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Changes following the use
of protraction headgear for
early correction of Class III
malocclusion

Yea-Hwe Chong, BDS, MSc, MDS, MSD; John C. Ive, DDS, MSD;
Jon Artun, DDS, Dr. Odont

application of retractive forces to the

elastic force from a facemask to the dentition.'”?

ﬁ nimal experiments have shown that the =~ Maxillary protraction is accomplished using an

growing mandible results in a temporary
reduction in growth activity at the condyles,'?
and that growth behavior resumes once the
forces are removed.? Clinical studies also indi-
cate a limited ability to achieve a permanent re-
duction in the amount of mandibular growth.*”
Conversely, it is well established that sutural
growth can be stimulated.®" For these reasons,
and because relative mandibular prognathism is
more often due to maxillary deficiency than man-
dibular excess,'*'® maxillary protraction may be
the treatment of choice for the majority of the
cases with Class III malocclusion.

In most clinical situations elastics are attached
to orthodontic appliances, which may explain the
typical finding of a combined skeletal and den-
tal treatment effect.’? Such treatment is most
often performed in the late mixed or early per-
manent dentition to take maximum advantage
of growth.?*%* However, there are indications
that the relative skeletal response may increase
if treatment is initiated earlier.® A possible dis-
advantage of early intervention is the potential
for extended total treatment time. To avoid that,
a predictable and significant improvement
should be achieved within a defined time frame.

Abstract .

The purpose of this study was to evaluate treatment effects and posttreatment changes following the application of elastic
forces from a facemask to the dentition for the early correction of Class Il malocciusion. Cephalograms made before and
after treatment and at a minimum of 1 year follow-up (mean 3.57 years, S.D. 2.07) of 16 patients were compared with those
of 13 untreated matched controls. Pretreatment age ranged from 4.58 t0 8.25 years (mean 6.80 years, S.D. 1.13), and mean
active treatment time was 0.61 years (S.D. 0.15). Available study models at the three time periods were also analyzed.
Treatment resulted in a significant improvement in the maxillomandibular relationship and overjet (P < 0.001). The major
treatment effect was a downward and backward movement of the mandible and retroclination of the mandibular incisors.
However, any skeletal and dentoalveolar advancement of the maxilla contributed to the clinically significantimprovement.
No differences were observed between the patients and the controls during the posttreatment follow-up. Despite some
relapse, the patients demonstrated a net improvement in maxillomandibular relationship and overjet at the end of follow-

up relative to the controls. Overcorrection of the overjet during treatment may be important for maintaining a successtul
correction.
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Ages of pre- (T1), and post- (T2) treatment and a minimum of
1 year follow-up (T3) cephalograms of Class lll cases treated with
protraction headgear, and ages at time of available cephalograms
of untreated Class Ill controls

Table 1

Treated (n=16) Control (n=13)
. S.D.

Mean S.D Mean
Age at T1 (years) 6.80 1.13 6.36 0.54
Age at T2 (years) 795 138 8.02 0.76
Age at T3 (years) 11.52 1.92 11.74 0.50
Treatment Time (years) 0.61 0.15

352

The Angle Orthodontist

Several studies have evaluated treatment effects
of maxillary protraction headgear, either
alone”*? or in combination with chin cup
therapy.”#% However, rarely have the patients
included in the different samples been treated
according to a standardized protocol. In some
studies, treatment time has been variable* or
very long.? In addition, the few available stud-
ies on maxillary protraction in young Class III
patients either lack satisfactory follow-up evalu-
ation™? or used controls with normal overjet and
maxillomandibular relationship.?%* Attempts at
establishing predictors for posttreatment stabil-
ity are virtually nonexistent. The aim of our
study was to evaluate treatment effects and post-
treatment changes following a short intervention
with maxillary protraction headgear for early
correction of Angle Class III malocclusion, and
to determine possible factors associated with the
outcome.

Materials and methods
Sample

The sample comprised 16 consecutive cases (8
boys, 8 girls) treated by two orthodontists for
Class III malocclusion. Standardized lateral
cephalometric radiographs were made before
(T1), at the end of or shortly after active treat-
ment (T2), and after a minimum observation pe-
riod of 1 year (T3). Available study models at the
three time periods were also used. Subjects were
included if they presented with a negative over-
jet and/or a mesial step in the postlactal plane.
Clinical examinations were carried out to ensure
that the negative overjet was not due to the pres-
ence of a pseudo-Class III malocclusion, as char-
acterized by a significant anterior centric relation
to centric occlusion (CR-CO) shift. The age at the
start of treatment ranged from 4.58 to 8.25 years.
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All patients were treated with protraction head-
gear and none had undergone any prior orth-
odontic treatment.

Similar records of 13 children (8 boys, 5 girls)
with untreated Class III malocclusions were ob-
tained from the Burlington Growth Center at the
University of Toronto in Toronto, Canada, and
the Bolton-Brush Growth Center at Case West-
ern Reserve University in Cleveland, Ohio. The
ages at each time period were similar to those of
the treated group (Table 1).

