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Caleme ED. A Comparative Three-Dimensional Analysis of Skeletal and Dental Changes 

Induced by Herbst and PowerScope Appliances in Class II Malocclusion Treatment 

[Dissertação de Mestrado]. Curitiba: Universidade Positivo; 2024. 

 

RESUMO 

O objetivo deste estudo foi avaliar quantitativamente os resultados dentários e 

esqueléticos após o tratamento da má oclusão de Classe II com o aparelho Herbst em 

comparação com o PowerScope ao final do tratamento com aparelhos fixos, aproveitando 

técnicas de análise tridimensionais para elucidar sua eficácia comparativa. Foram 

analisadas tomografias computadorizadas de feixe cônico (CBCT) de 46 pacientes, 

realizadas antes e depois da terapia com aparelho fixo abrangente para a correção da má 

oclusão de Classe II a aparelhos PowerScope ou Herbst. Os grupos eram compostos por 

26 pacientes tratados com PowerScope e 20 tratados com um Herbst MiniScope. Técnicas 

avançadas de imagem 3D facilitaram uma análise detalhada das alterações pós-tratamento 

na posição da mandíbula e no movimento dentário, utilizando sobreposição baseada em 

voxel na base do crânio, região maxilar e região mandibular para medidas precisas. Ao 

final do tratamento ortodôntico, o grupo Herbst MiniScope exibiu deslocamentos 

anteriores significativamente maiores do ponto B e Pogônio do que o grupo PowerScope, 

com médias de 2,4 mm e 2,6 mm, respectivamente. Ambos os aparelhos melhoraram a 

discrepância maxilo-mandibular, com diminuições notáveis no ângulo SNA para o grupo 

PowerScope e aumentos no ângulo SNB para o grupo Herbst MiniScope. Foram 

observados deslocamentos verticais significativos nos pontos A, B e Pogônio em ambos 

os grupos. Não foram encontradas diferenças significativas nas mudanças esqueléticas 

mandibulares entre os grupos, embora todas as variáveis esqueléticas mandibulares 

tenham mostrado mudanças significativas. Em relação às mudanças dentárias no arco 

inferior, o grupo Herbst MiniScope mostrou significativamente menos proclinação dos 

incisivos inferiores em comparação com o grupo PowerScope. As mudanças dentárias 
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maxilares não mostraram diferenças significativas entre os grupos, ambos exibindo uma 

distalização semelhante dos incisivos superiores e mesialização dos molares superiores, 

embora ligeiramente maior no grupo Herbst para este último. Este estudo comparativo 

destaca as modificações esqueléticas e dentárias distintas induzidas pelos aparelhos 

Herbst MiniScope e PowerScope no tratamento da má oclusão de Classe II. Os resultados 

também apontam para as mudanças dentárias significativas dentro do arco inferior, 

informando ainda mais as escolhas clínicas. Destaca a necessidade de os clínicos 

selecionarem criteriosamente entre esses aparelhos com base nos perfis individuais dos 

pacientes, otimizando assim os resultados terapêuticos por meio de tomadas de decisão 

baseadas em evidências. 

Palavras-chave: aparelho Herbst MiniScope, aparelho PowerScope, tratamento de má 

oclusão de Classe II, Tomografia Computadorizada de Feixe Cônico (CBCT), resultados 

esqueléticos e dentários 
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ABSTRACT 

 

The objective of this study was to quantitatively assesses the dental and skeletal outcomes 

following treatment of Class II malocclusion with Herbst compared PowerScope 

appliance at the completion of comprehensive fixed appliances, leveraging three-

dimensional imaging to elucidate their comparative effectiveness. Cone-Beam Computed 

Tomography (CBCT) scans of 46 patients, taken before and after comprehensive fixed 

appliance therapy for the correction of Class II malocclusion with either PowerScope or 

Herbst appliances, were analyzed. The groups comprised 26 patients treated with 

PowerScope and 20 treated with a Herbst MiniScope. Advanced 3D imaging techniques 

facilitated a detailed analysis of post-treatment alterations in jaw positioning and dental 

movement, utilizing voxel-based superimposition at the cranial base, maxillary regional, 

and mandibular regional for precise measurements. Upon completion of orthodontic 

treatment, the Herbst MiniScope group exhibited significantly larger anterior 

displacements of B-point and Pog than the PowerScope group, by averages of 2.4mm and 

2.6mm, respectively. Both appliances improved the maxillo-mandibular discrepancy, 

with notable decreases in the SNA angle for the PowerScope group and increases in the 

SNB angle for the Herbst MiniScope group. Significant vertical displacements were 

observed at points A, B, and Pog in both groups. No significant differences in mandibular 

skeletal changes were found between the groups, although all skeletal mandibular 

variables showed significant changes. Regarding dental changes in the lower arch, the 

Herbst MiniScope group showed significantly less proclination of the lower incisors 

compared to the PowerScope group. Maxillary dental changes showed no significant 

differences between groups, with both exhibiting similar distalization of upper incisors 

and mesialization of upper molars, although slightly more in the Herbst group for the 

latter. This comparative study underscores the distinct skeletal and dental modifications 

induced by Herbst MiniScope and PowerScope appliances in treating Class II 

malocclusion. The findings also point to the significant dental changes within the lower 

arch, further informing clinical choices. It highlights the necessity for clinicians to 

judiciously select between these appliances based on individual patient profiles, thus 

optimizing therapeutic outcomes through evidence-based decision-making. 

