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ABSTRACT

Objective: To evaluate the pharyngeal airway volume following treatment of skeletal Class II mandibular retrusion with
miniplate-anchored Herbst appliance by Cone Beam Computed Tomography (CBCT).

Materials and Methods: Fourteen female Class II post-pubertal patients with mandibular retrusion were randomly selected
with mean age was 16.7+1.56 years. As a first orthodontic phase, they were treated by type IV Herbst functional appliance that
anchored by two reconstructive plates located bilaterally in the mandible between the canine and first premolar teeth, while
attached to the maxilla through dental splints utilizing orthodontic bands. The CBCTscans were obtained before treatment
(T1) and immediately after removal of Herbst appliance (T2) for volumetric pharyngeal airway evaluation. In addition, sagittal
cephalometric parameters were analyzed.

Results:Paired sample t-testshowed a non-statistically significant (p>0.05) increase (585 mm3) in nasopharyngeal airway
volume with treatment, whereas velopharyngeal airway, glossopharyngeal airway and total airway volume showed statistically
significant (p<0.01) increases after Herbst appliance treatment by 2448mm?, 1107mm?, 2607mm?, respectively. Moreover, an
improvement in mandibular retrognathism was evident as demonstrated by significant increase in SNB angle and significant
decrease in ANB angle (p<0.05).

Conclusions: Pharyngeal airway volume considerably enhanced subsequent to mandibular advancement through miniplate-
anchored Herbst appliance which could be a helpful treatment opportunity for post-pubertal patients who have skeletal Class II
malocclusion with mandibular retusion and suffering breathing disorders.

KEYWORDS: Skeletal Class II; Pharyngeal airway; Herbst functional appliance; Skeletal Anchorage; Miniplates.

INTRODUCTION the variability among Class II patients, were many

skeletal and dental combinations donate for the

Skeletal Class II malocclusion is one of the conception of this problem, mandibular retrusion is

most frequent orthodontic problems that constitutes o foremost contributing factor ".In management
a significant percentage of orthodontic patients of those growing patients, many clinicians seek

ranging from 18% up to approximately 32%. Despite  to encourage or redirect the mandibular growth to
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correct a skeletal Class II malocclusion through the
use of functional appliances either removable or
fixed to correct this discrepancy @.

The relationship between pharyngeal, dentofa-
cial, and craniofacial structures have been given
much orthodontic concernsince mandibular re-
trusion has been associated with a decreased oro-
pharyngeal airway dimension, which may be due
to posterior positioning of the tongue and hyoid
bone®>. In addition, it is believed that upper airway
constriction is the major source of sleeping disor-
ders, such as snoring and obstructive sleep apnea
(OSA)®. Presently, mandibular anterior reposition-
ing appliances are used for OSA patients to relo-
cate tongue, soft palate and hyoid bone to increase
pharyngeal airway dimensions, and subsequently
improve respiratory function”.

The Herbst appliance is a fixed functional bite-
jumping tool for treating Class II malocclusion to
improve the sagittal mandibular position relative
to the maxilla and skeletal Class II antero-posterior
discrepancy, with a main advantage relatively short
period of active treatment and little or no patient co-
operation required.*® Because the pharyngeal air-
way could be expanded anteriorly as a secondary
effect of Herbst appliance, improvement of pharyn-
geal airway obstruction might be expected®!?,

The original Herbst appliance consisted of band-
ed teeth as an anchorage, unfortunately, undesir-
able tooth movements and anchorage loss confuse
the treatment outcomes of fixed functional appli-
ances (FFAs).?Several attempts were proposed to
counteract the unwanted dentoalveolar side effects
of FFAs, like the use of skeletal anchorage. It was
claimed that mini-screw anchored FFAs reduced
mandibular incisor proclination but was not able
to enhance the skeletal changes. 'Y Alternatively,
miniplates were shown to be well accepted by pa-
tients and became to some extent popular for use in
various applications. Lately, they were used for di-
rect loading of FFAs for correction of skeletal Class
IT malocclusion*19,
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Indeed, the effects of fictional appliances con-
cerning the upper airway have been widely inves-
tigated during Class II treatment via conventional
radiographic methods, mostly, in pre-pubertal pa-
tients®!72?, Nevertheless, these radiographic two-
dimensional (2D) images do not provide informa-
tion regarding cross-sectional areas or volumes of
the upper airway. The introduction of cone-beam
computed tomography (CBCT) has enabled de-
tailed three-dimensional (3D) evaluation of the
airway, with the benefit of low radiation dose and
shorter scanning time compared to CT and magnetic
resonance imaging, respectively!%2324,