Appliance and treatment procedures

Maxillary protraction was instituted using for-
ward and downward traction directed approxi-
mately 30 to 40 degrees to the maxillary occlusal
plane. Intraoral anchorage was provided via
molar bands cemented to the deciduous second
molars or first permanent molars, which were
linked together by 0.036 inch lingual and labial
stainless steel wires soldered to the bands. Pro-
traction forces of 8 to 10 oz (230 to 285 g) on each
side were delivered by elastics attached to hooks
situated on either side of the intraoral appliance,
between the maxillary lateral incisors and ca-
nines. A Delaire facemask was used to provide
the extraoral anchorage. Patients were asked to
wear the facemask for periods ranging from 12
to 16 hours a day. In three cases where posterior
crossbites were present, a bonded palatal ex-
pander was used in conjunction with the maxil-
lary protraction. Protraction therapy was
discontinued when a positive overjet and/or a
flush postlactal plane was achieved. Only one
phase of active treatment was performed, and
maximum treatment time was 12 months. No
retention appliances were used.

Cephalometric analysis

Cephalograms were traced and superimposed
by hand by the principal investigator. Cephalo-
metric landmarks were identified as shown in
Figure 1. A total of 9 linear and 11 angular mea-
surements were recorded on each cephalomet-
ric tracing, (Tables 2, 3, 5 and 7) and an
additional 13 linear measurements on the super-
impositions (Tables 4 and 6).

Overall superimposition was performed using
the “best fit” on the ethmoid triad, which con-
sists of the sphenoethmoidal plane, the greater
wings of the sphenoid bone, and details of sur-
rounding anatomical structures.” The “average
occlusal plane” for the three time periods, or the

.average of the inclination of the occlusal plane

relative to the anterior cranial base at T1, T2, and
T3, was transferred to the T2 tracing (Figure 2).
Maxillary superimposition was performed on
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Avg. Occl. Pl

(A)

Figure 1

the anterior and posterior borders of the zygo-
matic process, allowing the floor of the orbit to
rise in a ratio of 1.5:1 mm in relation to the low-
ering of the palatal plane.” Mandibular super-
imposition was made using the “best fit” on the
internal anatomy of the symphysis, mandibular
canal, and if present, the unerupted third mo-
lars.?®

For each subject, differences in linear and an-
gular measurements from T1 to T2, T2 to T3, and
T1 to T3 were calculated. An increase in a vari-
able was recorded as positive while a decrease
was recorded as negative. Also, any differences
in anteroposterior position of the landmarks
were measured along the average occlusal plane
on the overall, maxillary, and mandibular super-
impositions from T1 to T2 and from T2 to T3. A
forward change was recorded as positive, while
a backward change was recorded as negative.
Linear measurements were made to the nearest
0.01 mm using a Fowler Ultra-Cal III digital cali-
pet (Fred V. Fowler Co, Inc, Newton, Mass) . An-
gular measurements were made to the nearest
0.5 degree using a protractor.

Treated subjects were divided into two groups
according to the clinical result at T3. Successful
cases (n = 11) maintained a positive overjet of
2 mm or more at T3 (Figure 3), while failures
(n = 5) had an overjet of less than 2 mm at T3
(Figure 4).

Model analysis

Available sets of study models were analyzed
by the principal investigator. The distances be-
tween the mesiobuccal cusp tips of the maxillary
and mandibular deciduous second molars were
measured. Also, any difference from flush of the
postlactal plane was measured along the occlusal
plane. A positive reading indicated a distal step,

Figure 2

Figure 1

Cephalometric tracing showing landmarks used for determining seven
angular (SNA, SNB, ANB, SN-Pg, mx incisor-SN, mn incisor-mn plane,
interincisal angle) and five linear (Co-Ans’, Co-Gn, Ar-SN perpendicular,
Wits, overjet) measurements to describe anteroposterior relationships,
and four angular (occlusal plane-SN, palatal plane-SN, mandibular plane-
SN, gonial angle) and four linear (Ar-SN, overbite, anterior facial height,
posterior facial height) measurements to describe vertical relationships.

Figure 2
Overall (A), maxillary (B) and mandibular (C) superimpositions of cepha-
lometric tracings from pretreatment ( — ) to posttreatment (---) of a

patient treated for Class lll malocclusion with protraction headgear.
Amount of treatment change was measured along the average occlusal
plane. Note skeletal (A) and dentoalveolar (B) effects in the maxilia,
downward and backward repositioning of the mandible (A), and
retroclination of the mandibular incisors (C).

and a negative reading a mesial step. Measure-
ments were performed using a digital caliper as
above to the nearest 0.01 mm.
Method error

The reproducibility of the measurements was
assessed by statistically analyzing the difference
between double measurements made at least 1
week apart on all cephalograms (N=30), super-
impositions (N=20), and available study models
(N=23) of 10 randomly selected cases. All
cephalograms were retraced and resuper-
imposed prior to the second measurement. The
method error was calculated from the equation:

_ /2_012
Sx = n

where D is the difference between duplicated
measurements and N is the number of double
measurements.* The errors for angular and lin-
ear measurements on the cephalograms did not
exceed 0.65 degree and 0.36 mm. The maximum
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Figure 3A Figure 3B

Figure 3D Figure 3E

Figure 4A Figure 4B

Figure 4D Figure 4E

Figure 3A-F

Cephalograms and study models of a patient treated for Class Ill maloc-
clusion with protraction headgear. A and D: Pretreatment, age 5 years 1
month. B and E: Posttreatment, age 6 years 2 months. C and F: At time of
follow-up, age 12 years 3 months. Note successful result at follow-up, with
positive overjet.

