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Abstract

Introduction: Palatal expansion remains one of the most important therapies in orthodontics.
Being an established standard treatment method for enlarging the upper jaw, it is a successful
form of therapy for crossbite and transverse micrognathia in growing patients. However, in
skeletally mature patients, the possibility of successful orthodontic maxillary expansion

decreases as sutures close and resistance to mechanical forces increases.

Objectives: Four treatment techniques, including Rapid Palatal Expansion (RPE), Surgically
Assisted Rapid Maxillary Expansion (SARPE), Le Fort 1 Osteotomy, and Micro-implant

Assisted Rapid Palatal Expansion (MARPE) were evaluated and compared with each other.

Methods: Literature was elected through electronic databases Medline and PubMed. Full text

articles were included after screening titles and abstracts according to inclusion criteria.

Results and discussion: A significant increase in maxillary width was observed in all
expansion groups. The choice of treatment method depends on the age, type and degree of

malocclusion and the individual characteristics of the patient.

Conclusion: There is still no agreement on specific indicators and benchmarks relating surgical
and non-surgical approach in adult patients. More research with equal measurement parameter

will be necessary to have more representing results.



Resumen

Introduccion: La expansion palatina sigue siendo una de las terapias mas importantes en
ortodoncia. Al ser un método de tratamiento estandar establecido para agrandar la mandibula
superior, es una forma exitosa de terapia para la mordida cruzada y la micrognatia transversal
en pacientes en crecimiento. Sin embargo, en pacientes esqueléticamente maduros, la
posibilidad de una expansion ortodoncica maxilar exitosa disminuye a medida que las suturas

se cierran y aumenta la resistencia a las fuerzas mecanicas.

Objetivos: Se evaluaron y compararon entre si cuatro técnicas de tratamiento, incluida la
expansion rapida palatina (ERP), la expansion rapida del maxilar quirirgicamente asistida
(SARPE), la osteotomia Le Fort 1 y la expansion palatina rapida asistida por microtornillos

(MARPE).

Métodos: La literatura se eligio a través de las bases de datos electronicas Medline y PubMed.
Los articulos de texto completo se incluyeron después de la seleccion de titulos y resimenes

segun los criterios de inclusion.

Resultados y discusion: Se observo un aumento significativo en el ancho del maxilar en todos
los grupos de expansion. La eleccion del método de tratamiento depende de la edad, el tipo y el

grado de maloclusion y las caracteristicas individuales del paciente.

Conclusion: Todavia no hay acuerdo sobre indicadores y puntos de referencia especificos en
cuanto al abordaje quirtrgico y no quirurgico en pacientes adultos. Serd necesaria mas
investigacion con los mismos parametros de medicion para tener mas resultados

representativos.
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1. Introduction

The palatal expansion is still one of the most important and longstanding therapies in
orthodontics. Being considered as an established standard orthodontic treatment method for
enlarging the upper jaw it is progressively used to correct maxillary transverse deficiencies.
These can appear both solitary and in connection with other changes in the facial skull such as
sagittal or vertical defects. (1) Beyond that, they may be responsible for unilateral or bilateral

posterior cross-bite as well as anterior teeth crowding. (2)

Defects of the transverse width of the maxilla are not only related to a narrow skeletal base and
a reduced dentoalveolar bone supply but they also have a negative impact on the aesthetics of
the midface. Furthermore, as they lead to a less stable occlusion, the chewing ability is
compromised. Even though, in some instances, jaw repositioning can lead to the correction of
maxillary transverse defects, in the rest of the cases a transverse augmentation is indispensable

to attain a tolerable occlusion. (1)

There is agreement in the literature that palatal expansion is a successful form of therapy, which
can be used without problems in growing patients. The subject of many studies in recent years,
however, was the question of whether non-surgical RPE may be applied in skeletally mature

patients and when a surgical approach is rather considered.



