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Incremental effects of facemask therapy associated
with intermaxillary mechanics
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Objectives: To determine the dentofacial changes in children with skeletal Class Ill malocclusions treated with maxillary
expansion, external maxillary profraction and intermaxillary fraction.

Methods: Fifteen Class lll patients in either the deciduous or the mixed denfition (Mean age: 7.6 years; SD: 1.9 years) were
used. The children were treated with a modified Haas expander, a modified lingual arch, infermaxillary elastics and facemask
for nine months. Lateral cephalometric radiographs were taken at the beginning of treatment (T1) and at 3-month intervals (T2,
T3, T4).

Results: Most significant sagitial skeletal modifications occurred in the first three months of treatment. During the first three months
of treatment the upper and lower incisors tipped lingually and the face height increased. Towards the end of treatment the
upper incisors proclined and the upper lip became more profrusive.

78

Conclusion: The therapy corrected the horizontal skeletal and arch discrepancies and improved the positions of the lips.
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Introduction

Skeletal Class III malocclusion is considered one of
the most complex and difficult orthodontic problems
to treat. Much controversy and uncertainty surrounds
the efficacy and stability of early treatment of this
condition.1-3 Since 45 to 65 per cent of skeletal Class
I1I malocclusions have maxillary retrusion and a nor-
mal or prognathic mandible, many Class III patients
can be managed with maxillary expansion and face-
mask therapy.45> Although this approach has been
described as maxillary protraction, the anteroposter-
ior discrepancy is corrected by a combination of
skeletal and dental movements in the maxilla and
mandible.2.6-13

Recent publications have reported that favourable
outcomes can be maintained long-term in approxi-
mately 65 to 75 per cent of cases treated with this
type of early orthopaedic Class III treatment.14-18
However, a recent finite element study by Holberg,

Mahaini and Rudzki!® has cast doubt on the notion
of remodelling changes in the facial skeleton. They
reported that the strains applied by a facemask were
not high enough to stimulate bone growth in the
circum-maxillary sutures. Their findings lead us to
formulate a study to investigate the skeletal, dento-
alveolar and soft tissue effects of combined facemask,
intermaxillary traction and rapid maxillary expansion
therapy in young subjects with skeletal Class III mal-
occlusion. We postulated that it would be possible to
maximise the skeletal changes and minimise the dento-
alveolar changes by starting treatment in the late
deciduous to mixed dentition. We also aimed to
determine the changes at short intervals throughout
treatment.

Materials and methods

The sample comprised 15 children (8 girls, 7 boys)

between 5 years, 1 month and 11 years, 2 months of
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EFFECTS OF FACEMASK THERAPY
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Figure 1. Measurements used.

(a) Sagittal change in maxilla: SNA, NPerp-A, CoA

Sagittal change in mandible: SNB, NPerp-Pog, Co-Gn
Maxillo-mandibular relationship: ANB, Wits appraisal

(b) Vertical relationship: SN/Ocl, SN/PP, SN/GoMe, FMA, ANSMe
[c) Maxillary teeth: 1/NA, 1-NA, 1/PP

Mandibular teeth: 1/NB, 1-NB, IMPA

Facial profile: Steiner 'S" line, SUI; Steiner 'S" line, S

age (Mean age: 7.6 + 1.9 years) with Class III mal-
occlusion.
prospectively and treated for nine months. The selec-
tion criteria included: Class III malocclusion charac-
terised by an anterior crossbite or edge-to-edge incisal
relationship and a Wits appraisal of -2 mm or less; a
maxillary deficiency established by facial analysis;20 a
stage of dental development between late deciduous
dentition and mixed dentition; no previous ortho-
dontic or orthopaedic treatment; no other cranio-
facial anomalies. All subjects were treated before their
pubertal peak in mandibular growth, as verified by
the cervical vertebral maturation method.2! The
study was approved by the Ethics Committee of the
University of South Santa Catarina.

Consecutive subjects were selected

Cephalometric analysis

Lateral cephalometric radiographs were taken at the
start of treatment (T'1) and at 3-month intervals (T2,
T3, T4). The radiographs were taken with the teeth
in centric relation, and the image magnification was
7 per cent. All radiographs were traced and measured
with digital calipers or protractor by the same opera-
tor (G.T.). The linear measurements were recorded to
the nearest 0.1 mm and the angular measurements to
the nearest 0.1 degree. The landmarks and measure-
ments used in the study are shown in Figure 1.