Figure 4A-F

Cephalograms and study models of a patient treated for Class Ill maloc-
clusion with protraction headgear. A and D: Pre-treatment, age 6 years 10
months. B and E: Post-treatment, age 8 years 6 months. C and F: At time
of follow-up, age 15 years 1 month. Note unsuccessful result at follow-up,
with edge-to-edge incisor occlusion.
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Figure 3C

Figure 3F

Figure 4C

Figure 4F

errors for measurements on superimpositions
and study models were 0.59 mm and 0.22 mm,
respectively.
Data analysis

Sample means were calculated for each variable
at each time period and for changes of each vari-
able from one time period to another. T-tests for
unpaired data were used to determine any sig-
nificant differences between the treated and con-
trol subjects for cephalometric variables at T1,
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Table 2
Pretreatment cephalometric measurements of cases treated for Class Ill malocclusion with maxillary protraction
headgear, and baseline measurements at comparable time of untreated Class Ill controls
Treated (n=16) Control (n=13)
Variable Mean S.D. Mean S.D. Diff. P value Sign.
Maxillary skeletal .
SNA 79.31 3.85 80.19 6.03 -0.88 0.6373 NS
Co-Ans’ (mm) 79.33 4.12 78.03 2.80 1.30 0.3415 NS
Maxillary dental
Mx incisor to SN 101.06 8.95 95.23 7.37 5.83 0.0703 NS
Mandibular skeletal
SNB 79.59 3.61 77.62 4.63 1.97 0.2066 NS
SN-Pg 79.31 3.67 77.04 4.51 2.27 0.1457 NS
Co-Gn (mm) 103.63 5.51 99.37 3.00 4.26 0.0140 *
Ar to SN (mm) 24.21 3.80 24.81 3.46 -0.60 0.6593 NS
Ar to SN perpendicular {mm) 15.44 1.77 15.09 1.87 0.35 0.6098 NS
Mandibular dental
Mn incisor to Mn plane (Me-Go) 85.75 7.81 87.54 6.68 -1.79 0.5189 NS
Interincisal angle 138.91 11.34 140.04 13.74 -1.13 0.8096 NS
Maxillomandibular relationship
ANB -0.28 2.26 2.58 2.34 -2.86 0.0025 *
Wits (mm) -5.32 2.09 -3.51 2.06 -1.81 0.0275 *
Overjet (mm) -1.36  1.26 027 112 -1.09 0.0221 *
Overbite (mm) -0.41 2.80 -0.72 1.52 0.31 0.7242 NS
Vertical relationship
Occlusal plane (to SN) 18.72 3.53 21.77 5.04 © -3.05 0.0664 NS
Palatal plane (Ans-Pns to SN) 5.72 3.52 8.77 3.60 -3.05 0.0295 *
Mandibular plane (Me-Go to SN) 34.31 4.89 37.15 6.75 -2.84 0.1998 NS
Gonial angle (Ar-Go-Gn) 134.47 4.51 135.46 6.08 -0.99 0.6178 NS
Anterior facial ht. [N-Me] (mm) 102.33 4.07 103.78 5.60 -1.45 0.4271 NS
Posterior facial ht. [S-Go] (mm) 66.74 4.37 66.45 3.29 0.29 0.8434 NS
Posterior/Anterior facial ht. (%) 65.25 3.85 64.22 5.04 1.03 0.5396 NS
* P<0.05
**Significant with the Bonferroni correction, P<0.0024
NS=not significant

changes in cephalometric variables from T1 to
T2, T2 to T3, and T1 to T3, and changes measured
from the superimposed tracings from T1 to T2
and T2 to T3.

Bonferroni corrections were carried out to re-
duce the possibility that any significance was due
to chance. P values less than the corresponding
Bonferroni correction values were considered
significant, while those between P<0.05 and the
corresponding Bonferroni correction values were
considered suspicious.

Pearson’s product-moment correlation coeffi-
cients were calculated to determine any associa-
tions between changes from T1 to T2 and
changes from T2 to T3. A correlation coefficient
equal to or greater than 0.70 was considered
clinically significant.

Wilcoxon Rank Sums tests were used to test for
any differences in cephalometric variables be-
tween successes and failures.