1.1. History of Palatal Expansion

Already in ancient times, narrow jaws were considered as a skeletal problem. Around 400 BC,
Hippocrates presented in his encyclopedic work “Corpus Hippocraticum” some manifestations
due to transverse maxillary tightness and long, narrow skulls. Without giving therapeutic
recommendations, he identified the correlation between strongly arched palates with
misaligned, missing or crowded teeth and general symptoms such as headache, mouth breathing
as well as ear discharge. (3,4)

25 BC — 50 AD, Celsus recommended in his work ,,De medicina* that persistent deciduous
teeth should be removed after the permanent teeth had erupted and suggested to move

misaligned permanent teeth into the correct position using the bare fingers. (4, 5)

The First Orthodontic Appliance

In the beginning, the treatment of narrow jaws was purely symptomatic by means of moving,
extractions or grinding of teeth. Later on, in 1728, slow expansion of the dental arch was
initially reported in the first complete scientific description of dentistry, “Le Chirurgien
Dentiste” ("The Surgeon Dentist") by Pierre Fauchard, credited as being the “father of modern
dentistry”. (6) His first orthodontic appliances named “Bandalette” consisted of a horseshoe

shaped strip of precious metal to which the teeth were ligated. (4, 5)

Modern Orthodontic Appliances

In 1860, a fixed device for rapid expansion of the palatal suture was introduced for the first time
in the frequent cited work of Emerson C. Angell from San Francisco, USA, (“father of rapid

palatal expansion”) published in the “Dental Cosmos”. As an opponent of extraction therapy,



he used an appliance to gain space in the upper jaw that consisted of an expansion screw which
was attached between four maxillary teeth and had to be maintained by the patient in constant
lateral tension using a small wrench [Figure 1 and 2]. After two weeks, the result of the
treatment was an expansion of approximately 6.35 mm and a medial diastema, which Angell
explained as the result of the “rupture of the median palatine suture”. Since he could not prove

his theory radiologically, he received a skeptical response from his colleagues. (4, 5)

Figure 2 Illustration of first described device by Angell in the upper arch (7)

In 1893, when C.L. Goddard gave lectures on the "separation of the superior maxilla at the
symphysis" and spoke about an orthodontic device that consisted of ligaments as well as double

screws, the palatal expansion received greater recognition. (8)



Palatal Expansion in the 20" Century

Later on, in 1909, Landsberger was the first confirming the opening of the median palatine
suture by means of a X-ray. (5) Since then, various constructions of devices have been
described and maxillary expansion has been developed and improved, becoming a relatively

simple and routinely applied technique in orthodontics. (9)

Schroeder-Benseler published the first comprehensive work on the palatal expansion in 1913,
presenting an appliance in which the screwing force was transferred merely from the teeth to
the jawbone.

Many years later, in 1956, Derichsweiler described a device in which the walls of the palate
were included for support and force transmission, with the aim to prevent the tilting of the
anchor teeth. While first there have been described mainly fixed devices to ensure adequate
fixation, later in 1958 Ohler and Schénherr recommended removable appliances with the same
objective.

Overall, there has been introduced a large variety of orthodontic devices, among these one
manufactured by Haas in 1961. His appliance consisted of an acrylic base attached to the palate
which disposed of a median screw as well as metal bands that grasp the teeth physically [see

Figure 3]. (10)

Figure 3 Haas appliance (11)



Due to the large surface area on the palate, the force was able to act on the covered bone areas
in addition to the teeth. Indeed, this extensive palate coverage was a functional advantage, but
it resulted in a drawback regarding hygienic ability. (3) The “acrylic cap splint expander” was
a modification of this construction. Here, the teeth are physically held in acrylic which is kept
1 mm short of the gingival margin allowing maintenance of good oral hygiene. (5)

A new era in the manufacture of the palatal expansion opens up when Biederman introduced
the “Hyrax” (Hygienic Rapid Expander) in 1968. This screw with retention arms is firmly
welded or soldered to tapes, allows simple laboratory work and better oral hygiene conditions
in the patient [see Figure 4]. (12) On that basis, many modifications of the device design were

made, all of which remained anchored in the dental field.

Figure 4 Hyrax Expander (13)

Latest Goals of Palatal Expansion

During the past decades, palatal expansion developed in a different way, trying to reduce
undesired side effects of the purely dental anchoring (e.g., dental tilting of the anchor teeth), or
even to eliminate them. This was pursued by means of skeletal anchorage using implants. One

of these implant-borne Hyrax screw constructions was the "Dresden Distractor" by Harzer et al



[see Figure 5]. It is placed in the course of general anesthesia and used to surgically weaken the

ossified midpalatine suture (MPS) at an advanced age.

