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Objectives. To compare three-dimensional (3D) skeletal and dentoalveolar effects of the
Herbst and Pendulum appliances followed by fixed orthodontic treatment in growing
patients.

Setting and sample population: A sample of 35 adolescents with cone beam computed
tomography. scans obtained prior to Herbst and Pendulum treatment (T1) and immediately
after fixed appliance treatment (T2).

Materialstand M ethods: Patients with Class Il malocclusiorasassessed retrospectively

and divided=into two treatment groups: Herbst group (n=17, age: 12.0£1.6 years); and
Pendulum group (n=18, age:12.1+1.5 years), with a mean treatment duration of 2.8+0.8
years and«2.5+0.7 years, respectivelfjReconstructions of the maxillomandibular and
dentoalveolar regions and data in 3D were obtained relative to cranial base, maxillary and
mandibular ‘regional superimpositions. Treatment outcorfiesT1) were compared
between both groups using t tests for independent samples (p<.05).

Results:.Significant increase in mandibular length was observed in the Herbst group (7.3
+3.5 mm)grelative the Pendulum group (4.6x/B). Inferior and anterior displacements

of Pogonionswere 2.2 mm and 1.6 mm greater in the Herbst group, respectively. The mesial
displacemenof the lower first molars was significantly greater in the Herbst group (1.9
mm). _The upper first molars had contrasting results in sagittal displacement, with 0.6
+1.7mm of distal displacement with the Pendulum, and 1.4 +2.1mm of mesial displacement
with the Herbst. Lower incisors projection and proclination were similar between groups.
Conclusiens;, The Herbst and Pendulum appliances followed by comprehensive
orthodontic.treatment effectively corrected Class Il malocclusion in growing patients, but

with differing skeletal and dentoalveolar effects.

Keywords. Angle Class Il malocclusion, Herbst appliance, Pendulum appliance, three-

dimensionalimages, cone beam computed tomography
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INTRODUCTION

Oversthe years, both fixed and removable intraoral appliances have become
increasingly<popular for the correction of Class Il malocclusion, with the Herbst appliance
being one ofithe most widely used worldwide. Unlike removable appliances and elastics,
the Herbst appliance is fixed to the teeth and reduces the need for active patient
compliance: The Pendulum appliance is another alternative to treat Class Il malocclusion
that does=not require patient cooperafidrHowever, both devices presumably handle
Class II'treatment differently. The Herbst appliance produces a forward repositioning of the
lowerjaw_as the patient closes into occlusion; increased growth rates and decreased facial
convexity"Rave been reportédhe Herbst appliance has also been shown to distalize and
intrude the maxillary first molars’> The Pendulum appliance is designed primarily for

maxillafy molar distalization in non-extraction cages.

Due to their presumably different paths to treat Class Il malocclusion, it is expected
that Pendulum and Herbst appliances may produce different specific skeletal and
dentoalveolar changes. Previous 2D studies of the Pendulum appliance have noted
clockwise__mandibular rotation secondary to distalization of the maxillary nfolars.
Moreoverarsignificant restriction of anterior maxillary displacement has been obServed.
Molar distalization accounted for 63-76% of the space opening, and 24-37% was due to

maxillary’second premolar mesializatioh.

Herbst treatment studies have reported restriction of maxillary growth, mandibular
rotation changes, as well anterior positioning of the glenaisidd® and a favorable impact
on the advancement of the cHill. Recently, a 3D study conducted with cone beam

computed tomography (CBCT) images have demonstrated that patients with different
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vertical facial patterns and Class Il malocclusion show similar patterns of mandibular and
maxillary changes when treated with the Herbst appliance relative to the magnitude and
direction of condylar growtf? as compared to fixed appliances and Class Il intermaxillary

elastics®

Clinical questions remain regarding whether patients treated with the Herbst and
Pendulum=appliances present greater skeletal or dentoalveolar effects and following
comprehensive treatment with fixed appliantg¥’ Three-dimensional (3D) assessment of
the skeletal and dentofacial changes with Pendulum treatment compared to Herbst
treatment,_followed by comprehensive fixed appliances may further the clinician’s
understanding of their treatment choice for each patient. Thus, the aims of this study were
to use 3D imaging and superimposition techniques to assess skeletal and dentoalveolar
changes associated with Class Il correction in growing children treated either with the
Herbst ser==Pendulum appliance followed by comprehensive treatment using fixed

appliances:

