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Comparison of skeletal anchored facemask and tooth-borne facemask

according to vertical skeletal pattern and growth stage

Sang-Duck Koh?;, Dong Hwa Chung®

ABSTRACT

Objective: To compare the treatment effects between skeletal anchored facemask (SAFM) and
tooth-borne facemask (TBFM) on different maturation stages and vertical skeletal patterns.
Materials and Methods: In this retrospective study, 28 patients who were treated with TBFM
treatment and 19 patients who were treated with SAFM were reviewed. Cephalograms at the
beginning and end of facemask application were obtained and assessed. Each treatment group
was divided according to skeletal maturity and facial angle type. Nonparametric Mann-Whitney U-
test was used for comparisons of maturity stage and vertical skeletal type between the treatment
groups.

Results: SAFM produced a significant increase in the anterior-posterior position of orbitale (SNOr)
and A point (N. per. to A). The high mandibular plane angle group of SAFM revealed greater
anterior movement than that of TBFM without opening of the mandibular plane. In the SAFM group,
the angulation of the maxillary incisors was retroclined at CVM3 compared to CVM4. In the
younger group (CVM3), SAFM showed greater changes in the variables of orbitale (2.909°) and
maxillary length (5.818 mm), compared to TBFM.

Conclusions: Compared with the TBFM group, the findings suggest significant advantages for
the SAFM group for relative skeletal maturity and vertical skeletal pattern. (Angle Orthod.

2014;84:628-633.)
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INTRODUCTION

Class Il malocclusion during the developing stage is
one of the most challenging orthodontic problems.
Once patients start orthodontic treatment, including
orthopedic intervention, the total treatment time could
be extended enough to terminate the remaining
skeletal growth. Otherwise, patients might experience
relapse and require additional treatment. If a positive
overjet can not be obtained or maintained, an
alternative treatment option could be surgical interven-
tion.
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Protraction of the maxilla with a facemask is a
common treatment option for Class Il malocclusion
with maxillary undergrowth, especially at earlier ages.
It augments growth at sutural sites of the maxillary
complex by adding separating force to natural growth."
However, the timing of such treatment is a main
concern when using the facemask. Although such
interventions are recommended during primary denti-
tion or early mixed dentition stages,'? there are
opposing opinions regarding the outcomes of using a
facemask across age groups.?®

The advantages of the tooth-borne anchorage
facemask (TBFM) are forward movement and coun-
terclockwise rotation of the maxillae, downward and
backward rotation of the mandible, increased mandib-
ular plane angle and lower facial height, proclination
of the maxillary incisors, and lingual tipping of the
mandibular incisors.*®* However, TBFMs are not
without disadvantages, including loss of anchorage
by mesial migration of maxillary molars, including other
dentoalveolar effects, and the inability to apply the
correct orientation of orthopedic forces to the maxilla.

To overcome the disadvantages of a tooth-borne
appliance, several innovative designs for absolute

DOI: 10.2319/060313-421.1



RETROSPECTIVE ANALYSIS BETWEEN TWO MODALITIES

anchorage facemasks have been devised. Kokich et
al.” applied extraoral protraction force to deliberately
ankylosed deciduous canines. Singer et al.® used
osseointegrated implants in the zygomatic buttress to
obtain direct attachment to the maxilla. Hong et al.®
used an onplant on the palatal bone as anchorage for
facemask. Currently, miniplates are commonly used for
rigid fixation of the bony segments in maxillary surgery,
and these have been shown to offer a reliable means of
rigid anchorage for applying orthodontic and orthopedic
forces. Additionally, the use of mini-implants can avoid
dental side effects, in terms of the mesial migration
effects of the conventional facemask.'®"" There are two
different locations in which anchoring miniplates may be
used for the facemask: the lateral nasal wall of the
maxilla and the bony surface of the zygomatic buttress.
Although the zygomatic buttress can be used for
children in the early mixed dentition stage, the lateral
nasal wall is more beneficial because of its anatomical
location, which is anterior to the center of the
nasomaxillary complex.

