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Abstract
Background In this study, we sought to quantify the influence of vertical control assisted by a temporary anchorage 
device (TAD) on orthodontic treatment efficacy for skeletal class II patients with a hyperdivergent facial type and 
probe into the critical factors of profile improvement.

Methods A total of 36 adult patients with skeletal class II and a hyperdivergent facial type were included in this 
retrospective case–control study. To exclude the effect of sagittal anchorage reinforcement, the patients were divided 
into two groups: a maxillary maximum anchorage (MMA) group (N = 17), in which TADs were only used to help with 
anterior tooth retraction, and the MMA with vertical control (MMA + VC) group (N = 19), for which TADs were also used 
to intrude the maxillary molars and incisors. The treatment outcome was evaluated using dental, skeletal, and soft-
tissue-related parameters via a cephalometric analysis and cast superimposition.

Results A significant decrease in ANB (P < 0.05 for both groups), the retraction and uprighting of the maxillary and 
mandibular incisors, and the retraction of protruded upper and lower lips were observed in both groups. Moreover, a 
significant intrusion of the maxillary molars was observed via the cephalometric analysis (− 1.56 ± 1.52 mm, P < 0.05) 
and cast superimposition (− 2.25 ± 1.03 mm, P < 0.05) of the MMA + VC group but not the MMA group, which resulted 
in a remarkable decrease in the mandibular plane angle (− 1.82 ± 1.38°, P < 0.05). The Z angle (15.25 ± 5.30°, P < 0.05) 
and Chin thickness (− 0.97 ± 0.45°, P < 0.05) also improved dramatically in the MMA + VC group, indicating a better 
profile and a relaxed mentalis. Multivariate regression showed that the improvement in the soft tissue was closely 
related to the counterclockwise rotation of the mandible plane (P < 0.05).

Conclusions TAD-assisted vertical control can achieve intrusion of approximately 2 mm for the upper first molars and 
induce mandibular counterclockwise rotation of approximately 1.8°. Moreover, it is especially important for patients 
without sufficient retraction of the upper incisors or a satisfactory chin shape.
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Background
For adult patients with severe class II malocclusion 
accompanied by a hyperdivergent growth pattern, 
orthognathic surgery is usually the optimal therapy to 
improve facial aesthetics and masticatory function [1, 2]. 
Nevertheless, some patients refuse surgery due to its pos-
sible risks and high cost. Orthodontic camouflage treat-
ment provides an alternative for such patients [3, 4].

To improve the profile of this kind of patient, both sag-
ittal retraction and vertical control are important. Several 
studies have found and confirmed the importance of ver-
tical control in orthodontic treatment for skeletal class II 
malocclusion [5–7]. However, varying treatment meth-
ods are used. For adolescent patients, the most effective 
approach is often to utilize their vertical growth potential 
to guide their facial development in the desired direction. 
Jamilian et al. applied a modified functional orthodontic 
appliance to induce sagittal and vertical changes in the 
mandible, achieving significant facial improvement for a 
patient with severe skeletal class II [8].

On the other hand, for adult patients lacking growth 
potential, active intrusion of posterior teeth is required to 
intervene vertically. Early on, high-pull headgear was the 
most common vertical control method, but this approach 
relied heavily on patient compliance, and it involved the 
application of intermittent force, making it relatively 
unreliable [9–11].

TADs’ emergence has greatly improved the conve-
nience and efficiency of treatment [12, 13]. Compared to 
headgear, TAD-assisted vertical control can provide more 
dental intrusion and counterclockwise rotation of the 
mandibular plane, which contributes to further improve-
ment of profile [14, 15]. Additionally, when active intru-
sion was applied, we typically utilize a sustained light 
force (approximately 50  g), which is more favorable for 
the remodeling of periodontal tissues compared to the 
intermittent heavy force exerted by headgear.

However, the mini-implants placed in the maxilla’s 
posterior region can also provide strong sagittal anchor-
age. Several studies have shown that maximum anchor-
age itself can achieve a better treatment outcome 
and improve the profile [16–18]. These findings have 
prompted the following questions: If sagittal retraction 
can already lead to sufficient facial aesthetics, is vertical 
tooth movement still necessary? To what extent can ver-
tical movements benefit the facial profile?