Figure 5 Bone-borne Dresden Distractor, fixed with an implant and osteosynthesis-screw (left);
Dresden Distractor in situ; appearance of a central diastema. (right) (14)

A less invasive method is the insertion of the Transpalatal Distractor (TPD), described by
Mommaerts in 1999. (5, 10) It consists of telescopic cylinders, so-called distracters, that are
supported on two bony attachments on the palate in regions 14 and 24 [see Figure 6]. A daily
activation by 0.33 mm leads to a separation of the MPS, reaching a maximum expansion of up

to 12 mm. As there is a direct transmission of forces to the bone, there is neither tooth tilting

nor changes to the palatal mucosa. (8)

Figure 6 38-year-old male patient: initial situation (left); intraoperative situation during
activation of TPD after modified osteotomies for unilateral palatal expansion (middle);
situation after termination of distraction. (right) (15)



In 2008, Ludwig and Wilmes introduced the Hybrid-Hyrax expander (HHE) as an additional
innovation of palatal expansion. This construction combines the dental and skeletal support by
strapping the first molars and the minimally invasive insertion of orthodontic mini-implants

(OMI) in the anterior part of the palate [see Figure 7]. (5)

Figure 7 Hybrid Hyrax expander adapted to two OMI (16)

1.2. Transversal Underdevelopment of the Maxilla

There are several clinical signs of maxillary hypoplasia, including a V-shaped, narrow upper
arch, a high, pointed palate with a narrowed apical base of the upper jaw as well as pronounced
buccal corridors when smiling. Other features, reported by Beds et al., are a nasal base
narrowing and a deep nasolabial fold. (3)

Transverse underdevelopment of the maxilla can occur either in isolation, or in association with
a vertical excess growth of the maxilla, with class II or class III toothing. Also, nasal breathing
and the resulting mouth breathing is a common concomitant and causes a number of clinical
problems, such as xerostomia, increased caries activity and recurrent upper respiratory

infections. (9)



Importance of the Tongue

The tongue has a fundamental function regarding a correct formation of the maxilla. Its growth
stimulation role is getting eliminated when mouth breathing occurs as the resting position of
the tongue and the mandible resting position shifts caudally, leading to a high, narrow palate.
(17) Commonly, there is an increase in perioral and buccal muscle activity to achieve lip

closure, as well as a protrusion of the fronts due to an often-arising incompetent lip seal. (3)

Posterior Crossbite

A clinically conspicuous feature of a narrow upper arch is the posterior crossbite, noticeable by
a positional deviation of the posterior teeth in occlusion. In such case, the buccal cusps of the
maxillary teeth contact with the central fissure of the mandibular teeth. (3) It can be
distinguished between unilateral or bilateral crossbite when the patient bites into maximum

intercuspidation. (4, 12)

In the literature, various etiological factors such as heredity, restricted nasal breathing,
crowding, disturbances during tooth change and oral digit habits are discussed. Even though,
cross bites occur more frequently in primary dentition, which suggests that there is a possibility
of spontaneous correction, it often persists in permanent teeth. (3)

The cause of a cross bite is almost always skeletal, implying a discrepancy in the transverse
dimension of the maxilla and mandible. As a compensation, an aberrant relationship between
both dental arches occurs, showing buccally tilted upper and lingually tilted lower teeth. In rarer
cases, the crossbite is purely dentoalveolar origin, caused by a pronounced palatal inclination
of the maxillary teeth as well as a buccal inclination of the mandibular teeth. A combination of

skeletal and dentoalveolar causes is likewise possible. (3, 9)



It is desirable to apply therapeutic measures for maxillary constriction already in the deciduous
dentition and in the early mixed dentition to allow a neutral toothing of the posterior teeth of
the permanent dentition to be set as well as prevent a forced bite. Treatment options are the
grinding of primary teeth or a transversal redevelopment of the maxillary dental arch by means
of orthodontic plate devices, Quad helix or RPE. Thus, palatal expansion and its possible

complications can be avoided in adulthood.