Several studies''* describing outcomes for the
skeletal anchored facemask (SAFM) have been
published. However, these studies have compared
such outcomes among different types of SAFMs. In
this study, we compare the treatment outcomes
between SAFM and TBFM for maturation stage and
vertical skeletal pattern.

MATERIALS AND METHODS

Samples were collected from a private orthodontic
clinic in Chunan, South Korea. Twenty-eight patients
(seven boys and 21 girls; mean age, 10.09 years;
range, 9.0-13.9 years) with TBFM and 19 patients
(eight boys and 11 girls; mean age, 11.21 years;
range, 9.1-13.0 years) with SAFM were chosen with
the following inclusion criteria: overjet greater than
—2 mm, no craniofacial deformity, cervical vertebra
maturation stage of 3 or 4, and no previous orthodontic
treatment or surgery. This study was approved by the
institutional review board at Chunan, South Korea.

Subgrouping was accomplished by vertical dimen-
sion according to reference values (FMA 26, L.F.H. 47)
and by maturation stage (CVM3 and CVM4)."®
According to the vertical dimensions, subjects were
divided into four groups, as follows: FMH (TBFM with
high vertical type), FML (TBFM with low vertical type),
SAH (SAFM with high vertical type), and SAL (SAFM
with low vertical type). Likewise, subjects were divided
into four groups by skeletal maturity: FM3 (TBFM at
CVM3 stage), FM4 (TBFM at CVM4 stage), SA3 (SAFM
at CVM3 stage), and SA4 (SAFM at CVM4 stage).

In the SAFM group, a minimum of three to four
screws was placed to resist the maxillary protraction
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Figure 1. Cephalometric measurements. 1. SNA; 2. SNOr; 3. Mx.
length; 4. N. per. to A; 5. Palatal P 6. U. occ. P. to FH; 7. SNB; 8. Mn.
length; 9. N. per. to Pog; 10. ANB; 11. A-B to Mn. Pi 12. U1 to SN;
13. IMPA; and 14. FMA.

force. The end of the miniplates is located on the
keratinized attached gingiva to prevent possible gingival
irritation. Maxillary protraction is started 2—-3 weeks after
placing the miniplates on both sides. An elastic force of
400-500 g per side is applied. The direction of force is
approximately 30° downward to the occlusal plane.
Patients are instructed to wear the facemask at all
times, except during meals and sports activities.

In the TBFM group, patients were treated with
conventional facemasks and had a hyrax palatal expand-
er, which was banded on the maxillary first premolars and
first molars with two hooks soldered to each first premolar
band. Patients were advised to activate the appliance one
or two times per day until the required expansion was
achieved (average time, 4—6 weeks), with slight overcor-
rection of the crossbite. After this process, the expander
was stabilized. Patients in this group were instructed to
wear the facemask for 12—14 hours a day.

Lateral cephalometric films were obtained at the
start of facemask treatment (T1) and at the end of
facemask treatment (T2). Cephalometric linear and
angular measurements are shown in Figure 1.

Statistical analysis

The Kolmogorov-Smirnov test was used to check for
normality of the variables. The independent t-test was
used to assess differences between TBFM and SAFM
group. To assess differences between the subgroups
the data were compared using the Mann-Whitney
U-test, which is a nonparametric test as a result of its
low power, small sample number, and nonnormality.
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Table1. Comparison Between Tooth-Borne Facemask (TBFM) and
Skeletal Anchored Facemask (SAFM) at Baseline. No Significant
Difference Was Observed Between Two Groups (tTest)?

