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Abstract
Objecrive The aim of this study was o evaluate images
quality and radiation doscs of Cone Beam Computed
Tomogray

hy (CBCT) for dental and maxillofacial imaging

testing five different acquisition protocols.
Mehods ents of different acquisition pro-
tosols c for Pax Zenith three-dimensional
(3D) Cone Beam (Vatech, Korea) and for comventional
orthopantomography (OPT) and cephalometric skull imag
ing Ortophos (Sirona Dental Sysicms, Bernsheim, Ger-
many). The absorbed organ doses were measured using
an_ anthropomorphic phantom loaded with thermolumi-
nescent dosimeters at 58 sites related to sensitive organs.
Five diffcrent CBCT protocols were evaluated for im
quality and radiation doses. They differcd in FOV, image
resolution, kVp, mA, acquisition i  radi
ation dose. Measurements were then carried out with the

in scconds a

orthopantomograph. Equivalent and cfiective doscs were
calculated.
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Results The reference protocol with large FOV, high reso-
lution quality <, 95 kVp, § mA and acquisition time
of 24 5 resulted in a DAP value of 1556 mGy cm? instcad
the protocol with reduced kVp from 95 0 80 kVp trans.
lated into a value of DAP inferior to 35% (from 1556 to

1013 mGy em’).

om & high resolution to a normal
resolution, there was a reduction of the acquisition time
to 15 s which allowed further dose reduction of approxi-
mately 40% (628 mGy cm); this protocol resubied in &
jve dose of 35 microSicvert (uSv). Moreo-
cct of changing FOV has been evaluated. con-
sidering two scans with a reduced POV (160 x 140 and
120 % 90 mm, respectively).

Conclusions CBCT low-dose protocol with large FOV,
normal resolution quality images, 80 kVp, 5 mA and acqui-
sition time of 15 s resulted in a value of cffective dose of 35

‘micraSievert (:$v). This protocol allows the study of max.
quality of images and a ve:
rudiation dose and, therefore, could be propased in st
case where 2 complete asscssment of dental and maxillofa-

illofocial region with b

cial region is wseful for treatment planning.

Keywards Cane beam computed tomography (CBCT)
Orthopantomography (OPT) - Low-dose protocel - Dental
imaging - Dose area product (DAP) - In vitro phantom
study

Introduction

Most dental and maxillofs
rad

1 procedures require the use of
aphic examin hua

or proper diagnostic evaluation
im ethods most com-

and treatment planas
monly used in dentistry are orthopantomography (OPT)
and cephalometric skull. The reason of their frequent use is

Q springer

Onhodontcs and Genedi evolubion work! poral
www.felicefesta.it

TMJ Posture

Raccomandazione 4

L’esame clinico di un disturbo posturale deve prevedere un percorse in senso
cranio-caudale.

Forza della raccomandazione:

Grado dell’evidenza: 1

Al fini diagnostici, 'iter valutativo prevede un percorso cranio-caudale, poiché:

I"adattamento della postura eretta umana si & realizzato, evolutivamente, a
partenza dal livello craniale (vista, occlusione, ossa mascellari e apparato
vestibolare), in senso discendente rachide cervicale, dorsale e
lombosacrale e degh arti inferior;

verso il

a livello del cranio sono presenti la gran parte delle strutture anatomiche che
regolano la postura.

In fase diagnostica si prevedono:

* l'anamnesi con la valutazione soggettiva del dolore mediante la scala visuo-
analogica (VAS);

* l'esame clinico obiettivo cranio-vertebrale e degli arti inferiori mediante la scala
VAS cranio-cervico-toraco-lombare, della pelvi e degli arti inferiori (valutazione
muscolo-tendinea mediante la palpazione dei muscoli coinvolti nella postura -
per ogm muscolo s1 valuta ’area dolente e I'entita del dolore);

*  la valutazione dell’asse verticale del tronco secondo 1 test funziona

* la valutazione dell’allineamento del bacino nei tre piani dello spazio, del
complesso piede-cavigha e delle ginocchia sul piano frontale e sagittale;

* la valutazione con esami radiografic, a basso dosaggio, dell’atteggiamento
posturale in ortostasi.

Per un’analisi pit accurata degli elementi dentari ¢ dell’occlusione, & possibile, ai fin

diagnostici, I"utilizzo di scanner intraorali.
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Raccomandazione 4
Llesame clinico di un disturbo posturale deve prevedere un percorse in senso
cranio-caudale.

Forza della raccomandazione: A
Grado dell"evidenza: 1

Al fimn diagnostict, 'iter valutativo prevede un percorso cranic dale, poiché:

# [l'adattamento della postura eretta umana si ¢ realizzato, evolutivamente,
partenza dal livello cramiale (vista, occlus . scellari e apparato
vestibolare), 5 v discenden 30 ( ., dors
lom rale ¢ degh arti infenor;

a livello del cranio sono presenti la gran parte delle strutture anatomiche che
ano la postura.

In fase diagn 1 prevedono:

s |'anamnesi con la valutazione sc

lombare, della pelvi ¢ de |.] arti
muscolo-tendinea mediante la palpazione dei mus
per ogni muscol valuta I"area dolente ¢ I'enti

la valutazione dell’asse verticale del tron
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Abstract

Qbjective The aim of this study was to evaluate 1me
gquality and radiation doses of Cone Beam Computed
lomography (CHCT) for dental and maxillofacial imag

ng
testing five different acquisition protocols.

Methods Dose measurements of different acquisition pro-
tocols were calculated for Pax Zemith three-dimensional
(3D) Cone Beam (Vatech. Korea) and for conventional
orthopantomography (OFT) and cephalometnic skull imag-
ing Ortophos (Sirona Dental Systems., Bernsheim, Ger-
many). The absorbed organ doses were measured using
an anthropomorphic phantom  loaded with thermoldumi-
nescent dosimeters at 58 sites related to sensitive organs.
Five different CBCT protocols were evaluated for image
quality and radiation doses. They differed in FOV, image
resolution, kVp, mA, acquisition time in seconds and radi-
ation dose. Measurements were then carmed out with the
orthopantomograph. Equivalent and effective doses were
calculated.
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Results The reference protocol with larg
lution quality images. 95 kVp, 5 mA and acquisition time
of 24 5 resulted in a DAP value of 1556 mGy cm?® instead
the protocol with reduced kVp from 95 to 80 EVp trans-
lated mnto a value of DAP imferior to 35% (from 1556 o
1013 mGy em®). Going from a high resolution to a normal
resolution, there was a redoction of the acquisition time
o 15 5 which allowed further dose reduction of approxi-
mately 40% (628 mGy cm?); this protocol resulted in a

OV, high reso-

value of effective dose of 35 microSievert (pSv). Moreo-
FOV has been evaluated. con-
h a redoced FOV (160 x 140 and
120} = S0 mm, respectively ).