Yet, little information is available regarding
the clinical outcomes concerning the pharyngeal
airway dimensions followingskeletally-anchored
Herbst appliance at post-pubertal stage. Therefore,
the present study was designed to estimate the volu-
metric pharyngeal airway dimensions after utilizing
miniplate-anchored Herbst for treatment of skeletal
Class II post-pubertal patients.

MATERIALS AND METHODS

Study design, setting, sample size estimate, and
eligibility criteria:

The study protocol was reviewed and approved
by Institutional Review Board and the Ethical Re-
search Committee of Al-Azhar University, Cairo,
Egypt (Approval No. 0000011 on 11/7/2017).The
current prospective clinical study was conducted
on 14 female patients with an age ranged from 15
to 20 years with mean age was 16.7 £1.56 years.
They were randomly selected from patients seeking
orthodontic treatment at Outpatient clinic, Depart-
ment of Orthodontics, Faculty of Dental Medicine,
Al-Azhar University, Cairo (Boys).

In accordance with previous study,'” sample size
calculation was undertaken with G*power statistical
software (version 3.1, Universitit Dusseldorf,
Dusseldorf, Germany) based on the following pre-
established parameters: an 80% power, significance
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level (alpha) =0.05 (two-tailed) and an effect size
of 1.012. The estimated minimum sample needed to
have adequate power to detect difference would be
10 patients. It was decided to increase the number of
patients to 14 to compensate for any possible drop
out during the course of the study.

The criteria of selection were (1) Skeletal and
dental Class II malocclusion due to mandibular
retrusion (ANB > 5°, SNA = 82°+4, SNB£76°);
(2)Overjet = 5 mm; (3)Normal or low FMA angle
(£28°); (4)Complete permanent dentition, excluding
the third molars; (5) Minimum or no crowding in the
mandibular arch (= 3 mm); and (6) Patients would
be in post-pubertal skeletal age (stage 5 or greater)
based on modified cervical vertebral maturation
stages (CVMS) of Baccetti et al®at the pretreatment
time point; (7) No previous orthodontic treatment.

Afterward; study objectives, purpose of inter-
vention, and the associated risks and benefits were
fully explained to patients and/ or legal guardians
and signed informed consents were obtained before
treatment initiation.

Interventions
1. Orthodontic records:

The diagnosis for each patient enrolled in the
study was based on detailed clinical examination
and analysis of routine orthodontic records.

2. Fixed functional appliance:

All patients in the current study were treated by
Herbst type IV appliance (Dentaurum GmbH &Co.
KG, Germany) that consisted of a bilateral telescope
mechanism attached to upper and lower jaws keeping
the mandible in an anterior jumped position.?*The
appliance was anchored by two miniplates plates
(Universal reconstructive plates 2.3mm, 4 holes,
Stryker, USA) inserted bilaterally in the mandible
between the canine and first premolar teeth,!%2®
while attached to the maxilla through dental splints
utilizing orthodontic bands (Fig.1).
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FIG (1) Herbst appliance in its place inraorally. (II)Herbst
type IV components; (A) Telescopic tube with ball and
socket joint, (B) Rod with ball head, (C)Coupling for
ball head, (D) C-clips, (E) Spacers Smm length, (F)
Curved bases.