SUBJECTSAND METHODS

The Health Sciences and Behavioral Sciences Institutional Review Board at
University of Michigan determined that this observational retrospective study was exempt
from IRB,oversight (HUM00123010).

The sample was selected from a single orthodontic office, usifigmation
following_inclusion criteria: (1) pretreatment Class Il Division 1 malocclusion defined by at
least_an. ende-end molar relationship; (2¢ervical vertebral maturation (CVM) stage of
CS2-4+2«(3)-treatment with Herbst or Pendulum therapy (Phase 1) immediately followed
by preadjusted edgewise appliance treatment (Phase 2), where both treatment options were
presented to the patients and parents based on the orthodontist evaluation of mandibular
retrusion, (4) no permanent teeth extracted before or during treatment; and (5) CBCT
images of good quality and with adequate field of view (FOV) taken before treatment (T1)
and immediately after removal of the preadjusted edgewise appliances (T2) and ,6) post-
treatment images showing Class | relationship of canines and molars. Exclusion criteria

included (1) T1 to T2 interval was greater than 48 months; (2) T1 to T2 interval was less
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than 12 months; (3) history of previous orthodontic treatment and, 4) use of temporary

anchorage devices during treatment.

Table 1 shows the starting forms for sex, CVM stage, age, skeletal and

dentoalveolar variables at baseline (T1) from both Herbst and Pendulum groups.

The sample size calculation (a minimum of 17 patients in each group) was based on
a power of 80%, an alpha of 0.05, a difference of 2.0 mm for the anterior displacement of
Pogonion (Pog to Nasion perpendicular) and a standard deviation for this variable of 2.0
mm (pooledistandard deviation between Pendulum and stainless-steel-crown Herbst groups
was derivedfrom a previous study).

Her bst Protocol

The Herbst group (n=17) had the same Herbst appliance design with bilateral
telescopic.tubes and plungers attached to a maxillary and mandibular metal framework.
This rigid..framework was soldered to thick stainless-steel crowns cemented on the
maxillary“first molars and the mandibular first premolars; occlusal rests also were bonded
to the lower first molars. The fixed design of the Herbst ensured full-time wear of the

appliance.

ThesHerbst treatment protocol for all patients consisted of: 1) Herbst appliance
installation and adjustment of the upper and lower incisors close to anceedge (0 mm
overjet)“relationship at the start of treatment; 2) evaluation for adequate mandibular
advancement by the treating orthodontist every 3 months until Herbst removal; 3) Herbst
appliance_was maintained for 12 months; and 4) removal of the Herbst appliance and
bonding.of fixed appliances for comprehensive treatment.

Pendulum Protocol

The Pendulum Group (n=18) received a Pendulum appliance as described by
Hilgers’ that"Consisted of bilateral distalizing springs anchored to the dorsal portion of the
palatal aerylic button, made of 0.032” titanium molybdenum alloy (TMA) wire. The
treatment protocol consisted of the following: 1) the distalizing springs were placed in their
pre-activate state into palatal sheaths of the molar bands; 2) initial activation of 60° to 70°

(about the width of one molar) was incorporated to generate approximately 250 g of force

This article is protected by copyright. All rights reserved



per side; 3) patients were monitored every 4 to 6 weeks until adequate distalization with
achievement of Class | molar relationship was determined by the treating orthodontist; 4)
after distalization, the appliance was removed, and a Nance button banded to the molars

was placed along with fixed orthodontic appliances.