Our research group has paid close attention to the 
efficacy of TAD-assisted vertical control in orthodontic 
camouflage treatments for patients with skeletal class II 
malocclusion. We have published several case reports and 
long-term follow-up studies showing that vertical control 

significantly improved the profiles of patients with skele-
tal class II malocclusion and a hyperdivergent facial type, 
achieving good long-term stability [19–23]. We believe 
that specifying how the active intrusion of upper denti-
tion contributes to these craniofacial improvements will 
provide more information about the ability and limits of 
TAD-assisted vertical control and broaden the under-
standing of orthodontic camouflage treatment. There-
fore, we included a control group whose TADs were used 
only to reinforce maxillary sagittal anchorage in order to 
exclude the influence of sagittal retraction.

With this retrospective case–control study, we aimed 
to quantify the effectiveness of TAD-assisted vertical 
control in the improvement of dentoalveolar malforma-
tion and soft tissue profiles in adult patients with a severe 
skeletal class II hyperdivergent pattern, and justified the 
necessity of active intrusion. We believe that this article 
provides specific references for orthodontists and general 
dentists concerning the camouflage treatment of patients 
with skeletal class II malocclusion.

Methods
This study was based on retrospective data obtained 
from orthodontic records at the Peking University School 
and Hospital of Stomatology, and it was approved by the 
institution’s biomedical ethics committee (approval num-
ber: PKUSSIRB-201630096, retrospectively registered). 
The patients included in this study accepted orthodontic 
treatment between 2006 and 2018.

The study’s sample selection was based on the follow-
ing inclusion criteria: good-quality orthodontic records, 
the presence of permanent dentition, age > 18 years, a 
convex profile, skeletal class II (ANB > 5°), and a hyper-
divergent skeletal pattern (FMA > 28°) [24]. The exclusion 
criteria included the following: dental anomalies in size, 
number, shape, or structure; permanent tooth loss; orth-
odontic–orthognathic combined surgery treatment; and 
Botox injection or prosthesis implantation before or dur-
ing orthodontic treatment.

Treatment protocols
All the participants underwent systematic periodontal 
and endodontic assessments and therapies before orth-
odontic interventions. A straight-wire MBT technique 
was utilized after the extraction of four premolars from 
all patients. Braces and archwires were obtained from 
TP Orthodontics (La Porte, IN, USA). The alignment 
and leveling phases involved initial bracket-bonding fol-
lowed by a certain procedure utilizing 0.014  in. NiTi, 
0.016  in. NiTi, 0.016  in. × 0.022  in. NiTi, and 0.019  in. 
× 0.025  in. NiTi archwires sequentially. During the 
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space-closing phase, a 0.019 × 0.025  in. stainless steel 
archwire was applied using a conventional sliding mecha-
nism. This phase was terminated upon the complete clo-
sure of the premolar spaces. The patients’ dentition was 
finely adjusted before debonding. Miniscrews (diameter: 
1.5  mm; length: 7  mm; Zhongbang Medical Treatment 
Appliance, Xi’an, China) were surgically inserted into the 
alveolar ridge.

The patients were divided into two groups: (1) the 
maxillary maximum anchorage (MMA) group, in which 
TADs were implanted only at the bilateral buccal side of 
the alveolar bone, between the roots of the upper premo-
lar and the upper first molar or between the upper first 
molar and the upper second molar; and (2) the maxillary 
maximum anchorage with vertical control (MMA + VC) 
group, in which TADs were implanted into the bilateral 
buccal and lingual sides of the alveolar bone, between 
the roots of the upper first molar and the upper sec-
ond molar, to intrude the upper molars with or without 
the TADs implanted in the anterior segment for incisor 
intrusion (Fig. 1).

Sample size calculation
In this study, the effect size of the primary outcome was 
expected to be 2.32. This number was the difference in 
mandibular counterclockwise rotation (the decrease in 
the FMA value) between the two groups calculated in our 
preliminary study. The sample size was calculated using 
online software (http://hedwig.mgh.harvard.edu/sam-
ple_size/) by assuming 5% type I errors and 20% type II 
errors. The sample calculation indicated that at least 10 
patients were needed in each group.