 

 

Key words: Herbst MiniScope appliance, PowerScope appliance, Class II malocclusion 

treatment, Cone-Beam Computed Tomography (CBCT), Skeletal and dental outcomes
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MANUSCRITO  

 

 

 

A Comparative Three-Dimensional Analysis of Skeletal and Dental Changes 

Induced by Herbst and PowerScope Appliances in Class II Malocclusion Treatment 

 

INTRODUCTION  

 

Class II malocclusion represents a multifaceted orthodontic challenge, attributable to an 

array of dentoskeletal anomalies. Such malocclusions may arise from malposition of the 

maxillary or mandibular dentition, posterior displacement of the mandible, small 

mandible relative to the maxilla, anterior displacement of the maxilla, or a combination 

thereof. Notwithstanding the multifactorial etiology of Class II malocclusion, mandibular 

retrognathism is frequently identified as a predominant contributing factor, thus 

representing an important target obstacle to effective management.1-2 

 

In the realm of orthodontic interventions, functional appliances have been recognized for 

their efficacy in ameliorating both dental and skeletal discrepancies associated with Class 

II malocclusion. Among these, the Herbst appliance has emerged as a particularly 

prevalent choice for the correction of Class II discrepancies.3 Initially introduced by Emil 

Herbst in 1909 and subsequently re-popularized by Pancherz in 1979, this appliance is 

characterized by its rigidity, thereby limiting mandibular excursions and precluding 

maximal habitual intercuspation. Despite potential patient discomfort, this constraint 

facilitates a continuous anterior positioning of the mandible, promoting anterior 

displacement of the condyle within the articular fossa and enhanced condylar growth. 

Importantly, the Herbst appliance's efficacy does not hinge on patient compliance, a 

feature that is particularly advantageous during the peak growth velocity associated with 

puberty, where the appliance's effects are ostensibly maximized.3 Its design incorporates 

a bilateral telescopic mechanism, employing a push rod and tube to advance the mandible 

anteriorly. Optimal treatment duration has been suggested to be at a minimum of 8 months 
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to ensure comprehensive condylar remodeling and mitigate relapse risk.3 However 

complications have been reported in almost 90% of the cases treated with Herbst4, 

including low comfort level of the appliance, reduced mandibular range of motion, and 

ulcerative lesions of the mucosa overlying the coronoid process. Other complications 

often also include breakage of the bands and cases of appliance disassembly. Alternative 

designs of the Herbst appliance feature various telescope systems, lower acrylic splints, 

and the use of Rollo bands, which are thicker, sandblasted, and similar to pre-formed 

metallic crowns. These modifications are intended to enhance patient comfort, ensure 

appliance stability, and minimize breakage.5 In the Herbst MiniScope, the telescopic 

system does not disengage. The upper piston is positioned mesially relative to the molar, 

facilitating easier placement and adjustments. This placement also distances the device 

from the coronoid process, enhancing patient comfort. Furthermore, the Apple-Core 

screw, used in conjunction with the MiniScope system, permits complete mandibular 

movement in the sagittal and frontal planes.5 This leads to greater patient comfort, reduces 

complications, and improves acceptance of the device. 

It is notable to mention that within the existing body of literature, there is a scarcity of 

studies pertaining to the particular configuration of the Herbst appliance under 

consideration6, thereby emphasizing the significance of the present study. 

 

PowerScope appliance is a contemporary derivative of the Herbst appliance, engineered 

to address clinician demands for a more patient-friendly, easily installable, and 

maintenance-efficient appliance.7 Unlike the Herbst, the PowerScope appliance is 

flexible, allowing greater mandibular mobility and thus enhancing patient comfort. It 

features a direct attachment mechanism to the orthodontic archwire, obviating the need 

for stainless steel crown anchorage and facilitating a more streamlined installation 

process. Additionally, its flexible nature aims to diminish appliance breakage incidence. 

The PowerScope appliance employs a telescopic assembly housing a NiTi spring, 

exerting a constant force of 260g, a design principle similar to the Forsus appliance.8 

Notably, neither the PowerScope nor the Forsus appliances lead to removal of the condyle 

from the articular fossa, thus preventing actual mandibular propulsion. 

 

While a limited body of research has employed 3D imaging modalities to assess the 

Herbst appliance, investigations addressing the PowerScope appliance have 

predominantly utilized 2D imaging techniques with inherent structural superimposition 
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and magnification errors.  The advent of voxel-based registration techniques for Cone 

Beam Computed Tomography (CBCT) has further refined the accuracy of craniofacial 

superimpositions by leveraging masks in anatomically stable regions to compare voxel 

intensity, thereby facilitating a superior alignment of images compared to observer-

dependent methodologies.9 These advancements in 3D imaging technologies enable a 

more exhaustive analysis of orthodontic treatment impacts on mandibular positioning and 

growth within the craniofacial complex. 

 

The primary aim of this study is to comprehensively examine the dental and skeletal 

three-dimensional outcomes of Class II malocclusion treatment using the Herbst 

MiniScope design and PowerScope appliances. The specific objectives of this study are: 

(1) to quantitatively analyze the skeletal changes induced by each appliance, with a focus 

on mandibular advancement and the alteration of craniofacial structures; (2) to assess the 

dental changes that occurred with treatment, including changes in tooth angulation and 

linear displacements; and (3) to compare the efficacy of these appliances in achieving 

desired orthodontic and orthopedic corrections. By offering a focused analysis of the 

structural changes induced by the Herbst MiniScope and PowerScope appliances, this 

study seeks to contribute valuable insights into the comparative effectiveness of these 

treatment modalities, thereby guiding clinicians in the evidence-based selection of 

functional appliances for managing Class II malocclusion. 

