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Objectives – Three-dimensional evaluation of skeletal mandibular changes following 

Herbst appliance treatment.  

Setting and Sample Population – Retrospective case-control study, based on a 

sample size calculation. Twenty-five pubertal patients treated with Herbst appliance 

(HAG), and 25 matched Class II patients who received other non-orthopedic dental 

treatments (CG) at the University of XXXXXX.  

Material and Methods - 3D models were generated from pre-treatment (T0) and post-

treatment (T1) cone-beam computed tomograms. Volumetric registration on the 

cranial base was used to assess mandibular displacement; volumetric regional 

registration was performed to evaluate mandibular growth. Quantitative 

measurements of X, Y, Z, and 3D Euclidian changes, and also qualitative 

visualization by color-mapping and semi-transparent overlays were obtained. 

Results - Downward displacement of the mandible was observed in both HAG and 

CG (2.4 mm and 1.5 mm, respectively). Significant forward displacement of the 

mandible was observed in the HAG (1.7 mm). HAG showed greater 3D superior and 

posterior condylar growth than the CG (3.5 mm and 2.0 mm, respectively). Greater 

posterior growth of the ramus was noted in the HAG than in CG.   

Conclusions - Immediately after Herbst therapy, a significant mandibular forward 

displacement was achieved, due to increased bone remodeling of the condyles and 

rami compared to a comparison group. 3D changes in the direction and magnitude of 

condylar growth were observed in Herbst patients.  
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Three-dimensional skeletal mandibular changes associated 

with Herbst appliance treatment 

Introduction 

The primary goal of Herbst appliance therapy is to correct Class II malocclusion 

and improve facial convexity (1-3). Numerous clinical studies (4-9) have reported a 

short-term increase in mandible length and forward displacement of the mandible. 

Furthermore, histological animal studies corroborated these findings by showing growth 

modification of the mandibular condyle and ramus following Herbst treatment (10-11). 

Much debate still exists, however, as to whether the bite jumping mechanism has the 

capacity of stimulating greater mandibular growth and consequently forward 

displacement of the mandible (12-15).  

To date, the majority of Herbst studies were performed using two-dimensional 

(2D) cephalometric imaging, an approach that cannot explain adequately the complex 

interactions of three-dimensional (3D) changes that occur with growth and treatment 

(16). In a recently published systematic review (14) concerning the changes in the TMJ 

morphology in Class II patients treated with fixed mandibular repositioning evaluated 

with 3D imaging, the authors concluded that previous literature has “failed to establish 
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conclusive evidence of the exact nature of TMJ tissue response”. The authors suggested 

the development of an adequate sample size CBCT 3D investigation, using valid and 

reliable superimposition technique to quantify bone remodeling. 

Therefore, the aim of this retrospective study was to compare the mandibular 

skeletal changes in pubertal Class II patients treated with Herbst appliance versus 

orthopedically-untreated Class II controls, using a 3D virtual modeling protocol. 

Materials and methods 

Sampling 

This investigation is a retrospective study that followed the ethical standards of 

the institutional review board of XXXXX. The primary focus was to evaluate increases 

in condylar growth during Herbst therapy. Based on the standard deviation of 1.85mm 

reported by Pancherz et al. (17), an alpha significance level of 0.05 and a power of 0.80 

to detect changes of 1.5mm, a sample size of 25 patients per group was calculated. The 

total sample included 50 skeletal Class II pubertal patients.  

Patients had been treated at the graduate program in orthodontics of the 

XXXXXXX and were considered eligible for this study when they had routine pre-

treatment (T0) and post-treatment (T1) CBCTs acquired for the purpose of the 

orthodontic or dental diagnosis and treatment planning. Moreover, the patients at T0 

were: 1) in the permanent dentition; 2) age between 12 and 16 years old; 3) in the 

pubertal growth period, as determined by the Cervical Vertebrae Maturation Method 

(18); 4) with Class II division 1 malocclusion characterized by full Class II molar 

relationships, and canines that had at least 4 mm sagittal discrepancy to achieve a Class 

I relationship; 5) and an improved facial profile when the mandible was postured in a 

forward position (19).  