A posterior cross bite in adult patients is often associated with a shortened dental arch length
resulting due to a nesting position of the front teeth. A method to enlarge the dental arch is the
enlargement of the maxilla in the transverse plane creating thereby the necessary space for the

front teeth in the front. In some cases, in this way, extractions can be avoided. (3)

1.3. Treatment Methods for Palatal Expansion

The aim of the treatment is to restore physiological function and aesthetics. Ideally, it should
lead to sufficient dimensions of the alveolar bone to enable an eugnathic occlusion, providing
an adequate mastication as well as a proper deglutition. Other important therapeutic goals are a

correct relation between both jaws, preservation of function of the mucosa and a proper lip seal.

Selection Criteria

Today, a correction of upper jaw width is usually carried out combining orthopedic and
orthodontic treatment. Therapy methods are selected depending on the patient’s age and

acceptability, present malocclusion as well as the practitioner’s personal experience. (12)



As presented above in a summarized form, there is a great variety of conservative treatment
methods that lead to an enlargement of the alveolar bone in growing patients and show
relatively stable results. However, in mature patients there is an increased risk of complications
such as root resorption or undesirable movements of anchor teeth. As gained space is obtained

mainly by tooth movements, there is also a higher risk of recurrence.

Nowadays, the following expansion treatment modalities are used: Rapid Maxillary Expansion
(RME or also called Rapid Palatal Expansion, RPE), Slow Maxillary Expansion (SME) and
Surgically Assisted Rapid Maxillary Expansion (SARME or also called Surgically Assisted
Rapid Palatal Expansion, SARPE). (12) Furthermore, the Le Fort I Osteotomy is a possibility

of treating a bimaxillary transverse deficit purely by oral surgery. (18)

Age Factor

As in growing RPE can be performed conservatively, it is advocated as the selected treatment
for maxillary transverse skeletal deficiency in children and adolescents. While here good results
can be achieved, it is challenging in adults due to the difficulty of separation of the ossified
MPS. However, the higher resistance is also attributed to other bony structures adjacent to the
maxilla, including the midface pillars, the temporozygomatic sutures, zygomaticofrontal
sutures and zygomaticomaxillar sutures, as well as the zygomaticoalveolaris crist. According
to Jafari and Shetty the greatest resistance is in the area between the roots of the two central
incisors. (19) Baumrind and Korn found that the palatal suture closes in women between the
ages of 14 and 15 and in men between 15 and 16 years. (12, 19) Hence, after puberty it becomes

increasingly complicated to separate the two interdigitated maxillary halves without fracturing.
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(20) Therefore, in mature patients, often surgical support by means of SARME or Le Fort 1

osteotomy is advocated. (5)

Figure 8 Interdigitation of the median palatine suture in the various stages of age: early
childhood (left); puberty (middle); adulthood. (right) (3)

Patients Acceptability

As surgical treatment methods are being often refused by patients, there is an alternative
treatment for non-growing patients using a bone-borne expander. This so-called Micro-implant
assisted rapid palatal expansion (MARPE) reduces harmful dental effects and consequently

preserves the periodontal health to a greater extent. (12, 21, 22)

Hereafter, the above-mentioned treatment methods are depicted in detail.

1.3.1 Rapid Palatal Expansion

The RPE method is premised on the division of the MPS and the following maxillary transverse

expansion according to the principle of distraction osteogenesis. (12, 22, 23)
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Sequencing of RPE

In general, when implementing RPE, the use of an orthodontic appliance leads to an interwoven
sequence: compression of the periodontal ligament, bending of the alveolar process, tipping
movement of the anchor teeth and furthermore, a progressively opening of the maxillary

sutures, among them the MPS.

In the case of tooth-supported appliances, the transverse expansion screw built into the
appliance exerts pressure on the anchor teeth through activation, which is repeated one to six
times a day, and this pressure is transferred to the maxilla. In order to achieve not only an
orthodontic widening of the dental arch, that is purely of the teeth, but the desired orthopedic,
i.e., skeletal effect, the pressure and the speed of activation must exceed a certain level. (5)
Forces, which exceed the required limit for orthodontic tooth movement to the posterior teeth,
are transferred to the MPS. These amount as much as 2-5 kg per quarter-turn with accumulated
loads of more than 9 kg. (24)

The repeated activation prevents the start of bone remodeling processes in the alveolus and
transverse forces continue to act directly on the suture leading to its expansion. The opening
takes place through the large forces of 15 to 100 N accumulating on the anchor teeth and the
palatal parts of the maxilla.