 

METHODS 

 

This study, approved by the Institutional Review Board, HUM00251248, at the 

University of Michigan, performs a secondary data analysis on Cone-Beam Computed 

Tomography (CBCT) scans. These scans, initially collected for clinical purposes, 

comprise DICOM (Digital Imaging and Communications in Medicine) files for 46 

consecutively treated patients. Data were collected both prior to the initiation of treatment 

and upon the conclusion of orthodontic treatment from Universidade Positivo and 

Universidade Estadual do Rio de Janeiro. Selection criteria included: available CBCT 

images before and after comprehensive orthodontic treatment, cervical vertebra 

maturation stage 3 or 4 indicative of pubertal growth spurt, a bilateral Class II molar 

relationship of at least half a cusp, a convex facial profile indicative of mandibular 

retrognathism, significant improvement of patient profile upon clinical manipulation of 
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the position of the mandible, an overjet equal to or greater than 4mm, absence of caries 

or periodontal disease, good oral hygiene, no dental agenesis or extractions, and no prior 

orthodontic treatment. The study groups demographics is presented in Table I. The 

average age at the start of treatment was 11.2 years ± 1.8 for the Herbst group (n=20) and 

12.1 years ± 1.4 for the PowerScope group (n=26), with the age at the end of treatment 

being 14.9 years ± 2.8 and 15.5 years ± 1.4, respectively. The duration of treatment with 

the functional appliance was longer for the Herbst group (mean 12 months) compared to 

the PowerScope group (mean 5.8 months).  

 

Table I. Sample description 

Treatment Age T1 (y) Age T2 (y) 
Gender 

(M/F) 
CVM Stage 

Functional 

Appliance Use 

(mo) 

Herbst 

(n=20) 
11.2 ± 1.8 14.9 ± 2.8 10 M/10 F 13 CVM 3/ 7 CVM 4 12.0 ± 1.3 

PowerScope 

(n=26) 
12.1 ± 1.4 15.5 ± 1.4 9 M/ 17 F 15 CVM 3/ 11 CVM 4 5.8 ± 2.1 

Note. Values are presented as mean ± standard deviation. 

T1: Before the start of treatment 

T2: After comprehensive orthodontic therapy  

 

Before treatment, patients underwent anamnesis to collect medical information such as 

age, gender, weight, height, and the occurrence of menarche in girls and secondary sex 

characteristics in boys. This was followed by clinical evaluation and the collection of 

orthodontic documentation, including CBCT scans prior to treatment to diagnose skeletal 

discrepancies. Both mandibular advancement treatment options were offered to patients 

and parents, and their treatment modality of choice included either the Herbst or 

PowerScope appliances. All patients underwent CBCT scans at the start (T1) and upon 

comprehensive treatment completion (T2), following a standardized imaging protocol: 

head positioned with the Frankfurt plane parallel to the ground, scanning time of 40 

seconds, 170 x 170mm field of view, and patients biting in centric occlusion. The scanner 

used was the i-CAT, model 9140, with technical specifications of 115/230 VAC, 10 A/5 

A, and 50/60 Hz. Following the ALADAIP principles,10 the acquisition protocol was 

adjusted to decrease the radiation exposure as much as possible without compromising 

image assessment. CBCT volumetric images were exported as DICOM files.  
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The treatment procedure for both groups entailed the use of fixed orthodontic treatment, 

with a 0.022-inch prescription. All patients had additional anchorage of a transpalatal arch 

for the maxillary molars, and a lingual arch with the deciduous second molars remaining 

dental structures or the mandibular second premolars attached to the mandibular first 

molars. In the PowerScope cohort, preliminary leveling of the dental arches was carried 

out, systematically progressing to a 0.019x0.025-inch stainless steel wire in all patients. 

The PowerScope was then inserted in the wires, following the protocol proposed by,11 

(Figure 1A). In the Herbst group, correction of Class II with the Herbst MiniScope design 

was carried out before the comprehensive orthodontic treatment (Figure 1B). In the 

MiniScope telescopic system (American Orthodontics, Sheboygan, WI), with the one-

piece smaller telescopic system, the upper pivot can be welded more mesially, which 

facilitates access for system installation, making it easier to place the key to tighten the 

screw. 5 Rollo bands (American Orthodontics, Sheboygan, WI) were cemented on the 4 

first molars and a cantilever on the mandibular molars. A construction bite registration 

was obtained for edge-to-edge incisor relationship, with a mean mandibular advancement 

of 6.9 mm (max: 10 mm, min: 4 mm) in a single step. The appliance was maintained for 

at least 12 months.  

 

 

(Figure 1.  Appliances for correction of the Class II malocclusion. A, PowerScope. B, 

Herbst MiniScope). 

 

Image analysis was performed by a single, calibrated clinician using dedicated automated 

tools on the basis of recently validated deep-learning approaches.12-14 The DICOM files 

were anonymized, with the group information being blinded by a random numbering of 

all patients. All images were processed using the open-source software 3DSlicer (version 

5.6.1, https//www.slicer.org) as illustrated in Figure 2. Automated orientation of T1 was 

performed according to the Frankfurt and the midsagittal planes. The post-comprehensive 
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treatment CBCT images were automatically aligned with the oriented T1 scans using 

voxel-based superimposition.14 The stable reference areas for superimposition were the 

cranial base to assess overall facial changes, and regional mandibular and maxillary 

superimposition, to assess bone remodeling and tooth displacement.  The creation of 

virtual Toolkit (vtk) models was performed automatically using an artificial intelligence-

based tool. Automated segmentation of cranial base, maxilla and mandible was 

achieved.12 When required, the segmentation underwent additional refinement using the 

ITK-SNAP software (version 3.8.0; http://www.itksnap.org). Automated identification of 

landmarks was conducted to predict the precise localization of the cephalometric 

landmarks essential for the analysis. All the landmarks were then manually controlled and 

adjusted and are listed in Table II. 