Results
Sample characteristics

No pretreatment cephalometric differences
were statistically significant between treated and
control subjects (Table 2). However, the shorter
mandible (Co-Gn), less severe ANB angle, Wits
appraisal and overjet, and steeper palatal plane
angle in the controls were considered suspicious
(P<0.05, Table 2).
Cephalometric changes from T1 to T2

Treatment resulted in significant changes in
ANB angle and overjet relationship (Bonferroni
correction, P<0.0024, Table 3). Also, the treated
subjects had significantly less increase in man-
dibular length or distance Co-Gn (Bonferroni
correction, P<0.0024, Table 3). Changes in Wits
appraisal, mandibular and gonial angles, dis-
tance of articulare to SN perpendicular, and pos-
terior-to-anterior facial height ratio were
considered suspicious (P<0.05, Table 3). The
treated subjects also showed an increase in SNA
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Table 3
Changes of cephalometric measurements from pre- (T1) to post- (T2) treatment of cases treated for Class lli
malocclusion with protraction headgear, and during similar time periods for untreated Class lll controls
Treated (n=16) Control (n=13)

Variable Mean change S.D. Mean change S.D. Diff. P value Sign.
Maxillary skeletal

SNA 0.91 1.04 -0.31 2.29 1.22 0.0955 NS

Co-Ans’ (mm) 1.84 1.39 2.30 1.38 -0.46 0.3817 NS

Maxillary dental

Mx incisor to SN 2.38 7.52 5.38 4.41 3.00 0.1920 NS

Mandibular skeletal

SNB -1.13 1.10 0.19 2.16 -1.32 0.0616 NS

SN-Pg -0.50 1.21 0.73 2.15 -1.23 0.0819 NS

Co-Gn (mm) 1.87 1.52 4.38 2.31 -2.51 0.0016 **

Ar to SN (mm) 0.63 1.22 0.79 1.62 -0.16 0.7568 NS

Ar to SN perpendicular (mm) 0.33 0.92 1.19 0.86 -0.86 0.0154 *
Mandibular dental _

Mn incisor to Mn plane (Me-Go) -1.69 5.56 0.50 3.51 -2.19 0.2285 NS

Interincisal angle -1.66 10.02 -5.12 7.48 3.46 0.3116 NS
Maxillomandibular relationship

ANB 2.03 1.62 -0.42 1.47 2.45 0.0002 **

WITS (mm) 1.91 2.42 -0.13 212 2.04 0.0246 *

Overjet (mm) 4.76 1.96 1.19 1.67 3.57 0.0000 >

Overbite (mm) 0.84 3.22 0.21 2.04 0.63 0.5405 NS
Vertical relationship

Occlusal plane (to SN) 0.53 3.34 1.00 3.35 1.53 0.2319 NS

Palatal plane (Ans-Pns to SN) -0.41 2.14 -0.62 1.65 0.21 0.7745 NS

Mandibular plane (Me-Go to SN) 0.94 1.09 -0.77 2.39 1.71 0.0298 *

Gonial angle (Ar-Go-Gn) -1.94 1.52 -0.58 1.93 -1.36 0.0429 * .

Anterior facial ht. [N-Me] (mm) 3.93 1.56 4.05 2.29 -0.12 0.8767 NS

Posterior facial ht. [S-Go] (mm) 1.44 1.61 3.19 1.92 -1.75 0.0130 *

Posterior/Anterior facial ht (%) -1.06 1.10 0.50 1.70 -1.56 0.0059 *
* P<0.05; **Significant with the Bonferroni correction, P < 0.0024; NS = not significant
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angle and a decrease in SNB angle, although the
changes were not different from those in the con-
trols (Table 3).

Overall superimposition indicated significant
posterior movement of the mandibular incisors
in the treated subjects relative to the controls
(Bonferroni correction, P<0.0038, Table 4).
Changes in positions of nasion, B point, and
pogonion were considered suspicious (P<0.05,
Table 4).

The posterior movement of B point and the
mandibular incisors, and reduced translation of
condylion measured on mandibular superimpo-
sition of the cases in the treated group relative
to the controls were considered suspicious
(P<0.05, Table 4).

Cephalometric changes from T2 to T3

Changes in position or length of either the max-
illa or mandible were not found to be different
between the two groups (Tables 5 and 6). In-
creased anterior movement of the mandibular

Vol. 66 No.5 1996

incisors and reduction in overjet among the
treated cases were considered suspicious
(P<0.05, Table 5). The reduced translation of
condylion on the mandibular superimposition in
the treated cases was also considered suspicious
(P<0.05, Table 6).
Cephalometric changes from T1 to T3

The ANB angle and overjet increased suspi-
ciously more in the treated cases compared with
the controls from start of treatment to end of fol-.
low-up (P<0.05, Table 7). At T3 the ANB angle
and overjet were 0.13 deg (SD 2.91) and 2.21 mm
(SD 1.40) in the treated cases and 1.42 deg (SD
3.47) and 1.08 mm (SD 1.59) in the controls, re-
spectively. The reduced increase in mandibular
length (Co-Gn) and the decrease in gonial angle
in the treated subjects compared with the con-
trols were also considered suspicious (<0.05,
Table 7).
Study model changes