The reconstruction plates were pre-bended using
a 3-jaw contouring and bending plier to be adapted
to 3D printed (Anycubic Chiron 3D Printer, China)
mandibular model that was extracted from pre-
treatment CBCT of each patient on the predetermined
location between mandibular canine and 1* premolar
bilaterally. This step allowed proper placement
and adaption on bone surface during surgery and
reduced overall time of surgical procedure (Fig.2).
Surgical placement of reconstruction plates was
performed under local anesthesia, after performing
an envelope flap extended apically to the chin level
to allow unstrained placement of the reconstruction
plate. (Fig.3) They were fixed by three surgical
screws (diameter 2 mm, lengths 8 and 10 mm,
Stryker, USA).
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FIG (2) Pre-bended reconstruction plates adaptation over a 3D
printed mandiblar model.

FIG (3) Reconstruction plates surgicallly placed intraorally.

3. Maxillary dental splint fabrication:

Maxillary dental splint fabricated by selection of
proper size ready-made bands for the maxillary first
premolars, first and second molars, while canine
bands were custom made for each patient, then con-
structing palatal connecting wire and laser-welding
the bands to the palatal wires was performed in ad-
dition to two transpalatal archesbetween the upper
first and second molars bilaterally.The mandible
was advanced to an incisal edge-to-edge position
in one step advancement, however, in two patients,
because of the excessive overjet, the edge to edge
position seemed to be traumatic, and therefore two
steps advancement about 5 mm for each was under-
taken by adding suitable spacers 2.

Patients were recalled one day following appli-
ance insertion then every two weeks, to check for
the followings: mucosal irritation, oral hygiene
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monitoring, plates’ looseness, easy sliding of the
telescopic rods inside the tubes, correct position of
the c-clasp, and any signs of TMJ problems. The
Herbst appliances were removed after nine months
with the reconstruction plates through a second sur-

gery!?.

After completing the first phase of FFA therapy,
a complete set of records were taken and a second
phase of fixed orthodontic treatment was considered
for each patient according to the proposed treatment
plan.

Study measurements and data collection

In addition to regular orthodontic records, Cone
Beam Computed Tomographic (CBCT) scans were
obtained before treatment (T1) and immediately af-
ter removal of Herbst functional appliance (T2). All
CBCT images were taken with the same machine
with the following exposure parameters: 20.1x17.3x
10.2-cm field of view, 90kVp, 12.5 MA,15-second
scan time, and 0.2 mm voxel size. (Planmeca Pro-
Max® 3D Mid Imaging Unit, USA)

It is important to note that during CBCT imag-
ing, each patient was asked to hold her breath at the
end of expiration, without swallowing while the
scans were taken, because the pharyngeal airway
competence when awake is smallest at this time.
This position was proposed to be stable with high
reproducibility'®?D After acquisition, all data were
exported and transferred in Digital Imaging and
Communication in Medicine (DICOM) format via
a CD to a personal computer for airway volume and
sagittal skeletalevaluation.

Pharyngeal airway assessment:

Thiswas done through 3D volumetric construc-
tion analysis of CBCT images at T1 and T2 using
software (Dolphin imaging software ver.11.95,
Patterson Dental, USA).An identification number
was assigned to each CBCT image prior to mea-
surement in order to mask the patient’s name and
the time point during CBCT analysis. The CBCT
images were re-matched to the patient’s name af-
ter complete analysis.Serial steps were followedto
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standardize the measurements in all scans by the
same assessor who was unaware about the nature of
the study as follows:

The horizontal boundaries for airway analysis
were P1, P2 and P3 lines that had been set parallel
to Frankfort horizontal plane (FHP). The line P1 is
passing through posterior nasal spine (PNS)(inferior
limit of nasopharynx), the line P2 is passing through
the uvula tip (inferior limit of velopharynx), the line
P3 passing through the through the epiglottis tip (in-
ferior limit of glossopharynx). The vertical anterior
boundary of pharyngeal airway was represented by
the line P4 which is perpendicular to FHP and tan-
gent to PNS (Fig. 4)@+27 .

. J

FIG (4) Diagram showing reference planes for segmentation of
the pharyngeal airway used in the study.