Twenty-five patients who had received one-step mandibular activation with a 

cantilever Herbst to obtain a Class I canines relationship were included in the Herbst 

appliance group (HAG). The remaining 25 subjects were assigned to the comparison 

group (CG). The patients in the CG had the need for other dental treatments or an 

orthodontic leveling and alignment of maxillary teeth, without dentofacial orthopedic 

effects. At T0, no significant different morphologic characteristics were detected 

between HAG and CG patients (p>0.05). The Herbst patients presented with an ANB of 
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6.4°±1.2°, SNB of 72.4°±2.1°, and SNGoGn of 32.1°±2.2°. The Comparison Group 

patients had an ANB of 5.9°±1.0°, SNB of 73.0°±3.0° and SNGoGn of 32.0°±2.6°.  

Image Acquisition 

Cone Beam Computed Tomographic (CBCT) scans had been taken for all 

subjects, using an iCat machine (Imaging Sciences International, Hatfield, PA), with a 

40-second scan, a 23 x 17-cm field of view (FOV), and a voxel size of 0.3 mm.  In the 

HAG, the scans were taken before HA delivery (T0) and after 7.9 ± 0.4 months of 

treatment (T1). In the CG, the scans were taken at two time-points: at baseline (T0), and 

at the end of the orthodontic or prosthetic treatment, during the follow-up of impacted 

canine treatment, or after maxillary cyst marsupialization.  The average time between 

films in CG was 8.4 ± 1.3 months. All patients had been instructed to bite into centric 

occlusion during scan acquisition.   

Image analysis 

The 3D image analysis procedures followed the protocol that has been published 

elsewhere (20-23), which included the following: (1) construction of 3D surface models 

(20); (2) 3D model orientation in the Cartesian planes (20-21); (3) 3D cranial base 

superimposition for the mandibular displacement analysis (20); (4) 3D mandibular 

regional superimposition (manual approximation and automated registration on the 

body of the mandible) for the mandibular growth analysis (22); (5) qualitative 

assessments using 3D mesh surface models (20, 23); and (6) quantitative measurements 

using Pick-n’-Paint and Q3DC tools of 3D Slicer (20, 24).  

Statistical analysis 

Fourteen scans were selected randomly, and models were rebuilt and re-

measured by two blinded investigators after a two-week interval. Random error was 

measured according to Dahlberg’s formula, and both intra and inter-observer agreement 

measurements were tested using intraclass correlation coefficients (ICC).  

Systematic error was assessed using the paired t-test. To evaluate the differences 

between the Herbst and Comparison groups with regard to T1-T0 changes, independent 

sample t-tests with Holm-Bonferroni correction for multiple tests were used. Analysis 

of covariance (ANCOVA) was conducted with the mean T0-T1 change in the several 

ROI’s as the dependent variables, group of treatment as the independent variable, and 
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SNGoGn angle as the covariate. Chi-square test was used to assess differences in the 

gender distribution. The level of significance was set at 0.05. 

 

Results 

The two groups were matched by gender (HAG, 11 males vs. CG 15 males, chi-

square P > 0.05), chronological age (13.7 ± 1.8 years for HAG vs. 13.9 ± 1.2 years for 

CG), stage of dental development, stage of skeletal maturation (88% in CS3 or CS4), 

and by length of observational period (8 months). In each group, 2 patients were in 

stage CS2 and 1 patient was in stage CS5. 

The ICCs were greater than 0.89 for both intra- and inter-observer repeated 

measurements. There were no statistically significant systematic errors between the 2 

measurements performed by the same operator (p>0.05), and random error values 

varied between 0.07mm (3D condyle anterior) and 0.18mm (3D condyle superior).  

Mandibular displacement and rotation in HAG and CG is shown in Table 1. The 

condylar and ramal growth changes in the right and left side were symmetrical, with no 

statistically significant difference between sides in both groups (Table 2). Mean 

differences in mandibular and ramal growth between the HAG and CG are reported in 

Table 3.  

