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Randomized clinical trial comparing control of
maxillary anchorage with 2 retraction techniques
Tian-Min Xu,a Xiaoyun Zhang,b Hee Soo Oh,c Robert L. Boyd,d Edward L. Korn,e and Sheldon Baumrindf

Beijing, China, San Francisco, Calif, and Rockville, Md
Introduction: The objective of this pilot randomized clinical trial was to investigate the relative effectiveness of
anchorage conservation of en-masse and 2-step retraction techniques duringmaximum anchorage treatment
in patients with Angle Class I and Class II malocclusions. Methods: Sixty-four growing subjects (25 boys, 39
girls; 10.2-15.9 years old) who required maximum anchorage were randomized to 2 treatment techniques:
en-masse retraction (n 5 32) and 2-step retraction (n 5 32); the groups were stratified by sex and starting
age. Each patient was treated by a full-time clinic instructor experienced in the use of both retraction
techniques at the orthodontic clinic of Peking University School of Stomatology in China. All patients used
headgear, and most had transpalatal appliances. Lateral cephalograms taken before treatment and at the
end of treatment were used to evaluate treatment-associated changes. Differences in maxillary molar
mesial displacement and maxillary incisor retraction were measured with the before and after treatment
tracings superimposed on the anatomic best fit of the palatal structures. Differences in mesial
displacement of the maxillary first molar were compared between the 2 treatment techniques, between
sexes, and between different starting-age groups. Results: Average mesial displacement of the maxillary first
molar was slightly less in the en-masse group than in the 2-step group (mean, –0.36mm; 95%CI, –1.42 to 0.71
mm). The average mesial displacement of the maxillary first molar for both treatment groups pooled (n 5 63,
because 1 patient was lost to follow-up) was 4.3 6 2.1 mm (mean 6 standard deviation). Boys had
significantly more mesial displacement than girls (mean difference, 1.3 mm; P\0.03). Younger adolescents
had significantly more mesial displacement than older adolescents (mean difference, 1.3 mm; P \0.02).
Conclusions: Average mesial displacement of the maxillary first molar with 2-step retraction was slightly
greater than that for en-masse retraction, but the difference did not reach statistical significance. This
finding appears to contradict the belief of many clinicians that 2-step canine retraction is more effective
than en-masse retraction in preventing clinically meaningful anchorage loss. (Am J Orthod Dentofacial
Orthop 2010;138:544.e1-544.e9)
I
n many malocclusions, the goals of therapy can be
achieved without extractions in the permanent den-
tition. But in some consequential percentage of

cases, most orthodontists now agree that the goals of
treatment cannot be achieved satisfactorily without the
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extraction of some permanent teeth. Extraction therapy
is frequently indicated to correct severe crowding,
retract the anterior teeth, correct molar mal-
relationships, or modify the facial profile.1-3 In many
of these patients, maxillary anchorage control is
a consequential problem in orthodontic treatment.

The most common mechanism for making retrac-
tion space available involves the extraction of 1 premo-
lar in each quadrant. To retract the anterior teeth into the
extraction space, most treatment strategies involve at-
taching the anterior teeth to some structure posterior
to them. The only structures available for this purpose
(before the recent development of temporary anchorage
devices) have been the maxillary and mandibular mo-
lars. But forces applied to the molars to retract the ante-
rior teeth tend to displace the molars forward into the
extraction spaces. This forward displacement is called
‘‘anchorage loss,’’ and its prevention is called ‘‘anchor-
age control.’’ In the mandibular dentition, anchorage
loss is usually not a major problem because the molars
are generally fairly resistant to mesial displacement.
But, in the maxillary dentition, consequential mesial
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displacement of the first molar occurs more readily, and
the problem can become severe. This is especially true
in the treatment of Class II malocclusions.

Most techniques for retracting the anterior dentition
involve preliminary bonding and leveling procedures
soon after premolar extraction. After leveling, there
are 2 general approaches to the problem of retracting
anterior teeth with minimal mesial displacement of
the maxillary first molar.