AllFpatients in both groups had a subsequent phase of fixed preadjusted edgewise
appliancessimmediately following the respective Phase | treatment. Class Il elastics were
worn during the phase of fixed preadjusted edgeappliances as needed to achieve final
canine Class | intercuspation.

Image Analysis

CBCT) scans had been taken for diagnostic and clinical purposes for all subjects in
T1 and=TF2;zusing an iCat unit (Imaging Sciences International, Hatfield, PA), with 40
secondssean'time, as well as a 23x17- cm FOV and a voxel size of 6,4offowing the

ALARA principle. All images were exported as DICOM files.

An_orthodontist examiner, previously trained in using the following method,
performed all image analysis procedures. 3D surface models were created following 10
image analysis steps:

1..DICOM files were converted to GIPL files in order to decrease the file size using

ITK-SNAP, an open source software (version 2.4.0; www.itksnap. org);

2. The"074 mm original voxel size was converted to 0.5fusing 3D Slicer (version
4.0; www.slicer.org) to decrease the computational power and time for cranial base

registration;

3mVolumetric label maps of the entire cranial complex at T1 and T2 were created
using ITK-SNAP;

4. 3D surface models at T1 were created using 3D Slicer;

5.«Head orientation of T1 model using the 3D standardized coordinate system of the
3D Slicer software as reference, setting the Frankfort plane (bilateral Orbitale and

Porion) perpendicular to the midsagittal plane (Glabella, Crista Galli and Basion),

asdescribed by Ruellas et'4l.
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6. The T2 scan was approximated to the oriented T1 scan using three different regions

as reference, one at time;

e Cranial base: using the anterior cranial fossa as a best-fit reference in@rder t
evaluate the skeletal positional or growth changes of maxilla and mafdible;

e Maxilla: using the maxillary palatal plane and anterior nasal spine as a best fit
reférence to evaluate the upper dentoalveolar chdfiges;

e Mandible: using the mandible base and symphysis as a best fit reference in order to
evaluate the lower dentoalveolar chanfes;

7. Fully-automated voxel-based registrations of the cranial base, maxilla, and mandible
were performed in 3D Slicer using the respective scans and segmentation of T2
approximated;

8. Pre-labeling: landmarks (Figure 1) were pre-lab&leding the multiplanar views,
axial;“coronal and sagittal, at T1 and T2 using ITK-snap and were positioned using
at'least two sectional views simultaneously for orientation.

9. Virtual 3-dimensional (3D) surface models with landmarks were created for T1 and
T2 using 3D slicer

The, linear distances and angles, as well the 3D changes (Table 2) were
determined, and the amount of directional changes in each plane of 3D space were
measured between corresponding coordinates of landmarks placed in the T1 and
T2=surface models using 3D Slicer Q3DC (Quantification of 3D Components)
tool'in the 3D Slicer. The skeletal and dentoalveolar variables are also described
in Table 2.

Statistical Analysis

Tordetermine intra-rater reliability, 10 patients were selected randomly from both
groups#and tested using Intraclass Correlation Coefficients (ICC) test with 95% CI. The
measurements were repeated 2 weeks later. Data normality was tested by the Shapiro-Wilk
test. Chi-square and Fisher’s exact tests compared, respectively, CVM stage and sex, and t

tests for independent samples were used to compare all other variables. All data were
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analyzed with a social science statistical package (SPSS, Version 25.0, SPSS, Inc.,

Chicago, lllinois), and the significance was tested at P<0.05.

RESUETFS

The ICCutestaresulted in excellent repeatability scores for all skeletal and dentoalveolar
measurements (Table 3). Descriptive statistics including means and standard deviations for
each group at the start of treatment are presented in Table 1. The direction of all
measurements was described using the 3D-slicer software. Positive values regresent
anterior;"superior, counter clockwise, mesial angulation and buccal inclination displacement
changes. Negative values shemlvposterior, inferior, clockwise, distal angulation and
lingual inclination changes. The analysis of starting forms revealed that the two groups
were statistically similar in cephalometric measurements, CVM stage, chronological age,
and treatment duration. The only exception was gender, where female patients were more

prevalentin the Pendulum group (Table 1).