TBFM SAFM
Mean SD Mean SD P
SNA 79.682 3.064 78.321 3.111 144
SNOr 63.432 3.986 63.126 3.487 .787
Mx. length 82.168 4.002 81.837 4.656 .796
N. per. to A —-3.029 2534 —-4.189 2.155 109
Palatal P. 0.754 2.448 0.358 2.658 .602
U. occ. P. to FH 12.614 2918 11.368 3.818 212
SNB 80.746 3.092 80.495 2.903 .780
Mn. length 111.461 4.761 113.532 5.024 159
N. per. to Pog —-3.875 4.710 —3.274 4.208 .656
ANB —-1.068 1.928 —-2.174 2.292 .081
A-B to Mn. P. 61.850 4.639 60.200 3.383 191
FMA 28.432 2.778 28.268 5.136 .888
U1 to SN 108.350 8.630 108.900 7.533 .823
IMPA 88.339 6.838 85.537 5.734 149

2 SD indicates standard deviation.

Ten patients were randomly selected, and their
cephalograms were assessed and reassessed 5 weeks
later by the same investigator. The intraobserver
differences between the two measurements were
analyzed by computing the intraclass correlation
coefficients, which were found to be 0.95 for the
angular measurements and 0.97 for the linear mea-
surements. Statistical analysis was carried out with
SPSS PC1 (version 14.0, SPSS, Chicago, lll) at a
significance level of .05.

RESULTS

Since both TBFM and SAFM groups were normally
distributed, an independent ftest was performed to
evaluate the difference between the groups. Table 1
summarizes the comparison of TBFM and SAFM at
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baseline (Table 1). There were no significant differ-
ences in any of the cephalometric measurements
between the groups at T1.

In the after-treatment comparison, Table 2 showed
that orbitale point (SNOr) of SAFM group has been
displaced more forward (2.495 degrees) compared to
TBFM (.0961 degrees). Variables related to A point
(Mx. length and N. per. to A) increased significantly in
the SAFM group. It was found that FMA, U1 to SN, and
maxillary length between the two groups were signif-
icantly different.

In the high angle group, the vertical dimension of
FMH (FMA, 1.718) compared to that of SAH (FMA,
—0.108) showed a negative change. In the after-
treatment comparison of dental measurements, the
inclination of the maxillary incisors was not significantly
different between FMH and SAH. In both high and low
vertical skeletal groups, forward movements of orbitale
were greater for the SAFM group than for the TBFM
group (Table 3).

According to the skeletal maturation, SNA, SNOr,
and Mx. length in the SA3 (SAFM group at CVMS3
stage) were greater than in FM3 (TBFM group at
CVMS3 stage), indicating a greater anterior movement
of maxillary basal bone in the SAFM group, especially
during early ages (Table 4). At the CVM4 stage, only
SNOr of SA4 was significantly different from FM4, and
the change was smaller than at the SA3 stage.

DISCUSSION

The facemask is a very practical tool that moves the
maxillae in downward and forward directions. This
movement produces two favorable effects: anterior
displacement of the maxillae and backward rotation of
mandible. However, the TBFM has the disadvantages

Table 2. Treatment Changes Between Tooth-Borne Facemask (TBFM) and Skeletal Anchored Facemask (SAFM). SAFM Shows Significant
Changes in the Variables of Maxillary Position. Group Difference Shows the Difference Between TBFM and SAFM Groups. Less Change on
Mandibular Plane and Minus Change on Maxillary Incisors Are Statistically Significant (t-Test)®

TBFM Group Difference
Mean SD Mean SD Mean SD P
SNA 1.825 0.910 2.253 1.311 0.428 0.401 113
SNOr 0.961 1.122 2.495 1.412 1.534 0.290 .000
Mx. length 3.054 1.930 4.600 2.478 1.546 0.547 .014
N. per. to A 1.754 1.247 2.874 2.045 1.120 0.798 .021
Palatal P. —-1.079 1.187 —1.432 1.220 0.353 0.032 .166
U. occ. P. to FH —1.832 1.264 —-1.279 1.671 0.553 0.407 115
SNB —1.093 0.816 —1.284 1.296 0.191 0.480 .286
Mn. length 2.329 1.701 3.042 3.182 0.714 1.481 .190
N. per. to Pog —2.279 1.791 —-0.774 2.255 1.505 0.464 .010
ANB 2.954 1.359 3.311 2.113 0.357 0.755 .260
A-B to Mn. P. 3.625 2.462 5.626 3.169 2.001 0.707 .013
FMA 1.857 1.192 0.174 1.407 1.683 0.215 .000
U1 to SN 4.054 5.243 —-1.116 6.887 5.169 1.644 .005
IMPA —3.621 3.470 —2.863 3.824 0.758 0.354 247

