduced the complexity of later treatment, there should
be some reduction in the length of phase 2 treatment,
but comprehensive treatment took as long in the chil-
dren who had early treatment as in those who did not.
However, the total treatment time beyond phase 1 was
longer for the previously untreated children, because of
greater use of interim appliances. Perhaps this indicates
that some preparation for a complete fixed appliance is
necessary in some children or that the use of interim
appliances in the early permanent dentition, like head-
gear and functional appliances in the mixed dentition,
has little or no advantage when fixed appliance treat-
ment is carried out later.

Given the remarkably similar outcomes of treat-
ment with and without early phase 1 treatment in this
trial, are there indications for early Class II treatment?
Of course there are. Various special circumstances such
as psychosocial distress, accident potential, or general
convenience to the family can all suggest that an early
start to treatment might be beneficial to the parent or the
patient. These special indications for early treatment
will be the focus of a future article.

CONCLUSIONS

The results of this and other similar trials indicate
that early treatment should not be thought of as an
efficient way to treat most Class II children. The
decision for early treatment should be based on special
indications for each child. In a sense, this trial illus-
trates the risk of relying on clinical impressions, be-
cause, in its early stages, we were so impressed with the
progress of the children receiving early treatment that
we discussed whether it was ethical to deny the control
children the apparent benefit of early treatment. In fact,
early treatment as a standard of care can be justified
only if it will provide additional benefits to the patients.
The special indications for early treatment will un-
doubtedly be clarified as further data become available
and as conclusions based on data replace clinical
opinions as the basis for determining treatment.
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Simmons, Peter Sinclair, and Renate Soltmann for
providing phase 2 treatment; Ms Lyna Rogers for
collecting and organizing the data; Ms Debora Price for
cephalometric digitization and applying the statistical
methods; and Dr Gary Koch for consistent advice with
study design and analysis of data.

REFERENCES

1. Keeling SD, Wheeler TT, King GJ, Garvan CW, Cohen DA,
Cabassa S, et al. Anteroposterior skeletal and dental changes
after early Class II treatment with bionators and headgear. Am J
Orthod Dentofacial Orthop 1998;113:40-50.



American Journal of Orthodontics and Dentofacial Orthopedics
June 2004

666 Tulloch, Proffit, and Phillips
2. Ghafari J, Shofer JS, Jacobsson-Hunt U, Markowitz DL, Laster
LL. Headgear versus function regulator in the early treatment of
Class II Division 1 malocclusion: a randomized clinical trial.
Am J Orthod Dentofacial Orthop 1998;113:51-61.

3. Ehmer U, Tulloch JFC, Proffit WR, Phillips C. An international
comparison of early treatment of Angle Class II/1 cases: skeletal
effects of the first phase of a prospective clinical trial. J Orofac
Orthop/Fortschr Kieferorthop 1999;60:392-408.

4. Wheeler TT, McGorray SP, Dolce C, Taylor MG, King GJ.
Effectiveness of early treatment of Class II malocclusion. Am J
Orthod Dentofacial Orthop 2002;121:9-17.

5. O’Brien KD, Wright J, Conboy F, Sanjie Y, Mandall N,
Chadwick S, et al. Effectiveness of early orthodontic treatment
with the Twin-block appliance: a multicenter, randomized, con-
trolled trial. Part 1: dental and skeletal effects. Am J Orthod
Dentofacial Orthop 2003;124:234-43.

6. Tulloch JFC, Phillips C, Koch G, Proffit WR. The effect of early
intervention on skeletal pattern in Class II malocclusion: a
randomized clinical trial. Am J Orthod Dentofacial Orthop
1997;111:391-400.

7. Tulloch JFC, Proffit WR, Phillips C. Influences on the outcome
of early treatment for Class II malocclusion. Am J Orthod
Dentofacial Orthop 1997;111:533-42.