Conclusions CBCT low-dose protocol with large FOW,
normal resolution quality images, 80 kVp, 5 mA and acqui-
sition time of 15 s resulted in a value of effective dose of 35
microSievert (piv). This protocol allows the stedy of max-
llofacial region with high quality of images and a very low

ver, the effect of che

.\IIJI.‘T[I'I_'_‘ WD 5Cans wi

radiation dose and. therefore, could be proposed in selected
case where a complete assessment of dental and maxillofa-
cial region 15 useful for treatment planning.

Keywords Cone beam computed tomography (CBCT) -
Orthopantomography (OFT) - Low-dose protocol - Dental
imaging « Dose area product { DAP) « In vitro phantom
study

Introduction

Muost dental and maxillofacial procedures require the use of
radiographic examimations for proper diagnostic evaloation
and treatment planning. zing methods most com-
monly uwsed in dentistry are orthopantomography (OFT)

and cephalometnc skull. The reason of their frequent use 15
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Beyond the functional matrix hypothesis: a network
null model of human skull growth for the formation of
bone articulations

Borja Esteve-Altava and Diego Rasskin-Gutman

Theoretical Biology Research Group, Cavanilles Institute for Biodiversity and Evolutionary Biology, University of Vale
Valencia, Spain

Abstract

Craniofacial sutures and synchondroses form the boundaries among bones in the human skull, providing
functional, developmental and evolutionary information. Bone articulations in the skull arise due to
interactions between genetic regulatory mechanisms and epigenetic factors such as functional matrices (soft
tissues and cranial cavities), which mediate bone growth. These matrices are largely acknowledged for their
influence on shaping the bones of the skull; however, it is not fully understood to what extent functional
matrices mediate the formation of bone articulations. Aiming to identify whether or not functional matrices
are key developmental factors guiding the formation of bone articulations, we have built a network null model
of the skull that simulates unconstrained bone growth. This null model predicts bone articulations that arise
due to a process of bone growth that is uniform in rate, direction and timing. By comparing predicted
articulations with the actual bone articulations of the human skull, we have identified which boundaries
specifically need the presence of functional matrices for their formation. We show that functional matrices are
necessary to connect facial bones, whereas an unconstrained bone growth is sufficient to connect non-facial
bones. This finding challenges the role of the brain in the formation of boundaries between bones in the
braincase without neglecting its effect on skull shape. Ultimately, our null model suggests where to look for
modified developmental mechanisms promoting changes in bone growth patterns that could affect the
development and evolution of the head skeleton.

Key words: anatomical networks; epigenetics; Gabriel rule; head development; morphology.

This hypothesis has been broadly used to explain many craniofacial disorders (Mulliken et al

1989; Breitsprecher et al. 2002; Kikuchi, 2005) and some morphological features of the head

(Festa et al. 2010; Richards & Jabbour, 2011), in particular the integration between brain
growth and skull shape (Moss, 1975; Fields et al. 1978; Richtsmeier et al. 2006; Lieberman,
2011a; Richtsmeier & Flaherty, 2013).

Mulliken JB, Ferrara NF, Vento AR (1389) A retrospective analysis Moss ML (1975) New studies of cranial growth, Birth Defects

of growth of the constructed condyle-ramus in children with Orig Artic Ser 11, 283295

hemifacial microsomia. Cleft Palate J 26, 312-317 Fields HW), Metzner L, Garol 10, et al. {1978) The craniofacial

Breitsprecher L, Fanghanel L, Noe A, et al. {2002) The functional  skeleton in anencephalic human fetuses. |. Cranial floor.

anatamy of the muscles of facial expression in humans with and  Teratology 17, 57-65

without cleft lip and palate. A contribution to refine muscle Richtsmeler IT, Aldridge K, DeLeon VB, et al. (2006) Phenotypic

reconstruction in primary cheilo- and rhinoplasties in patients  integration of neurocranium and brain. ) Exp Zool B Mol Dew

with uni- and bilateral complete CLP. Ann Anat 184, 27-34 Evol 306, 360-378

Kikuchi M {2005) Orthedontic treatment in children to prevent  Lieberman DE (2011a) Epigenetic integration, complexity, and
sleep-disordered breathing in adulthood. Sleep Breath 9, 146-  evolvability of the head: rethinking the functional matrix

158 hypothesis. In: Epigenetics: Linking Genotype and Phenotype in|

et al. (2010) M Development and Evolution . (eds Hallgrimsson 8, Hall BK), pp.
271-289, Los Angeles: California University Press
Richtsmeier IT, Flaherty K (2013) Hand in glove: brain and skull
in development and dysmorphogenesis. Acta Neuropathol
125, 469-489.

Richards GD, Jabbour RS (2011) Faramen magnum ontogeny in
Homo sapiens: a functional matrix perspective. Anat Rec 294,
199-216,

2011a). According to this hypothesis, the position and
shape of bones, as well as the formation of sutures, is fully
determined by the functional needs of soft tissues and cavi-
ties that bones protect and support (Fig. 1). This hypothesis
has been broadly used to explain many craniofacial disor-
ders (Mulliken et al. 1989; Breitsprecher et al. 2002; Kiku-
chi, 2005) and some morphological features of the head
Eesta et al _2010: Richards & Jabbour, 2011), in particular
the integration between brain growth and skull shape P A

(Mosga 1975; Fields et al. 1978; Richtsmeier et al. 2006; Lie- Craniacavty N\ Nasal caviy
an, 2011a; Richtsmeier & Flaherty, 2013). Other epige [
netic factors that affect the formation of sutures include

hormonal signals (Karsenty, 1999) and biomechanical
mechanisms (Shwartz et al. 2012; Khonsari et al. 2013). In
addition, external forces and movements related to func-
tional matrices influence the internal complexity of sutures
(Curtis et al. 2014).

Fig. 1



« This hypothesis has been broadly used to explain many craniofacial disorders (Mulliken et al.
1989; Breitsprecher et al. 2002; Kikuchi, 2005) and
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A ‘I.)igital 3D Retrospective Study Evaluating the Efficacy of
Root Control during Orthodontic Treatment with Clear Aligners

TMJ Posture

Monica Macri *', Silvia Medori, Giuseppe Varvara ' and Felice Festa

Medicine & Dents
m.macriidunxch.it

Abstract: This study aimed to investigate the efficacy of torque moveme

root resorption in the maxillary and mandibular teeth with clear aligner therapy using cor

computed tomography. The sagittal root positions, the faciolingual inclinations, and the root ler

of 672 teeth, from ¢ ors to first molars for each arch, were measured and cor

virtual cross sections from pre-treatment &

28 patients who received comprehensive ortt

of root position was found in incisors, canines, and premolars of the upper and lower arches: over
» of their root was centered in the alveolus at the end of orthodontic treatment. There was a

statistically significant tor increase for incisors, canines, and first premolars at the end of therap

The most considerable torque changes were achieved in incisors and canines, while the lowest was in

posterior teeth. The maxillary and mandibular central incisors achieved 3.26 + 1.95° and 297 = 253

of mean torque rease, respectiv ely. The root length loss was greater in the upper and lower central

incisors. All teeth showed mild resorption (<10%) except for two upper lateral incisors, which showed

moderate resorplior X 23%). Comprehensive treatment with clear aligners improved
ittal root positior

resorption after clea

Cltation: Macr!, Mede

L Introduction

Orthodontx
Aligners. A 1 Clear aligner therapy, consisting of customized, removable appliances, has been
) widely used in clinical practice as a more aesthetic and comfortable alternative to
multibracket appliance

In the beginning, the aligners were limited only to mild malocclusions, such as anterior
crowding, or to periodontal patients; through the years, thanks to advances in technology
and clinical trials, clear aligners have effectively performed major tooth movements, e.g.
premolar derotation as well as molar distalization [1]. Despite the predictability of the
treatment, its clinical potency remains debatable; opponents have remarked on the need
to require mid-course correction or case refinement, especially when treating complex
malocclusions, whereas advocates have remained convinced of successful outcomes at the
end of the therapy [2].