2 SD indicates standard deviation.
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Table 3. Treatment Changes Between Tooth-Borne Facemask and Skeletal Anchored Facemask (SAFM) on Different Facial Angle. Anterior
Movement of Orbitale Was Prominent in the SAFM on Both Facial Angles. Minus Change in Maxillary Incisors of SAFM Was Observed in the

High Facial Angle Comparison (Mann-Whitney U-Test)?

FMH, N = 17 SAH, N = 12 FML, N = 11 SAL,N=7
Mean SD Mean SD P Mean SD Mean SD P
SNA 1.741 1.037 1.917 0.995 711 1.955 0.698 2.829 1.651 126
SNOr 0.818 1.344 2.542 1.482 .001 1.182 0.646 2.414 1.392 .020
Mx. length 3.006 2.274 4.542 2.597 107 3.127 1.333 4.700 2.456 179
N. per. to A 1.647 1.336 2.500 1.940 .245 1.918 1.139 3.514 2.210 .044
Palatal P. —-0.794 1.109 —-1.150 1.066 .303 —-1.518 1.220 -1.914 1.397 479
U. occ. P. to FH —1.594 1.362 —-1.267 1.603 419 —2.200 1.050 —1.300 1.914 .536
SNB —0.929 0.745 —0.967 1.199 .990 —1.345 0.891 -1.829 1.362 425
Mn. length 2.488 1.890 3.483 3.667 .647 2.082 1.408 2.286 2.161 .659
N. per. to Pog —-2.118 1.647 -0.317 1.748 .006 —2.527 2.051 —-1.557 2.918 .659
ANB 2.718 1.408 2.858 1.848 .913 3.318 1.254 4.086 2.455 .104
A-B to Mn. P. 3.241 2.470 4.700 2.941 .245 4.218 2.444 7.214 3.102 126
FMA 1.718 0.850 -0.108 1.094 .000 2.073 1.611 0.657 1.821 104
U1 to SN 2.665 3.491 —0.067 5.501 197 6.200 6.810 —2.914 8.990 .056
IMPA —3.635 2.904 —-2.817 4.120 527 —3.600 4.361 —2.943 3.568 791

2 SD indicates standard deviation; FMH, tooth-borne facemask/high angle type; SAH, skeletal anchored facemask/high angle type; FML, tooth-
borne facemask/low angle type; and SAL, skeletal anchored facemask/low angle type.

of anterior rotation of the maxilla, labioversion of the
maxillary incisors, loss of anchorage by mesial
migration, and extrusion of maxillary molars, including
other dentoalveolar effects. It also has the inability to
apply the correct orientation of orthopedic force to the
maxilla.*'®

The TBFM causes downward movement of the
posterior maxilla and maxillary molar teeth, which in
turn rotates the mandible downward and backward.
This change is likely to be accompanied by subse-
quent horizontal mandibular growth, which would
cause relapse of anterior crossbite.’-'* Another
concerning aspect of this mandibular rotation is that
it would worsen the opening tendency of the vertical

facial type. Although the rotation pattern is beneficial
for low-angle, deep-bite Class lll patients, many
studies®*?' have demonstrated that facemasks were
contraindicated in Class lll patients with high angle
facial type or openbite. In order to eliminate this
counterclockwise rotation effect, various locations
have been used for force application”?>2%; the canine
region, premolar, and deciduous molar region. None-
theless, those trials showed that the counterclockwise
rotation of the maxilla was inevitable after facemask
use. Other investigators have pointed out that intraoral
devices have a limited option of choosing a specific
point of force application. These authors®® have
proposed modified designs to apply the force from a

Table 4. Treatment Changes Between Tooth-Borne Facemask and Skeletal Anchored Facemask (SAFM) on Different Growth Stage. Most of
the Skeletal Changes Were Prominent in the SAFM at the Early Maturation Stage. Minus Change in Maxillary Incisors of SAFM Was Observed in

the Younger Age Comparison (Mann-Whitney U-Test)?