Evaluation of sample means indicated that the
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Table 4
Changes measured along averaged occlusal plane on superimposed tracings of
cephalograms made pre- (T1) and post- (T2) treatment of cases treated with protraction
headgear, and on similar superimposed tracings of untreated Class lll controls
Treated (n=16) Control (n=13)
Variable Mean change S.D. Mean change S.D. Diff. P value Sign.
Overall superimposition
N 0.53 0.43 1.20 0.82 -0.67 0.0164 *
Ans’ 1.94 1.14 1.45 1.29 0.49 0.2888 NS
A 1.66 0.87 1.22 1.16 0.44 0.2500 NS
u1 4.02 1.86 2.95 2.24 1.07 0.1709 NS
L1 -0.74 217 1.96 2.22 -2.70 0.0028 b
B -0.45 1.81 1.73 2.10 -2.18 0.0056 *
Pg 0.23 2.35 2.55 2.37 -2.32 0.0139 *
Maxillary superimposition
Ans’ 0.68 0.79 0.79 0.76 -0.11 0.7140 NS
A 0.41 0.64 0.51 0.76 -0.10 0.6844 NS
u1 2.41 1.38 212 1.72 0.29 0.6178 NS
Mandibular superimposition
B -0.51 0.46 -0.16 0.31 -0.35 0.0292 *
L1 -0.96 1.34 0.39 1.18 -1.35 0.0086 *
Co 0.38 0.72 1.69 1.32 -1.31 0.0047 *
* P < 0.05; ** Significant with the Bonferroni correction, P < 0.0038; NS = not significant

treated cases had a more pronounced mesial step
in the postlactal plane than the controls at T1
(Table 8). Treatment induced a change toward
establishing a flush postlactal plane. At T3, the
configuration of the postlactal plane was simi-
lar in the two groups.

Only minor intergroup differences in
intermolar width changes were found for any
time period (Table 8).

Associations

Correlation coefficients between treatment and
follow-up changes in ANB (r = -0.71), palatal
plane angle (r = -0.70), and mandibular incisor
to mandibular plane angle (r = -0.72) were sta-
tistically (Bonferroni correction, P < 0.0024) as
well as clinically significant.

Successes vs failures

The successful cases had larger changes in over-
jet from T1 to T3 than the failures (Bonferroni
correction, P<0.0024, Table 9). The differences in
overjet change from T1 to T2 and mandibular
incisor inclination at T2 between the groups were
considered suspicious (P<0.05, Table 9).

Discussion

These results confirm that treatment with max-
illary protraction headgear induces significant
skeletal and dentoalveolar changes.’? In keep-
ing with previous studies?®®®? the major reason
for the improvement in maxillomandibular re-
lationship was downward and backward trans-
lation of the mandible. One reason for the
observed repositioning may be a temporary

growth retardation at the condyles due to the
reciprocal forces from the chin-cup component
of the facemask.® This explanation is supported
by the fact that mandibular length increased less
in the treated patients than in the controls dur-
ing a similar time period (Table 3). Another pos-
sibility is that the condyles were located more
posteriorly in the fossa after treatment than be-
fore due to elimination of any anterior shift. Max-
illary protraction treatment was intended only
for patients with true anterior crossbites. How-
ever, radiographic documentation of condylar
position in centric occlusion was not available,
and inclusion of patients with a component of
shift to the negative overjet cannot, therefore, be
ruled out. We may have overestimated pretreat-
ment mandibular length in such cases, due to an
erroneous location of the landmark condylion in
a normal rather than distracted distance from the
glenoid fossa. Such bias may reduce the confi-
dence in our finding of less than expected in-
crease in mandibular length during the
protraction phase.

Our results also indicate a tendency for growth
stimulation at the circummaxillary sutures, as
reflected by a greater amount of forward trans-
lation of the anterior outline of the maxilla
(Tables 3 and 4) in the treated patients compared
with the controls. However, it should be stressed
that the intergroup difference was not statisti-
cally significant. Similarly, a small but insignifi-
cant increase in maxillary prognathism of 0.3
degree was reported in one previous study,?

The Angle Orthodontist

Vol. 66 No. 5 1996

357



Chong; Ive; Artun

Table 5

Changes in cephalometric measurements from posttreatment (T2) to a minimum of 1 year follow-up (T3) of Class I
cases treated with protraction headgear, and during similar time periods for untreated Class lll controls

Treated (n=16)

Control (n=13)