In total, 36 patients were selected for the current study. 
The MMA group comprised 17 patients (14 females, 
3 males) with a mean age of 24.18 ± 3.83 years and a 
mean treatment duration of 34.4 ± 12.8 months. The 
MMA + VC group consisted of 19 patients (16 females, 
3 males) aged 25.00 ± 4.99 years, whose mean treatment 

duration was 34.7 ± 6.8 months. No significant difference 
in the patients’ gender, age, or treatment duration was 
observed between the groups (Additional Table 1).

Cephalometric analysis
Pre-treatment and post-treatment lateral cephalograms 
were collected, digitized, and superimposed using the 
Dolphin 11.0 software (Dolphin Imaging, Chatsworth, 
CA). An investigator who was not informed about the 
study’s groups obtained the measurements, which a sec-
ond blinded investigator checked for accuracy. Any dis-
agreements between these investigators were resolved 
through a weighted reevaluation until they were both 
satisfied. The variables used in the cephalometric analysis 
included skeletal, dental, and soft-tissue-related measure-
ments. In total, 29 such variables were used (8 skeletal, 
12 dental, and 9 soft-tissue-related). Figure 2 depicts the 
landmarks and important variables used in this study, 
while Additional Table 2 provides definitions.

Dental cast analysis
Pre-treatment and post-treatment dental casts were 
scanned using a 3Shape scanner (3Shape D, Kopenhagen, 
Dänemark) and measured in a double-blinded manner by 
a trained orthodontist using the Geomagic 13.0 software 
(Geomagic Qualify, Durham, NC, US). As Fig. 3 shows, 
the superimposition of the dental casts was based on the 
palate’s stable structure. A coordinate system was built, 
based on the definition of the anatomical occlusal plane 
and the midline of the palate. The tooth movements were 
analyzed in two dimensions, anterior or posterior (X) and 
intrusion or extrusion (Z). Additionally, posterior and 
extrusive movement was defined as positive.

To evaluate the method’s error, 10 post-treatment 
lateral cephalograms and digital casts were randomly 
selected and remeasured by the same examiners two 
weeks after the first measurement was obtained. The 
intraclass correlation coefficient (ICC) was used to assess 

Fig. 1 Representative image of intraoral devices. A. TAD-assisted intrusion of the upper anterior teeth. B. Buccal view of the posterior intrusion devices. 
C. Palatal view of the posterior intrusion devices
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intra-examiner reliability and the reproducibility of all 
linear and angular measurements.

Statistical analysis
The intraclass correlation efficient (ICC) was evaluated 
using a two-way random model. Descriptive statistics for 
the dental casts and radiographic measurements were 
calculated for both the first and second measurements. 
Comparisons were performed and correlations were 
identified using Student’s t test in accordance with the 

results of Shapiro–Wilk normality tests. The pre-treat-
ment skeletal, dental, and soft-tissue-related variables 
were compared between the groups using independent-
sample t tests. The same variables were also compared 
from pre-treatment to post-treatment using paired t 
tests. The differences in treatment changes (concern-
ing both the lateral cephalograms and the dental casts) 
between the MMA and MMA + VC groups were evalu-
ated using independent-sample t tests. Multiple lin-
ear regression analysis was used to test the correlation 

Fig. 2 Tracing of a pretreatment cephalometric radiograph
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between the independent variables of craniofacial struc-
tures and the dependent variable, the Z angle. Both 
groups’ differences in treatment changes were normal-
ized to the mean variance. Then, a backward method 
was used to screen the independent variables. The entry 
probability of F was 0.05, and the removal criterion was 
0.1. The statistical tests were performed with SPSS 18.0 
software (IBM Corp., Armonk, NY). The results were 
considered statistically significant at P < 0.05.

Results
The groups were similar in age at the beginning of the 
orthodontic treatment (Additional Table 1). ICC was cal-
culated with good reproducibility of the measurements 
(0.810–0.997), as Additional Table 3 shows.

The two groups showed similar mandibular retrog-
nathia and hyperdivergent skeletal patterns. However, 
differences were observed in several variables, such as 
the Z angle, ANB, and L1-NB (mm). These differences 
indicated that the patients in the MMA + VC group had 
a more convex profile and more severe malocclusion 
(Table 1).

TAD-assisted vertical control better improved patients’ 
profiles
TADs’ efficacy in improving therapeutic outcomes is cer-
tain. However, whether and to what extent TAD-assisted 
vertical control can help patients with skeletal class II 
achieve better results from camouflage orthodontic treat-
ments compared to the simple reinforcement of the max-
illary anchorage is unclear.