In addition to the MPS, also deeper cranial structures are changed by the force exerted on the
expansion screw. (5, 26) The mucous membrane and the periosteum are retained in their

continuity. (24)
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Figure 9 Expansion screw (left); Key used for activation of appliance (right) (25)

According to Wertz RPE leads to a wedge-shaped division of the two halves of the upper jaw
in sagittal and vertical directions [see Figure 10]. This also results in the arch widening of 2:1
measured by Krebs. The typical medial diastema arises due to the increased anterior expansion.
(12) It can be observed a maximum division at the anterior incisor region which is progressively
reducing until it finally closes at the posterior part of the palate. (2, 27) After the activation
period of usually 2 to 3 weeks, a retention period of three months is recommended to ensure

the ossification of the generated opening of the MPS. (2)

r-"

Figure 10 Anterior view of RPE (top); Occlusal view of RPE, wedge-shaped division of the
palate (bottom) (7)
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Indication for RPE

In orthodontics, RPE is indicated in unilateral or bilateral cross bite and in cases of forced lateral
bites with maxillary transversal discrepancy of minimum 4 mm. It can be also used in case of
buccal inclination of the upper molars or in moderate maxillary crowding. (2, 28, 29)
Furthermore, it is commonly applied in patients with a class III to facilitate the protraction of
the upper arch by disrupting the complex of the maxillary sutures, and thereby their connection
to the cranial base. (2) RPE is also implemented as an alternative to extraction therapy in
patients with Angle Class II and a large transversal deficit of the maxilla or a narrow apical
base and the associated dental crowding. (30, 31) Today, RPE is used particularly successfully
in patients with micrognathia in combination with a Delaire mask as well as in patients with

cleft lip and palate with a collapsed maxilla. (32-35)

Contraindications for RPD

Generally, RPE is contraindicated in skeletal maturity, skeletal asymmetry of the maxilla or
mandible, in severe anteroposterior and vertical skeletal defects, as well as in those patients
who present poor compliance. (36) It is also unsuitable in patients with convex profile, anterior
open bite or steep mandibular plane. Besides, it is not recommended in cases of molars which

present recessions on the buccal aspect. (12)

However, various information about the age limit for successful RPE can be found in the
literature. The results of further studies also give concrete indications that RPE can be
performed successfully in some adult patients. According to Capelozza et al., Northway and
Meade, as well as Handelman et al., minor transverse deficits, mainly of a dental origin, can be

corrected even in adulthood without surgical support. Before or during pubertal growth, RPE

14



is indicated and easily implemented. However, many clinicians report difficulties when

performing this after pubertal growth. (3)

Disadvantages of RPE

As the maxilla is affiliated with various bones of the face and head, RPE does not only
increase the width of the upper arch but its impact goes much further. Two relevant side
effects are dental tipping due to minimal tooth movement and skeletal movement. (12, 22, 23)
Clear disadvantages are also the traumatic separation of the MPS, microtrauma of the
temporomandibular joint, pain as well as discomfort due to the applied heavy forces by the
expander. Other drawbacks are relapse, bite opening, root resorption and tissue impingement.
Furthermore, RPE is not appropriate to correct rotated molars. Also, a successful outcome is
always based on the patient’s cooperation by means of the steady daily activation. RPE

implies also time-consuming preparation of the respective expander in the laboratory. (12)

Fastening of the Rapid Palatal Expander

RPE can be executed by different kinds of appliances, all of which have an expansion screw to
connect the right and left half of the device and to activate the construction.
Fastening can be achieved on the one hand by gluing the teeth with acrylic coatings ("bonded"),

on the other hand by banding the teeth ("banded"). (5)

Banded Expanders

Banded expanders are usually fixed to the first molars and, when indicated, also to the first

premolars by the use of orthodontic bands.
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Two types of banded expanders can be distinguished: tooth borne, and tooth and tissue borne.

Tooth borne RPE include the Hyrax and the Issacson expander.