The airway volumetric analysis was performed
using the “the airway analysis” module of the soft-
ware. To ensure accurate and repeatable assessment
of all patients, all CBCT scans had to be oriented by
the software before performing the measurements
with FHP and mid-sagittal plane to ensure repeat-
able orientation.Although automatically performed,
there are 2 interactive steps for airway segmenta-
tion; placement of initial seeds regions which grow
and expands regionally limited by horizontal, ver-
tical, and pharyngeal wall anatomical boundaries,
followed by selection of sensitivity threshold which
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had been set at 70 unit value that was found opti-
mum for airway segmentation that captured from a
CBCT®.

Once segmented, the software automatically
converted the segmented airway into 3D volumes
that measured in cubic millimeters. The segmenta-
tion and 3D conversion had been made for the naso-
pharynx, velopharynx and glossopharynx separate-
ly as well as the total pharyngeal airway (Fig. 5).

Sagital (Oraft)

Sagittal (Dreft)

FIG (5) Assessment of pharyngeal airway volumes by segmen-
tation and 3D volumetric analysis of CBCT images us-
ing Dolphin’s airway module(colored area denotes de-
fined airway portion of interest).(A) Nasopharynx, (B)
Velopharynx, (C) Glossopharynx, (D) Total pharyngeal
airway
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Sagittal skeletal assessment:

Lateral cephalometric images were reconstruct-
ed from the CBCT records to assess the possible
sagittal skeletal changes based on SNA, SNB and
ANB angles using both conventional cephalometric
landmarks and reference planes '“.

Statistical analysis

All data were collected and statistically analyzed
by Statistical Package for Social Science software
for Windows (SPSS, version 20, Inc., IBM Compa-
ny, Chicago, III, USA). Descriptive statistics were
displayed as means, standard deviations, and stan-
dard errors.The data were checked for normality by
using Shapiro-Wilk and d’Agostino-Pearson tests.
All data were normally distributed; accordingly,
parametric tests were used for statistical analyses.
The statistical significance was set at p<0.05.

RESULTS
Drop out and loses:

Four patients were excluded for the following
reasons:two patients suffered from infection at the
surgical site few days after plates’ insertion that ren-
dered the plates looseand unfunctional and had to be
removed.One patient had suffered from severe TMJ
pain five days after the Herbst assembly had been
activated, although the amount mandibular jump
had been reduced in an attempt to relieve the TMJ
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pain, however, it persisted and the whole assembly
had to be removed. The last patient was dropped
out due to failure in the solder joint connecting the
Herbst buttons to the reconstruction plate and re-
moval of plate was necessary to repair this failure.
So, the final sample that analyzed was 10 patients.

Analysis of error and reliability:

Regarding the reliability of CBCT measure-
ments in the present study, all measurements were
repeated for randomly selected 4 patients (40 % of
the sample) by the same examiner after 4 weeks
and compared to the first measurements taken from
the total sample using Interclass Correlation Coef-
ficient. There was very high correlation between 1st
and 2nd measurements that indicated a low error of
CBCT measurements.

Table 1 and figure 6 show that the nasopharyn-
geal airway volume reveled a non-statistically sig-
nificant increase afterHerbst treatment (p=0.27),
whereas velopharyngeal, glossopharyngeal and
total airway volumes showed statistically signifi-
cant increases subsequent to Herbst treatment (p=
0.0004, 0.002, 0.0002, respectively).

Regarding the sagittal skeletal parameters, the
SNA angledid not show any significant change fol-
lowing Herbst treatment (p=0.742), even thoughthe
ANB angle decreased significantly with treatment
(p=0.022) due to the observed significant increase
in SNB angle (p=0.035).

TABLE( 1) Descriptive statistics and comparison of pharyngeal airway volumes and sagittal skeletal pa-

rameters before (T1) and after Herbst treatment (T2) using paired sample t-test.