Variable Mean change S.D. Mean change S.D. Diff. P value Sign.
Maxillary skeletal
SNA 0.00 2.27 1.31 1.35 -1.31 0.0660 NS
Co-Ans’ (mm) 4.70 3.61 5.20 2.14 -0.50 0.6448 NS
Maxillary dental :
Mx incisor to SN 2.78 7.70 3.81 4.04 -1.03 0.6492 NS
Mandibular skeletal
SNB 1.63 1.22 1.96 1.46 -0.33 0.5047 NS
SN-Pg 1.88 1.26 2.23 1.75 -0.35 0.5300 NS
Co-Gn (mm) 9.30 5.36 10.46 3.32 -1.16 0.5032 NS
Ar to SN (mm) 1.83 2.09 2.25 1.83 -0.42 0.5715 NS
Ar to SN perpendicular (mm) 2.16 2.47 1.29 1.03 0.87 0.2174 NS
Mandibular dental
Mn incisor to Mn plane (Me-Go) 3.34 6.22 -0.15 2.20 3.49 0.0497 *
Interincisal angle -4.38 8.97 -2.96 3.76 -1.42 0.5736 NS
Maxillomandibular relationship
ANB -1.63 2.13 -0.73 1.24 -0.90 0.1708 NS
Wits (mm) -0.79 2.25 -0.60 2.59 -0.19 0.8346 NS
Overjet (mm) -1.19 1.73 0.16 0.85 -1.35 0.0120 *
Overbite (mm) 1.32 1.56 0.78 1.31 0.54 0.3299 NS
Vertical relationship
Occlusal plane (to SN) -2.22 3.20 -2.38 3.04 0.16 0.8883 NS
Palatal plane (Ans-Pns to SN) 1.44 2.54 0.00 2.13 1.44 0.1157 NS
Mandibular plane (Me-Go to SN) -1.75 1.74 -0.73 1.79 -1.02 0.1329 NS
Gonial angle (Ar-Go-Gn) -2.47 1.90 -1.31 1.98 -1.16 0.1204 NS
Anterior facial ht. [N-Me] (mm) 7.92 4.18 8.82 2.08 -0.90 0.4574 NS
Posterior facial ht. [S-Go] (mm) 7.50 3.89 6.84 3.09 0.66 0.6210 NS
Posterior/Anterior facial ht. (%) 2.16 1.73 1.00 219 1.16 0.1232 NS
* P < 0.05; ** Significant with the Bonferroni correction, P < 0.0024; NS = not significant
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while a significant increase of 0.8 degree during
treatment with maxillary protraction headgear
was found in another.”? One reason experimen-
tal studies®*! constantly demonstrate pro-
nounced forward movement of the maxilla could
be that heavy and continuous protraction forces
are used. The need for maxillary advancement
in our sample was limited because the down-
ward and backward repositioning of the man-
dible aided in the relatively rapid establishment
of a positive overjet. Evaluation of cases treated
for cleft lip and palate®* indicates that more sig-
nificant maxillary effects may be expected if
longer periods of protraction are required to cor-
rect greater skeletal discrepancies.

Evaluation of our superimpositions indicates
that the major dental contribution to the signifi-
cant increase in overjet was retroclination of the
mandibular incisors, despite the fact that no ap-
pliances were attached to these teeth. Similar
findings have been reported in a previous

Vol. 66 No.5 1996

study.? This suggests the production of distally
directed occlusal forces to the mandibular inci-
sors, probably during intermediate stages of
overjet correction. Another possibility is soft tis-
sue pressure from the chin-cup component of the
protraction headgear. The maxillary incisors
were only slightly proclined during treatment in
our sample. An even greater proclination oc-
curred in the controls during a similar observa-
tion period. However, these findings were not
significant (Table 3), and may have been biased
by differences in frequency of eruption of per-
manent incisors during the observation periods
of the two groups. The maxillary deciduous in-
cisors were present in 4 of the 16 treated patients
and in 11 of the 13 controls at the start of the ob-
servation, and were replaced by permanent in-
cisors in only one of the treated patients and in
as many as 10 of the controls. A spontaneous
proclination of the permanent incisors relative to
the deciduous predecessors is well docu-
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Table 6
Changes measured along averaged occlusal plane on superimposed tracings of cephalo-
grams made posttreatment (T2) and a minimum of 1 year follow-up (T3) of cases treated with
protraction headgear and on similar superimposed tracings of untreated Class lll controls

Treated (n=16)

Control (n=13)

Variable Mean change S.D. Mean change S.D. Diff. P value Sign.
Overall superimposition
1.79 1.05 1.52 0.77 0.27 0.4402 NS
Ans’ 217 2.04 2.99 1.13 -0.82 0.1819 NS
A 2.23 1.62 2.90 1.12 -0.67 0.2131 NS
U1 3.89 2.81 5.20 1.48 -1.314 0.1202 NS
L1 5.15 2.52 5.02 1.85 0.13 0.8761 NS
B 4.16 2.08 4.60 1.88 -0.44 0.5608 NS
Pg 5.41 2.98 5.45 2.59 -0.04 0.9719 NS
Maxillary superimposition
Ang’ 1.37 1.60 1.29 0.79 0.08 0.8647 NS
A 1.31 1.18 1.18 0.83 0.13 0.7364 NS
U1 2.75 2.38 3.37 1.21 -0.62 0.3692 NS
Mandibular superimposition
B -0.07 0.35 -0.11 0.39 0.04 0.7469 NS
L1 2.07 1.51 1.06 1.04 1.01 0.0507 NS
Co 2.94 2.32 4.58 1.35 -1.64 0.0253 *

* P < 0.05; ** Significant with the Bonferroni correction, P < 0.0038; NS = not significant

mented.* Such proclination may also be associ-
ated with a more forward position of point A,
which was one of the two landmarks used to rep-
resent the anterior outline of the maxilla. Accord-
ingly, we may have underestimated the amount
of forward movement of the maxilla during max-
illary protraction in our study.