Treatment regimen

The upper appliances were a modified Haas rapid
maxillary expansion appliance soldered to bands on
the deciduous second molars or first permanent
molars (Figure 2). When possible, the first premolars
were also banded. Teeth not banded were generally
bonded to the appliance with composite resin. Heavy
0.045 inch wires joined the palatal appliance and
bands and contacted the palatal and buccal surfaces
of the posterior teeth. Hooks for extra-oral and inter-
maxillary elastics were placed in the buccal wires. The
anterior hooks extended to the canine areas. An 11
mm expansion screw, placed in the midline of the
palatal appliance, was activated a quarter turn twice
daily (0.2 mm per turn) until fully activated. At the
end of the second week a protraction force of 450 to
600 g per side with a downward vector of 30 degrees
to the occlusal plane was used. The elastics were
attached to a Petit facemask (Orthotech, Porto
Alegre, Brazil) and the subjects were instructed to
wear the appliance for 12 hours a day.

In the lower ach, a modified 0.045 inch lingual arch
was soldered to bands on either the deciduous second
molars or, generally, the first permanent molars. The
buccal surfaces of teeth not banded were bonded to
the appliance with composite resin. Buccal 0.045
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Figure 2. Appliances used in this study for Class Il correction:

[c)

[a) modified Haas expander. (b) modified lingual arch. (c) Class Il intermaxillary elasfics and extra-oral elastics to the facemask.

inch wires were soldered to the lower molar bands
and formed into hooks for Class III intermaxillary
elastics. The hooks extended forwards to the canines.
The intermaxillary elastics delivered 200 to 350 g per
side and subjects were instructed to use the elastics 24
hours per day, only removing them during eating and
tooth brushing (Figure 2).

Statistical analysis

The data were normally distributed. The cephalomet-
ric measurements were compared at T1, T2, T3 and
T4 by the analysis of variance of repetitive measure-
ments, since the same individual was analysed at dif-
ferent times. Tukey’s HSD test was then used to deter-
mine which time intervals were significantly different.
The significance level was set at p < 0.05 for all tests.

All measurements were re-traced on two separate
occasions with a 2-week interval between them. The
systematic error was assessed using a paired ztest and
the combined method errors in location of the land-
marks, tracing and measurement with Dahlberg’s for-
mula. There was no systematic error and no error
exceeded 0.5 mm or 0.5 degree.

Results

Most of the maxillary sagittal changes occurred in the
first three months of treatment, as demonstrated by
the SNA angle, NPerp-A and Co-A (Table I). The
maxillary incisors (1/PP) retroclined in the first three
months then slowly proclined over the following six
months. The SNB angle and NPerp-Pog remained
unchanged throughout treatment.

Mandibular length (Co-Gn) increased significantly
from T1 to T4. The lower incisors (IMPA) were

tipped progressively lingually from T1 to T4, but
there were no significant changes in 1-NB and 1/NB.
The ANB angle and Wits appraisal showed signifi-
cant changes in maxillo-mandibular relations
from T1 to T4. The greatest changes in these
measurements occurred in the first three months of
treatment.

There were no significant changes in either FMA or
SN/GoMe, indicating that the therapy did not
induce a growth rotation. There was no significant
change in the inclination of the palatal plane to the
cranial base (SN/PP), although the lower anterior
facial height (ANS-Me) and occlusal plane to cranial
base (SN/Ocl) increased throughout treatment (Table
I). Small, but statistically significant, changes
occurred in the positions of the lips (S-U1, S-L1),
indicating that the soft tissue profile became more
convex with treatment.

Discussion

Subjects with skeletal Class III malocclusion often
present with concave facial profiles, nasomaxillary
retrusion, and a prominent lower lip and lower third
of the face. The goal of early treatment is to produce
the greatest orthopaedic effect with minimal dental
compensation. Previous attempts to maximise the
orthopaedic effects of facemask therapy have used
fixed splints with elastics, skeletal anchorage with
miniplates and ankylosed deciduous canines.25-29
Our treatment protocol of combined maxillary
expansion, facemask therapy and Class III mechanics
straightened the skeletal and soft tissue facial profiles
of our young subjects with only a few, small
dentoalveolar changes, but it was no more successful
than some of the appliance combinations others have
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Table I. Combined facemask therapy, comparisons at 3-month infervals.

EFFECTS OF FACEMASK THERAPY

Stages
Measurement T1 T2 T3 T4 p*
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