 Fig. 1 shows the mandibular displacement with the cranial base superimposition 

of HAG and CG individuals, while Figures 2 and 3 show the pattern of growth of the 

condyle and rami with color-coded with regional superimposition. The skeletal 

mandibular changes associated with Herbst treatment can be summarized as follows: 

 

The forward displacement of the mandible was greater in the HAG 

Pogonion showed a significant anterior displacement (Y axis) in the HAG 

(HAG, 2.2mm vs. CG, 0.5mm; mean difference, 1.7mm; Table 1, Figure 1). The 3D 

displacement was significantly greater in the HAG (HAG, 3.7mm vs. CG, 2.2mm; mean 

difference, 1.5mm). Both groups showed a similar (p>0.05) downward (Z axis) 

mandibular displacement (2.4mm vs. 1.5mm in the HAG and CG, respectively). 

Changes in mandibular pitch were minimal in both groups (mean 0.1° clockwise; 95% 

CI from -2.1° to 2.3° in the HAG vs. 0.3° counterclockwise 95% CI from -2.5° to 2.0° 

in the CG group). Fifteen patients in the HAG showed clockwise pitch, while 11 

patients in the CG showed clockwise pitch. 
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Patients in the HAG presented a different pattern of condylar growth 

The 3D net growth of condyles in all surfaces was significantly greater in the HAG 

(superior, 1.4mm; lateral 1.1mm; medial, 0.5mm; anterior 1.3mm; posterior, 1.2 mm; 

Table 3, Figs. 2 and 3), with the exception of the medial pole. Patients in the HAG 

showed more posterior and superior condylar growth than the CG (p<0.05), with the 

exception of the vertical growth of the medial condylar pole (Table 3). The right-left 

lateral skeletal changes did not show statistically significant differences between 

groups.   

  

The posterior surface of the rami in the HAG showed greater amounts of posterior 

growth  

The Herbst group showed a statistically significant greater net change for the 

lower region of the ramus in the projected Y component (0.6mm; Fig. 3). The vertical 

and lateral growth of the mandibular ramus (Z and X axis, respectively) was not 

significantly different between the groups. 3D net changes in the superior (neck) region 

of the rami did not show statistically significant differences between HAG and CG. 

 

Discussion 

Previous reports on the net gain of mandibular advancement are controversial. 

Pancherz (8) reported 2.5mm of Pogonion advancement when compared to an untreated 

sample of Class II sample after 6 months of HA treatment. However, 16 years later, 

Pancherz et al. (17) reported only a 0.9mm gain in the position of Pogonion in the 

Herbst group in comparison to values from the Bolton Standards (2.2mm vs. 1.3mm). 

De Almeida et al. (25) did not find statistical difference in the Pogonion position 

between treated and control patients.  In our study, the net mean of 1.5 mm increment 

(HAG 3.7 mm vs. CG 2.2mm) in mandibular anterior displacement in the projected y-

axis may have contributed to facial profile improvement, as well as correction of the 

malocclusion that was observed clinically in all HAG patients.  

Our findings concerning the 3D directional components of the mandibular 

growth and displacement relative to the cranial base revealed 2.4mm downward 
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displacement of the Pogonion region. Pancherz et al. (17) reported that Herbst treatment 

produced 3.9mm of downward displacement of the Pogonion region. Differences in 

appliance design using mandibular first premolars as anchorage in the Pancherz study 

(17) versus first molars in the present study may have resulted in differences on the 

point of force application and improved control of vertical growth in the present study.    

The results of this investigation suggest that condylar and ramal growth are 

modified with Herbst appliance treatment. Our findings indicated that in the superior 

region and the posterior surface of the condyles showed 1.4mm and 1.2mm greater 

growth in the HAG than the CG over an 8-month period. The 3D components of bone 

remodeling, however, were not uniform along the whole condylar surface. As was 

expected from a morphological and functional standpoint, changes in the shape of the 

mandible typically take place during normal growth. Such morphological changes in the 

shape and position of the condyles were observed in most of the HAG and CG subjects.  

The amount of effective condylar growth in Herbst subjects found in the current 

3D investigation (1.4mm in the superior aspect of the condyles) was very close to data 

reported previously in 2D cephalometric studies that used Condylion as reference 

landmark. Pancherz (17) reported 1.8mm of effective condylar growth in the Herbst 

groups. Another study (25) found 2.5mm of supplementary mandibular length increase 

in Herbst patients. The relatively smaller net differences in condylar growth observed in 

the present study can be explained by: 1) the stage of skeletal maturation of the patients; 

2) differences in the control groups; and 3) the methods of registration and 

measurement.  