Tooth Borne Rapid Palatal Expander

Hyrax

The Hyrax expander implies a non-spring-loaded palatal jackscrew, the Hyrax-screw, with a
rigid wire framework that follows the palatal contours and is soldered to the bands [see Figure
11]. The activation of the screw from front to back leads to a separation of the MPS of 11 mm

within a short amount of time. Generally, each turn equals approximately 0.2 mm of lateral

expansion, whereby a maximal expansion of 13 mm can be reached. (37)

Figure 11 Hyrax type of expansion appliance (38)

Isaacson

The Issacson expander consists of the spring-loaded screw “Minne” expander (developed by
the dental school of the university of Minnesota) which is soldered directly to the bands of the
abutment teeth. It consists of a nut that, when being turned, compresses the coil, extends
between two palatal metal flanges which are perpendicular to the coil, and expands the heavily

calibrated coil spring [see Figure 12]. (37, 38) The screw is activated by closing the nut and

16



thereby compressing the spring. Whenever it is activated, it is able to exert expansion forces

even after the expansion phase is completed. (12, 39)

Figure 12 Isaacson type of expansion appliance (38)

Advantages of tooth borne rapid palatal expanders are the minimal interference with speech
and good possibility of cleaning. Also, the palatal mucosa is not getting irritated as it is not

covered by the device. (40)

Tooth Borne and Tissue Borne Rapid Palatal Expander

Despite of the hygienic skeletonized appliances there still exist other devices that cover the
palate. These tooth and tissue borne rapid palatal expander are attached to the left and right first
premolars and first molars by means of bands and contain a jack screw which is incorporated

in acrylic pad that closely contact the palatal mucosa. (38, 39)

According to Haas, the use of these appliances yields to numerous benefits. One of them is

increased bodily movement and diminished tipping when a palatal coverage is provided. Thus,

the acrylic closely contacts the palatal mucosa and forces are generated not only against the

17



teeth but also against soft and hard palatal tissues. Other clear advantages include better
parallelism of the expansion, a higher treatment stability and an increased mobility of the upper
jaw instead of teeth. Furthermore, a more beneficial relation regarding the transversal and
sagittal plane of the denture bases, and also a higher gain regarding the apical base and the nasal
cavity is achieved. (39)

A clear disadvantage of these tooth and tissue borne expanders is the higher tendency to irritate
the soft tissue, especially the palatal mucosa. (40)

A distinction can be made between two types: Haas and Derichsweiler.

Haas

The Haas appliance consists of two rigid acrylic plates, which incorporates a jack screw in their
midline, and adapts closely to the palatal vault [see Figure 3 and 13]. Besides, it implies lingual
arms that are fixed to the molar and premolar bands which in turn are integrated into the
acrylic. (38) Forces produced by this device have been reported in the range of 1,3 to 4,5 kg
and make an immediate separation of the MPS and, thereby, an expansion within 10 to 14 days

possible. (39)

Figure 13 Haas type of expansion appliance: A Lingual support wire B Premolar bands
C Molar bands D Buccal support wire E Acrylic plate F Expansion screw (38)

18



Derichsweiler

The Derichsweiler expansion device implies also wire tags, which on one side are soldered to
the palatal surfaces of the molar and premolar bands, and on the other side are inserted into the

acrylic plate which covers the palate and contains a central jack screw [see Figure 14]. (12, 38)

O Om>» w

Figure 14 Derichsweiler type of expansion appliance: A Wire tags B Premolar bands
C Molar bands D Expansion screw E Acrylic plate (38)

Bonded Expander

Bonded expanders imply Cast cap splints or Acrylic splints, that cover a variable number of

posterior maxillary teeth on both sides, and to which a jack screw is fixed [see Figure 15]. (41)

Advantages include good retention, in comparation to other devices, due to easy management
of cementing during mixed dentition. Moreover, tipping and extrusion of posterior teeth is
reduced due to the buccal capping, improving vertical control. (41) Due to the block effect,

anterior crossbite can be corrected and in total, less appointments are needed. (42)
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To limit the extent of the midline diastema that comes along with the RPE treatment, another
device has been designed. This so-called “Inman Palatal Component” E-Arch/Arnold
Expander, in short, IPC Expander, can be implied when in addition to orthopedic expansion
also labial alignment of the anterior teeth is searched [see Figure 15]. It provides to control
forces applied by means of an NiTi open coil spring, to the lingual surface of the incisors and

minimizes the diastema by means of wire at the distal surface of the lateral incisors. (12, 40)

Figure 15 Bonded palatal expander (left); IPC expander (right) (12)

1.3.2. Slow Palatal Expansion

An alternative procedure to correct a narrow maxilla in adults is SPE.