 

For the quantitative analysis, the “Automatic Quantification of 3D Components 

(AQ3DC)” tool was used to calculate linear measurements in millimeters along the 3 

coordinates: anteroposterior (x-axis), upper-lower (y-axis), and right-left (z-axis). Root 

mean square was used to calculate the 3D displacement. In addition, angular 

measurements in degrees were obtained for the 3 components: yaw, pitch, and roll. The 

focus of the analysis was on comparing overall displacements from T1 to T2 both relative 

to the cranial base, as well as bone remodeling and dental changes relative to the maxilla 

and mandibular regional superimpositions.  

 

For the qualitative analysis, shape analyses were conducted by subtracting the point-based 

models of T1 and T2, allowing for better visualization of changes that occurred in the 3 

spatial axes (x, y, and z). Treatment outcomes were highlighted using semitransparent 

overlays and colormaps generated automatically by the software. By adjusting the surface 

distance values on the color bar, the interpretation of the distance maps was enhanced, 

thereby improving the understanding of the magnitude of positional changes between the 

models. Dental extrusion and flaring, as well as bone growth, were correlated with 

positive numbers, and bone resorption with negative numbers. 
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(Figure 2. Workflow of the three-dimensional analysis. T1 before treatment, T2 at the end 

of comprehensive orthodontic treatment). 

 

 
Table II. Description of landmarks 
 
Landmarks  Description 

Cranial Base 

Sella (S) The geometrical center of the Sella turcica 

Nasion (N) Most anteroposterior point at the frontonasal suture 

Porion (Po) Most anterosuperior point of the external acoustic meatus 

Maxillary skeletal 

A point (A) Deepest concavity between the ANS and U1R 

Anterior nasal spine (ANS) Most anterior point of the nasal spine 

Posterior nasal spine (PNS) Most posterior point of the nasal spine 

Maxillary dental 
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Maxillary incisor incisal edge 

(U1O) 

Most central and occlusal point of the upper right central incisor tip 

Maxillary incisor root apex 

(U1R) 

Apex of the of the upper right central incisor root 

Maxillary molar cusp tip (UR6O, 

UL6O) 

Center of the mesiobuccal cusp of the upper first right and left molars 

Maxillary molar root apex 

(UR6R, UL6R) 

Apex of the mesiobuccal root of the upper first right and left molars 

Mandibular Skeletal 

Menton (Me) Most inferior point of the mandibular symphysis 

Gnathion (Gn) Most anteroinferior point of the mandibular symphysis 

Pogonion (Pog) Most anterior point of the mandibular symphysis 

B-point (B) Deepest concavity near the transversal midline at the anterior 

mandible 

Gonion (Go) Two points were placed (right and left Gonion) on the most lateral 

posterior inferior point at an angle of the mandible, constructed point 

perpendicular to the bisection of ramus of the mandible and 

mandibular plane. Midpoint taken between 2 points 

Condylion (Co) Two points were placed (right and left Condylion) on the most lateral 

posterior superior point of the head of the condyle. Midpoint taken 

between 2 points 

Mandibular Dental 

Mandibular incisor incisal edge 

(L1O) 

Most central and occlusal point of the lower right central incisor tip 

Mandibular incisor root apex 

(L1R) 

Apex of the lower right central incisor root 

Mandibular molar cusp tip 

(LR6O, LL6O) 

Central point at the mesiobuccal cusp of the lower first right and left 

molars 

Mandibular molar root apex 

(LR6R, LR6R) 

Apex of the mesiobuccal root of the first right and left molars 

 

 

Statistical analysis: 

The same examiner performed the three-dimensional analysis of 10 patients (20% of the 

sample) twice with a one-month interval between assessments. The intraexaminer 

reliability was evaluated with the Intraclass Correlation Coefficient. Normality for the 

data was assessed utilizing the Shapiro-wilk test. Because the sample data did not have a 

normal distribution, descriptive statistics were presented through medians, interquartile 

ranges, and confidence intervals. Intragroup differences were evaluated using the 

Wilcoxon test along, and the intergroup differences were evaluated using the Mann 

Whitney test. The mean values of the intergroup difference were calculated by subtracting 

the absolute mean values of each group. P-values below 0.05 were considered statistically 

significant. Statistical analysis was conducted with the Jamovi software.15 (version 2.3, 

Sydney, Australia).  
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RESULTS 

 

The Intraclass Correlation Coefficient values demonstrated very good intraexaminer 

reliability of 0.998. The analysis of starting forms at baseline (T1, presented in Table III) 

revealed no statistically significant differences in skeletal and dentoalveolar variables 

between the two groups. 

 

Table III. Baseline descriptive statistics and comparison between the Herbst and the 

PowerScope groups 
 

Variables 
Herbst PowerScope Intergroup differences 

Mean Median IQR Mean Median IQR Mean  95% CI p-value* 

SNA () 83.3 81.7 5.4 82.7 82.4 5.4 0.6 -3.0;2.0 0.868 

SNB () 78.2 77.5 4.7 77.2 78.2 5.0 1.0 -3.2;1.8 0.489 

SN-GoGn () 29.6 27.6 4.1 30.4 29.8 8.7 -0.8 -2.1;5.6 0.517 

ANB () 5.2 5.0 1.9 5.5 5.3 2.7 -0.3 -0.9;1.8 0.561 

PNS-ANS (mm)  49.9 49.3 6.9 49.9 49.6 3.9 0.0 -2.5;2.3 0.701 

Co-Go-Gn () 117.0 116.0 7.7 115.0 116.0 6.0 2.0 -5.7;1.5 0.276 

Co-Pog (mm) 94.7 94.7 10.4 94.4 94.9 5.6 0.3 -4.2;3.4 0.816 

Co-Go (mm) 47.1 46.9 5.1 47.9 48.5 6.2 -0.8 -2.0;3.4 0.579 

IMPA () 83.3 82.9 8.7 85.2 85.9 8.5 -1.9 -1.6;6.1 0.306 

* Mann Whitney U test; statistical significance at p < 0.05. 