The most common approach is a sequential proce-
dure in which the canines and incisors are retracted in
2 separate and distinct steps. In the first step, the canine
in each quadrant is retracted to full contact with the
tooth distal to the extraction space. In the second step,
the canines are fastened to the teeth distal to them.
The resulting grouping is then used as a single anchor-
age unit to retract the incisors. This procedure has been
called the ‘‘2-step’’ technique.4-6

In retracting the canines separately in the first step
without adding the additional force that would be re-
quired to move the incisors at the same time, advocates
of the 2-step approach assume that the load on the pos-
terior teeth is lower, thus reducing the tendency of the
maxillary molars to displace forward. In the second
step, the posterior segments, now buttressed by the in-
corporation of the canines, are pitted against the reduced
resistance of the incisors alone.7

However, there are some conceivable disadvantages
to the 2-step approach. Closing space in 2 steps rather
than 1might make treatment take longer. Also, when ca-
nines are retracted individually, they tend to tip and ro-
tate more than when the anterior teeth are retracted as
a single unit, thus requiring additional time and effort
to relevel and realign.

Therefore, an alternative approach called ‘‘en-masse
retraction’’ has come into use in which the incisors and
canines are retracted as a single unit. One therapeutic
technique that uses this approach is the MBT system de-
veloped by Bennett and McLaughlin.8,9 This en-masse
technique has recently gained popularity because of
its mechanical simplicity. But, in theory, it might be ex-
pected to tax the posterior anchorage more than the
2-step technique.

A randomized controlled clinical trial (RCT) was
conducted to test the relative effectiveness of these 2 re-
traction techniques under actual clinical conditions. For
this purpose, 64 maximum anchorage patents were ran-
domized to treatment by 8 full-time clinical instructors,
each experienced in the use of both retraction tech-
niques. Each clinician treated the same number of
patients. Differences in mesial displacement of the max-
illary first molar were measured between the 2 treatment
techniques, between the sexes, and between patients
who started treatment at different stages of growth.
Other parameters of interest were also investigated
and will be reported later. The trial was designed with
the assistance of Dr Edward L. Korn of the Biometric
Research Branch, National Cancer Institute, Rockville,
Md. It was conducted at the orthodontic clinic of the
Department of Orthodontics, Peking University School
of Stomatology, Beijing, China, in consultation with
colleagues at the Craniofacial Research Instrumentation
Laboratory of the Arthur A. Dugoni School of Dentistry
at the University of the Pacific in San Francisco.

The primary purpose of the study was to test
whether there were statistically significant between-
treatment differences in mesial displacement of the
maxillary first molar when maximum anchorage pa-
tients were randomized to both kinds of treatment.
Our secondary purpose was to test the feasibility of per-
forming an orthodontic RCT in this distributed setting.

MATERIAL AND METHODS

Before the study, a power analysis was performed by
Dr Korn to determine the required sample size. This
analysis was based on the known variability of maxil-
lary molar mesial displacement as measured in previous
extraction studies at the University of the Pacific and the
University of Medicine and Dentistry of New Jersey. It
was determined that a sample size of 32 patients per
group would be sufficient to detect a true mean differ-
ence of 1.75 mm between techniques at the P \0.05
level (2-sided) with 80% power. Therefore, the study
was begun with the recruitment of a random sample
consisting of 64 maximum-anchorage patients.

Potential patients were identified during their initial
visits to the departmental clinic. Criteria for inclusion
were that each selected patient (1) had a Class I or Class
II malocclusion whose treatment required maximum
anchorage control, (2) had erupted permanent canines
and no missing permanent teeth, (3) had not yet reached
his or her 16th birthday, and (4) was in good health with
no chronic disease or disability.

A preliminary decision that each patient met these
criteria was made by a full-time project screener
(X.Z.), an orthodontist with 8 years of clinical experi-
ence. A stratified block randomization was then used
to ensure that the samples for the 2 treatment techniques
were well balanced for sex, Angle class, and starting
age. After randomization to treatment technique, each
patient was randomly assigned to care by 1 member
of a panel of 8 clinicians. Each member of the panel
was experienced in the use of both the en-masse and
the 2-step technique. However, before assignment was
confirmed, it was further required that the clinician to
whose care each patient was assigned agreed with the



Table I. Pretreatment comparisons between the samples for the 2 techniques

Sex Angle class Crowding

Treatment
method n

Starting age
(mean 6 SD) (y) Female Male I II \3 mm 3-6 mm .6 mm

En-masse 32 12.6 6 1.1 20 12 15 17 20 11 1

Two-step 31* 12.7 6 1.2 19 12 16 15 21 10 0

*One patient, later lost to follow-up, was deleted from the group statistics.