Study model measurements indicated that
treatment induced a change toward establishing
a flush postlactal plane (Table 8), favoring the po-
tential for first molar eruption into a Class I
rather than a Class Il relationship.¥” Inferences
from our cephalometric analyses (Tables 3 and
4) suggest that the major reason for this improve-
ment was the downward and backward reposi-
tioning of the mandible. However, some mesial
movement of the maxillary molars may also have
occurred.

The lack of significant differences between the
patients and controls during the follow-up pe-
riod (Tables 5 and 6) suggests that the favorable
treatment effect on the maxillomandibular rela-
tionship was maintained. However, improve-
ment in the maxillomandibular relationship was
less significant at the time of follow-up than im-
mediately after treatment. Similarly, the treat-
ment effect of increased overjet was diminished,
mainly due to proclination of the mandibular
incisors. Such relapse has been demonstrated in
a previous study,” and may be due to removal
of the restricting forces from the chin-cup por-
tion of the protraction headgear. Despite this, a
positive overjet was maintained at the end of fol-

low-up in the patients. However, in some cases,
we considered the relapse in overjet to be of such
degree that we classified the treatment as unsuc-
cessful at the time of follow-up (Figure 4). We
considered the treatment successful if an overjet
of 2 mm or greater was maintained (Figure 3).
The successfully treated cases demonstrated a
significantly greater change in overjet during
treatment, suggesting that some overcorrection
may be necessary for maintenance of a success-
ful correction. A similar recommendation has
been made previously.® Also, achievement of a
positive overbite has been shown to be impor-
tant for maintenance of a positive overjet after
treatment.* We did not find any significant dif-
ference in overbite between the successes and
failures at the end of follow-up. However, it
should be stressed that the small sample size lim-
ited the chance of detecting significances. Despite
this, we did find that the mandibular incisors at
the end of active treatment were more retroclined
among the successes compared with the failures.
This finding supports a previous conclusion,*
and may suggest that retroclination of mandibu-
lar incisors during treatment is important for
maintenance of the overjet correction. We also
found that treatment and follow-up changes in
maxillomandibular skeletal relationship, palatal
plane, and mandibular incisor inclination were
negatively associated. This may imply that the
greater the treatment change, the greater the ten-
dency for relapse.

Every effort was made to match controls with
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Table 7
Changes of cephalometric measurements from pretreatment (T1) to a minimum of 1 year follow-up (T3) of Class Il
cases treated with protraction headgear, and during similar time periods for untreated Class ill controls
Treated (n=16) Control (n=13)
Variable Mean change S.D. Meanchange S.D. Diff. Pvalue  Sign.
Maxillary skeletal
SNA 0.91 1.93 1.00 2.64 -0.09 0.9129 NS
Co-Ans’ (mm) 6.54 3.85 7.51 2.75 -0.97 0.4553 NS
Maxillary dental
Mx incisor to SN 5.16 7.55 9.19 5.84 -4.03 0.1260 NS
Mandibular skeletal
SNB 0.50 1.47 2.15 2.77 -1.65 0.0687 NS
SN-Pg 1.38 1.47 . 2.96 2.82 -1.58 0.0834 NS
Co-Gn (mm) 11.17 5.21 14.83 3.03 -3.66 0.0263 *
Arto SN (mm) 2.46 1.87 3.05 2.38 -0.59 0.4621 NS
Ar to SN perpendicular (mm) 2.49 2.71 2.48 1.44 0.01 0.9982 NS
Mandibular dental
Mn incisor to Mn plane (Me-Go) 1.66 4.48 0.35 3.70 1.31 0.4056 NS
Interincisal angle -6.03 9.07 -8.08 7.79 2.05 0.5259 NS
Maxillomandibular relationship _
ANB 0.41 1.51 -1.15 2.23 1.56 0.0334 *
WITS (mm) 1.12 275 -0.73 3.46 1.85 0.1201 NS
Overjet (mm) 3.57 219 1.35 1.85 2.22 0.0072 *
Overbite (mm}) 2.16 2.89 0.99 1.77 1.18 0.1889 NS
Vertical relationship
Occlusal plane (to SN) -1.69 3.88 -3.38 2.84 1.69 0.1999 NS
Palatal plane (Ans-Pns to SN) 1.03 1.84 -0.62 2.98 1.65 0.0978 -~ NS
Mandibular plane (Me-Go to SN) -0.81 1.80 -1.50 2.75 0.69 0.4249 NS
Gonial angle (Ar-Go-Gn) -4.41 2.80 -1.88 3.34 -2.53 0.0355 *
Anterior facial ht. [N-Me] (mm) 11.85 3.78 12.87 . 2.78 -1.02 0.4275 NS
Posterior facial ht. [S-Go] (mm) 8.95 4.02 10.03 2.87 -1.08 0.4237 NS
Posterior/Anterior facial ht. (%) 1.09 1.88 1.49 1.90 -0.40 0.5770 NS
* P < 0.05; ** Significant with the Bonferroni correction, P < 0.0024; NS = not significant
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treated patients, selecting all cases with a nega-
tive overjet and/or a mesial step in the postlactal
plane in the age range of 4 to 9 years from the
Burlington and the Bolton-Brush Growth Cen-
ters. Despite this, the treated patients had longer
and more prognathic mandibles and slightly
more retrusive maxillae. They also presented
with a greater negative overjet and a-more pro-
nounced mesial step in the postlactal plane. Ac-
cordingly, any significant treatment or overall
changes may have been masked by the fact that
the controls did not possess the same severity of
Class III malocclusion as the treated patients at
the start of the observation period. However, our
attempt to identify matched controls for evalua-
tion of the effects of early Class III correction rep-
resents a definite improvement over previous
studies.?? Our observed differences are there-
fore likely to represent actual treatment effects,
with minimal bias due to growth differences.
Another potential problem may be that the ac-
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tual treatment time was shorter than the time
period between the T1 and T2 cephalograms (Table
1). Accordingly, the reported changes from T1 to
T2 were not entirely generated by treatment.