T1(N=10) T2(N=10) Difference
Parameter Mean SD SE Mean SD SE Mean SD SE pvalie  Sig
Nasophayrnx (mm?) 5861 1972 569 6446 1725 498 585 762 508 0.27 NS
Velopharynx (mm?) 10549 3190 920 12997 3039 877 2448 1727 498  0.0004  HS
Glosspharynx(mm?) 3621 1716 495 4729 1700 490 1107 985 284 0.002 HS
Total volume (mm?) 19701 4890 1411 22308 5322 1536 2607 1734 500 0.0002  HS
SNA (%) 823 2.76 0.97 825 34 1.22 0.16 252 098  0.742 NS
SNB (°) 729 323 1.14 76.9 2.76 0.97 395 2.16 0.76  0.035 S
ANB () 94 1.66 0.58 5.61 1.26 044 3.79 1.63 057  0.022 S

N=Number, SD= Standard deviation, SE= Standard error, p=probability level, T]1= Before treatment, T2= After
Herbst treatment, SD= Standard deviation, Sig= significance, NS= non-significant p>0.05, S= significant p<0.05,

HS= highly significant p<0.01.
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DISCUSSION

Evaluation of pharyngeal airways’ dimensions
is of great concern to the orthodontist due to the
increased prevalence of OSA in patients with con-
stricted upper airway®’. Interestingly, Class II
cases with mandibular retrognathism had been
always associated with reduced airway dimen-
sions®?. Consequently, this study aimed to evaluate
the possible volumetric pharyngeal airway changes
following treatment with skeletally anchored Herbst
appliance in post-pubertal Class II patients with
mandibular retrognathism.

The currentresults showed that the nasopharyn-
geal airway volume increased by 585 mm? but th-
ischange was non-statistically significant (P=0.27).
This is in agreement with Amuk et al*®whoreported
non-significant increase in the 2D cephalometric
evaluationof nasopharynxafter Herbst therapy in
late adolescent and young adult patients. In contrast,
a significant increase in the nasopharyngeal airway
volume following Herbst treatment was found in
MRI study of Schutz et al®. Nevertheless, their op-
posing findings may be due to preforming maxillary
expansion prior to Herbst appliance insertion.

In the present research, a matched control
group of untreated individuals could not be used as
suggested by others.?® Performing such randomized
controlled trials raises ethical concerns related
to leaving a group of skeletal Class II subjects
untreated for a lengthyperiod as well aswith needless
exposure to radiation. In addition, long-term CBCT
growth data among Egyptians is not available. For
this reason, the treatment effects werecompared
with the baseline values.

Currently, Herbst appliance treatment produced
increases in velopharyngeal and glossopharyngeal
airway volumes by 2448 mm? and 1108 mm?, respec-
tively.These findings corroborate, in part, with those
of Twsaki et al'”whoused Herbst appliance found
2550 mm*and 1550 mm?® increase in velopharyngeal
and glossopharyngeal airway volumes, respective-
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ly. The divergence concerning the glossopharyngeal
region could be due to the different methodological
method of their volumetric measurement in locating
the inferior limit of the pharyngeal airway. In addi-
tion, Isidor et al®, in a retrospective CBCT study,
showed significant increase in velopharyngeal and
glossopharyngeal airway volume by 855 mm?® and
1167 mm?, respectively. Yet, their lower values
could be due to their usageof 2 removable func-
tional appliances for analysis. Similarly, Haskell
et al achieved an average increase of 2800 mm? in
oropharyngeal volume after removable mandibular
advancement device.*

Most of the airway studies relating airway
anatomy and the craniofacial growth and develop-
ment are limited because of using 2D cephalograms
which cannot identify the soft tissue contour in the
third dimension thus limiting evaluation of airway’s
areas and volumes. In this study, CBCTwas utilized
in an attempt to overcome these limitations as it can
generate 3D dentofacial reconstruction images that
overcome the superimposition of structures with
high accuracy for detailed assessment of volumetric
changes 329,

On the other hand, upper airway dimension has
been reported to be very dependent on head posture,
tongue position, and respiration phase during CBCT
acquisition. Presently, the patients were asked not to
swallow and to limit breathing during acquisition.
Moreover, CBCT scans were taken in the upright
position that is closer to the natural head position
and recommended for baseline assessment of upper
airway morphology and dimensions *¥.