For most of the patients whose results we recorded, a 
convex profile was the main complaint. Therefore, we first 
analyzed the improvements in soft-tissue-related vari-
ables for both groups (Tables 2 and 3). We discovered a 
similar trend of lip retraction (the UL-SnV angle and dis-
tance and the LL-SnV distance) and soft tissue relaxation 
(UL thickness and LL thickness). However, the change in 
the Z angle and Chin thickness showed that patients in 
the MMA + VC group experienced more improvement 
in their profiles and mentalis relaxation. (Figures 4 and 5 
show the representative cases of the two groups, respec-
tively.) Through these results, we have shown that TAD-
assisted vertical control further improved the patients’ 
profiles, but how this advantage was achieved remained 
unclear.

Fig. 3 Superimposition of the dental casts. A. The pre-treatment maxillary model. B. The post-treatment maxillary model. C. Superimposition based on 
the stable structure of the palate. D. Transfer of corresponding landmarks
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TAD-assisted vertical control contributed to maxillary 
retraction and mandibular counterclockwise rotation
Remarkable decreases in SNA and ANB were discovered 
in both groups. Furthermore, the decrease in ANB in the 
MMA + VC group was significantly greater compared 

to MMA group, showing effective maxillary retraction, 
which partly explained the dramatic change in the soft 
tissue (Tables 4 and 5).

Additionally, no significant differences in the man-
dibular plane angle in the MMA group pre- and 

Table 1 Pre-treatment severity of skeletal mandibular retrognathia and hyperdivergency of the MMA and MMA + VC groups
Variables MMA (N = 17) MMA + VC (N = 19) P

Mean SD Mean SD
Skeletal

SNA (°) 82.82 3.04 84.06 2.92 0.219
SNB (°) 76.06 2.91 75.91 3.34 0.884
ANB (°) 6.75 0.79 8.22 1.43 0.001*
MP-SN (°) 42.27 3.90 44.47 5.38 0.174
FMA (°) 33.27 3.38 35.86 5.75 0.114
PFH/AFH (%) 44.88 3.78 43.84 3.03 0.367
Pog-NB (mm) -0.30 1.43 -1.06 1.49 0.128
ANS-Me (mm) 65.16 4.65 64.07 4.38 0.476

Dental
U1 - NA (°) 20.51 7.07 20.84 7.62 0.896
U1 - SN (°) 103.26 7.32 104.89 7.83 0.525
L1 - NB (°) 34.78 5.29 37.32 5.01 0.149
IMPA (°) 96.59 4.96 96.94 5.10 0.837

Inter incisor angle (U1-L1) (°) 117.99 9.30 113.71 8.92 0.167
U1-NA (mm) 4.48 2.57 4.58 2.21 0.893
L1-NB (mm) 9.61 1.93 10.93 1.55 0.028*
U1-PP (mm) 30.70 2.80 30.25 2.56 0.620
U6-PP (mm) 20.21 2.48 19.98 2.59 0.791
L1-MP (mm) 42.96 3.25 43.48 2.34 0.582
L6-MP (mm) 32.65 3.10 31.88 2.66 0.429

Occlusal Plane(°) 12.85 3.64 12.18 4.56 0.631
Soft-tissue-related

UL Angle-SnV (°) 12.11 5.33 16.69 6.23 0.024*
Z Angle (°) 58.89 4.70 49.39 6.94 < 0.001*
UL thickness (mm) 11.64 1.63 11.51 2.50 0.856
LL Thickness (mm) 14.36 2.87 14.86 2.14 0.556
Chin Thickness (mm) 12.36 2.66 13.71 2.48 0.126
ULA-Sn Vertical (mm) 3.58 1.41 4.72 1.66 0.034*
LLA-Sn Vertical (mm) -0.09 3.43 0.66 2.21 0.438
UL Length (mm) 22.41 2.49 22.68 2.07 0.722
LL Length (mm) 44.62 3.28 42.92 4.02 0.173