Skeletal changes

Table 3 shows the comparison of maxillary and mandibular skeletal changes (T2-
T1) relative to cranial base and regional superimpositions in both treatment groups.
Maxillomandibular skeletal changes showed an overall forward and downward

displacement in both groups.

Maxillary changes differed significantly between the two groups. The Herbst group
presented greater anterior (mean difference at Point ANS by 1.4 mm), inferior (mean
difference at Point A by 1.8 mm) and 3D (mean difference at Point ANS by 2.0 mm and
Point A by.2:0 mm) displacements, as well greater changes in maxillary length (ANS-PNS
1.4 mm,mean group difference). The palatal plane angle showed minor changes in the
Herbst (-0.6 = 2.2 and Pendulum (-0.1 + Iy groups, with no differences between

groups.
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The Herbst group presented significantly greater mandibular skeletal changes (7.3 +
3.5 mm) than the Pendulum group (4.6 = 4.5 mm), with a mean difference of 2.9 mm. The
Herbst group also demonstrated a larger downward displacement at Pogonion of 2.2 mm, a
vector displacement at Pogonion of 3.1 mm, as well as greater mandibular length (CoGn of
2.9 mm)..The anteroposterior changes also revealed greater anterior displacement of
Pogonion in‘the Herbst group (3.3 £ 2.9 mm) that was not significantly different when
compared-tothe Pendulum group (1.8 £ 2.0 mm; Table 3). Similarly, relative to the palatal
plane, the*mandibular plane angle showed small changes in the Herbst (-0% a&nd.2

Pendulum (-0.1 £ 1° groups, with no statistically difference between them (Table 3).
Dentoalveglar changes

Maxillary and mandibular dentoalveolar changes in both groups are shown in Table
3. The=Herbst and Pendulum groups showed small changes in the anteroposterior
displacement of the upper incisors (0.1+ 2.6 mm and 0.5 + 2.7 mm, respectively). The
upper incisorsinclination was similar in the Pendulum (0.8 £)@rid Herbst groups (0.3 +
8.7°). The'between-group differences in the incisors sagittal position and inclination were

not statistically significant.

The upper first molar presented significantly different anteroposterior, vector, and
angulation changes between the two groups. The Herbst group showed upper first molar
changes,in anterior (1.4 £ 2.1 mm), inferior (-1.1 + 1.1 mm), and vector (3.8 £ 1.3 mm)
directiops, and also mesial angulation (3.7 ¥B.%5he Pendulum group presented upper
molar changes in posterior (-0.6 = 1.7 mm), superior (0.2 + 3.4 mm) and 3D (3.0 £ 1.0 mm)

directions, and also distal angulation (2465.8).

The=lower incisors were protruded and proclined, without significant differences
between the,groups. The lower incisors displaced in an anterior direction in the Herbst
group (2.2 £.2.5 mm) and Pendulum group (1.7 £ 1.9 mm). The inclination in buccal
direction also revealed similar averages in the Herbst 58.1°) and Pendulum groups
(5.2 £5.20). The lower first molars presented significantly greater mesial movement in the

Herbst group (3.1+ 1.6 mm) than in the Pendulum group (1.4 £ 1.1mm).
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DISCUSSION

This clinical investigation of pre- and post-treatment CBCT images compared two
different therapeutic approaches that incorporated either a Herbst or Pendulum appliance,
both followed by comprehensive fixed appliance treatment of Class Il malocclusion. The
analysisrofistarting forms revealed that the 2 groups were comparable at T1. The CVM
classification=revealed a sirail stage of development in both groups, even with higher
presence of females in the Pendulum sample. The results of this study show that there are
differences between these approaches, highlighted by greater mandibular growth in the
Herbst group.