SNA (degrees) 78.12(2.77)ab,ec 80.36(3.12) a 80.43 (2.63) b 80.44 (3.11) ¢ 0.0001
NPerp-A (mm) -0.53 (2.69) a,b,c 2.31(2.14) a 2.32(2.41)b 2.49(2.29) c <0.0001
CoA (mm) 82.98 (3.21) a,b,c 85.55(3.09) a,d 86.07 (3.06) b 86.94 (3.09) ¢ d <0.0001
SNB (degrees) 80.56 (3.11) 79.17(3.23) 79.31(2.81) 79.14 (3.74) 0.077
NPerp-Pog (mm] 0.11 (4.72) -0.53 (5.01) 0.16 (4.70) 0.02 (4.79) 0.098
CoGn (mm) 110.77 (5.91) a 111.35(6.31) 111.99 (7.40) 112.75(8.17) a 0.006
ANB (degrees) -2.44(2.81) a,b,c 1.19(2.56) a 1.12(2.71)b 1.30(3.29) ¢ <0.0001
Wits {mm) -5.70(3.17)a,bc  0.05(4.21) a 0.18 (4.03) b 0.25(3.07) ¢ <0.0001
1/NA (degrees) 24.87 (3.13) 23.97 (2.98) 24.55 (2.87) 25.03 (3.32) 0.061
T-NA (mm) 4.611(2.77) 4.21(2.48) 4.35(2.91) 5.08 (2.49) 0.059
1/PP [degrees) 114.98 (6.32) a 11243 (6.99) ab 113.37 (6.64) 116.53 [7.01) b 0.003
1/NB (degrees) 23.55(5.78) 22.53 (4.44) 21.54 (6.01) 21.30 (6.20) 0.099
1-NB (mm) 3.21(2.01) 3.02 (2.12) 3.01 (2.14) 2.96(2.32) 0.171
IMPA (degrees) 88.89 (6.13) ab,c 86.03 (6.21)a 85.83(6.35)b 85.12 (6.01) ¢ 0.001
SN/Ocl (degrees) 19.36 (6.74) 19.76 (6.87) a 16.02 (7.31) a 17.51(8.39) 0.029
SN/PP (degrees) 8.31(3.23) 7.67 (3.10) 7.76(3.05) 8.31(3.28) 0.606
SN/GoMe (degrees) 37.88 (4.64) 40.01 (4.89) 38.87 (5.05) 38.96 (5.53) 0.082
FMA [degrees) 26.21 (5.14) 27.63 (5.97) 26.43 (4.60) 25.84 (5.26) 0.075
ANS-Me (mm) 61.11(5.60)ab,ec 64.60(5.35) ad 6517 (4.98) b 65.89(5.19) ¢ d <0.0001
S-UI (mm) -0.45 (2.98) a,b 0.25(3.10) ¢ 0.96(3.17) a,d 1.98 (2.73) b,c,d 0.0003
Sl {mm) 1.88(3.92) a 0.32 (3.43) 0.45 (3.41) 0.68 (3.61) a 0.040

Means followed by the same letter are statistically different
*ANOVA, significant values in bold.

used.2.3.7.8,10,12,13.27.29-33 J¢ has been reported that
combined facemask therapy and Class III mechanics
are no more effective in treating skeletal Class III
malocclusions than facemask therapy alone.12.29.33

In the first three months of treatment the upper
incisors tipped palatally and then tipped labially over
the next six months. We attribute the initial palatal
movement of the upper incisors (1/PP) to the maxil-
lary expansion, which increased the perimeter of the
upper arch, and labial tipping of the upper incisors to
the combined effects of Class III traction and face-
mask therapy.3435 The lower incisors (IMPA) tipped
lingually throughout treatment, but the changes,
although statistically significant, were less than 4
degrees. Pressure from the mandibular pad on the
facemask may be responsible for these changes.

We decided to follow our subjects at 3-month inter-
vals because we wanted to determine the incremental

changes with a view to identifying the effects of the
various components of our therapy. As mentioned
above, maxillary expansion and unwanted pressure
from the facemask were probably responsible for the
incisors tipping lingually in our young subjects.
Significant sagittal skeletal modifications occurred in
the first three months of treatment (SNA, NPerp-A,
Co-A), although lingual tipping of the lower incisors
could account for some of these changes. After the
initial period, the changes in all three measurements
were maintained until the end of the treatment. A sta-
tistically significant increase in the vertical dimension
(ANS-Me) also occurred during treatment, but some
of this increase (Mean difference: 4.58 mm) may be
due to the mechanics and some to facial growth. The
vertical change was small and may not be of clinical
significance.

In this preliminary study, our protocol of maxillary
expansion, facemask therapy and intermaxillary
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mechanics resulted in the skeletal changes and pro-
gressive dental compensations we were aiming for.
Although most of the changes occurred in the first
three months of treatment, sustained treatment is
essential to correct the overjet and molar relationships
and maintain the skeletal correction. Ideally, Class III
malocclusions in young subjects should be overcor-
rected and retained as facial growth can undo any
favourable changes.1416,18 Further studies are
required to determine the amount of overcorrection
required, the length of retention, the effects of nor-
mal facial growth and the contributions made by the
various appliances. Moreover, the limitations in the
present study, such as the small sample size and the
lack of untreated control group should be mentioned.

Conclusions

Correction of a skeletal Class III malocclusion in
young subjects with combined facemask therapy,
maxillary expansion and intermaxillary mechanics
resulted from forward movement of the maxilla and
incisor tipping. The most significant skeletal modifi-
cations occurred in the first three months of treat-
ment. The therapy improved the positions of the lips
and resulted in a more convex profile.
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