Table 2 Pre- and post-treatment comparison of soft-tissue-related variables through cephalometric analysis
Variables MMA (N = 17) MMA + VC (N = 19)

pre post P pre post P

Mean SD Mean SD Mean SD Mean SD
UL Angle-SnV (°) 12.11 5.33 6.82 5.34 0.009* 16.69 6.23 8.37 5.88 < 0.001*
Z Angle (°) 58.89 4.70 69.43 6.24 < 0.001* 49.39 6.94 64.64 8.79 < 0.001*
UL thickness (mm) 11.64 1.63 12.67 1.89 0.032* 11.51 2.50 13.06 2.32 < 0.001*
LL Thickness (mm) 14.36 2.87 12.30 2.12 0.004* 14.86 2.14 12.77 2.25 0.006*
Chin Thickness (mm) 12.36 2.66 12.64 2.12 0.597 13.71 2.48 12.73 2.17 0.009*
UL-Sn Vertical (mm) 3.58 1.41 1.86 1.34 0.001* 4.72 1.66 2.59 1.71 < 0.001*
LL-Sn Vertical (mm) -0.09 3.43 -2.19 2.20 0.016* 0.66 2.21 -2.46 2.28 < 0.001*
UL Length (mm) 22.41 2.49 22.52 1.85 0.797 22.68 2.07 22.68 2.39 1.000
LL Length (mm) 44.62 3.28 45.29 3.61 0.316 42.92 4.02 44.14 3.96 0.021*
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post-treatment were observed. Indeed, the lower facial 
height (ANS-Me) even increased slightly. Meanwhile, 
the MP-SN and FMA values significantly decreased in 
the MMA + VC group, suggesting that TAD-assisted 
vertical control effectively achieved mandibular counter-
clockwise rotation. The decrease in the mandibular plane 
angle showed a significant difference in the MP-SN and 
FMA values between the MMA and MMA + VC groups 
(Table 5). An emphatic change was also observed in the 
improvement of PFH/AFH, indicating an improvement 
in the hyperdivergent facial type. Thus, the application of 
TAD-assisted vertical control achieved a certain extent of 
mandibular counterclockwise rotation, which also helped 
improve patients’ profiles (Fig. 6).

TADs achieved substantial vertical control via the intrusion 
of maxillary dentition
Despite the gratifying sagittal retraction of the incisors in 
both groups (Table  6), the study’s cephalometric analy-
sis showed significant intrusion of the upper molar on 
the P-P plane (U6-PP) in the MMA + VC group but not 
in the MMA group. Similarly, the upper incisor showed 
more intrusion (U1-PP) in the MMA + VC group, though 
no significance was observed (Table  7). These results 
were confirmed via dental cast superimposition (Table 8). 
Compared to the MMA group, the MMA + VC group 
experienced significant intrusion of the upper dentition. 
However, our cephalometric analysis also revealed a sig-
nificantly lower molar extrusion (L6-MP) on the mandib-
ular plane in both groups during orthodontic treatment. 
Thus, the tooth movement in the vertical dimension 
manifested the intrusion of the upper dentition for the 
MMA + VC group and the extrusion of the lower molars 
for both groups.

Multivariate regression analysis revealed the key factors of 
profile improvement
Since the changes occurred at the same time, assessing 
which factors played the most important role in altering 
the patients’ soft tissue profile was difficult. Therefore, we 

selected the Z angle—one of the most representative and 
remarkably changed profile indicators—as the dependent 
variable for our analysis, and we conducted multiple linear 
regression of the standardized bone, tooth, and soft tissue 
measurements.

Considering the interference of collinearity, we selected 
the following representative indicators: ANB, MP-SN, PFH/
AFH, U1/SN, IMPA, U1-PP, U6-PP, L1-MP, L6-MP, Pog-
NB, UL thickness, LL thickness, and Chin thickness.

The results showed that Y = 0.000576 − 0.416a − 0.340b + 0.
403c (where Y denotes the Z angle and a, b, and c represent 
the MP-SN, U1-SN, and Pog-NB, respectively; Table 9). This 
finding indicated that the change in the Z angle was nega-
tively correlated with the MP-SN and U1-SN variables and 
positively correlated with Pog-NB.

Thus, the gratifying profile improvement of patients 
with skeletal class II and the hyperdivergent facial type 
relied on the massive retraction of the upper incisors, the 
shape of the chin, and the mandibular plane’s counter-
clockwise rotation.