Fig. Measurement method. The T1 and T2 cephalo-
grams are best fit onmaxillary structures with primary at-
tention given to the alignment of palatal structures and
the anterior surface of the maxilla. Horizontal, vertical,
and tipping displacements of the first molar and the cen-
tral incisor were measured parallel and perpendicular to
the Downs occlusal plane of the T1 image. The T1 and T2
positions of Point A and the maxillary incisor and first
molar cusps and apices are averages of the actual
values for the 63 patients, but the lines are interpolated
and not necessarily to scale.
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project screener (5) that the patient required maximum
anchorage control, and (6) that it was appropriate to
treat the patient using the treatment technique to which
the patient had been randomized.

The last 2 requirements were included to meet the
ethical and therapeutically important condition that no
clinician be asked to treat a patient using a technique
that he or she considered inappropriate for that particu-
lar patient.10

Stratified randomization ensured that the subsam-
ples for the 2 treatment techniques were well balanced
for sex, Angle class, starting age, and pretreatment
crowding (Table I).

Except for the requirement to use the prescribed re-
traction technique and some form of headgear, all treat-
ment planning decisions for each patient were made by
the treating clinician. These decisions explicitly in-
cluded the type of headgear to be used, the choice of ex-
traction pattern, and whether to use a transpalatal
appliance (TPA) for additional anchorage support. Lat-
itude in making all treatment decisions for each patient
was delegated to the treating clinician because these de-
cisions were considered to be part of the clinician’s
unique treatment plan for the patient. (This issue will
be considered further in the ‘‘Discussion’’ section of
this article.)

The subjects for both techniques were treated with
appliances of the same type (MBT prescription, 0.0223
0.028-in bracket slot, 3M Unitek, Monrovia, Calif).9

The treatment protocols of the 2 samples differed solely
as follows: in the en-masse sample, the canines were re-
tracted with laceback until crowding was eliminated and
a Class I canine relationship was attained, after which
the remaining extraction space was closed by retracting
the 6 anterior teeth as a single unit. In the 2-step sample,
the canines were retracted first by laceback until they
contacted the second premolars. The 4 incisors were
then retracted by using sliding mechanics.

All measurements of tooth displacement reported in
this article reflect differences in tooth position between
beginning-of-treatment (T1) and end-of-treatment (T2)
lateral cephalograms superimposed on the anatomic
structures of the hard palate and the anterior maxillary
process (Fig). Displacements of the maxillary incisors
and molars were measured parallel and perpendicular
to the pretreatment Downs occlusal plane. All measure-
ments are the averages of replicate landmark locations
and tracing superimpositions independently performed
by blinded and calibrated investigators using previously
reported computer-assisted techniques developed at the
Craniofacial Research Instrumentation Laboratory at
the University of the Pacific.11,12

Reflection will make it apparent that what was being
measured here was not ‘‘anchorage loss’’ per se. Rather,
it was the total mesial displacement of the maxillary first
molars between T1 and T2 after fixed appliance therapy.
Hence, our measurements of molar displacement in-
clude not only treatment-associated changes during
the periods of active space closure and subsequent fin-
ishing procedures, but also the effects of intercurrent
growth changes throughout the active treatment period.



Table II. Displacements of maxillary incisors and molars during treatment (mean 6 SD) (maxillary superimposition
measured parallel and perpendicular to the occlusal plane at T1)

Variable
En-masse
(n 5 32)

Two-step
(n 5 31)

Mean
difference P value

Maxillary first molar changes

Mesial displacement at U6 cusp (mm) 4.1 6 2.0 4.5 6 2.2 �0.36 0.51 (NS)

Mesial displacement at U6 apex (mm) 2.5 6 1.8 2.9 6 1.5 �0.32 0.45 (NS)

Mesial crown tipping of U6 (�) 7.4 6 4.4 6.9 6 4.8 0.43 0.71 (NS)

Extrusion of U6 cusp (mm) 2.2 6 1.5 2.0 6 1.4 �0.26 0.48 (NS)

Extrusion of U6 apex (mm) 1.7 6 1.4 1.8 6 1.4 0.09 0.80 (NS)

Maxillary central incisor changes

Retraction of U1 edge 5.7 6 2.0 5.7 6 2.4 �0.03 0.96 (NS)

Retraction of U1 apex (mm) 0.1 6 2.0 0.1 6 1.6 0.08 0.86 (NS)