Skeletal Changes

A *headgear effect” on the maxilla and increased mandibular growth increments are
desirable outcomes for Class Il treatment. The mandibular sagittal changes in the Pendulum
appliance resulted in a gain of 3.4 mm in growth of the mandible compared to the maxilla
(difference between mandibular length and maxilla length), while in the Herbst group the

same parameter showed a gain of 4.7 mm.

The _amount of anterior maxillary growth observed in the Pendulum group was
signifieantly smaller than in the Herbst group. The small average difference between the 2
groups of 1.4mm lesser anterior maxillary growth, measured at ANS, may indicate that the
Pendulum_effects on molar position and subsequent retraction of the upper teeth affected
the overall ' maxillary growth. Previous twddmensional studies have shown a “headgear
effect” with*the Herbst appliance due to the posterior and upward force vector imparted to
the maxilla®*** In the present study, this effect was not observed. The displacement of the
maxillain the Herbst group, measured at ANS, showed 2.6 £2.0 mm and -1.6 2.6 mm in
anteriorsands=inferior directions, respectively. A similar result was observed at point A,

presenting=4:9 +1.8 mm and -2.7 £2.7 mm anterior and inferior direction, respectively.

Interestingly, the inferior displacement of Pogonion, as well as the increase length
of the mandible, was significantly greater in the Herbst group, (-2.2 mm and 2.9 mm,
respectively) than in the Pendulum group. The 2mm difference in pogonion displacement
between the two groups could indicate greater mandibular growth in the Herbst group. This

2mm is in agreement witla previous study that reported 2.2 mm of 3D pogonion
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displacement in Class Il patients treated without functional appliariée¥ertical
mandibular skeletal changes, as measured by alterations in the inclination of the mandibular
plane, were less than 1°, with no significant differences between the Herbst and Pendulum
groups _at the end of comprehensive orthodontic treatmEmt. amount of vertical
mandibular.growth, even though no rotation of the mandibular plane was observed, reduces
the anteroposterior mandibular skeletal effects in both groups, as also observed by
Burkhardt=etal* The average increase in anterior Pogonion projection for the Herbst
group was*3:3 mm 2.9 mm, 1.6 mm greater than in the Pendulum group, a difference that
was not statistically significant.

Dentoalvealar Changes

In-this: study, a small upward and distal dentoalveolar maxillary effect at the upper
first molar«(-0.6 £1.7 mm and 0.2 £3.4 mm, respectively) was observed in the group treated
with Pendulum followed by fixed appliances. Care should be taken, however, when
interpreting this finding due to the small average displacement, large standard deviation,
and the Phase Il treatment using full fixed appliances. In fact, at the end of comprehensive
treatment.in.the group treated with Pendulum, the upper molars did not distalize bodily nor
tipped distally but remained fairly upright, corroborating the findings of other studies on
patiehts'treated with Pendulum after comprehensive treatffidit posterior and upward
effects of the maxillary first molar following treatment with the Herbst appliance reported

in other stuidies were seen in the current sfurds.

These contradictory results can be attributed to differences in the methodology (3D
vs 2D using cephalometric variables) to assess maxillary dental positional changes. Another
possible reason is that the headgear effect may have been present following Phase | part of
the treatment but was diminished or negated following Phase Il treatment with

comprehensive fixed appliances.