 

Table IV presents the overall facial changes between T1 and T2, as measured in scans 

registered relative to the cranial base superimposition. The anterior displacements of B-

point and Pog were significantly larger in the Herbst group, respectively in average 

2.4mm and 2.6mm more anterior than in the Powerscope group. The maxillo-mandibular 

discrepancy (ANB) was improved by both appliances, with a significant decrease of SNA 

in the Powerscope group and a significant increase of SNB in the Herbst group. Both 

groups presented significant vertical displacement of points A, B and Pog.  

 

Table IV. Comparison of facial changes (T1 to T2) relative to the cranial base for the 

Herbst and PowerScope groups 

 

Variables 

Herbst PowerScope Intergroup difference 

Mean Median 
IQ

R 

Intragrou

p p-

value* 

Mean 
Media

n 

IQ

R 

Intragrou

p p-

value* 

Mean 95% CI 
p-

value* 

Maxillary skeletal 
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A-point 

displacement 

(mm) 

AP 0.87 1.05 
1.9

7 
0.018 0.33 0.15 

1.4

5 
0.174 0.54 -1.40;0;20 0.123 

SI 2.43 2.10 
3.4

3 
< .001 2.66 2.50 

4.1

3 
< .001 -0.23 -1.50;1.80 0.859 

3D 3.58 3.25 
3.9

0 
< .001 3.40 3.10 

3.6

3 
< .001 0.18 -1.80;1.20 0.579 

SNA () -0.49 -0.35 
2.0

8 
0.401 -0.77 -0.60 

1.6

5 
0.007 -0.28 -1.50;0.80 0.542 

ANS-PNS () 0.60 0.20 
2.1

5 
0.112 1.38 1.35 

2.1

0 
< .001 -0.78 -0.09;1.50 0.082 

Mandibular skeletal 

B-point 

displacement 

(mm) 

AP 2.99 3.20 
2.6

7 
< .001 0.54 0.35 

2.1

7 
0.182 2.45 

-3.89;-

1.30 
< .001 

SI 5.44 5.45 
4.2

0 
< .001 6.70 6.70 

5.3

0 
< .001 -1.26 -0.70;3.30 0.298 

3D 6.76 6.95 
3.9

3 
< .001 7.26 7.60 

4.9

2 
< .001 -0.50 -1.50;2.30 0.626 

Pog 

displacement 

(mm) 

AP 3.20 2.95 
2.5

0 
< .001 0.57 0.20 

2.5

3 
0.322 2.63 

-4.00;-

1.60 
< .001 

SI 6.54 6.25 
5.6

5 
< .001 6.81 6.55 

5.5

7 
< .001 -0.27 -2.30;2.80 0.912 

3D 7.91 7.00 
4.2

3 
< .001 7.60 7.00 

5.9

7 
< .001 0.31 -2.90;1.80 0.748 

SNB () 1.26 0.90 
2.0

0 
0.003 0.22 0.25 

1.6

5 
0.469 1.04 -2.00;0.10 0.069 

SN-GoGn () 0.40 0.10 
3.5

5 
0.888 0.97 0.50 

3.2

0 
0.242 -0.57 -0.80;2.70 0.406 

Go-Gn () 0.06 0.40 
2.5

8 
0.708 1.50 1.15 

2.4

8 
0.026 -1.44 -0.30;2.70 0.094 

Maxillomandibular 

ANB () -1.36 -1.30 
1.8

7 
0.002 -0.99 -0.90 

1.3

8 
< .001 0.67 -0.09;1.50 0.082 

* Wilcoxon test was utilized to analyze intragroup significance; Mann Whitney U test 

was utilized to assess difference between the two groups; statistical significance at 

p < 0.05. 

 
 

 

 

Table V presents the mandibular skeletal and dental changes between T1 and T2, as 

measured in scans registered relative to the mandibular regional superimposition. There 

were no significant differences in the amount of mandibular skeletal changes between the 

groups, and both groups presented significant statistical changes in all skeletal mandibular 

variables. 
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Table V. Comparison of mandibular skeletal and dental changes (T1 to T2) for the 

Herbst and the PowerScope groups 

  

Variables 

Herbst PowerScope Intergroup difference 

Mean Median 
IQ

R 

Intragrou

p p-

value* 

Mean Median IQR 
Intragroup 

p-value* 
Mean 95% CI 

p-

value* 

Mandibular Skeletal 

Co 

displacement 

(mm) 

AP -2.48 -3.15 
3.5

5 
0.003 -2.36 -1.00 

4.0

0 
< .001 0.12 -0.80;2.40 0.756 

SI -6.31 -6.60 
4.4

0 
< .001 -4.67 -3.20 

3.3

2 
< .001 1.64 -1.00;4.30 0.425 

3D 7.76 7.95 
5.2

0 
< .001 5.85 5.25 

5.8

5 
< .001 1.91 -0.89;0.10 0.244 

Co-Go (mm) 4.76 4.60 
2.7

7 
< .001 4.24 3.40 

3.5

0 
< .001 0.52 -2.60;0.70 0.183 

Co-Pog (mm) 5.99 6.55 
4.6

3 
< .001 5.04 4.15 

6.6

5 
< .001 0.95 -3.50;1.30 0.287 

Go-Me (mm) 2.94 2.60 
3.8

8 
< .001 2.98 2.80 

5.0

2 
< .001 -0.04 -2.00;1.70 0.965 

Co-Go-Gn () 1.96 1.15 
1.5

0 
< .001 1.65 1.35 

2.0

7 
< .001 0.31 -0.70;0.80 0.956 

Mandibular Dental 

Lower Incisor, 

L1 (mm) 
AP 0.92 1.20 

3.2

3 
0.173 2.45 2.55 

2.1

3 
< .001 -1.53 0.10;3.00 0.037 

Lower right 

molar, LR6 

(mm) 

AP 2.36 2.90 
2.5

5 
< .001 3.02 3.05 

1.6

5 
< .001 -0.66 -0.49;1.60 0.308 

SI 2.06 1.70 
2.4

0 
< .001 2.51 2.40 

1.8

8 
< .001 -0.45 -0.60;1.40 0.340 

Lower left 

molar, LL6 

(mm) 

AP 2.58 2.75 
3.2

3 
0.002 2.56 2.70 

2.0

3 
< .001 0.02 -1.50;1.60 0.903 

SI 1.92 1.75 
2.4

7 
0.002 2.40 2.10 

2.8

5 
< .001 -0.48 -0.69;1.40 0.499 

L1 Bucco-Lingual 

() 
4.67 5.85 

12.