FM3, N = 15 SA3, N = 11 FM4, N = 10 SA4,N =38
Mean SD Mean SD P Mean SD Mean SD P
SNA 2.013 0.901 2.918 1.142 .041 1.608 0.907 1.338 0.950 .595
SNOr 1.167 1.016 2.909 1.516 .001 0.723 1.230 1.925 1.095 .013
Mx. length 3.953 1.144 5.818 1.622 .003 2.015 2.163 2.925 2.547 .301
N. per. to A 2.107 1.100 4.018 1.842 .004 1.346 1.324 1.300 1.010 547
Palatal P. —1.580 1.193 —1.809 1.243 .540 —0.500 0.914 -0.913 1.043 .238
U. occ. P. to FH —1.840 1.005 —1.364 1.743 .357 -1.823 1.555 -1.163 1.677 .500
SNB —1.400 0.727 —1.591 1.260 .507 —0.738 0.792 —0.863 1.305 .916
Mn. length 2.860 1.467 3.336 1.626 .357 1.715 1.799 2.638 4.684 .645
N. per. to Pog —2.300 1.747 —0.736 2.475 .036 —2.254 1.911 —-0.825 2.078 161
ANB 3.487 1.131 4.482 1.588 .027 2.338 1.377 1.700 1.661 456
A-B to Mn. P. 4.447 2.226 7.436 2.679 .008 2.677 2.459 3.138 1.831 .595
FMA 1.940 1.423 —0.045 1.487 .001 1.762 0.903 0.475 1.325 .016
U1 to SN 5.233 5.838 —2.836 6.163 .003 2.692 4.282 1.250 7.526 .500
IMPA —4.873 3.500 —-2.273 4.228 134 —-2.177 2.929 —3.675 3.281 456

a SD indicates standard deviation; FM3, tooth-borne facemask/CVM3; SA3, skeletal anchored facemask/CVM3; FM4, Tooth-borne facemask/

CVM4; and SA4, skeletal anchored facemask/CVM4.
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level higher than the palatal plane, which provided
promising results in preventing the counterclockwise
rotation of occlusal and palatal planes. However, as a
result of the bulky extraoral portions of these appli-
ances, these devices have not been widely employed.
The closure of the mandibular plane after applying
SAFM has been reported in some studies.’>"® Two
studies on skeletal facemask did not report the same
findings. One study?®* included patients with cleft
palate, and the other study'' had a small sample size.

In this study, we evaluated the effect of SAFM on
vertical skeletal pattern. In the high angle group, the
vertical dimension (FMA) of SAFM group showed
closure of the mandibular plane with a high level of
significance compared to that of the TBFM group.
SAFMs do not aggravate high angle patients and
prevent the opening tendency of the mandibular plane.
Similar patterns were observed between the younger
group (CVMB) and the older group (CVM4).

Miniplates for the SAFM can be placed at either the
apertura piriformis or the zygomatic buttress area.
Apertura piriformis can be a proper location for
placement of skeletal anchorage because it is located
along the line of action, passing the center of
resistance in the maxillae with easy access. This
method clearly showed the closure of the mandibular
plane.’ However, this anchor location cannot be used
in younger patients during early mixed dentition
because of the possibility that interruption of canine
eruption might occur. On the other hand, SAFM applied
on the zygomatic buttress did not result in active closure
of the mandibular plane.’®'" This result might be due to
the specific location of the skeletal anchorage. Com-
pared to the apertura piriformis, the zygomatic buttress
is located in the posterior region, which could result in a
clockwise rotation of the maxilla. While evidence'
showed a closed mandibular plane in patients who
have had anchors placed on the zygomatic buttress, it is
hard to compare the direction of force of this intraoral
method with that of extraoral traction methods.