Interestingly, the lower molar presented significantly greater mesial displacement in
the Herbst'group than in the Pendulum group (3.1+1.6 mm and 1.4 +1.1 mm, respectively),
probably due to differences in the forces applied by the Herbst appliance on the lower teeth

compared to the Pendulum appliance.
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The small maxillary incisor (U1l) proclination and antero-posterior displacement
was not significantly different between the two groups. The Pendulum and Herbst groups
showed proclination changes of 0.3° +8.7° and 0.8° +9.7°, and anteroposterior
displacement of 0.1 mm +2.6 mm and 0.5 +2.7 mm, respectively. The 2D cephalometry
literature_also reports similar ranges of variability of upper incisor proclination in patients
treated ‘with.the Herbst appliance and Pendulum appli&it&$3?* The small average
anterior=displacement and proclination of the upper incisors in the Herbst group in the
current*3D=study differs from previous investigations that reported posterior displacement
of the upper incisors between 0.2 Arand 2.8 mnf> The lack between-group differences
in incisar preclination in the present study could be attributed to the large variability among

patientsin this study, and to Phase Il treatment with full fixed appliances.

Proclination and protrusion of the lower incisors are attributed more frequently to
mandibularadvancement appliarféesuch as the Herbst treatment and less to distalization
methodsy=such as with the Pendulum appliance. Our findings showed no significant
between-group differences, with average difference of 0.5 mm and 0.6° in lower incisor
protrusion and proclination, respectively. These results are in agreement with those of
Burkhardtet.af’

Overall"Treatment Effects

This study evaluated changes after 2 phases of treatment, Phase 1 Class Il correction
(Herbst _or,Pendulum appliances) and Phase Il detailing of the occlusion with fixed
appliances.. The combination of skeletal and dentoalveolar effects at the end of treatment
led to a similar overall correction of the maxillo-mandibular discrepancy, although each
approach had different influences in the maxilla or mandible (Figures 2 and 3). Herbst
treatment followed by fixed appliances corrected the Class Il malocclusion, with greater
effects in the lower arch, leading to a differential maxillo-mandibular growth of 4.7 mm
mandibulargain (CoGNANS-PNS), and 2.3 mm greater mesial displacement of the lower
first molar'than the upper first molar (U6 - L6 AP).

This study is limited in that specific treatment effect of either type of Class Il
corrector cannot be determined with precision because a CBCT image was not taken at the

end of Phase | for ethical reasons and ALARA principle, balancing the risks and benefits,
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especially in young populatioi$Another limitation of the present studyits retrospective
design, as a prospective study would allow better control of the treatment protocols and
monitoring of the clinical variables. The sample size calculation was performed as
described, and while 2 mm for statistical significance may be questionable and
controversial clinically. Future studies could assess how much, in mm, can prove to be
clinically._significant and also bring additional information about the skeletal and
dentoalveolar effects of the Pendulum and Herbst treatment with orthodontic fixed

appliances:

The results of this study provided insights for clinical choice for Class Il correction.
Dentoalveolar effects combined with skeletal changes contributed to the correction of the
Class Il malocclusion, with opposite effects on the upper posterior teeth in the Herbst and
pendulum groups and similar dentoalveolar effects on the anterior teeth. The 3D changes,
and their=anteroposterior and supero-inferior components, showed that these Class Il
treatment=approaches in this study both achieve Class Il correction by different
mechanisms. The large patient variability in response to treatment in both the Herbst and
Pendulum groups, however, revealed that within each group there were patients who
responded.well, and some who did not, to the predicted molar distalization in Pendulum
groupror._anterior mandibular positioning in the Herbst group. Given the study results, the
decision between different types of therapies in non-surgical Class Il patients can focus on
the magnitude of skeletal and dentoalveolar needs and also on the priority regions of

desired/changes.

CONCLUSIONS

e Thexdifferential maxillo-mandibular growth contributed to the correction of the
Class’ll malocclusion in patients treated either with Herbst or Pendulum followed
up” by fixed appliances with overall downward and forward maxillary and
mandibular skeletal displacement relative to the cranial base.

e The growth responseasgsignificantly greater in the Herbst group for maxillary and
mandibular length.
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The directional changes showed greater inferior displacement of Pogonion and
anterior displacement of maxilla (ANS) in Herbst group.

The upper first molar in the Pendulum group showed slight distal displacement in
the opposite direction compared to the Herbst group.

