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Abstract: The aim of this study was to compare the effect of a combination of activator and J hook headgear to that
of the headgear-activator. The traditional activator was modified to combine with a J hook headgear which had two
hooks mesial to the upper canine for extraoral traction instead of the labial arch. In addition, there is an optional
screw in the middle of the palatal parts to widen the arch in narrow arch cases. Sixty-eight cases (34 boys and 34
girls, with an average age of 10.2 years old) were recruited. They were divided into two groups (Group MA: modified
activator and J hook headgear group, Group HA: headgear-activator combination group). Lateral standardized ceph-
alograms were taken before and after the treatment. The cephalograms were measured by the same doctor with the
Dolphin software. There was no significant difference in the changes of SNA, U1-NA, U1-NA (mm), U1-SN, and U6-PP
between the two groups. However, the changes in U1-PP showed that the MA group intrudes the upper frontal teeth
while the HA group does not (P<0.001). Regarding the mandible, there were no significant differences in SNB and
L1-MP (°); however, L1-MP (mm), NP_FH (°) and LL-Eline (mm) showed significant differences (P<0.001). The MA
group intruded the frontal teeth and rotated the mandible anticlockwise, which was also confirmed by the changes
of the OP-SN (°), MP-SN (°), and np-fh (°) (P<0.001). Compared to the headgear activator, the modified activator
can level the frontal teeth, decrease the angle of the MP-SN and MP-FH, and rotate the mandible counterclockwise,
which could achieve a better chin and lip outline.
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Introduction

The activator was invented by Dr. Andrensen
[1], and is a functional appliance to correct
Angle’s class Il malocclusion during the late
mixed teeth period. An activator consists of an
acrylic oral part and a few wire elements that
move the mandible forward and inhibit the
maxilla in the opposite direction. In recent yea-
rs, it has some modification called Bionater [2]
and Kinetor [3] by Balters and Stockfisch,
respectively. Pfeiffer combined the activator
with headgear to reduce the duration of treat-
ment [4]. Teuscher [5] and Thurow [6] modified
the combination of the activator and headgear.
They primarily emphasized the importance of
the traction force direction regarding the center
of resistance of teeth and maxilla. The J hook
headgear is one of the characteristics of the
Tweed-Merrifield Edgewise technique [7, 8].

The function of the J hook headgear is to intrude
and retract the upper frontal teeth while inclin-
ing the upper molars distally. The aim of the
present study was to investigate the combined
effect of the activator and the J hook headgear
in the treatment of hyperdivergent Class Il mal-
occlusion during the late mixed teeth period.

Material and methods

Total sixty-eight cases (34 boys and 34 girls)
aged from 9 to 12 years old (the average age
was 10.2 years old) at the late mixed teeth peri-
od were recruited for this study. All patients
agreed to sign the informed consent and the
research was approved by the ethics commit-
tee of Stomatological Hospital affiliated to Me-
dical College of Zhejiang University. All patients
had Class Il molar relationship without severe
crowding, deep incisor overjet, hyperdivergent
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Figure 1. The view of the modified activator.

Class Il skeletal pattern (MP-SN>36°, ANB>4°),
and had no history of orthodontic therapy. First,
the patients were divided into two groups ba-
sed on sex. Then, 17 cases were selected from
the two groups respectively as the experiment
group (Group MA: modified activator and J hook
headgear group) and the control group (Gro-
up HA: headgear-activator combination group).
Group MA used the modified activator. The pri-
mary difference between the modified and the
traditional appliance was that the former con-
nected two hooks with the J Hook headgear
mesial to the upper canine for extraoral trac-
tion without the labial arch. The lower part of
the modified activator covers half of the labial
surface of the lower frontal teeth with no con-
nection with the lingual surfaces of the lower
incisors. The upper part of the modified appli-
ance covers half of the crown in the anterior
teeth on both labial and palatal sides. There is
a screw in the middle of the palatal parts to
widen the arch for the narrow arch cases
(Figure 1).

In the cases of the overjet less than 6 mm, the
mandible was positioned forward with the
upper and lower incisor edge to edge. In the
other hand, a two-step activation was suggest-
ed when overjet exceed 10 mm due to the tem-
poromandibular joint (TMJ) condyle did not
adapt to the upper and lower incisor edge to
edge position.