Extrusion at U1 edge (mm) 2.6 6 1.6 1.7 6 1.5 �0.87 0.029*

Extrusion at U1 apex (mm) 0.2 6 1.7 �0.2 6 1.6 �0.37 0.38 (NS)

U1 lingual crown tipping (�) 10.7 6 5.1 10.1 6 4.7 �0.53 0.67 (NS)

Apical root resorption (mm) �1.2 6 1.8 �1.4 6 1.9 0.18 0.66 (NS)

Treatment time (y) 2.5 6 0.9 2.6 6 0.8 �0.1 0.58 (NS)

*P\0.05, unadjusted for multiple comparisons; NS, not significant.
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A more precise measurement of anchorage loss during
active space closure itself could have been obtained
by generating an additional comparison cephalogram
at the precise time that space closure was deemed com-
plete. But this would have been technically difficult and
of only academic value. For the purposes of this inves-
tigation, total mesial displacement of the maxillary first
molar was used as an excellent surrogate measurement
for ‘‘anchorage loss.’’ But beyond its surrogate role, we
believed that total mesial displacement of the molar dur-
ing treatment was the variable of greater interest to the
clinical practitioner.
Statistical analysis

The primary hypothesis investigated in this study
was the belief of most orthodontic clinicians that on av-
erage there would be significantly less mesial displace-
ment of the maxillary first molar during 2-step
retraction than during en-masse retraction. This hypoth-
esis was tested in the null form—ie, that there would be
no statistically significant difference in mesial displace-
ment of the maxillary first molar between a sample of
patients treated with the en-masse technique and an
equivalent sample treated with the 2-step technique.
The frequency, correlation, and t test procedures of
the SAS statistical package (version 9.2, SAS Institute,
Cary, NC) were used to analyze the data.
RESULTS

The findings for maxillary molar displacement dur-
ing space closure are reported in Table II. It can be seen
that, relative to superimposition on palatal structures,
no statistically significant difference in mesial
displacement of the maxillary first molars was observed
between the 2 retraction techniques. For the 2 treatment
groups pooled, mean mesial displacement of the maxil-
lary first molar at the molar cusp was slightly more than
4.3 6 2.1 mm, with the apex moving forward by 2.7 6
1.7 mm. In this study, mean mesial displacement of the
maxillary first molar with respect to superimposition on
palatal structures was slightly greater in the 2-step sam-
ple than in the en-masse sample; the best estimate of the
average difference between the techniques was slightly
less than 0.4 mm.

Extrusion of the maxillary molar, measured as the
distance from the superimposed palatal structures to
the molar cusp, was also similar for the 2 treatment
groups. For the pooled sample of 63 (1 patient was
lost to follow-up), its mean value increased an average
of 2.1 6 1.5 mm; the average difference between the
2 treatment groups was less than 0.3 mm. At the molar
apex, downward displacement was slightly less, with
the pooled average value 1.8 6 1.4 mm and a mean
between-treatment difference of 0.1 mm.

For a more complete picture of maxillary dental
changes during space closure, corresponding statistics
on incisor retraction and extrusion are also included in
Table II. Retraction at the incisal edgewas also extremely
similar in the 2 samples, averaging 5.76 2.2 mm for the
2 samples pooled, with a between-treatment mean differ-
ence of only 0.1 mm. The findings for retraction at the in-
cisor apex were less expected and surprising. Essentially,
no retraction of the incisor apex was detected in either
treatment group (mean, –0.1 6 17 mm).

Extrusion at the incisal edge of the maxillary central
incisor was greater in the en-masse sample than in the
2-step sample. The mean difference of 0.9 mm between



Table III. Clinicians’ choices concerning anchorage control and extraction pattern: number of patients for each
technique

Headgear TPA Extraction pattern

Treatment method Cervical High-pull Used Not used U4-L4 U4-L5*

En-masse (n 5 32) 24 8 27 5 22 8

Two-step (n 5 31) 24 7 21 10 21 11

Total (n 5 63) 48 15 48 15 43 19

One patient with a bilaterally asymmetric extraction pattern was omitted from this tally.

*Includes 1 patient with congenitally missing mandibular second premolars in each treatment group.
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the 2 treatments was statistically significant (P\0.03)
but probably of little clinical importance. Part of the dif-
ference might be associated with the slightly greater lin-
gual crown tipping observed in the en-masse group.