9 
0.048 7.00 8.05 

9.5

7 
< .001 -2.33 -2.40;7.30 0.458 

LR6 Mesio-Distal 

() 
-0.23 -1.05 

7.7

8 
0.985 2.39 3.50 

6.4

0 
0.007 2.16 0.20;6.40 0.039 

LL6 Mesio-Distal 

() 
0.69 -0.80 

7.3

8 
0.654 3.70 3.60 

5.1

3 
0.002 -3.01 0.19;6.20 0.039 

* Wilcoxon test was utilized to analyze intragroup significance; Mann Whitney U test 

was utilized to assess difference between the two groups; statistical significance at 

p < 0.05. 

 

 

Table VI presents the maxillary dental changes between T1 and T2, as measured in scans 

registered relative to the mandibular regional superimposition. There were no significant 

differences in maxillary dental changes between the groups. Both groups presented 
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significant distalization of the upper incisors (~2mm in both groups) and mesialization of 

the upper molars (approximately 2mm in the Herbst group and 1mm in the PowerScope 

group).  

 

Table VI. Comparison of maxillary dental changes (T1, T2) relative to the maxillary 

regional superimposition for the Herbst and PowerScope groups 

 

Variables 

Herbst PowerScope Intergroup difference 

Mean Median 
IQ

R 

Intragrou

p p-

value* 

Mean Median IQR 

Intragrou

p p-

value* 

Mean 95% CI p-value* 

Upper Incisor, 

U1 (mm) 
AP -2.48 -3.15 

3.5

5 
0.003 -2.36 -1.00 4.00 < .001 0.12 -0.80;2.40 0.756 

Upper right 

molar, UR6 

(mm) 

AP 2.19 2.05 
2.5

5 
0.001 1.36 0.95 2.50 0.006 0.83 -2.20;0.20 0.108 

SI 0.13 -0.15 
2.5

8 
0.970 0.32 0.10 1.92 0.628 -0.19 -0.80;1.20 0.665 

Upper left 

molar, UL6 

(mm) 

AP 2.28 1.80 
3.6

5 
0.003 1.37 1.10 1.98 0.001 0.91 -2.20;0.60 0.268 

SI 0.37 0.15 
1.7

3 
0.370 0.22 0.30 1.88 0.770 0.15 -1.10;0.70 0.773 

U1 Bucco-Lingual 

() 
-0.58 -0.70 

7.2

2 
0.867 4.30 1.00 

14.2

0 
0.146 -3.72 -2.30;10.10 0.240 

UR6 Mesio-Distal 

() 
1.10 -0.95 

6.7

0 
0.940 -0.37 -0.30 4.70 0.594 0.80 -3.40;2.60 0.842 

UL6 Mesio-Distal 

() 
1.02 0.45 

9.2

5 
0.502 0.49 0.40 4.33 0.780 0.53 -3.90;2.70 0.782 

* Wilcoxon test was utilized to analyze intragroup significance; Mann Whitney U test 

was utilized to assess difference between the two groups; statistical significance at 

p < 0.05. 
 

 

Figure 3 illustrates semi-transparent overlays of 3D surface models superimposed at the 

cranial base and mandibular regions for superimposition analysis within the Herbst group. 

Conversely, Figure 4 showcases analogous superimpositions within the PowerScope 

group. Figure 5 visually depicts alterations between T1 and T2 time points through color-

coded maps. Figures 3 and 4 are dedicated to the presentation of treatment response 

variations observed in two distinct cases from each treatment group, while Figure 5 

provides a comprehensive analysis encompassing four cases from both groups. 
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  (Figure 3.  T1 (red) and T2 (semi-transparent white) superimpositions for two patients. 

A and B, cranial base superimposition of the T1 and T2 surface models of two patients 

treated with the Herbst MiniScope appliance. We observe a more marked downward and 

forward displacement of the mandible relative to the cranial base in the patient in A; C 

and D, mandibular superimposition of the T1 and T2 surface models of two patients 

treated with the Herbst MiniScope. We observe a more marked ramus and condylar 

remodeling with postero-superior growth of the mandibular condyle in the patient in C. 

Note the differences of direction and quantity of growth in two patients treated with the 

Herbst miniscope. Displaying the individual variation in response to treatment). 
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 (Figure 4. T1 (red) and T2 (semi-transparent white) superimpositions for two patients.  

A and B, cranial base superimposition of the T1 and T2 surface models of two patients 

treated with the PowerScope appliance. We observe a more marked downward and 

forward displacement of the mandible relative to the cranial base in the patient in A; C 

and D, mandibular superimposition of the T1 and T2 surface models of two patients 

treated with the PowerScope appliance. We observe a more marked ramus and condylar 

remodeling with postero-superior growth of the mandibular condyle in the patient in C. 