Compared with our early ancestors, the modern human face reveals a characteristic
spatial distribution of bone deposition and resorption. In humans, the anterior portions of

Copyright:
[ Lt;_: MDPL, Basel, Switz the maxilla and mandible’s sub-nasal region are more susceptible to surface resorption dur
article & an open access ing development [3,4]. Furthermore, in the sagittal projection of X-ray examinations, clini-
{buted L he cians commonly find that the roots of teeth, especially in the anterior region, are positioned
conditions of the Creative € s against the labial cortical plate. Therefore, it is fundamental to manage the radicular torque
and the root position relative to the orofacal cortical plates during orthodontic treatment.
In fixed orthodontic therapy, torque expression depends on several factors: bracket

prescription and material (metal or ceramic brackets), inter bracket distance, the vertical

doi.org, tps mdpi.com/journal /af
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At the first visit (T0), records for each participant were collected, consisting of the
following: (1) general and dental anamnesis; (2) extraoral and intraoral orthodontic clinical
examination; (3) gnathological clinical examination; and (4) visual analogue scale (VAS)
and muscular palpation to estimate the pain intensity ratio on patient’s face and neck [16].

Each patient underwent a CBCT scan using Planmeca Promax™ 3D MID unit (Plan-
meca Oy, Helsinki, Finland) according to the low dose protocol with these parameters:
acquisition time of 15 s, 80 kVp, 5 mA, 35 microSievert (uSv), the field of view (FOV) of
240 = 190 mm, and normal image resolution [17]. The patient’s CBCT was performed

Jofld

with the head oriented according to the Natural Head Position (NHF); the patient was in
a sitting position with the back perpendicular to the floor as much as possible. The head
was stabilized with ear rods in the external auditory meatus. The patient was instructed
to look into their eyes in a mirror 1.5 m in front of them to obtain NHP. The NHP is a
physiological and reproducible posture defined for the morphological analysis described
in the orthodontic and anthropolegical literature [18]. Each subject was informed about the
radiographic procedure and required to avoid movement and keep centric occlusion with
the lip in light contact.

After X-ray scanning, DICOM (Digital Imaging and Communications in Medicine)
image files were processed by Dolphin Imaging 3D software (Dolphin Imaging & Man-
agement Solutions, Chatsworth, CA) for storage and interpretation. Establishing a pre-
defined patient’s head orientation is necessary to obtain a predictable and repeatable
NHP in the
three planes of space perpendicular to each other, as shoug Ptudies [19]: the
transverse plane coincides with the Frank , a plane passing through two
points: Orbital (Or) and Porigogdd eagittal plane coincides with the mid-sagittal
plane (MSF), a plapeds ffar to the FH plane and passing through two points: Crista
Gallpd #Ertn (Ba); the coronal plane coincides with the anteroposterior (PO} plane,

icular to the FH and MSP, passing through the right and left portion.

After the orientation of the head, the virtual 2D radiograms were extracted in the
following sequence:

Lateral teleradiography, on which the cephalometric analysis, according to McLaugh-
lin, is performed

three-dimensional (30) analysis. The skull image was onented acco

orthopantomography,

TM] stratigraphy,

cross sechons,

posteroanterior teleradiography,

superior and inferior submento-vertex

virtual reconstruction of right and left masseter muscles.

Subsequently, extraoral photos (patient’s face in frontal, in the right, and left side
views) and intraoral photos (frontal, right, and left lateral photos, and upper and lower
occlusal photos) were performed, and the dental arches were scanned using an intraoral
scanner, which allows detecting details with an accuracy up to 7 pm.

The virtual setup for each subject was planned, and aligners were manufactured.

At the end of clear aligner therapy (T1), extraoral and intraoral photos, pain assess-
ments (through VAS and muscular palpation), and a CBCT scan were taken for each patient,
and 2D virtual radiograms were obtained, as previously described.

For each upper and lower tooth, from right to left, the first molar, the changes in root
position, torque, and root length were evaluated by analyzing the cross sections at the start
(T0) and the end (T1) of the treatment.

Table 1 shows the number of measurements for the type of tooth of each arch taken
into consideration in thas study.




Nella postura normale sono paralleli:

-1l p1ano di Francoforte;
-1l piano occlusale;

-1l piano biacromiale;
-1l prano bimammullare;
-1l prano biiliaco;

-1l prano birotuleo;

-1l prano bimalleclare.




Onnodontcs and Genetic ev

Abstract: This study aimed to investigate the efficacy of torque movement and the incidence of

Wt www.felicefesta.it

root resorption in the maxillary and mandibular teeth with aligner therapy ¢ cone-beam

computed tomography. The sagittal root positions, the faciolingual inclinations, and the root lengths

of 672 teeth, from central incisors to first molars for each arch, were measured and compared on
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virtual cross sections from pre-treatment and post-treatment cone-beam computed tomography of

omprehensive treatment with c ners improved
on and : ecially in the anterior teeth. Most teeth showed mild

orption after clear aligner therapy, and only twc

The sagittal root positions, the faciolingual
inclinations, and the root lengths of © /' teeth, from
central incisors to first molars for each arch, were
measured and compared on virtual cross sections
from pre-treatment and post-treatment cone-beam
computed tomography of
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 An improvement of root position was found in incisors,
canines, and premolars of the upper and lower arches:
over 78% of their root was centered in the alveolus at
the end of orthodontic treatment. There was a
statistically significant torque increase for incisors,
canines, and first premolars at the end of therapy. The
most considerable torque changes were achieved in
Incisors and canines, while the lowest was in posterior
teeth. The maxillary and mandibular central incisors
achieved 3.26 £ 1.95° and 2.97 £ 2.53- of mean torque

increase, respectively:
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spatial distribution of bone deposition and resorption. In humans, the anterior portions of
the maxilla and mandible’s sub-nasal region are more susceptible to surface resorption
during development [3,4]. Furthermore, in the sagittal projection of X-ray examinations,
clinicians commonly find that the roots of teeth, especially in the anterior region, are
positioned against the labial cortical plate. Therefore, it is fundamental to manage the
radicular torque and the root position relative to the orofacial cortical plates during
orthodontic treatment.
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Facial Morphogenesis of the Earliest Europeans