As a further control, we checked for between-
sample differences in incisor root resorption and found
that the mean difference was less than 0.2 mm. We also
checked the mean difference in treatment time between
the 2 treatment samples and found it to be less than 1.3
months.

In evaluating these findings, we investigated the
possibility that there might have been consequential dif-
ferences other than retraction technique between the en-
masse and the 2-step samples. Such differences could
have resulted either from chance distortions in the ran-
domization process or systematic differences in the way
treatment was delivered in the 2 samples. The second of
these possibilities was particularly important in experi-
mental designs such as this one in which, after random-
ization, each clinician was asked to make all treatment
decisions entirely based on his or her judgment of
what treatment plan was best for each patient. In this
study, it therefore became desirable to know whether
the differences in the clinicians’ in-course treatment de-
cisions for individual patients concerning headgear
type, TPA use, and extraction pattern were balanced be-
tween the 2 subsamples. Table III provides answers to
this question.

The tabulated distributions for headgear type, use or
nonuse of TPAs, and choice of extraction pattern were
quite similar between techniques. The use of TPAs
seemed slightly more conservative in the en-masse sam-
ple, and the choice of extraction pattern seemed slightly
more conservative in the 2-step sample, but neither find-
ing was statistically significant.

Early in the analysis of the data from the study, an
extensive cephalometric comparison of the T1 state of
the 2 treatment subsamples was made. This comparison
examined 35 conventional cephalometric measure-
ments. Results of the comparison are summarized in
Table IV without correction for multiple comparisons.
Assuming independence among the 35 statistical
tests, one would have expected by the definition of sta-
tistical significance that, on average, approximately 1.7
tests would be statistically significant at the P \0.05
level by chance alone. In this investigation, 2 of the
35 tests were found to be significant at that level. These
variables were condyle-pogonion distance, a measure of
mandibular size, and condyle-Point A distance, a mea-
sure of maxillary length.

These findings raised the question of whether differ-
ences in these 2 dimensions were actually associated
with differences in maxillary first molar displacement.
We were able to answer this question directly by testing
the association between displacement of the maxillary
first molar and each of these 2 variables. For the merged
sample (n 5 63) and the 2-step sample considered sep-
arately, neither relationshipss was statistically signifi-
cant, but, in the en-masse subsample considered
separately, there was a statistically significant increased
tendency for patients with longer original condyle-
pogonion distances to have less mesial displacement
of the maxillary first molar (Table V).

The data collected in this study made it also possible
to conduct retrospective tests aimed at detection of dif-
ferences in mesial displacement of the maxillary first
molar associated with differences in sex, Angle class,
extraction pattern, headgear type, TPA use, starting
age, and crowding at T1. The results of such tests are
summarized in Table VI.

It can be seen in Table VI that, when the patients in
the 2 treatment groups were pooled, each major demo-
graphic variable identified at T1 was associated with
a statistically significant difference in displacement
of the maxillary first molar during treatment. Boys
had significantly more mesial displacement of the first
molar than girls (mean, 1.2 mm; P \0.02); patients
starting treatment below 13 years of age had signifi-
cantly more mesial displacement of the first molar
than patients starting treatment after 13 years of age
(mean, 1.2 mm; P\0.04). When sex differences con-
cerning age at puberty were considered by grouping



Table IV. Cephalometric comparisons of the en-masse and 2-step samples at T1

Variable
En-masse (n 5 32)

(mean 6 SD)
Two-step (n 5 31)
(mean 6 SD)