After applying TBFM, clinicians sometimes encoun-
ter a delicate situation that might require an extraction
as a result of the proclination of the maxillary incisors
and crowding of the molar region in patients who have
maxillary deficiency. Since the TBFM drags total
maxillary dentition forward, protrusion of maxillary
teeth is inevitable. In contrast to the TBFM, the lingual
version of the maxillary incisors was observed in
studies of SAFM.""® One study® suggested that this
change is the result of the clockwise rotation of the
maxillary dental arch. In this study, retroclination of
maxillary incisors has been observed, especially at a
younger age (CVMB).

One of the fascinating results associated with the
SAFM is that both upper and lower parts of the

Angle Orthodontist, Vol 84, No 4, 2014
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maxillae are moved forward, which changes the total
facial impression.” One previous study' reported
anterior displacement of the orbitale after SAFM use.
In this study, we also observed significant changes in
orbitale for patients who underwent SAFM use.

There is some controversy with regard to the timing
of facemask use. Some studies®'® reported that early
application of the facemask was associated with a
more favorable outcome. However, other studies did
not report this result.>* Kim et al.’® evaluated treatment
result on the protraction facemask therapy across
different age groups: younger (4—10 years) and older
(10-15 years). This study found that all skeletal
changes were greater in the younger group than in
the older group. On the contrary, there was a study* on
facemask use in Korean subjects who had been
divided into three different age groups. This study
concluded that the treatment effect was not signifi-
cantly different across the age groups. In this study, we
compared the treatment effect of both appliances at
different developmental stages. Although both types of
facemask are associated with greater changes for
younger patients, SAFM still showed greater effects
than TBFM before peak growth stage (CVMS3). A new
maxillary traction method using a modified rapid
maxillary expander with mini-implants was recently
introduced. This also provided skeletal effects similar
to that associated with the miniplates, with lower
surgical invasiveness.?

The critical time for Class Il patients is not the mixed
dentition period but the peak growth period, with
greater mandibular growth during this latter time.
Therefore, protraction of the maxilla should be
continued until the deceleration stage of growth.
Furthermore, early initiation of the facemask might
encounter obstacles like transition to permanent
dentition and dental issues stemming from intraoral
portions of the facemask. Facemask with skeletal
anchors and Class Il elastics'® has been successful in
the late mixed or permanent dentition phases. These
could be applied as long as necessary and are
compatible with braces for tooth alignment, even
during the transitional period of mixed dentition.

It is possible that some limitations affected this
study. First, the sample size for each group was small.
Since the SAFM has been introduced into orthodontic
fields recently, it is hard to obtain an adequate number
of patients to fulfill the statistical requirements for
parametric analysis, which results in a lower power.
Second, the wearing time was different for each
device, which was almost twice as long for the SAFM
as for the TBFM. To more accurately compare the
outcomes between the facemasks, differences in
appliance wearing protocols would have to be justified
in future studies.
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CONCLUSIONS

« SAFMs produced significant increases in all mea-
sured anterior-posterior dimensions.

« Analysis of changes between the two groups on high
vertical skeletal pattern showed that the orbitale in
the SAFM group revealed greater anterior movement
and that mandibular plane angle was decreased.

« Between similar skeletal maturity groups, SAFM in
CVMB3 resulted in greater anterior-posterior changes,
compared to TBFM, on the variables of orbitale
(2.909°) and maxillary length (5.818 mm).

» These data showed statistically significant advantag-
es of the SAFM group in younger maturity and high
vertical skeletal pattern compared with the TBFM

group.
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