There should be a 2-mm distance between the
edge of the upper and lower incisors, and 4-5
mm distance in the posterior area. Two hooks
mesial to the upper canines were used to ligate
to the J hook and the headgear. The angle of
the high pull traction was directed through the
center of resistance of the upper arch and the
maxilla. Each side of the J hook uses approxi-
mately 500 g force. The patients were instruct-
ed to wear the activator and the J Hook head-
gear for more than 12 hours a day.
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At each appointment, the appli-
ance was adjusted approxi-
mately 0.5-1 mm by trimming
the acrylic of the lingual side of
the upper anterior teeth. When
the upper anterior teeth re-
ached the ideal place, the doc-
tor inspected whether the
molars touched each other. If
not, the occlusal side of the
upper molars was trimmed.
Then, the first stage of the treatment was
completed.

Group HA used the activator combined with a
high-pull headgear as Weiland’s described [9],
containing tubes that are embedded in the
acrylic, which are then used to insert a conven-
tional headgear bow at the level of the second
premolars. 500 g was applied in each side, and
the point of force application on the headgear
bow was more backward than that in the MA
group. In addition, the construction bite of the
molars left sufficient interocclusal space to
allow the lower premolars and molars to erupt,
which was different from the MA group.

The goal of the two approaches was to correct
the deep overjet and the canine relationship,
level the excessive curve of Spee, inhibit the
growth of the maxilla forward, and strengthen
the tension of the lips’ muscle. The treatment
duration ranged from 0.5 to 1 year.

Lateral standardized cephalograms were ob-
tained from all patients before and after the
functional treatment and then measured by the
same doctor with the Dolphin software (GAC
International, Inc., Bohemia, New York, USA).
The results were repeated twice to determine
the measurement error, which was supposed to
be 0.994 or above for all of the parameters.
Finally, a paired-sample t test was performed to
evaluate the treatment results for the gro-
ups and intergroup comparison. The treatment
changes included the following four groups: the
maxilla, the mandible, the maxilla-mandible
relationship, and the soft tissue changes. The
measurements of the cephalograms were sho-
wn in Figure 2. Definitions relating to the angu-
lar and linear measurements are listed as
follows:

Angular measurements (in degrees): SNA: angle
of the nasion-sella line (S-N) and the nasion-
subspinale line (N-A); SNB: angle of the nasion-
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Eline

Figure 2. The measurements of the cephalograms.

Table 1. Treatment changes of selected cephalometric variables

in the MA group

nasion-sella line (S-N); L1-MP:
supero-posterior angle of the
lower incisor long axis and
mandibular plane (Go-Gn); MP-
SN: anterior angle of the man-
dibular plane (Go-Gn) and the
nasion-sella line (S-N); MP-FH:
anterior angle of the mandi-
bular plane (Go-Gn) and the
Frankfort horizontal plane (P-
Or); NP-FH: infero-posterior an-
gle of the nasion-pogonion(N-
Pog) line and the Frankfort
horizontal plane (P-Or); np-FH:
infero-posterior angle of the
nasion of soft tissue-pogonion
of soft tissue(N’-Pm’) line and
the Frankfort horizontal plane
(P-Or); Linear measurements
(in millimeters): U1-NA: the ver-
tical distance from U1l to the
nasion-subspinale line (N-A);
U1-PP: the vertical distance
from U1 to the PP plane (ANS-
PNS); L1-MP: the vertical dis-
tance from L1 to the mandibu-

Variables Pre-Treatment  Post-Treatmen Difference P lar plane (Go-Gn); UL-Eline: the
Mean SD Mean SD Mean SD vertical distance from UL to the

SNA (°) 7971 311 795 294 021 071 0.16 Eline: LL-Eline: the vertical dis-

SNB (°) 74.2 2.79 75.98 2.66 1.78 0.89 <0.001 tance from LL to the Eline.