The short observational period in the current investigation could account for the 

relatively small skeletal changes. However, previous Herbst studies using 2D imaging 

have shown greater skeletal changes with even shorter observational periods (6 

months). The 3D condylar growth, ranging between 2 and 3 mm observed in the HAG 

in this study cannot be considered small. As the CG showed 3D condylar growth 

ranging between 1 and 2 mm, however, the net differences were not as high as 

described previously in the literature. The growth of the rami posteriorly was 

significantly greater in the HAG. Although 0.6mm in the inferior region of the rami 

might be considered small from a clinical point of view, this perspective can change if 

the short observation period is taken into account. Significant bone deposition along the 
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posterior border of the ramus has been reported in experimental studies with juvenile 

rhesus monkey (11).  

 

Conclusions 

Immediately after Herbst therapy, significant more mandibular forward 

displacement without pitch was achieved, due to increased bone remodeling of the 

condyles and rami compared to an untreated sample. Herbst patients presented different 

magnitude and direction of condylar growth as contrasted to comparison patients.  
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Figure legends 

Fig. 1. Cranial base volumetric superimposition and the 3D models semi-transparent 

overlays. A) Anterior cranial base superimposition mask. B) Full face displacement 

after Herbst appliance treatment. C) Mandibular displacement in comparison group 

individual. D) Mandibular displacement after Herbst appliance treatment. 

Fig. 2. Semi-transparent overlays of the 3D models (T0, red; and T1, black mesh), and 

closest point color maps in the qualitative assessment of the condylar growth 

(mandibular regional superimposition). A) Herbst appliance patient. B) Comparison 

group patient. 

Fig. 3 Shape correspondence color mapping with vectors in the qualitative assessment 

of the condylar and rami growth (mandibular regional superimposition). A) Herbst 

appliance patient. B) Comparison group  subject.  
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Table 1.  Comparison of mandibular displacement (T1-T0) in Herbst appliance and Comparison groups (t-test and 

ANCOVAa). Cranial base superimposition. 

ROI Coordinates Groups   Mean SD Mean difference                 CI 95% 

T-test 

p value 

F 

Groups 

F 

SNGoGn 

Pogonion 

X Herbst   -0.37  0.65               -0.29 -0.85 

 

0.25 0.279 

 

2.056 0.073 

Comparison   -0.08 0.46       

Y Herbst   2.20 1.31                1.66 0.74 

 

2.60 0.001** 

 

14.396** 0.088 

Comparison   0.54 1.34       

Z Herbst   2.37 1.6                0.90 -0.21 

 

2.03 0.110 

 

2.134 1.897 

Comparison   1.47 1.64       

3D Herbst   3.68 1.55                1.46 0.42 

 

2.49 

 

0.007** 

 

8.052** 1.833 

  Comparison   2.22 0.43       

                     

Mandible Pitch Herbst   0.06 0.6                0.35 -0.20  

 

0.90 

 

0.207 

 

1.853 0.926 

Comparison   -0.29 0.95       

Notes: 

a
 ANCOVA indicates  analysis of covariance; SD, standard deviation; CI 95%, confidence interval of 95%; X, mesial-lateral; Y, anterior-posterior; Z superior-inferior; (+), rightward, forward, 

downward, clockwise rotation; (-), leftward, backward, upward, counterclockwise rotation. 
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Pitch is defined as clockwise and/or counterclockwise rotation in a lateral view.    
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  Herbst Group     Comparison Group 

 

      Right Side   Left Side     Right Side   Left Side   

ROI   Coordinates   Mean SD   Mean SD 

T-test 

p value   Mean SD   Mean SD 

T-test 

p value 

Condyle Superior 

  X   0.53 0.48   0.53 0.49 0.948   0.44 0.31   0.49 0.29 0.684 

  Y   1.87 1.13   1.95 0.99 0.473   0.72 0.95   0.67 1.16 0.603 

  Z   2.55 0.95   2.61 1.17 0.783   1.67 1.28   1.64 1.08 0.820 

  3D   3.39 1.18   3.50 1.28 0.599   2.03 1.4   2 1.43 0.866 

                                  