Rodrigo S. Lacruz'*, José Maria Bermudez de Castro?, Maria Martinén-Torres?, Paul O’Higgins?,
Michael L. Paine’, Eudald Carbonell®, Juan Luis Arsuaga®, Timothy G. Bromage®

Abstract

The modern human face differs from that of our early ancestors in that the facial profile is relatively retracted (orthognathic).
This change in facial profile is associated with a characteristic spatial distribution of bone deposition and resorption: growth
remodeling. For humans, surface resorption commonly dominates on anteriorly-facing areas of the subnasal region of the
maxilla and mandible during development. We mapped the distribution of facial growth remodeling activities on the 900-
800 ky maxilla ATD6-69 assigned to H. antecessor, and on the 1.5 My cranium KNM-WT 15000, part of an associated skeleton
assigned to African H. erectus. We show that, as in H. sapiens, H. antecessor shows bone resorption over most of the subnasal
region. This pattern contrasts with that seen in KNM-WT 15000 where evidence of bone deposition, not resorption, was
identified. KNM-WT 15000 is similar to Australopithecus and the extant African apes in this localized area of bone deposition.
These new data point to diversity of patterns of facial growth in fossil Homo. The similarities in facial growth in H. antecessor
and H. sapiens suggest that one key developmental change responsible for the characteristic facial morphology of modern
humans can be traced back at least to H. antecessor.

artinén-Torres M, O'Higgins P, Paine ML, et al. (2013) Facial Merphoge of the Earliest Europeans. PLoS Ob

es of Americ
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Figure 1. Lateral views of KNM-WT 15000 (left) and ATD6-69 (right). Note the differences in facial projection and in the topography of the

maxilla.
doi:10.1371/journal.pone.0065199.g001

Figure 2. Facial growth remodelling maps. (A) Facial growth
remodelling of the H. erectus specimen KNM-WT 15000 from Kenya,
dating from ~1.5 my showing depository fields (+) over most aspects
of the anteriorly facing maxilla. Taphonomic alterations prevented a
more complete analysis of the periosteal surface of this specimen which
was only studied by SEM. (B) Facial growth remodelling of the
specimen ATD6-69 representing H. antecessor, the oldest known
European hominin species dating to 900-800 ky. SEM and confocal
microscopy data showed resorptive fields (—) throughout the naso-
alveolar clivus of this hominin, a characteristic shared with H. sapiens.
Gray circles indicate the areas spot-mapped using the portable confocal
microscope (PCSOM).

doi:10.1371/journal.pone.0065199.g002

Figure 3. Scanning Electron Micrographs of facial growth
remodeling in KNM-WT 15000 and ATD6-69. Images “A’" and “B"’
are representative of growth remodeling fields in KNM-WT 15000 (H.
erectus). Image “A"" shows depository fields in the clivus area of this
specimen. For comparison, “B’”" shows resorptive fields in the anterior
aspect of the mandibular ramus of this specimen. Scale bars (A,
B) =50 um. Images “C” and “D" represent growth remodeling fields of
the specimen ATD6-69 (H. antecessor). Image “C” shows depository
fields near the zygomatic region whereas “D” is a representative
resorptive field in the clivus of ATD6-69. Scale bars (C,D)=100 um. All
images shown here are taken from high resolution replicas examined in
the scanning electron microscope.
doi:10.1371/journal.pone.0065199.g003
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Three-dimensional evaluation
using CBCT of the mandibular
asymmetry and the

compensation mechanism in a
growing patient: A case report

FIGURE L

Natural head position. (A) Pre-treatme
ateral \

Monica Macri* and Felice Festa

Department of Innovative Technologies in Medicine and Dentistry, University "G D'Annunzio” of
Chieti-Pescara, Chigti, italy

Background: This case report aims to evaluate the development and the
compensation mechanisms of the mandibular asymmetry in a growing male
patient using cone beam computed tomography (CBCT). In this case, the
menton deviated on the right, a sporadic condition, which may be the
conseqguence of a disorder in the mandibular growth.

Case presentation: The young male patient was treated with rapid palatal
expander (RPE) and Frankel functional regulator Il (FR-3). The initial CBCT was
acquired at the beginning of therapy when the patient was 8 years old, and
the final CBCT was developed at the end of the treatment when the patient
was 12 years old. The patient's CBCT was performed with the head oriented
according to the Matural Head Position (NHP); the NHP is a physiological and
repreducible posture defined for morpholegical analysis. The 3D image of the
cranium was oriented in the Dolphin software according to NHP posture, and
cephalometric measurements were taken in the software’s frontal, laterolateral
right and left, posteroanterior, and submentovertex views. The therapy lasted
%.8 years and ended with significant regressicn of the mandibular asymmetry
from moderate grade (4.2 mm) to slight grade (1.3 mm).

Conclusion: The literature shows that the left hemi-mandible has grown more

than the right side, which affirms that in case of deviation of the menton
=4 mm, the bone volume increases on the non-deviated side.
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FIGURE 2
Th
fo:

1t-left difference in maxillary height at the end of the treatment (PA view). The maxillary height was calculated from FH to the occlusal
the maxillary first molar
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Apical root resorption during orthodontic treatment
with clear aligners: A retrospective study using cone-
beam computed tomography
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The effectiveness of movement, that is, the evaluation of the sagittal root position in
the alveolar bone, was performed by comparing pre-treatment and post-treatment root
positions relative to the orofacial cortical plates in the cross sections at TO and T1 stages.

Conclusions: Comprehe ¢ Stion, The sagittal root position was qualitatively evaluated in the midsagittal view according
malocch ‘ reatmen imation to the cortical plates sig y aff to the rating scale reported by Kan et al. [20] and modified by Aman et al. [21] (Figure 1):
the f in root len n pproximation of root apices to the 3 In class I, the root is positioned against the labial cortical plate (A); in Class II, the root
i is centred in the middle of the alveolar housing without engaging either the labial or the

palatal cortical plates at the apical third of the root (B); Class III, the root is positioned

against the palatal cortical plate (C); Class IV, at least two-thirds of the root is engaging
both the labial and palatal cortical plates (D); and Class V, the root is positioned outside the
labial cortical plate (E).