Mean
difference P value

Skeletal measurements

SNA (�) 83.1 6 2.9 82.1 6 3.0 0.99 0.18

SNB (�) 77.0 6 3.4 76.7 6 3.5 0.31 0.72

ANB (�) 6.1 6 1.9 5.4 6 1.9 0.68 0.16

SNPg (�) 76.7 6 3.5 76.4 6 3.5 0.31 0.72

Gonial angle (�) 129.5 6 5.6 128.5 6 5.8 �1.00 0.49

Maxillary length (Co-A) (mm) 89.4 6 5.3 91.9 6 4.5 �2.49 0.05*

Mandibular length (Co-Pg) (mm) 110.5 6 6.7 113.9 6 4.6 �3.40 0.02*

Wits appraisal (mm) 3.1 6 3.4 2.8 6 3.4 0.29 0.74

Facial plane angle (�) 83.5 6 3.3 83.9 6 3.8 �0.40 0.65

Mandibular plane to SN plane angle (�) 38.3 6 5.4 37.8 6 5.6 0.54 0.70

Mandibular plane to FH plane angle (�) 31.6 6 5.2 30.3 6 5.6 1.25 0.36

Mandibular plane to palatal plane angle (�) 28.6 6 4.6 27.6 6 5.3 1.05 0.41

Anterior facial height (AFH) (mm) 119.7 6 6.6 122.2 6 4.4 2.44 0.09

Posterior facial height (PFH) (mm) 78.0 6 6.4 79.9 6 6.1 1.86 0.24

Lower facial height (LFH) (mm) 64.2 6 4.9 65.5 6 2.6 1.31 0.19

PFH/AFH (%) 65.2 6 3.6 65.4 6 4.1 0.20 0.83

LFH/AFH (%) 53.6 6 1.8 53.6 6 1.4 0.05 0.89

Y-axis angle (�) 65.6 6 3.8 65.3 6 3.7 0.31 0.74

Point A to sella, horizontal distance parallel to FH (mm) 89.4 6 5.8 91.2 6 4.9 �1.85 0.18

Point B to sella, horizontal distance parallel to FH (mm) 78.5 6 6.7 81.2 6 6.5 �2.69 0.11

Dental measurements

Overjet (mm) 6.8 6 2.8 6.7 6 2.3 0.08 0.90

Overbite (mm) 3.4 6 2.0 3.6 6 1.8 �0.22 0.64

Interincisal angle (�) 106.6 6 6.9 107.3 6 4.9 �0.71 0.64

Occlusal plane to palatal plane angle (�) 8.4 6 3.0 7.7 6 3.7 0.75 0.38

U1 to SN angle (�) 113.6 6 6.3 113.0 6 5.2 �0.61 0.68

L1 to MP angle (�) 101.4 6 6.2 101.9 6 4.4 �0.45 0.74

U1 to NA angle (�) 30.6 6 6.9 31.0 6 5.6 �0.39 0.81

U1 to NA distance (mm) 8.0 6 2.6 8.3 6 1.9 �0.37 0.52

L1 to NB angle (�) 36.8 6 5.5 36.3 6 4.6 0.41 0.75

L1 to NB distance (mm) 10.6 6 2.4 10.1 6 2.1 0.47 0.41

Soft-tissue measurements

Upper lip to E-plane (mm) 4.8 6 2.0 4.8 6 1.7 0.02 0.96

Lower lip to E-plane (mm) 5.9 6 2.9 6.2 6 2.1 �0.21 0.74

Z-angle (upper lip) (�) 61.1 6 6.8 62.0 6 5.5 �0.95 0.55

Z-angle (lower lip) (�) 53.0 6 9.1 53.5 6 7.8 �0.51 0.81

H-angle (�) 26.5 6 4.7 25.8 6 3.4 0.70 0.50

*Significant at the P\0.05 level, unadjusted for multiple comparisons.

Table V. Correlations (Pearson r) between mesial molar
displacement and measurements of original jaw size

Pooled
(n 5 63)

Two-step
(n 531)

En-masse
(n 5 32)

Condyle-Point A distance

(maxillary length)

�0.19

(NS)

�0.33

(NS)

�0.13

(NS)

Condyle-pogonion distance

(mandibular length)

�0.22

(NS)

�0.04

(NS)

�0.43

(P\0.02)

NS, Not significant.
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girls over 12 with boys over 14 and testing them
against a group consisting of girls less than 12 and
boys less than 14, the younger group again showed
greater mesial displacement than the older group
(mean, 1.2 mm; P \0.02). Mean differences in dis-
placement of the maxillary first molar associated
with the clinician’s choice to use cervical or high-
pull headgear averaged no more than 0.5 mm and
were not statistically significant. Patients who wore
a TPA averaged 0.6 mm less mesial displacement of
the maxillary first molar than those who did not, but
this difference also fell substantially short of statistical
significance. On average, patients who had extractions
of maxillary first and mandibular second premolars
had 1.1 mm less mesial displacement of the maxillary
first molar than those treated by removal of 4 maxil-
lary first premolars (P\0.06).