Discussion
The efficacy of TAD-assisted vertical control
In this retrospective study, we endeavored to quantify 
the efficacy of TAD-facilitated vertical control in manag-
ing maxillary dental intrusion and consequent mandibular 
counterclockwise rotation. Subsequently, we elucidated 
their pivotal roles in enhancing soft tissue profiles according 
to the baseline of MMA group.

Evaluation of hard tissue showed that following en-masse 
retraction with mini-implants anchorage, the MMA group 
exhibited slight upper molar intrusion (U6: -0.86 ± 0.89 mm) 
and mandibular counterclockwise rotation (MP-SN: 
-0.16 ± 1.05°). This result is consistent with the random-
ized controlled trial conducted by Al-Sibale et al. [25] and 
the controlled clinical trial conducted by Chen et al. [14], 
suggesting that TADs in the maxillary alveolar can provide 
some vertical force even during sagittal retraction, neces-
sitating attention to the direction of traction and the verti-
cal position of the anterior teeth to avoid deepening of the 

Table 3 Comparison of changes in soft-tissue-related variables through cephalometric analysis between the MMA and MMA + VC 
groups
Variables MMA (N = 17) MMA + VC (N = 19) P

Mean SD Mean SD
UL Angle-SnV (°) -5.29 7.27 -8.32 6.54 0.196
Z Angle (°) 10.54 5.11 15.25 5.30 0.011*
UL thickness (mm) 1.03 1.81 1.55 1.58 0.366
LL Thickness (mm) -2.06 2.56 -2.09 2.91 0.979
Chin Thickness (mm) 0.28 2.16 -0.97 1.45 0.046*
ULA-Sn Vertical (mm) -1.72 1.82 -2.13 1.70 0.487
LLA-Sn Vertical (mm) -2.10 3.23 -3.12 2.46 0.290
UL Length (mm) 0.11 1.67 0.00 1.94 0.861
LL Length (mm) 0.67 2.67 1.22 2.11 0.495
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Fig. 4 A representative case from the MMA group. The upper anterior incisors were restored using a ceramic veneer
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Fig. 5 A representative case from the MMA + VC group
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overbite. Following active maxillary dental intrusion, the 
MMA + VC group exhibited greater upper molar intrusion 
(U6: -2.25 ± 1.03  mm) and mandibular counterclockwise 
rotation (MP-SN: -1.82 ± 1.38°), which is slightly lower than 
that reported by Ding et al. [15] and Deguchi et al. [26] This 
difference may be attributed to differences in inclusion crite-
ria. In Ding’s study, the inclusion criteria were shallow over-
bite, while in Deguchi’s study were open bite. In contrast, 
our study included many patients with normal or even deep 
overbite. To achieve a favorable overbite after treatment, we 

conducted intrusion of not only molars but also anterior 
teeth (U1: -1.30 ± 1.61  mm; U3: -1.81 ± 1.28  mm) with the 
help of TADs in the anterior segment, which represented a 
more challenging improvement compared to the aforemen-
tioned studies.

In terms of soft tissue evaluation, many previous studies 
have discussed the main factors contributing to changes 
in various soft tissue landmarks. For instance, Maetevor-
akul et al. found that the improvement in incisor angle 
was most crucial for enhancing lower lip prominence, and 

Table 4 Pre- and post-treatment comparison of skeletal variables through cephalometric analysis
Variables MMA (N = 17) MMA + VC (N = 19)

pre post P pre post P

Mean SD Mean SD Mean SD Mean SD
SNA (°) 82.82 3.04 81.18 2.77 < 0.001* 84.06 2.92 81.64 2.58 < 0.001*
SNB (°) 76.06 2.91 76.09 3.02 0.921 75.91 3.34 75.88 3.04 0.911
ANB (°) 6.75 0.79 5.10 1.02 < 0.001* 8.22 1.43 5.74 1.65 < 0.001*
MP-SN (°) 42.27 3.90 42.11 4.15 0.528 44.47 5.38 42.65 4.96 < 0.001*
FMA (°) 33.27 3.38 33.01 3.22 0.476 35.86 5.75 33.83 5.39 < 0.001*
PFH/AFH (%) 44.88 3.78 45.15 3.38 0.568 43.84 3.03 45.47 3.30 < 0.001*
Pog-NB (mm) -0.30 1.43 0.06 1.48 0.031* -1.06 1.49 -0.56 1.28 0.008*
ANS-Me (mm) 65.16 4.65 65.42 4.35 0.526 64.07 4.38 63.89 5.72 0.798