Condyle Lateral 

  X   0.87 0.55   0.54 0.60 0.103   0.42 0.34   0.5 0.58 0.621 

  Y   0.97 0.58   0.95 0.61 0.869   0.33 0.38   0.31 0.37 0.846 

  Z   2.56 0.87   2.62 1.03 0.823   1.56 1.2   1.56 1.1 0.819 

  3D   2.4 1.41   2.01 1.1 0.194   1.17 0.92   1.29 1.04 0.598 

 

                                

Condyle Medial 

  X   0.97 0.45   0.86 0.66 0.425   0.63 0.44   0.77 0.71 0.214 

  Y   2.19 1.5   2.47 1.35 0.092   0.85 0.96   1.08 1.3 0.152 

  Z   1.81 0.75   1.77 1.03 0.856   1.3 0.89   1.24 0.77 0.649 

  3D   2.21 1.31   2.55 1.6 0.297   1.63 1.12   2.01 1.5 0.122 

 

                                

Condyle Anterior 

  X   0.43 0.38   0.47 0.39 0.717   0.53 0.42   0.44 0.48 0.569 

  Y   1.80 1.22   1.89 1.04 0.542   0.66 0.76   0.82 1.11 0.244 

  Z   1.83 0.77   1.80 1.18 0.906   1.16 0.98   1.07 0.62 0.653 

 

 

Table 2. Condylar and rami growth after Herbst appliance therapy with the comparison between right and left sides (t-

test).  Mandibular regional superimposition. 
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  3D   2.70 1.16   2.71 1.31 0.975   1.43 0.98   1.37 1.25 0.784 

 

                                

Condyle Posterior 

  X   1.30 0.86   1.19 0.83 0.361   0.71 0.62   0.85 0.78 0.193 

  Y   1.16 0.95   1.23 0.82 0.625   0.5 0.5   0.54 0.76 0.768 

  Z   2.26 0.87   2.20 0.83 0.746   1.49 0.75   1.5 0.77 0.639 

  3D   2.80 1.27   2.68 1.02 0.532   1.51 1.15   1.62 1.29 0.689 

 

                                

Rami Neck 

  X   0.97 0.56   0.80 0.67 0.385   0.64 0.4   0.77 0.73 0.375 

  Y   0.70 0.60   0.74 0.51 0.625   0.26 0.26   0.24 0.18 0.139 

  Z   1.03 0.71   0.90 0.48 0.659   1.03 1.08   0.76 0.63 0.423 

  3D   1.40 1.16   1.37 0.74 0.851   1.22 1.16   1.04 0.95 0.515 

 

                                

Rami Posterior 

  X   0.63 0.62   0.62 0.85 0.912   0.44 0.26   0.46 0.36 0.999 

  Y   0.82 0.48   0.86 0.57 0.751   0.20 0.15   0.26 0.21 0.996 

  Z   0.95 0.93   0.91 0.82 0.703   0.72 0.79   0.54 0.45 0.954 

  3D   1.52 1.11   1.47 0.96 0.754   1.21 1.16   1.03 0.95 0.976 

Notes:                 

X: mesial-lateral, Y: anterior-posterior; Z: superior-inferior                 

(+): lateral, backward, upward                 
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Table 3.  

Comparis

on of 

condylar 

and rami 

changes 

(T1-T0) 

in Herbst 

appliance 

and 

Comparis

on 

groups (t-

test and 

ANCOVA

a) 

 

                        

ROI   Coordinates Groups   Mean SD Mean difference CI 95% 

T-test 

p value   

F 

Groups 

F 

SNGoGn 

Condyle Superior 

  
X 

HAG   0.53 0.48 0.07 -0.19 0.38 
0.500 

   

0.075 

 

2.752   CG   0.46 0.29         

  
Y 

HAG   1.90 1.07 1.21 0.41 1.87 
0.003 

   

9.061** 

 

2.040   CG   0.69 1.05         

  
Z 

HAG   2.58 0.99 0.93 0.14 1.60 
0.020 

   

4.873* 

 

0.133   CG   1.65 1.16         

  
3D 

HAG   3.45 1.20 1.44 0.49 2.21 
0.003 

   

7.379* 

 