Table VI. Mesial molar displacement by demographics at T1 and clinicians’ auxilliary treatment decisions with the en-
masse and 2-step samples pooled

Variable Category 1 n Mean 6 SD Category 2 n Mean 6 SD Difference (mm)* P value

Sex Male 24 5.1 6 2.4 Female 38 3.8 6 1.7 1.2 \0.02

Angle class I 31 4.5 6 1.9 II 32 4.1 6 2.3 0.4 \0.06

Starting age (y) \13 43 4.7 6 1.9 .13 19 3.5 6 2.3 1.2 \0.04

Developmental stage Prepubertal 33 4.9 6 2.3 Postpubertal 29 3.6 6 1.6 1.2 \0.02

Headgear type High-pull 15 3.9 6 2.6 Cervical 48 4.4 6 1.9 0.5 \0.46 (NS)

Extraction pattern 4444 41 4.6 6 2.2 4455 19 3.5 6 1.8 1.1 \0.06

TPA use Yes 48 4.1 6 2.2 No 15 4.7 6 1.8 0.6 \0.36 (NS)

NS, Not significant.

*Mean difference between categories.
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In evaluating these differences between categories
for the pooled sample, the subjects for the 2 treatments
were well balanced with respect to each variable in
Table VI.
DISCUSSION

The findings summarized in Table II demonstrate
fairly conclusively that there was no statistically signif-
icant difference in mesial displacement of the maxillary
first molar between the 2 samples under examination. At
the outset of this study, none of the investigators consid-
ered the possibility that en-masse retraction might result
in less mesial molar displacement than 2-step retraction,
since conventional wisdom held that en-masse retrac-
tion would result in more mesial molar displacement.
But in this study, the en-masse retraction sample actu-
ally experienced slightly less mesial molar displace-
ment on average than did the 2-step sample with
essentially no mean difference in treatment time. Al-
though this difference in molar displacement was too
small to be statistically significant given the observed
intratechnique variability, the data are inconsistent,
with mean mesial displacement of the maxillary first
molar in the en-masse patients greater than that for
2-step patients by an amount greater than 0.71 mm at
the 95% level of confidence. Therefore, we assert with
high confidence that average mesial displacement of
the maxillary first molar from en-masse treatment is un-
likely to be smaller than that for 2-step treatment in pa-
tient populations similar to the one from which our
sample was drawn.

Our study design was stratified to produce parity be-
tween the en-masse and 2-step samples with respect to
starting age, sex, and maturation level. This made it pos-
sible to investigate differences in mesial molar displace-
ment with respect to these important demographic
variables. No consequential differences between the
en-masse and 2-step samples were found with respect
to any of these variables. However, when the en-masse
and 2-step treatment groups were pooled, mean mesial
displacement of the maxillary molar for all boys in the
study was statistically significantly greater than the
mean mesial displacement for all girls. Also, for the
pooled samples, patients of both sexes who started treat-
ment before age 13 had significantly more mesial dis-
placement of the maxillary first molar than patients
who started treatment at ages greater than 13, with
a mean difference of 1.2 mm (P\0.04). When an ad-
justment for the between-sex differences in maturation
rate was made by comparing girls under 12 and boys un-
der 14 in 1 group with girls over 12 and boys over 14 in
another group, the findings were substantially the same
(mean difference, 1.2 mm; P\0.02).

The orthodontic literature contains no comparable
data from prospective RCTs on mesial displacement
of the maxillary first molar, but a retrospective Korean
study of anchorage loss in Class I women yielded results
not inconsistent with our own.13 In another recent retro-
spective study, McKinney and Harris14 reported on dif-
ferences in anchorage loss between boys and girls
treated with Begg, edgewise, and straight-wire appli-
ances; between-sex differences were smaller than those
we report but not dramatically so when differences in
sampling and measuring technique are considered.

In our study, small differences in starting age were
surprisingly strongly associated with differences in me-
sial displacement of the maxillary first molar, with
greater mesial displacement observed in younger chil-
dren. This finding is consistent with those of other inves-
tigators; in recent years, 3 groups of investigators using
retrospective samples of differing characters each re-
ported higher mean values for mesial displacement of
the maxillary first molar for younger subjects than for
more mature subjects.14-16

As part of an effort to check for possible overall dis-
similarities in treatment outcome between the en-masse
and 2-step groups, we also examined changes in the in-
cisor region. Changes in the axial inclination of the
maxillary incisors were similar in the 2 treatment
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groups. Root resorption was also similar and in the
range reported in previous retrospective studies.17,18 A
statistically significant mean difference of 0.9 mm in
incisor extrusion was observed between techniques
but was considered too small to be of clinical
importance. Perhaps the most interesting finding in the
incisor region was the minimal apical displacement
observed in both samples. Relative to the best fit of
the maxillary structures, mean displacement of the
incisor apex was considerably less than 0.2 mm in
either the vertical or horizontal direction in either
sample. We concluded that, in the samples for both
techniques, retraction of the incisor was accomplished
almost entirely by controlled tipping with an average
center of rotation close to the apex.