Table 5 Comparison of the changes in skeletal variables through cephalometric analysis between the MMA and MMA + VC groups
Variables MMA (N = 17) MMA + VC (N = 19) P

Mean SD Mean SD
SNA (°) -1.64 1.27 -2.43 1.18 0.061
SNB (°) 0.02 0.62 -0.03 1.01 0.881
ANB (°) -1.65 1.30 -2.48 0.84 0.020*
MP-SN (°) -0.16 1.05 -1.82 1.38 < 0.001*
FMA (°) -0.26 1.49 -2.03 2.05 0.006*
PFH/AFH (%) 0.28 1.96 1.64 1.45 0.023*
Pog-NB (mm) 0.36 0.63 0.51 0.74 0.530
ANS-Me (mm) 0.26 1.68 -0.18 3.09 0.598

Fig. 6 Schematic graph of TAD-assisted vertical control during orthodontic camouflage treatment for patients with skeletal class II and a hyperdivergent 
facial type
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the mandibular plane angle as well as different treatment 
modalities had significant effects on changes of soft tissue 
chin prominence [27]. Regarding the overall assessment 
of soft tissue profiles, Zhao et al. demonstrated that the Z 
angle had the best discriminative ability for female adults 
with Angle Class II Division 1 malocclusion [28]. There-
fore, in this study, we stressed on the Z angle and found 
that the MMA + VC group showed a more significant 
improvement compared to the MMA group (15.25 ± 5.30° 

Table 6 Pre- and post-treatment comparison of dental variables through cephalometric analysis
Variables MMA (N = 17) MMA + VC (N = 19)

pre post P pre post P

Mean SD Mean SD Mean SD Mean SD
U1 - NA (°) 20.51 7.07 14.92 4.59 0.017* 20.84 7.62 15.30 5.71 0.001*
U1 - SN (°) 104.22 7.81 96.98 6.60 0.003* 104.89 7.83 96.93 6.11 < 0.001*
L1 - NB (°) 34.78 5.29 26.06 5.62 < 0.001* 37.32 5.01 29.69 6.74 < 0.001*
IMPA (°) 96.59 4.96 87.86 6.39 < 0.001* 96.94 5.10 90.94 7.48 0.004*
Inter incisor angle (°) 117.99 9.30 133.91 7.66 < 0.001* 113.71 8.92 129.26 8.55 < 0.001*
U1-NA (mm) 4.48 2.57 1.36 1.48 < 0.001* 4.58 2.21 1.69 1.73 < 0.001*
L1-NB (mm) 9.61 1.93 5.68 1.60 < 0.001* 10.93 1.55 6.69 1.65 < 0.001*
U1-PP (mm) 30.70 2.80 29.15 2.78 0.005* 30.25 2.56 28.32 3.53 0.012*
U6-PP (mm) 20.21 2.48 19.85 1.97 0.254 19.98 2.59 18.42 2.70 < 0.001*
L1-MP (mm) 42.96 3.25 41.52 3.11 0.004* 43.48 2.34 41.52 3.06 0.001*
L6-MP (mm) 32.65 3.10 34.11 3.13 < 0.001* 31.88 2.66 34.27 3.12 < 0.001*
Occlusal Plane(°) 12.85 3.64 14.11 3.68 0.191 12.18 4.56 14.69 4.98 0.009*

Table 7 Comparison of changes in dental variables through cephalometric analysis between the MMA and MMA + VC groups
Variables MMA (N = 17) MMA + VC (N = 19) P value

Mean SD Mean SD
U1 - NA (°) -5.59 8.69 -5.54 5.99 0.983
U1 - SN (°) -7.14 8.58 -7.96 5.69 0.736
L1 - NB (°) -8.72 5.67 -7.63 7.61 0.625
IMPA (°) -8.73 5.67 -6.00 7.88 0.246
Inter incisor angle (U1-L1) (°) 15.91 10.40 15.55 7.98 0.909
U1-NA (mm) -3.12 2.72 -2.89 1.87 0.774
L1-NB (mm) -3.92 1.78 -4.24 1.92 0.616
U1-PP (mm) -1.55 1.95 -1.93 3.03 0.658
U6-PP (mm) -0.35 1.23 -1.56 1.52 0.013*
L1-MP (mm) -1.44 1.79 -1.96 2.07 0.428
L6-MP (mm) 1.46 1.28 2.38 1.94 0.104
Occlusal Plane(°) 1.26 4.23 2.51 3.76 0.356