Figure 1. Classification of root position relative to cortical plates according to Aman: (A), Class I: the
root is positioned against the labial cortical plate. (B), Class II: the root is centered in the alveolar
sing without engaging the labial or palatal cortical plate at the apical third of the root. (C), Class
root is positioned against the palatal cortical plate. (D), Class IV: at least two-thirds of the root
engages the labial and palatal cortical plates. (E), Class V: the root is positioned outside the labial

cortical plate.
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A new method to measure mesiodistal angulation
and faciolingual inclination of each whole tooth
with volumetric cone-beam computed
tomography images

Hongsheng Tong,® Reyes Enciso,” Dana Van Elslande,® Paul W. Major,® and Glenn T. Sameshima®
Los Angeles, Calif, and Calgary and Edmonton, Alberta, Canada

Introduction: The purpose of this study was to develop a methodology to measure the mesiodistal angulation
and the faciolingual inclination of each whole tooth (including the root) by using 3-dimensional volumetric images
generated from cone-beam computed tomography scans. Methods: A plastic typodont with 28 teeth in ideal oc-
clusion was fixed in position in a dry human skull. Stainless steel balls were fixed io the occlusal centers of the
crowns and to the apices or bifurcation or trifurcation centers of the roots. Cone-beam computed tomography
images were taken and rendered in Dolphin 3D (Dolphin, Chatswarth, Calif). The University of Southern
California root vector analysis program was developed and customized to digitize the crown and root centers
that define the long axis of each whole tooth. Special algorithms were used to automatically calculate the
mesiodistal angulation and the faciolingual inclination of each whole tooth. Angulation measurements
repeated 5 times by using this new method were compared with the true values from the coordinate
measuring machine measurements. Mext, the root poinis of 8 selected typodont teeth were modified to
generate known angulation and inclination values, and 5-time repeated measurements of these teeth were
compared with the known values. Results: Intraclass correlation coefficients for the repeated mesiodistal angu-
lation and faciolingual inclination measurements were close to 1. Comparisons between our 5-time repeated
angulation measurements and the coordinate measuring machine's true angulation values showed 5 teeth
with statistically significant differences. However, only the maxillary right lateral incisor showed a mean
difference that might exceed 2.5° for clinical significance. Comparisons between the 5-repeated
measurements of 8 teeth with known mesiodistal angulation and faciolingual inclination values showed no
statistically significant differences between the measured and the known values, and no measurement had
a 95% confidence interval beyond 1°. Conclusions: We have developed the novel University of Southern
California root vector analysis program to accurately measure each whole tooth mesiodistal angulation and
faciolingual inclination, in a clinically significant level, directly from the cone-beam computed tomography
volumetric images. (Am J Orthod Dentofacial Orthop 2012;142:133-43)
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Fig 1. Setting up the global coordination system for the maxillary arch: the midsagittal plane (red)
evenly dividing the right and left sides, the coronal plane (green) at the buccal groves of the maxillary
right and left first molars, and the axial plane (blue) at the maxillary archwire level.

Fig 2. Locating the maxillary right central incisor crown point before digitization: parallel movements of
the sagittal (red), coronal (green), and axial (blue) planes were made to intersect at the center of the
stainless steel ball representing the tooth’s crown point.
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Fig 4. All crown and root points have been replaced b

Fig 3. Digitization of the maxillary right central incisor root point: parallel movements of the sagittal red d,’g/’ﬁzaﬁon dOtS, and the teeth's |0ng axes are show

(red), coronal (green), and axial (blue) planes were made to intersect at the center of the stainless
ball representing the tooth's root point, and it was digitized (red dots).

steel

in green.
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Automatic ldentification of Individual Primates with
Deep Learning Techniques

Automatic |dentification
of Individual Primates

ﬂ k ﬁ e% M’ ZEE with Deep Learning Techniques

Songtac Guo, Pengfei Xu,***1" Qiguang Miao, Guofan Shao,” Colin A. Chapman,

ID:Unknown

Xiagjiang Chen,”* Gang He,' Dingyi Fang,”** He Zhang,” Yewen Sun,” Zhihui Shi,' and Baogue Li

SUMMARY

Tri-attention network

B

1D identified

INTRODUCTION

Answering many theoretical questions in e

and monitoring of individual animals |

costly and invohve considerable risk to the animal, a risk that is typically unaces
cies | 0.

become ralative sy to repeatedly capture images

many ecological questions requires accurate individual identification | il

By employing im: matching methods | 1

} and machine learning ( ; ; ), researchers

have accurately identifisd species from images using animal body surface c cteristics, like colors |
: ) shape( 1 :
], and texture | ). To identify individuals, however, the images of
specific body parts are q :
: this has been done with penguin’s abdomens ( ]
stripes of zebra { ) and tigers { 1. and the unique spot and scar features
on the backs of killer whalas | 1. Although helpful for specific studies, these methods

e using species-specific traits and thus they cannot be used across species.

The cbjective of our study was to determine if animal facial images could be used as a universal part for

ndividual det n and identifi n. Machine learning for facial recognition has n de ped for an-

mals. For example r od based on Haar- eaturas and

AdaBoost algorithm to detect the lion's face and extracted features of

the key facizl points of chimpan far individual identification. Recently,

for face recognition on 65,000 face images of 25 pandas and obtained an individual identification accurac
95%

% presented a desp convolutional neural network (CNM) approach for f

detection, tracking, and r nition of wild chimpanzees from long-termvideo records ina 1 ar dataset
yielding 10 million face images from 23 individuals, and they obtained an overall accuracy of $2.5% for
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Application of Deep Learning in Animals and the Individual Identification Accuracy
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Figure 3. The Relationship between the Identification Accuracy and the Training Sample Numbers
The accuracy i improving with increasing in training samples for each individual, and the inflection paint number of
training images is around 60 for each individual of golden snub-nosed monkey
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Figure 4. Precision-Reeall Curves of Face Detection by Faster RCMN on Golden Snub-Nesed Monkeys

Figure 2. Face Detection and Identification of the Golden Snub-Nosed Monkeys by Using Deep Learning Methods in Tri-Al

(A) An original video has many frames, and the face areas of the monkeys must first be detected using Faster RCNN (F

) from each frame.
(B1 and B2} The detected monkeys' faces are all marked in each frame by Faster RCNN and then are input 1o Tri-attention network for individual

identification.
(C1) Tn-Al identifies and names all monkeys known in the database

(C2) If Tri-Al finds a new monkey face, a new name is then given and automatically added to the database. OMMNGEMK&WW.HW
www.felicefesta.it
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Figure 5. The Detected Results of Golden Snub-Nosed Monkeys by Faster RCNN
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Figure SS. The feature map shows the model pays attention to feature extraction from the “skin area”,
related to Figure 2. (a) The facial image of golden snub-nosed monkey. (b)The feature map for the

attentional facial region of the “skin area”.

(al)

(b) (b1)

Figure S6. The original facial images of golden snub-nosed monkeys and the feature maps extracted by

significant partial level attention model, related to Figure 2. (a) The facial image of golden snub-nosed

monkey. (al) The feature map for the attentional facial region. (b) The facial image of golden
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Figure S14. The recognition of a new individual. The new individual is identified, and its facial

images are added to the dataset automatically, related to Figure 2.