0.734     CG   2.01 1.4         

Condyle Lateral   X HAG   0.66 0.66 0.20 -0.14  1.04 0.130     
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  CG   0.46 0.38         2.115 0.728 

  
Y 

HAG   0.96 0.59 0.64 0.28 0.99 
0.001 

   

12.481** 

 

2.099   CG   0.32 0.38         

  
Z 

Herbst   2.40 1.19 0.80 0.31 1.67 
0.005 

   

6.452* 

 

0.541   CG   1.6 1.12         

  
3D 

HAG   2.28 1.06 1.05 0.37 2.08 
0.006 

   

7.148* 

 

2.678 

 

  CG   1.23 0.89         

Condyle Medial 

  
X 

HAG   0.91 0.50 0.17 -0.30  0.99 
0.284 

   

0.488 

 

2.740   CG   0.74 0.50         

  
Y 

HAG   2.27 1.44 1.30 0.42 2.25 
0.005 

   

6.650* 

 

1.038   CG   0.97 1.11         

  
Z 

HAG   1.80 0.79 0.53 0.03 1.05 
0.066 

   

1.393 

 

0.406   CG   1.27 0.79         

  
3D HAG   2.30 1.39 0.48 0.27 1.04 0.178   

 

0.472 

 

0.579 

 

  CG   1.82 1.25          

Condyle Anterior 

  
X HAG   0.45 0.38 0.03 -0.37  0.16 0.443   

 

5.376* 

 

1.486 

  CG   0.48 0.32           

  
Y HAG   1.85 1.13 1.11 0.40 1.87 0.003   

 

8.023** 

 

2.932 

  CG   0.74 0.91           

  
Z HAG   1.81 0.98 0.65 0.09 1.25 0.023   

 

6.630* 

 

0.154 

  CG   1.16 0.75           

  
3D 

HAG   2.70 1.21 1.31 0.52 2.01 
0.001 

   

11.640** 

 

3.294   CG   1.39 1.04         

 

                        

Condyle Posterior 

  
X 

HAG   1.25 0.88 0.40 0.05 1.12 
0.051 

   

2.616 

 

0.626   CG   0.85 0.77         

  
Y 

HAG   1.20 0.87 0.57 0.09 1.21 
0.022 

   

2.696 

 

0.321   CG   0.52 0.60         
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Z 

HAG   2.26 0.85 0.68 0.07 1.41 
0.029 

   

3.234 

 

0.000   CG   1.50 0.77         

  
3D 

HAG   2.75 1.20 1.20 0.32 2.05 
0.008 

   

5.003* 

 

0.413   CG   1.55 1.20         

 

                        

Rami Neck 

  
X 

HAG   0.85 0.58 0.14 -0.08 0.61 
0.131 

   

0.313 

 

0.993   CG   0.71 0.54         

  
Y 

HAG   0.72 0.53 0.46 0.01 0.68 
0.059 

   

2.704 

 

0.816   CG   0.26 0.18         

  
Z 

HAG   1.03 0.50 0.14 -0.58 0.58 
0.996 

   

0.007 

 

0.147   CG   0.89 0.63         

  
3D 

HAG   1.29 0.85 0.16 -0.51 0.89 
0.597 

   

0.025 

 

0.002   CG   1.13 0.94         

 

                        

Rami Posterior 

  
X 

HAG   0.63 0.67 0.17 -0.19 0.57 
0.324 

   

0.007 

 

0.031   CG   0.46 0.26         

  
Y 

HAG   0.84 0.47 0.60 0.32 0.90 
0.001 

   

20.224** 

 

0.230   CG   0.24 0.13         

  
Z 

HAG   0.93 0.89 0.37 -1.32  0.81 
0.614 

   

9.995** 

 

0.751   CG   0.56 0.34         

  
3D 

HAG   1.49 0.99 0.31 -0.67 1.38 
0.487 

   

5.687* 

 

0.113   CG   1.18 0.9         

Notes: 

a
 ANCOVA indicates  analysis of covariance; SD, standard deviation; CI 95%, confidence interval of 95%; X, mesial-lateral; Y, anterior-posterior; Z superior-

inferior; (+), rightward, forward, downward, clockwise rotation; (-), leftward, backward, upward, counterclockwise rotation, *P<0.05; **P<0.01. 
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