Theslower first molar showed greater mesial movement in the Herbst group.
Boeth.treatment groups showed similar amount of proclination and protrusion of the

lower incisors.
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TABLE 1- Statistical comparison for sex, Cervical Vertebral Maturation (CVM) stage, age, and skeletal

and dentoalveolar variables at baseline (T1) and treatment duration (T1-T2).

Herbst (n=17) Pendulum (n=18) P value
TSex (Femaldviale) % 52.947.1 83.311.8 .029
fcvm stages (B/4) % 29.4/35.3 35.3 11.7/38.950.0 410

Mean SD Mean SD Mean Diff 95% CI of

mean diff

Age (years) 12.0 1.6 12.1 1.5 -0.03 -1.1;1.0 947
Treatment duration (years) 2.8 0.8 25 0.7 0.4 -0.2; 0.9 .165
Vertical skeletal
SN.GoGn ) 30.3 5.7 29.7 4.2 0.8 -2.6;4.2 .636
Maxillary Skeletal
Co-A (mm) 824 5.9 79.1 3.9 3.2 -0.2,6.6 .064
Maxillary length (ANS-PNSnm) 50.1 3.8 49.6 3.1 0.6 -1.7;3.0 .660
Mandibular Skeletal
Mandible length (CoGn-mm) 102.4 52 100.4 6.1 1.7 -2.2;5.6 .379
Co.GoMe ) 123.3 5.7 119.8 4.8 3.6 -0.1;7.2 .052
Maxillary/M andibular
ANB (9 5.0 1.7 4.0 1.7 1.0 -0.2;2.2 .095
Maxillary Dentoalveolar
Ulto SN ) 10590 114 102.4 7.4 3.2 -3.4,9.7 .330
Mandibular Dentoalveolar
IMPA 92.9 7.3 90.8 4.4 1.8 -2.4:6.0 385

Fischer's exact tedf Chi—squaré and t tests (P < .05).
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TABLE 2. 3D linear distances and angles used in this study.

Craniofacial.Relationships M easures Abbreviation Direction
Maxillary-Skelétal
Point A displacement A (mm) AP, SI, 3D
Point ANS displacement ANS (mm) AP, SI, 3D
Maxillary length change ANS-PNS (mm) 3D
Maxillary plane change ANS-PNS (°) Pitch
Maxillary Dentoal veol ar
Central incisor displacement (U1T) Ul (mm)
AP, SI, 3D
Maxillary first molar displacement (U6T, U6 (mm) AP, SI, 3D
Incisor inclination change (U1T-U1A) Ul Inclination (°)  Pitch
Molar angulation change (U6T-UGBA) U6 Angulation (°) Pitch
Mandibular Skeletal
Point Pogonion displacement Pog (mm) AP, SI, 3D
Mandibular plane change GoMe () Pitch
Mandibular length Co-Gn (mm) 3D
Mandibular Dentoal veolar
Central incisor displacement (L1T) L1(mm) AP, SI, 3D
Maxillary first molar displacement (L6T) L6 (mm) AP, SI, 3D
Incisor inclination change L1T-L1A L1 Inclination (°)  Pitch
Molar angulation change L6T-L6A L6 Angulation (°) Pitch

AP: antero-posterior; Sl:supero-inferior; 3D:three-dimensional.
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TABLE 3- Intraclass coefficient correlation of intra-rater reliability and comparison of maxillary and

mandibular skeletal and dentoalveolar changes T1-T2 relative to cranial base and regional superimpositions.