Figure S15. Usable images of golden snub-nosed monkeys, related to Figure 1. (©

Figure S16. The unusable images under different conditions, related to Figure 1. (a) Too small face. (b)
Motion blur. (c) Big angle of the face . (d) Big angle of the face. (¢) Under shadow. (f) Covered by its

hand.
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Figure S17. The night facial images of golden snub-nosed monkeys, related to Figures 2 and 3.
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Descartes' Error: Emotion, Reason, and the Human
Brain, Putnam, 1994; revised Penguin edition, 2005

The Feeling of What Happens: Body and
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SEAI: Social Emotional Artificial
Intelligence Based on Damasio’s
Theory of Mind

Lorenzo Cominelli *, Danisle Mazzei* and Danilo Emilio De Rossi’

thn Engineering Depatmeant, Lniversity of Fiss, Pisa, Raly *Computer Sciance

A socially inteligent robot must be capable to extract meaningful information in real time
from the social environment and react accordingly with coherent human-like behavior,
Moreower, it should be able to internalize this information, to reason on it at a higher level,
buid its own opinions independently, and then automatically bias the decision-making

according to its unigue expenence. In the last decades, neuroscience research high-
lighted the link between the evolution of such complex behavior and the evolution of a

certain level of consciousness, which cannot leave out of a body that feels emotions as
discnminants and prompters. In order to develop cognitive systems fo al robotics
with greater human-likeliness, we used an “understanding by building” approach to

model and implement a well-known theory of mind in the form of an artificial inteligence,
and we tested it on a sophisticated robotic platfiorm. The name of the presented system

iz SEAl (Social Emotional Arificial Inteligence), a cognitive system specifically conceived
for social and emotional robots. It is designed as a bio-inspired, highly modular, hybrid
systemn with emotion modeling and high-level reasoning capabilities. i follows the delib-
erative/reactive paradigm where a knowledge-based expert systemn is aimed at dealing
with the high-level symbolic reasoning, while 2 more conventional reactive paradigm is
deputed to the low-level processing and control. The SEAI system is also ennched by a
model that simulates the Damasio's theory of consciousness and the theary of Somatic
Markers. After a review of similar bio-inspired cognitive systermns, we present the scientific
foundations and their computational formalization at the basis of the SEAl framework.
Then, a deeper technical description of the architecture is disclosed underlining the
numerous paralelisms with the human cognitive systemn. Finally, the influence of artificial
emotions and feelings, and their ink with the robot's beliefs and decisions have been
tested in a physical humanoid involved in Human—Hobot Interaction (HRI).

Keywords: cognitive systems, artificial Intelligence, artificlal consclousness, sockal robotics, umancks, somatic
markers, nias englne, axpert systems

1. INTRODUCTION

Everyone has a rough idea of what 1s meant by consciousness, but it is better to avoid
a precise definition of consciousness because of the dangers of premature definition,
Until the problem is understood much bette mal definition is likely

r, any attempt at a for
to be either misleading or v restrictive, or both. {Crick and Clark, 1994)
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FIGURE 1
; o: (€)

as follows: “as for the internal state of the organism in which
the emotion is taking place, it has available both the emotfion as
neural object (the activation pattern at the induction sites) and
the sensing of the consequences of the activation, a feeling, pro-
vided the resulting collection of neural patterns becomes images
in mind” (Damasio, 2000).
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Development of a new category
system for the profile
morphology of
temporomandibular disorders
patients based on cephalograms
using cluster analysis

Rui Zhu', Yun-Hao Zheng®, Zi-Han Zhang®, Pei-DiF

and Xin )

Objective: This study aims to develop a new category scheme for the

profile morphology of temporomandibular disorders (TMDs) based on lateral
cephalometric morphology.

Methods: Five hundred and one adult patients (91 males and 410 females)
with TMD
component

wolled in this study. Cluster tendency analysis, principal

and cluster analysis were performed using 36 |z
cephalome! nents. Classification and regression tree (CART)
algorithm v construct a binary decision tree based on the
clustering results

Results: Twelve principal components w ed in the TMD patients

and were responsible for 91.2% of the

luster tendency of

cephalometric data from TM atients were confirmed and three subgroups

were revealed by cluster analysis: (a) cluster 1: skeletal class | malocclusion

(b) cluster 2: skeletal class | maloc

ision with increased facial height; (c)
f

cluster 3: skeletal class Il malocclusiot h clockwise rotation of the mandible

Besides, CART model was built and the eight k

cal indicators

from the decision tr model were convenient for clinical application, with the

p to 85.4%

prediction accuracy
Conclusion: Our study
morphology of TMDs v
morphology, which m

y proposed a novel category system for the profile
three subgroups
supplement the morphological understanding of TMD

ccording to the cephalometric

and benefit the management of the categorical treatment of TMD.
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National Yang Ming Chiac Tung -
University, Taiwan ; :

Jose A. Vega, ¢
University of Oviedo, Spain

Felice Festa,

University of Studies G. d'Annunzio
Chieti and Pescara, Italy

Cluster 1 Cluster 2 Cluster 3 Merge

FIGURE 9
Xin Xiong
drxiongxin@scu.edu.cn

This article was submitted to
Digital Public Health,

a section of the journal
Frontiers in Public Health
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FIGURE 7 | The FACE Robot (Facial Automaton for Conveying Emotions) displaying some of its hyper-realistic facial expressions.
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Evidence for independent brain and neurocranial
reorganization during hominin evolution

José Luis Alatorre Warren®', Marcia S. Ponce de Leon®, William D. Hopkins®, and Christoph P. E. Zollikofer®’

fi
ure
“Department of Anthropology, University of Zurich, 8057 Zurich, Switzerland; ENeuroscience Institute, Georgia State University, Atlanta, GA 30302;

and “Division of Developmental and Cognitive Neuroscience, Yerkes National Primate Research Center, Atlanta, GA 30322
Significance

Human brains differ substantially from those of great apes,
and equally important differences exist between their brain-
cases. However, it remains uncear to which extent evolutionary
changes in brain structure are related to changes in braincase
structure. To study this question, we use combined computed
tomography (CT) and MRI head data of humans and chimpanzees
and quantify the spatial correlations between brain sulci and
cranial sutures. We show that the human brain-braincase rela-
tionships are unique compared to chimpanzees and other great

apes and that_structural rearrangements in the brain and in the
braincase emerged independently during human evolution. These

data serve as an important frame of reference to identify and
quantify evolutionary changes in brain and braincase structures in
fossil hominin endocasts.

Fig. 1. Same-subject coregistered CT/MRI datasets of a human (Left), chimpanzee (Center), and gorilla (Right). Surface reconstructions of bony structures
were derived from CT data, while volume renderings of brain segmentations were obtained from postprocessed MRI data. Delineations of some of the brain
sulcal features used in the study are shown in blue.
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Chieti University Orthodontics and

Orofacial Pain Department collection of
== More than 3000 head/neck bone/muscles

Ortho/TMD patients before/ after treatment

3D evolutionary oriented reconstructions/
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CONNECTIVITY COULD
BE USEFUL TO
ROBOTICS?