Our findings indicate that early intervention
with maxillary protraction headgear for a short
period in Class III malocclusion cases is benefi-
cial. The major treatment effects were reposition-
ing of the mandible and retroclination of the
mandibular incisors. However, any skeletal and
dentoalveolar advancement of the maxilla con-
tributed to the clinically significant improvement
in the maxillomandibular relationship and cor-
rection of the negative overjet (Figure 2). As a
result, an environment that is conducive to the
development of favorable occlusal relationships
may be established. The need for retention dur-
ing the follow-up period before initiation of a
second treatment phase may be minimal, par-
ticularly if the overjet is overcorrected.
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Table 8
Model measurements made at pre- (T1) and post- (T2) treatment and a minimum
of 1 year follow-up (T3) of Class Il cases treated with protraction headgear,
and at similar time periods for untreated Class lll controls

Variable Mean S.D. Mean S.D. Diff.
T Treated (n=16) Control (n=10)

Lower E-E Width (mm) 35.91 1.85 36.38 2.38 -0.47
Upper E-E Width (mm) 42.19 3.41 42.86 2.27 -0.67
Right postlactal plane (mm) -3.00 1.27 -2.27 1.22 -0.73
Left postlactal plane (mm) -2.59 1.26 -1.92 1.45 -0.67
T2 Treated (n=8) Control (n=9)

Lower E-E Width (mm) 37.37 1.56 36.57 2.15 0.80
Upper E-E Width (mm) 43.45 2.60 43.50 2.33 -0.05
Right postlactal plane (mm) -0.43 1.42 -2.20 1.10 1.77
Left postlactal plane (mm) -0.69 1.25 -2.23 1.55 1.54
T3 Treated (n=7) Control (n=3)

Lower E-E Width (mm) 37.98 2.48 36.77 5.70 1.21
Upper E-E Width (mm) 43.84 2.71 43.88 3.53 -0.04
Right postlactal plane (mm) -1.84 0.79 -1.58 0.59 -0.26
Left postlactal plane (mm) -1.51 1.27 -0.91 1.00 -0.60

Table 9

Significant results of Wilcoxon Rank Sums tests of cephalometric variables of successful (T3 OJ > 2 mm)
and failed (T3 OJ < 2 mm) Class lll cases treated with protraction headgear

Success (n=11) Failure (n=5)
Variable Mean S.D. Median Mean S.D. Median P value / Sign.
T2: Mn incisor to Mn Plane (Me-Go) 81.27 5.68 80.00 90.20 7.95 93.00 0.0353 *
T1-T2: Mean change in overjet 5.54 1.82 4.80 3.06 0.96 3.1 0.0127 *
T1-T3: Mean change in overjet 4.71 1.56 4.51 1.09 0.85 1.21 0.0022 **

P< 0.05; ** Significant with the Bonferroni correction, P < 0.0024

Conclusions

The early correction of Class III malocclusion
with maxillary protraction headgear induces sig-
nificant skeletal and dentoalveolar change. The
major reason for negative overjet correction in
our sample was downward and backward move-
ment of the mandible combined with
retroclination of the mandibular incisors. How-
ever, skeletal and dentoalveolar advancement of
the maxilla added to the improvement. Treat-
ment consistently induced clinically significant
changes toward establishing a positive overjet
and a flush postlactal plane, favoring eruption
of first molars into a Class I rather than Class III
relationship.

We observed no differences between treated
patients and controls during the posttreatment
follow-up period. Despite some relapse, the pa-
tients demonstrated a net improvement in
maxillomandibular relationship, and a positive
overjet was maintained at the end of the follow-

up period. Overcorrection of the overjet during
treatment may be important for maintenance of
a successful correction.
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