ANB (°) 551 096 351 104 2 086 <0.001

UL-NA(mm) 6.09 073 349 14 26 15 <0.001 Results

UL-SN(°)  107.91 3.95 9951 2.86 -84 294 <0.001 Statistical analysis of the pre-

ULPP(mm) 32.35 147 3183 155 -052 0.65 0.00077  treatment and the post-treat-

U-PP(°)  110.39 252 116.77 2.77 6.32 2.67 <0.001 ment of the two groups and

OPSN(°) 2505 264 2343 22 -1.62 144 <0.001 intergroup comparison are pre-

L1-MP (°) 99.8 235 9939 191 043 1 0047 sented in Tables 1-3. The ceph-

L1-MP (mm) 42.73 158 42.05 1.66 -0.68 0.84 <0.001 alogram’s comparison before

MPSN(°) 3671 3.45 3538 3.01 -1.34 118 <0.001 and after the treatment in the

MPFH(°)  29.06 251 2842 246 -0.64 0.75 <0001 WO groups is shown in Figure

NP_FH(°) 80.78 127 8257 1.3 178 041 <0.001 3.

U-Eline (mm) 4.63 0.64 203 102 2.6 112 <0.001 Maxilla changes

LEline (mm) 577 1 281 121 296 1.02 <0.001

np-fh (°) 83.63 1.64 8621 1.62 259 0.86 <0.001 In the MA group, the angle of

the SNA did not increase (P=
0.16), the distances of U1l to

sella line (§-N) and the nasion-supramental line
(N-B); ANB: angle of the nasion-subspinale line
(N-A) and the nasion-supramental line (N-B);
U1-SN: infero-posterior angle of the upper inci-
sor long axis and the nasion-sella line; U6-PP:
infero-anterior angle of the upper first molar
long axis and the PP plane (ANS-PNS); OP-SN:
anterior angle of the occlusal plane and the
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NA and U1-PP decreased (P<0.001), and the
axis angle of the molars (U6-PP) increased
(P<0.001).

In the HA group, the angle of the SNA also did
not increase (P=0.16), the distance of U1 to NA
decreased (P<0.001), and the distance of U1 to
PP did not change significantly (P=0.7). The axis
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Table 2. Treatment changes of selected cephalometric variables
in the HA group

ward after the treatment. The
lower incisors were intruded

) Pre-Treatment  Post-Treatment  Difference (L1-MP mm  P<0.001) while
Variables Mean  SD Mean SD  Mean SD remained in the same positi-
SNA (°) 7945 262 79 272 -015 041 0.08 on (L1-MP* P<0.05). Therefore,

the overjet reduction appeared
SNB (°) 7421 256 7538 257 117 052 <0.001 to be primarily achievement by
ANB (°) 495 05 363 056 -1.32 0.65 <0.001 retraction of the upper Incisors.
ULNA(mm) 5.85 065 297 092 -2.89 1.34 <0.001
U1-SN (°) 107.69 2.72 99.84 225 -7.85 3.2 <0.001 In the HA group, the angle of the
UL-PP(mm) 3235 147 3256 119 002 021 0.7 SNB and the facial angle in-
U6-PP(°) 11025 2.41 11529 2.7 505 2.75 <0.001 fg@iﬁ?:cﬁgg‘;u;rg <n%t0i?]32l-;2§
OP-SN (°) 2468 196 287 175 4.01 0.56 <0.001 :
L1-MP (°) 9955 1.84 9958 1.81 0.03 0.2 0.048 &;:Y'; Tnmt:e_os';i)ewph;ﬁti;er;
LLMP(mm) 4221 132 4225 13 0.03 0.6 0.38 (LLMP® P<0.05).
MPSN(°)  36.62 2.8 3674 281 0.02 016 0.004
MP-FH (°) 29.05 2.09 29.12 2.07 0.21 0.13 0.006 The maxilla-mandible changes
NP_FH(°) 8278 16 8321 162 103 0.2 <0.001
U-Eline (mm) 458 0.63 3.07 068 -151 046 <0.001 In the MA group, the angle of
LEline (mm) 578 1.09 460 095 -118 0.31 <0.001 ;hned fh'\‘eBm‘;igriEilsaerdpl(::eoﬁglle)
np-fh (°) 8413 148 8532 16 119 0.35 <0.001