'," frontiers

Measurements
VAS

and how it

Palpation
P

Functional Magnetic Resonance
Connectivity in Patients With
Temporomadibular Joint Disorders

Rotelli*, Antonio Scarano®, Riccardo Navarra®, Massimo Caulo® and

This research could be useful
in designing Al and Robotics
to improve Healthcare?
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Putnam, 1994; revised Penguin edition, 2005

Beyond the functional matrix hypothesis: a network ’ The Feeling of What Happens: Body and
Emotion in the Making of Consciousness,
Harcourt, 1999

null model of human skull growth for the formation of
bone articulations.

Looking for Spinoza: Joy, Sorrow, and the Feeling
Brain, Harcourt, 2003

Antonio R Damasio
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Author manuscript
X Am J Phys Anthropol. Author manuscript; available in PMC 2019
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Species Craniofacial skeletal response to encephalizatio X 3 \&

Present  Homo sapiens (modem) - - know what we think we know?
Homo sapiens (archaic)
Homo floresiensis Kate M. Lesciotto and Joan T.
Homo neanderthalensi: 1 Department of Anthropology, Pennsylvania State University, University Park, Pennsylvania
Homo heidelbergensis

Homo erectu: - Abstract
Homo erectus (Dmanisi)
Homo ergaster

Australopithecus Homo Homo Homo Homo
ichtsmeier africanus habilis erectus neanderthalensis sapiens

FIGURE 2.
Representative hominin fossils showing the progressive intensification of neurocranial
globularity, facial retraction, and cranial base flexion with increased encephalization
Dramatic changes in cranial capacity have characterized human evolut

Homo rudolfensis hypotheses, such as th cking hypothesis, assert that incre: ative brain si

Homo habili phalization) e ons to the modern human skull, resulting in a suil

Australopithecus sediba- extant primates, including a domed cranial vault, highly flexed cranial base, and
Paranthropus robustus 4 e skeleton. Most prior studies have used fossil or comparative prim
Paranthropus boisei - lish correlations between brain size and cranial form, but the mechanistic basis for how
Paranthropus aethiopicus changes in brain size impact the overall shape of the skull resulting in these cranial traits remains
Australopithecus africanu: obscure and has only rar g
Australopithecus afarensis - in human skull morphology ¢ ave Ited from increased encephalization requires the dir
Ardipithecus ramidus # testing of hypotheses relating to interaction of embryonic development of the bones of the skull
7MYA  Sahlonathropus tchadensis 1=+~~~ . S b, and the brain. Fossil and comparative primate data have thoroughly described the patterns of
1000 association between brain size and skull morphology. Here we suggest complementing such
Cranial Capacity (cm?) g ets with e ents focused on mechanisms responsible for producing the observed FIGURE 3
s to more thoroughly understand the role of encephalization in shaping the modern human Cranial base angle shown on a sagittal section of 3D reconstruction of adult gorilla (left),
pecies ordered by their estimated geological age. human neonate (center), and adult human (right). Though diverse measures have been
Red and blue circles: ial capacity for female and male, respectively, modemn proposed to estimate cranial base angle (solid red line), we show the angle constructed using

Homo sapiens. Green and yellow circles: Minimum and maximum cranial capacity estimates the landmarks basion, sella, and foramen caccum, with sella as the vertex of the angle (black
for fossil hominins. Species showing only a green circle indicate that only a single cranial cle), with the angle measured on the ventral side (dotted yellow line)
capacity estimate was available in the literature (de Sousa & Cunha, 2012; Elton, Bishop, &

Woed, 2001; Holloway et al., 2004; Rightmire, 2004)

Frontal Bone
Ethmoid

Presphenoid

Spheno-ethmoidal
Basioccipital synchondrosis

Mid-sphenoidal
synchondrosis

Basisphenoid

Spheno-occipital
synchondrosis

FIGURE 4.
3D reconstruction of computed tomography images of a human neonate (left) showing

positioning of cranial base synchondroses (yellow box). Illustration of a sagittal section

(right) of the human cranial base showing individual bones and synchondroses
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SEAI: Social Emotional Artificial

Inteligence Based on Damasio's ANTONIO DAMASIO

Theory of Mind 3
. . . Functional Magnetic Resonance

Connectivity in Patients With
Temporomadibular Joint Disorders

Putnam, 1994; revised Penguin edition, 2005 -

The Feeling of What Happens: Body and
Emotion in the Making of Consciousness,

Harcourt, 1999 . ; X
Looking for Spinoza: Joy, Sorrow, and the Feeling

Anori R Dowelts Brain, Harcourt, 2003
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. TABLE 1 | Clinical and demographical characteristics of the patients and the impact of the gnathological treatment. L. -
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Age Gender Kind of TMD VAS at T1 VAS at T2  Painful areas at Painful areas at Duration of Evolution of
T T2 symptoms symptoms
Functional Magnetic Resonance
Connectivity in Patients With
Temporomadibular Joint Disorders PT1 (CS) 4 Female Intra-articular 8 4 Neck, under eyes, Neck, shoulders About 2 years The symptoms
- R o e shoulders, TMJ, worsened during
mandible this period

PT 2 (SS) 22 Fema

e Intra-articular 8 1 TMJ, around eyes,  TMJ About 1 year The symptoms

trapezoids worsened during
this period
PT 3 (RF) 26 Male Extra-articular 5 1 Mandible, neck, Neck About 2-3 years Symptomatology
lumbar area, head remained constant
- during this period
PT 4 (AN) 41 Female Intra-articular 78 4 Sinusitis-like T™J About 15 years The symptoms
symptoms, TMJ, worsened during
- - neck, shoulders, this period
pelvis
PT5(CT) 55 Female Extra-articular 6 o] Masseter, About 5 years The symptoms
mandible, maxilla worsened during
this period

PZ1(CS) PZ2(S5)




- TABLE 2.1| Masseter, temporal, and sternocleidomastoid palpation test after treatment compared with baseline. TABLE 2.2 | Digastric and pterygoid palpaticn test after treatment compared with
Masseter palpation Masseter palpation Temporal palpation Temporal palpation Sternocleidomastoid ~ Sternocleidomastoid —
atT1 atT2 atT1 atT2 palpation at T1 palpation at T2 Digastric Digastric Pterygoid Pterygoid
palpation at T1 palpation at T2 palpation at T1 palpation at T2
Functional Magnetic Resonance PT1(CS) 3 1 2 1 3 1
Fomporomasivitor Joint Disorders PT2(59) 3 1 3 1 0 PT1(CS) 1 0 3 1
e e T3[R 2 0 0 1 PT2(88) 2 0 8 0
PT 4 (AN) 3 2 0 1 PT 3 (RF) 2 0 3 1
PTE(CT) 2 0 1 0 PT 4 (AN) 0 0 3 2
PT5(CT) 1 0 2 0
TABLE 3 | Average connectivity of the DMN and PN.
DMN average PN average
= connectivity: T2-T1 connectivity: T2-T1
PT1(CS) 16.83 1.14
PT 2 (SS) 6.86 2.03
PT 3 (RF) 7.34 20.24
PT 4 (AN) 6.76 13.41
PT5(CT 8.93 0.20

PZ1(CS)

Ve o T PZ2 (S8) F
— (=) PZ3(RF)
S0 [00% " £
Vg S . -7-1' 3 -

= < ) ( . 2#\ =
=B @00 .
z*’\/ . ( \ \'/:-3

J

PZ5(CT)




TABLE 2.2 | Digastric and pterygoid palpation test after treatment compared with
baseline.