Note the differences of direction and quantity of growth in two patients treated with the 

PowerScope appliance. Displaying the individual variation in response to treatment). 
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(Figure 5. Qualitative analysis of mandibular growth in the same four patients shown in 

Figure 3 and 4, using color coded surface maps to visually displaying bone remodeling 

and dental changes. A and B, show point-to point 3-D surface distances between the T1 

and T2 mandibular superimposed models of patients treated respectively with the Herbst 

MiniScope with the color-coded bar displaying the range of bone and dental changes in 

mm. C and D shows the same parameters for the PowerScope group. Note the more 

marked bone remodeling representative of the average findings for the Herbst group and 

the more marked dental changes representative of the average findings for the 

PowerScope group). 

 

 

DISCUSSION 

 

This study is the first to compare Class II correction achieved by the PowerScope and 

Herbst MiniScope appliances at the conclusion of comprehensive orthodontic treatment, 

utilizing automated and open-source three-dimensional image analyses. Previous 

investigations have primarily examined various designs of the Herbst appliance,16-19 

while studies on the PowerScope have been limited to two-dimensional images.8,20 The 

application of validated 3D voxel-based superimpositions on the cranial base,14 as well 

as regionally on the maxilla21 and mandible,22 is now enhanced by automated AI-based 
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approaches. This advancement enables a quantitative analysis of the skeletal and dental 

changes induced by each appliance. This approach also aids in determining the efficacy 

and mode of action of these appliances in achieving the desired orthodontic and 

orthopedic corrections.  

 

At the end of comprehensive orthodontic treatment, patients treated with Herbst 

MiniScope and PowerScope appliances achieved correction of Class II malocclusion, 

with a statistically significant reduction of the ANB angle in both groups, though through 

different means. The Herbst appliance achieved such reduction by advancing the 

mandible, thus, increasing the SNB, with a greater anterior displacement of the B-point 

and Pogonion. In the present study, the Herbst group did not exhibit a notable headgear 

effect: even though the A-point presented only significant vertical displacement, a 

significant reduction in the SNA angle was not observed. This finding is intriguing as it 

contrasts with previous research, where studies have both corroborated23-25 and 

contradicted this outcome.19, 26-29 Several factors could explain the discrepancies between 

studies, including sample variations and appliance design. In our study, bands were 

applied only to the first molars, potentially allowing for greater mesial movement of these 

teeth and possibly affecting the restriction of maxillary growth.19,23-27 Additionally, 

variations in treatment protocols, differences in defining the A-point, and inconsistencies 

in landmark placement by examiners across different centers may also have contributed 

to the observed discrepancies.24-25,30 On the other hand, the PowerScope seemed to restrict 

maxillary growth, evidenced by a significant reduction in the SNA angle, suggesting a 

mild inhibitory effect on maxillary growth. This finding contrasts with prior research,7 

but corroborates other authors20. One possible explanation is that the PowerScope's 

mounting on the fixed appliance wires evenly distributes force across the entire upper 

arch, potentially acting as a stimulus that restricts maxillary growth.  

 

Interestingly, there were no significant differences in the amount of mandibular skeletal 

changes between the groups, and both groups presented significant statistical changes in 

all skeletal mandibular variables. The observed statistically significant intergroup 

differences in the anteroposterior displacement of the B-point and Pog may be due to 

differences in growth direction rather than amount, with a more anterior mandibular 

displacement observed in the Herbst group. The small but statistically significant 

mandibular and palatal plane clockwise rotation in the PowerScope group may also have 
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contributed to a more vertical displacement of the B-Point and Pog, masking advancement 

effects that this appliance may have produced. 

The mandibular propulsion using the Herbst appliance is designed to promote growth in 

the mandible, particularly in the condylar region, as evidenced by research conducted in 

both human16 and animal31 studies. However, other research suggests that the effects of 

the Herbst treatment are more dental than skeletal32 and that over the long term, 

mandibular propulsion may result in growth acceleration rather than actual 

enhancement.33 Although there were no significant differences in the skeletal changes of 

the mandible between the study groups, the Herbst group showed a slightly greater 

increase in ramus height, mandibular length, and superior-posterior condylar 

displacement. This could be attributed to the Herbst group undergoing a longer functional 

phase, in this study, averaging 12 months, in comparison to 5.8 months in the PowerScope 

group. Tomblyn et al.34 suggested that a longer functional phase could contribute to these 

differences, reinforcing the observations made in our study. The significant mandibular 

skeletal changes observed in both groups may be due to the timing of the treatment, which 

coincided with the pubertal growth spurt as recommended by Franchi et al.35 

The lower incisor tip was significantly displaced, in average 1.6mm (p= 0.037) more 

anteriorly in the PowerScope group. Both groups presented significant flaring of the lower 

incisors, in average 4.7 in the Herbst group (p=0.048) and 7.0 in the PowerScope group 

(p<0.001). The right and left lower molars tipped mesially significantly more in the 

PowerScope than in the Herbst group (in average 3.08 and 3.6intergroup differences 

respectively in the right, p<0.001, and left, p<0.001, lower first molars). Both groups 

presented significant mesial and extrusive displacement of the lower first molars. It is 

Worth noting that when compared to the Forsus appliance8 and treatment with class II 

elastics20, the PowerScope appliance did not produce significant projection of the 

mandibular teeth. 

 

Both appliances were effective in mesializing the lower molars for Class II correction, 

with the PowerScope group experiencing a statistically significant small mesial tipping 

of the lower molars, which was not observed in the Herbst group. Similarly, both 

appliances caused the lower incisor to procline, although the lower incisor protrusion 

effects were significantly more pronounced in the PowerScope group. These differences 

were expected, as the force from the PowerScope appliance is applied directly to the teeth, 
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and the Herbst treatment was followed up by comprehensive orthodontic treatment where 

leveling strived to achieve adequate torque of the lower incisors, as shown in Figure 6.  