Table 8 Pre- and post-treatment comparison of sagittal and vertical tooth movements through model analysis between the TAD and 
MMA + VC groups
Variables MMA (N = 17) MMA + VC (N = 19) P

Mean SD Mean SD
Sagittal

U1 5.87 2.03 6.33 1.53 0.455
U3 6.12 1.77 5.73 1.72 0.513
U6 -1.33 1.33 -1.10 1.22 0.587

Vertical
U1 0.67 2.09 -1.30 1.61 0.004*
U3 0.33 1.78 -1.81 1.28 < 0.001*
U6 -0.86 0.89 -2.25 1.03 < 0.001*

Table 9 Correlation between the change in variables for the 
craniofacial structures and the Z angle tested via multivariable 
linear regression analysis
Dependent variables β P
MP-SN -0.416 0.009*
U1-SN -0.340 0.030*
Pog-NB 0.403 0.008*
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in the MMA + VC group; 10.54 ± 5.11° in the MMA group, 
P = 0.011), which correlates with the poorer profiles before 
treatment in the MMA + VC group. To better identify which 
patients require active dental intrusion, we conducted 
a multiple linear regression analysis and found that this 
improvement was most closely associated with the retrac-
tion of the upper anterior teeth, prominence of the pogo-
nion, and counterclockwise rotation of the mandibular 
plane. Therefore, we can conclude that vertical control is 
more necessary for patients with limited space for retraction 
or poor chin morphology.

Limitations and prospects of TAD-assisted vertical control
Although the occlusal plane’s counterclockwise rotation is 
considered an effective method to reduce the angle of the 
mandibular plane [29], in the current study, we observed a 
trend of clockwise rotation. However, this unexpected result 
is consistent with the findings of many similar studies in this 
field [12, 13]. We speculate that this rotation results from 
the pendulum effect of the upper anterior teeth. Compared 
with the molars, the upper incisors have less intrusion, sug-
gesting that we must pay particular attention to controlling 
the occlusal plane.

Additionally, despite TADs’ advantages of simplicity, flex-
ibility, and independence from patient cooperation, they 
remain an invasive treatment [30, 31]. In the current study, 
however, six miniscrews were needed to achieve effective 
vertical control. This approach does not apply to patients 
with improper bone conditions, and it also increases the dif-
ficulty of operation. Therefore, we hope to develop further 
methods that are more convenient and minimally invasive. 
The use of midpalatal miniscrews and personalized palatal 
bars may be an alternative option [12]; however, such an 
approach would still pose challenges in terms of operation 
and hygiene maintenance. Accordingly, we hope to further 
reduce orthodontic devices’ complexity in order to meet the 
requirements of comfortable treatment.

Methodologically, the current study’s evaluation of muscle 
response and profile changes was limited to a cephalomet-
ric analysis. Since soft tissue yields inaccurate measure-
ments during lateral cephalograms, 3D facial scanning and 
electromyography could allow a more precise examination 
of patients’ aesthetic and functional changes. We plan to 
enhance the refinement of assessment modalities for both 
soft and hard tissues, endeavoring to substantiate vertical 
control’s efficacy and constraints through various method-
ologies, including randomized controlled trials.

Conclusions
The conclusions of this retrospective study are as follows.

  • TAD-reinforced maxillary anchorage with vertical 
control achieves intrusion of approximately 2 mm for 
the upper first molars.

  • TAD-reinforced maxillary anchorage with vertical 
control induces mandibular counterclockwise 
rotation of approximately 1.8° and improves patients’ 
hyperdivergent skeletal pattern.

  • When the upper incisors are not sufficiently 
retracted or the chin shape is not satisfying, active 
vertical control should be applied to help patients 
achieve better profiles.

Taken together, these conclusions demonstrate that 
TAD-assisted vertical control is essential for patients 
with skeletal class II and a hyperdivergent facial type. 
This approach constitutes a good alternative to improv-
ing occlusion and profiles via orthodontic camouflage 
treatment.
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