Table 3. Intergroup comparison of the mean
differences

. MA Group HA Group

Variables P
Mean SD Mean SD

SNA (°) -0.21 0.71 -0.15 041 0.7
SNB (°) 1.78 0.89 138 0.57 0.06
ANB (°) -2 0.86 -1.53 0.65 0.04
U1-NA (mm) 26 15 -289 134 0.49
U1-SN (°) -84 294 -785 3.2 0.53
U1-PP (mm) -0.52 0.65 0.02 0.21 <0.001
UG-PP (°) 6.32 267 505 275 0.14
OP-SN (°) -1.62 144 401 0.56 <0.001
L1-MP (°) -0.43 1 0.03 0.2 0.04
L1-MP (mm) -0.68 0.84 0.03 0.16 <0.001
MP-SN (°) -1.34 118 0.13 0.28 <0.001
MP-FH (°) -0.64 0.75 0.21 0.13 <0.001
NP_FH (°) 1.78 041 1.03 0.2 <0.001
UL-Eline (mm) -2.6 112 -2.43 1.06 0.67
LL-Eline (mm) -2.96 1.02 -2.67 0.94 <0.001
np-fh (°) 259 086 119 0.35 <0.001

angle of the molars (U6-PP) increased (P<
0.001) as well.

Mandibular changes

In the MA group, the angle of the SNB increased
(P<0.001), the facial angle increased (NP-FH°
P<0.001), and the mandible was growing for-
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(MP-SN and MP-FH) decreased
(P<0.001). In addition, a signifi-
cant anticlockwise rotation of the occlusal
plane occurred (OP-SN, P<0.001).

In the HA group, the angle of the ANB decreased
(P<0.001). The mandibular plane angle (MP-SN
and MP-FH) increased (p<0.01). In contrast to
the MA group, the occlusal plane rotated clock-
wise (P<0.001).

The soft tissue changes

In the MA group, the upper and lower tips were
both retracted (UL-Eline, LL-Eline, P<0.001),
and the facial angle of the soft tissue increased
(FH-N'Pm’ P<0.001).

In the HA group, the upper and lower tips we-
re also both retracted (UL-Eline, LL-Eline, P<
0.001), and the facial angle of the soft tissue
also increased (FH-N'Pm’ P<0.001).

Intergroup contrast

In the maxilla, there was no significant differ-
ence in the changes of SNA, U1-NA (mm),
U1-SN, and U6-PP between the two groups.
However, the changes in U1-PP showed that the
MA intervention can intrude the upper frontal
teeth while the HA intervention cannot (P<
0.001). In the mandible, there was no signifi-
cant difference in the changes of SNB, but the
variables L1-MP (mm) and NP_FH (°) LL-Eline

Int J Clin Exp Med 2019;12(9):11625-11631
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Figure 3. The comparison of the cephalograms before and after the treat-
ment in the Two groups (A and B is the MA Group; C and D is the HA Group).

(mm) showed the significant differences
(P<0.001). The MA intervention can intrude the
frontal teeth and rotate the mandible anticlock-
wise, which was also confirmed by the changes
of the OP-SN (°), MP-SN (°), and FH-N'Pm’ (°)
(P<0.001).

Discussion

Maxilla prognathic and/or retrognathic mandi-
ble may contribute to the class Il malocclusion,
but the most common reason is mandibular
skeletal retrusion [10, 11]. Therefore, counter-
clockwise rotation of the mandible is a desired
way to solve both the vertical and the sagittal
problems.

In the two groups, the angle of the SNA did not
change, indicating that both approaches can
inhibit the growth of the maxilla to a certain
degree with 500 g orthopedic force on each
side that crossed through the resistance center
of the maxilla. The outcome is similar to the
other studies [12-15], although some other
scholars have found little or no orthopedic
effect from an activator [16, 17] and activator
headgear treatment [18].