Digastric Digastric Pterygoid Pterygoid
palpation at T1 palpation at T2 palpation at T1 palpation at T2

Functional Magnetic Resonance
Connectivity in Patients With

Temporomadibular Joint Disorders PT1(CS) 1 0 3 1
A PT2(SS) 2 0 3 0
PT 3 (RF) 2 0 3 1
PT 4 (AN) 0 0 3 2
PT5(CT) 1 0 2 0

TABLE 3 | Average connectivity of the DMN and PN.

DMN average PN average
connectivity: T2-T1 connectivity: T2-T1
PT1(CS) 16.83 1.14
PT 2 (SS) 6.86 2.03
PT 3 (RF) 7.34 20.24
PT 4 (AN) 6.76 13.44
PT5(CT) 8.93 0.20

PZ1(CS)
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UPPER THIRD FACE SURGICAL ADVANCEMENT = ™
LE FORT Il

Subperiosteal undermining allows
exposure of the fronto-nasal and
fronto-malar sutures

*The osteotomy line is then performed between these sutures, along the lateral wall of the
orbit, reaching the inferior orbital fissure.
*The osteotomy line continues along the medial orbital wall behind the naso-lacrymal canal

*The zygomatic body and arch are also interrupted medially or laterally, depending upon the
preoperative planning .

*The osteotomy is then completed with the pterigo-maxillary disjunction.

* The mobilization of the maxillo-facial skeleton is'elfi¢amel- withnthie ferdes ofrtivel Rbgjée study
disimpaction forceps.
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The original technique was characterized by a one-stage acute midface
advancement, but it presented a limiting factor determined by the
muscular and soft-tissue resistance. In order to overcome these limits,

recently, a midface advancement with distraction osteogenesis has been

proposed. | |
Thanks to prof. G. lannetti for the surgical part of the study
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The Rigid External Distractor (RED) is applied. The
halo-type external fixation device of the RED is
secured to the calvaria and connected, through
anchored-bars, with plates at the inferior orbital rim
and at the pyramidal apophysis of the upper
maxilla, bilaterally.

Traction is initiated at a rate of 0.5 mm twice a day
to achieve the desired advancement in the sagittal
and vertical plane. After the distraction process is
completed, a 2-3 months consolidation phase is
required. After advancing the midface for at least 20
mm the occlusion was corrected from class Ill in
class Il with overcorrection in all patients

Thanks to prof. G. lannetti for the surgical part of the study




EXPERIMENTAL PROTOCOL

The subjects were limited to those treated only with Le
Fort Il midface advancement, and all operations were
performed by the same operator (Prof. G. lannetti).

The pre-operative (T0) and post-operative (T1: 6 months

after sur erty) 3D craniofacial CT scans of the subjects
were collected and retrospectively analyzed.

The airway space volume and orbital volume before and
after treatment were analyzed and compared; also the
airway surfaces and orbital surfaces on the axial,
coronal, and sagittal CT scans were calculated and
compared.

Informed consent had been obtained from all subjects.
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Patient affected by Crouzon syndrome post-treatment photo
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Patient affected by Apert syndrome pre-treatment photo

T
<
>

Patient affected by Apert syndrome post-treatment photo
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Putnam, 1994; revised Penguin edition, 2005

Beyond the functional matrix hypothesis: a network ’ The Feeling of What Happens: Body and
Emotion in the Making of Consciousness,
Harcourt, 1999

null model of human skull growth for the formation of
bone articulations.
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Present  Homo sapiens (modem) - - know what we think we know?
Homo sapiens (archaic)
Homo floresiensis Kate M. Lesciotto and Joan T.
Homo neanderthalensi: 1 Department of Anthropology, Pennsylvania State University, University Park, Pennsylvania
Homo heidelbergensis

Homo erectu: - Abstract
Homo erectus (Dmanisi)
Homo ergaster

Australopithecus Homo Homo Homo Homo
ichtsmeier africanus habilis erectus neanderthalensis sapiens

FIGURE 2.
Representative hominin fossils showing the progressive intensification of neurocranial
globularity, facial retraction, and cranial base flexion with increased encephalization
Dramatic changes in cranial capacity have characterized human evolut

Homo rudolfensis hypotheses, such as th cking hypothesis, assert that incre: ative brain si

Homo habili phalization) e ons to the modern human skull, resulting in a suil

Australopithecus sediba- extant primates, including a domed cranial vault, highly flexed cranial base, and
Paranthropus robustus 4 e skeleton. Most prior studies have used fossil or comparative prim
Paranthropus boisei - lish correlations between brain size and cranial form, but the mechanistic basis for how
Paranthropus aethiopicus changes in brain size impact the overall shape of the skull resulting in these cranial traits remains
Australopithecus africanu: obscure and has only rar g
Australopithecus afarensis - in human skull morphology ¢ ave Ited from increased encephalization requires the dir
Ardipithecus ramidus # testing of hypotheses relating to interaction of embryonic development of the bones of the skull
7MYA  Sahlonathropus tchadensis 1=+~~~ . S b, and the brain. Fossil and comparative primate data have thoroughly described the patterns of
1000 association between brain size and skull morphology. Here we suggest complementing such
Cranial Capacity (cm?) g ets with e ents focused on mechanisms responsible for producing the observed FIGURE 3
s to more thoroughly understand the role of encephalization in shaping the modern human Cranial base angle shown on a sagittal section of 3D reconstruction of adult gorilla (left),
pecies ordered by their estimated geological age. human neonate (center), and adult human (right). Though diverse measures have been
Red and blue circles: ial capacity for female and male, respectively, modemn proposed to estimate cranial base angle (solid red line), we show the angle constructed using

Homo sapiens. Green and yellow circles: Minimum and maximum cranial capacity estimates the landmarks basion, sella, and foramen caccum, with sella as the vertex of the angle (black
for fossil hominins. Species showing only a green circle indicate that only a single cranial cle), with the angle measured on the ventral side (dotted yellow line)
capacity estimate was available in the literature (de Sousa & Cunha, 2012; Elton, Bishop, &

Woed, 2001; Holloway et al., 2004; Rightmire, 2004)
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FIGURE 4.
3D reconstruction of computed tomography images of a human neonate (left) showing

positioning of cranial base synchondroses (yellow box). Illustration of a sagittal section

(right) of the human cranial base showing individual bones and synchondroses
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