 

 

(Figure 6. Qualitative analysis of lower central incisor proclination, using grey level 

images to visually display incisor tipping from T1 to T2. A and B display the position of 

the lower central incisor for a patient treated with the PowerScope at T1 and T2, 

respectively. C and D show the position of the lower central incisor for a patient treated 

with the Herbst miniscope in T1 and T2, respectively. Note the more marked proclinarion 

of the lower central incisor representative of the average findings for the PowerScope 

group). 
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Dental changes observed in the upper arch for both groups included the mesialization of 

the upper molars. However, the extent of molar mesialization was slightly less—

approximately 1mm — in the PowerScope group compared to the Herbst group. This 

small difference may be due to the Herbst appliance applying force exclusively to the 

bands on the upper first molars, unlike the PowerScope, which evenly distributes force 

across the entire dental arch, resulting in a slightly reduced mesialization of the upper 

molars during growth. Additionally, both groups exhibited similar levels of upper incisor 

retraction, approximately 2 mm. 

 

It is important to note that the significant skeletal and dental changes observed in this 

study for both groups effectively corrected the Class II malocclusion. This success can be 

attributed to the sample's favorable growth pattern and the well-positioned incisors in the 

symphysis at the outset, as assessed by Sn-GoGN and IMPA measurements, respectively. 

The upright position of the lower incisors at T1 facilitated acceptable proclination with 

both treatment modalities. However, it's worth mentioning that changes in the symphysis 

due to treatment could compromise periodontal health in the long term. The clinical 

implications of this study results underscore the importance of personalized treatment 

planning. Practitioners should consider the unique skeletal and dental characteristics of 

each patient when choosing between these appliances to optimize treatment outcomes and 

minimize potential risks, such as periodontal health concerns linked to changes in the 

symphysis. Future research should build on the foundation laid by this study, exploring 

the long-term stability of the corrections achieved with PowerScope and Herbst 

MiniScope appliances. Additionally, studies could investigate the potential differential 

effects of these appliances on periodontal health, providing deeper insights into how to 

preserve tissue integrity over the long term. Further research into the biomechanical 

principles underlying the observed skeletal and dental changes can refine our 

understanding of appliance design and function. This could lead to the development of 

more efficient and patient-friendly treatment options for Class II malocclusion, ultimately 

enhancing patient care and outcomes in orthodontic practice. 

 

CONCLUSIONS 

 

Both appliances efficiently corrected the patients' Class II malocclusion. Patients treated 

with the Herbst appliance, followed by comprehensive orthodontic treatment, exhibited 
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more significant mandibular forward changes relative to the cranial base compared to 

those treated with the PowerScope at the end of comprehensive orthodontic treatment. 

During the pubertal growth spurt, patients treated with the PowerScope appliance for 

Class II correction demonstrated marked mandibular skeletal growth and more significant 

dental changes, especially in the anterior portion of the lower arch, compared to the 

Herbst appliance.  
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FIGURE LEGENDS 

 

Figure 1.  Appliances for correction of the Class II malocclusion. A, PowerScope. B, 

Herbst MiniScope. 

 

Figure 2. Workflow of the three-dimensional analysis. T1 before treatment, T2 at the end 

of comprehensive orthodontic treatment. 

 

Figure 3.  T1 (red) and T2 (semi-transparent white) superimpositions for two patients. A 

and B, cranial base superimposition of the T1 and T2 surface models of two patients 

treated with the Herbst MiniScope appliance. We observe a more marked downward and 

forward displacement of the mandible relative to the cranial base in the patient in A; C 

and D, mandibular superimposition of the T1 and T2 surface models of two patients 

treated with the Herbst MiniScope. We observe a more marked ramus and condylar 

remodeling with postero-superior growth of the mandibular condyle in the patient in C. 

Note the differences of direction and quantity of growth in two patients treated with the 

Herbst miniscope. Displaying the individual variation in response to treatment. 

 

Figure 4. T1 (red) and T2 (semi-transparent white) superimpositions for two patients. A 

and B, cranial base superimposition of the T1 and T2 surface models of two patients 

treated with the PowerScope appliance. We observe a more marked downward and 

forward displacement of the mandible relative to the cranial base in the patient in A; C 

and D, mandibular superimposition of the T1 and T2 surface models of two patients 

treated with the PowerScope appliance. We observe a more marked ramus and condylar 

remodeling with postero-superior growth of the mandibular condyle in the patient in C. 

Note the differences of direction and quantity of growth in two patients treated with the 

PowerScope appliance. Displaying the individual variation in response to treatment. 

 

Figure 5. Qualitative analysis of mandibular growth in the same four patients shown in 

Figure 3 and 4, using color coded surface maps to visually displaying bone remodeling 

and dental changes. A and B, show point-to point 3-D surface distances between the T1 

and T2 mandibular superimposed models of patients treated respectively with the Herbst 

MiniScope with the color-coded bar displaying the range of bone and dental changes in 

mm. C and D shows the same parameters for the PowerScope group. Note the more 

marked bone remodeling representative of the average findings for the Herbst group and 
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the more marked dental changes representative of the average findings for the 

PowerScope group. 

  

Figure 6. Qualitative analysis of lower central incisor proclination, using grey level 

images to visually display incisor tipping from T1 to T2. A and B display the position of 

the lower central incisor for a patient treated with the PowerScope at T1 and T2, 

respectively. C and D show the position of the lower central incisor for a patient treated 

with the Herbst miniscope in T1 and T2, respectively. Note the more marked proclinarion 

of the lower central incisor representative of the average findings for the PowerScope 

group. 
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1 Manuscrito foi submetido ao periódico: American journal of orthodontics and 

dentofacial orthopedics. Manuscrito formatado de acordo com as normas específicas do 

periódico (acessado em: 29/04/2024). 
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