Regarding the total pharyngeal airway volume,
the current approach resulted in 2607 mm?significant
increase in the total pharyngeal airway volume.
These resultsconcur with Isidor et al ®¥ who used
monoblock and Twin-Block removable functional
appliancesandreported a significant increase of
2500 mm?in the total pharyngeal airway. Likewise,
these finding are in harmony with those of other
studies ?!'2?? who utilized somewhat different FFAs
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and accomplished enhancement in the pharyngeal
airway volume via CBCT. Rizk et al®Vutilized
MARA appliance and reportedan increase of 2200
mm?® while Erbas et al®” showed increase 1700
mm?*following X-bow Forsus appliance

Although there is continuous debate regarding
the effectiveness of FFAs for stimulating the man-
dibular growth, several reports have demonstrated
successful corrections of skeletal Class II through
the Herbst appliance in growing patients ®® Even if
there was an incremental skeletal enhancement with
the rigid types of FFAs (e.g. Herbst appliance), the
effect was still primarily dentoalveolar ©°.

Skeletal anchorage in conjunction with FFAs
has been described to minimize these side effects,
mostly with Forsus fatigue resistant device, as in-
corporating miniscrews'***3Yand miniplates
4415 However, these reports were conflicting in
regard to the achievement of actual skeletal correc-
tion of Class II malocclusion, with some of them ac-
knowledged significant enhancement of mandibular

growth 231 and others disproved this effect 33,

In this study, reconstructive miniplates were
used for directly anchoring the Herbst appliance
without bonding the mandibular arch, in line with
previous reports, that supposed to offer more reli-
able anchorage over mini-screws upon application
of orthopedic forces!'*'®. Although Herbst appli-
ance was categorized as the most commonly used
FFA, @3 to the present knowledge, miniplates-an-
chored Herbst had not been evaluated that warrants
further investigation.

In the present study, compared with base line
values, an improvement in the mandibular retrog-
nathism was evident after 9 months of miniplates-
anchored Herbst therapy as demonstrated by sig-
nificant increase in SNB angle and significant re-
ductionin ANB angle. These findings of mandibular
advancement are desirable outcomes of fixed func-
tional therapy over a shorter period of treatment in
non growing Class II patients and in line with other
investigations in growing groups ®:10:12:2632),
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However, the current approach suffered from
some limitations. As mentioned earlier, the
problematical incorporation of untreated control
group with CBCT data to exclude any possible
effects of remaining natural growth. As well, two
surgeries were needed for miniplate insertion and
removal. The additional cost is also an important
shortcoming, rendering a cost-benefit analysis
mandatory. Hence, engagement of this modality as
an integral part of treatment for Class II patients
still needs additional exploration in future studies.
Moreover, supplementary 3D studies are needed to
confirm the long-term influence of Herbst treatment
on pharyngeal airway parameters and the stability
of its outcomes.

Although a small sample size could be drawback
of this study, a power analysis was used to deter-
mine the minimum desirable size. Moreover, statis-
tical significance was achieved indicating that the
treatment effect was large enough to be detected in
the sample. Finally, gender limitation to females
was adopted because of the recognized biological
variations between males and females, rendering
the validity of grouping of their outcomes could be
questionable "9 Furthermore, past researches re-
garding the influence of gender on airway dimen-
sions has produced conflicting results. Abramson
et al ©®? reported no effect of gender on measured
airway parameters, whereas Tan et al*¥ found larger
airway volumes, particularly the oropharyngeal, in
males. Consequently, there is a necessitate for fu-
ture studies to account for gender as a potential con-
founding factor.

CONCLUSION

Based on the results of the present study, pharyn-
geal airway volume displayed enormous enhance-
ment following mandibular advancement via mini-
plate-anchored Herbst appliance which would be
helpful treatment option for post-pubertal patients
who have skeletal Class II malocclusion with man-
dibular retusion and suffering breathing disorders.
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