Some early participants in the design of this study
believed that we should rigidly prescribe the conditions
under which the 2 techniques under investigation were
to be used. Thus, for example, the same type of headgear
would be used for the same length of time in conjunc-
tion with the same use of TPAs and the same extraction
pattern. (Examples of this kind of strategy can be seen in
recent Class II correction studies at the universities of
North Carolina and Florida).19,20 Pursuing this course
of action might well have reduced the variability of
outcome in each treatment sample in our study,
making it possible to identify more statistically
significant differences. But, by the same token, it
would have made the results applicable only to the
small set of clinical patients treated in the same rigid
manner, thus much reducing the applicability of the
findings to most actual clinical treatment.

For this reason, once a patient was assigned to a par-
ticular retraction technique, all of the treating clinician’s
decisions concerning treatment planning and execution
(including headgear type, TPA use, and extraction pat-
tern) were considered part of the way in which that cli-
nician used that technique to treat that patient. We did
measure differences in each of these variables between
techniques, but we consciously chose to treat clinicians’
choices regarding them as part of each clinician’s appli-
cation of each technique to the treatment of each patient.
If we had controlled the precise conditions of treatment
more rigidly, we believe that our results would have been
rendered far less applicable to the actual conditions of
clinical treatment as it is customarily delivered. In this
sense, this study was aimed at providing information
on the effectiveness of each treatment as it is actually
used under clinical conditions rather than the efficacy
of the technique under an overly rigid design that adds
constraints foreign to actual clinical practice to simplify
data acquisition and analysis. For further discussion of
this distinction, see the article of Vig et al.21
It also seems noteworthy that no differences associ-
ated with mesial displacement of the maxillary first mo-
lar were found for several variables when conventional
wisdom might have caused us to expect them. There
were no statistically significant differences in molar dis-
placement between Angle Class I and Class II patients,
or among patients whose crowding was more severe at
T1. No significant differences in mesial molar displace-
ment were noted between patients who had cervical or
high-pull headgear, and no significant differences
were found between patients treated with or without
TPAs. Patients in this sample who were treated with ex-
traction of the maxillary first and mandibular second
premolars did have less mesial displacement of the max-
illary first molar than patients treated with the removal
of all 4 first premolars, but this difference fell just short
of statistical significance (P\0.06).

We have presented data on mesial molar displace-
ment from an RCT comparing 2 techniques of space
closure with samples of moderate size. We believe
that the conclusions of this study are likely to be gener-
alizable to other techniques of 2-step retraction that use
headgear and incorporate the incisors into the arch be-
fore starting retraction of the canines. Our findings are
less likely to be generalizable to 2-step retraction sys-
tems with segmental retraction schemes in which the in-
cisors are not tied into the arch until the canines have
been retracted.
CONCLUSIONS

In this prospective RCT, a group of patients treated
with an en-masse retraction technique experienced
slightly less mesial molar displacement on average
than was observed in a comparable group treated with
the more conventional 2-step technique of retraction.
The observed difference was not large enough to be
statistically significant from zero. Hence, it would be
inappropriate to state that the en-masse technique
consistently produces less mesial displacement of the
maxillary first molar on average than does the 2-step
technique. But, at the same time, the findings imply that
the assertion that the en-masse technique produces
substantially more mesial displacement of the maxillary
first molar than the 2-step technique is unlikely to be true.

In extrapolating with these findings, note that head-
gear was used by all patients in both treatment groups,
and auxiliary anchorage (TPA) was used in most pa-
tients in both treatment groups. Despite these precau-
tions, average mesial molar displacement from
anchorage loss and growth approximated or exceeded
half the width of the crown of the extracted premolars
in both treatment groups.
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When both groups were pooled, small but statisti-
cally significant sex and starting-age differences in the
magnitude of molar displacement were detected. Boys
had more mesial displacement than girls, and children
starting treatment earlier had more mesial displacement
than children starting treatment slightly later.
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