Both approaches could retract the maxillary
frontal teeth, and no statistically significant dif-
ference was found between them. However, we
found that the frontal teeth of the maxilla
(U1-pp, mm) were intruded (P<0.001) after the
treatment in the MA group, but not in the HA
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group. The finding was contrary
to the results of Altenburger’s
study [19]. We assumed that
the discrepancy was due to the
different ligated position of the
extraoral force. With the assis-
tant of the J hook of the modi-
fied activator, the frontal teeth
of the MA group were retracted
and intruded, and then the
pendulum-like effect was con-
trolled. While in the HA group,
the tubes connected to head-
gear bow were embedded at
the level of the second premo-
lars, far away from the frontal
teeth, so there was no intru-
sion. The space of the retrac-
tion came from the leeway
space and the distal-inclina-
tion of the molars.

After the treatment, the angle SNB of the two
groups increased (P<0.001), and no statistical-
ly significant difference was found between two
groups. Unlike maxillary growth, the scholars
agreed that the activator may promote man-
dibular growth [20, 21].

In the MA group, the lower incisors were intrud-
ed (L1-MP mm P<0.001). Some other studies
have reported that the mandibular incisors pro-
truded after the activator headgear treatment
[22, 23]. The variable L1-MP° (P<0.05) showed
that the lower incisors stayed in the same posi-
tion on the whole. The modified appliance cov-
ered half of the labial surface of the lower inci-
sors with no connection to the lingual surfaces
of the lower incisors. Therefore, the lower fron-
tal teeth could be leveled vertically without pro-
truding. The space of the leveling originated at
the leeway space.

The most important aspect of the treatment of
hyperdivergent class Il malocclusion is vertical
control. Fushima and his coworkers [24] pro-
posed that the retruded mandible with back-
ward rotation was accompanied by steep cant
of the posterior occlusal plane and short verti-
cal height of the upper molars. But Ye and his
coworkers [25] pointed out that the steeper
cant of the occlusal plane was contributed to
an excessive height of the maxillary incisors. In
this study, we found that the angles MP-SN and
MP-FH of the MA group were both reduced after
the treatment (P<0.001), and the inclination

Int J Clin Exp Med 2019;12(9):11625-11631
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of the occlusal plane (OP-SN) was decreased
(P<0.001). This means that the mandible had
rotated forward and upward in the desired way.
In contrast, the angles MP-SN and FH-SN of the
HA group were increased, which finding was
contrary to the results of previous studies [9,
12]. Furthermore, the inclination of the occlu-
sal plane (OP-SN) in the HA group turned out to
be steeper (P<0.001), which was similar to
Turkkahraman’s research [26]. The difference
is due to the varied method of the construction
bite. In the MA group, with the intrusion of the
frontal teeth and/or the elongation of the upper
molars, occlusal plane turned to be flat. In the
HA group, the construction bite of the molars
was affected by the erupt of the lower molars,
so the occlusal plane rotated clockwise. Ye and
his coworkers [25] interpreted the association
between counterclockwise rotation of the man-
dible and reduction of occlusal plane canting by
the hinge structure of the temporomandibular
complex. The intrusion of the anterior teeth pro-
vided the space for the mandible rotation.
Lamarque [27] emphasized the importance of
the controlling of the occlusal plane to enhance
the response of the mandible to the treatment.
If the occlusal plane was turned to be flat, the
vertical component of the growth vector was
reduced, while the forward part (mandible re-
sponse [28]) was increased, which facilitated
facial balance and harmony.

After the treatment, the profiles of all patients
were improved in both groups. In cephalome-
tries, improvements in the soft tissue profile
manifested as the distance of the UL-Eline and
LL-Eline decreased (P<0.001). This was in part
due to the retraction of the upper frontal inci-
sors. We also found that patients in the MA
group had a better chin and lip outline than the
patients in the HA group because of the anti-
clockwise rotation of the mandible and the
occlusal plane (UL-Eline, LL-Eline, FH-N'Pm’,
P<0.001).

Conclusions

The results of this study indicated that therapy
with a combination of activator and J hook
headgear is effective in treating the hyperdiver-
gent class Il malocclusions during the late
mixed teeth period. Compared to the headgear
activator, the modified one had the following
advantages:
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1. Both the frontal teeth can be leveled, which
was very useful in the treatment of hyperdiver-
gent class Il malocclusion, especially in cases
with excessive growth of the frontal maxilla. 2.
The mandible can be motivated to rotate for-
ward and upward. 3. Achieve a better chin and
lip outline.
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