ICC Herbst Pendulum
(n=17) (n=18) Mean 95% CI of P value
Diff mean diff
Coeff  95% ClI Mean SD Mean SD
Maxillary skeletal changes
Point A AP (mm) 0.92 0.84;0.96 1.9 1.8 1.1 1.2 0.7 -0.3;1.8 167
Point A SI (mm) 0.98 0.97;0.99 2.7 2.7 09 11 -1.8 -0.4;-0.3 .020
Point A 3D (mm) 0.97 0.94;,0.98 4.2 2.3 21 1.0 2.0 0.8;3.3 .002"
Point ANS AP (mm) 0.98 0.92;0,99 2.6 2.0 1.2 17 1.4 0.1;2.7 031
Point ANS SI (mm) 0.97  0.90;0.99 -1.6 2.6 -08 13 -0.8 -2.2;0.6 264
Point ANS 3D (mm) 0.96  0.84;0.99 4.2 2.3 23 14 2.0 0.6;3.3 .005"
ANS-PNS angle% 0.95 0.82;0.98 -0.6 2.2 01 17 -0.5 -1.8;0.9 501
Maxillary length (ANS=PNS) 0.97  0.89;0.99 2.6 1.9 1.2 1.6 1.4 0.2;2.6 028
Maxillary dentoalveolar
changes
Ul AP (mm) 0.98 0.93;0.99 01 26 05 27 -0.4 -2.2;1.4 .669
U1 SI (mm) 0.96  0.86;0.99 03 21 02 1.9 0.0 -1.4;1.3 .965
U1 3D (mm) 0.91 0.64;0.97 34 1.9 29 21 0.6 -0.8;2.0 .388
U6 AP (mm) 0.99 0.98;0.99 1.4 21 -06 1.7 2.0 0.7;3.3 .004"
U6 SI (mm) 0.96 0.84;0.99 1.1 12 02 34 -1.3 -3.0;0.4 139
U6 3D (mm) 0.99 0.96;0.99 38 13 30 1.0 0.8 0.0;1.6 041
U1 inclination {) 0.97 0.89;0.99 03 87 0.8 97 -0.3 -6.6;5.9 914
U6 angulation ) 0.99 0.98;0.99 37 85 -26 58 2.4 1.4:11.3 014
Mandibular skeletal
changes
Point Pog AP (mm) 0.99 0.99;1.00 33 29 1.8 20 1.6 -0.1;3.2 071
Point Pog SI (mm) 0.98  0.95;0.99 5.9 38 -3.8 1.9 2.2 -4.3;-0.1 041
Point Pog 3D (mm) 0.99 0.96;0.99 77 34 47 2.2 3.1 1.2;5.1 .003"
GoMe angle) 0.92 0.68;0.98 -0.6 20 01 22 -0.6 -2.0;0.8 .388
Mandibular length (Co-Gn) 0.96  0.85;0.99 7.3 35 4.6 4.5 29 0.8;5.0 .009"
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M andibular dentoalveolar

changes

L1 AP (mm) 0.92 0.70;0.98 22 25 1.7 1.9 0.5 -1.0;2.0 AT72
L1 SI (mm) 0.94 0.75;0.98 04 23 02 1.6 0.1 -1.3;2.4 .904
L1 3D (mm) 0.90 0.64;0.97 36 22 28 1.6 0.6 -0.4;2.2 178
L6 AP (mm) 0.99 0.97;0.99 31 16 1.4 11 1.9 0.9:2.9 >.001"
L6 SI (mm) 0.97  0.90;0.99 20 15 1.3 14 0.6 -0.3;1.6 191
L6 3D (mm) 0.92 0.67;0.98 47 1.3 28 1.0 1.9 1.1;2.8 >.001"
L1 inclination ) 0.96 0.51;0.99 5.4 6.1 5.2 5.2 0.6 -3.4;4.6 .755
L6 angulation ) 0.96 0.85;0.99 0.4 5.2 -0.6 3.6 1.4 -1.8;4.6 372

AP, antero-posterior; Sl, supero-inferior; 3D:three-dimensional. Positive values (anterior, superior, counter clockwise
mesial angulation{and buccal inclination displacement changes. Negative values (posterior, inferior, clockwise, diste

angulation and lingual inclination changes).
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