8. Fields HW, Proffit WR, Nixon WL, Phillips C, Stanek E. Facial
pattern differences in long face children and adults. Am J Orthod
1984;85:217-23.

9. SAS/STAT User’s Guide. Cary, NC: SAS Institute; 2003.
10. Richmond S, Shaw WC, Roberts CD, Andrews M. The PAR

index (peer assessment rating): methods to determine outcome of
orthodontic treatment in terms of improvement and standards.
Eur J Orthod 1992;14:180-7.

11. King GJ, McGorray SP, Wheeler TT, Dolce G, Taylor M.
Comparison of peer assessment ratings (PAR) from 1-phase and
2-phase treatment protocols for Class II malocclusion. Am J
Orthod Dentofacial Orthop 2003;123:489-96.

12. Moses LE. Assessing medical technologies. Washington, DC:
National Academy Press; 1985, p. 70-9..

13. McKnight MM, Daniels CP, Johnston LE Jr. A retrospective
study of two-stage treatment outcomes assessed with two mod-
ified PAR indices. Angle Orthod 1998;68:521-4.

APPENDIX

The ITT sample included all 166 patients who
finished phase 1, but the EA sample comprised only the
137 patients who completed phase 2 treatment with 1 of
the 4 finishing clinicians. As is done routinely in
clinical trials to minimize selection bias, the end of
phase 2 skeletal and dental measures for the ITT
patients who were not in the EA sample were imputed
with regression coefficients from least squares regres-
sion analyses that included end of phase 1 measures,
early treatment group, and gender as explanatory fac-
tors. Calculation of the missing data violated the
assumption of random sampling, so stratified Kruskal-
Wallis tests, which are more robust to imputation, were
used to confirm the analysis of variance results in the
ITT sample. There were no differences in interpretation
between the ITT and EA analyses.

Examples of the statistical calculations that can be
performed by using the type I sum of squares are shown
below. A complete set of the calculations tables is
available in the on-line appendix.
F (Tx) �
SS (Tx)/DF (Tx)

[SS (error) � SS (Tx*Gender) � SS (Tx*Doctor)]/
[DF(error) � DF(Tx*Gender) � DF(Tx*Doctor)]

F (Doctor) �
SS (Doctor)/DF (Doctor)

[SS (error) � SS (Doctor*Gender) � SS (Tx*Doctor)]/
[DF(error) � DF(Doctor*Gender) � DF (Tx*Doctor)]

F (Gender) �
SS (Gender)/DF (Gender)

[SS (error) � SS (Doctor*Gender) � SS (Tx*Gender)]/
[DF(error) � DF(Doctor*Gender) � DF (Tx*Gender)]

F (Tx*Gender) � MS (Tx*Gender)/MS (Error)

F (Tx * Doctor) � MS (Tx*Doctor)/MS (Error)

F (Gender* Doctor) � MS (Gender* Doctor)/MS (Error)

F (Treatment | Doctor Gender) �
SS (Tx)/DF (tx)

[SS (Error) � SS(Tx* Gender) � SS(Tx* Doctor)]/
[DF (Error) � DF(Tx*Gender) � DF (Tx*Doctor)]
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Appendix Table.

Measures DF Sum of squares Mean square Source DF
Type 1 sum of

squares Mean squares

SNB (deg) Model 17 213.974693 12.586747 Gender 1 10.8615168 10.8615168
Error 119 2016.324921 16.943907 Doctor 3 14.6447121 4.8815707

Treatment 2 4.9805977 2.4902988
Gender * doctor 3 10.3102224 3.4367408
Gender * tx 2 8.3752237 4.1876119
Doctor * tx 6 164.8024199 27.4670700

Degrees of freedom, Type 1 sum of squares, and mean square terms for 3-way analysis of variance with pairwise interaction for each at end of
phase 2 measures are provided. Type 1 sums of squares are given so that F statistics for hypotheses of interest from both full model with interaction

term and reduced main effects model can be calculated.
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