There are a number of arguments which indicate the use of this treatment method, including the
favorable bone formation in the MPS due to reduced resistance of the structures surrounding
the maxilla as well less chance of relapse, whenever an appropriate retention period is provided.
(12) The applied devices assure adequate retention of the expansion since they present a high

wearing comfort which is due to their extremely low weight and convenient use. Moreover,
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additional appointments for impression-taking as well as expenditure of time and extense in the

laboratory can be avoided due to the prefabrication of the devices.

By delivering a constant physiological force, with slow expansion the palate can be separated
approximately 1 mm per week by applying 450-900 gm of force. A total expansion of 3.8 to
8.7 mm can be reached. SPE uses weaker forces (10-20 N) than RPE to separate the maxillary

sutures. Hence, it might not be high enough for a palatal expansion in mature adults. (12)

There exists a variety of devices to perform SPE, including the Coffin appliance, Quadhelix,
W-Arch, as well as Spring Jet, Nickel Titanium Expanders (“NiTi Expander”) and Magnets

[see Figure 16]. (12)

Figure 16 Quadhelix (left) (43); NiTi Expander (right) (44)

1.3.3. Surgically Assisted Rapid Maxillary Expansion

As already mentioned, when reaching adolescence, the MPS is getting progressively

interlocked, and its opening becomes difficult by conservative means with advancing age. (19,
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45) Therefore, after the maxillary ossification is completed, a narrow jaw is rather expanded
with surgical support (19). Otherwise, since the expander is fixed to the teeth, the force is
transmitted directly to the teeth and the alveolar bone. (46 — 48) Consequently, the expansion
does not take place by separating the MPS but by expanding the alveolar processes. Activation
of the expansion screw can then lead to numerous side-effects as pain, pressure, buccal tilting
or extrusion of the posterior teeth as well as gingival recession, devitalization, root resorption,

bone fenestration, and even fractures of the alveolar process. (46)

Sequencing of SARME

Division of the Palatal Plate

SARME is conducted under general anesthesia with naso-endotracheal intubation.

The surgical division of the palatal plate is performed by means of a chisel or a fine saw, starting
with a vertically guided buccal incision in the area of the upper central incisors, and proceeding
towards the incisive foramen until reaching an interradicular cut. Then, a palatal incision of the
gingival margin in the area of 14 to 24 is made. Afterwards, the palatal plate behind the incisive
foramen is chiseled through para-septally on both sides, keeping a distance of 2 — 3mm to the
center. The anterior and the posterior cut is merged behind the incisive foramen with a cross
connection. (3, 19) When the surgical part is fulfilled, the expansion device is cemented in and

the screw is turned immediately until a strong resistance impedes a further rotation.

Division of the Zygomatico-Maxillary Crest and the Pterygopalatine Process

The surgical division of the zygomatico-maxillary crista and the pterygopalatine process can be
excuted in two ways, either by performing a bilateral mucosal incision from the canine to the

first molar high in the vestibule or a continuous incision from premolars to premolars [see
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Figure 17]. Hereby, the facial maxillary sinus wall can be exposed from the piriform aperture

to the zygomatico-maxillary crest. (3, 19)

Figure 17 Human skull: red lines show the surgical division of the zygomatico-maxillary crest

and the pterygopalatine process (19)

The incision is made with a bone saw posterior to the zygomatico-maxillary process up to the
piriform aperture. By using a curved chisel and while protecting the soft tissue, the
pterygopalatine process is severed. As there is practically no view when the maxilla is separated
from the base of the skull, this is a crucial point of the procedure and requires a careful
identification of the anatomical structures. In addition, the intermaxillary suture must also be

severed with this method. (3, 19)

Indication for SARME

There is no unanimous opinion between orthodontists and surgeons regarding the indication for
SARME. However, some consistent indications can be found in the literature, which all apply

to adult patients with an upper narrow jaw. (3, 49) These include cross bites, if no further
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surgical positional changes are planned or the requirement for a preparatory measure, if further
surgical interventions to change the position of the jaws are planned. The latter aims to avoid
the risks, inaccuracies, and instability associated with segmented maxillary osteotomy.
Moreover, its used to create space in case of crowding of maxillary teeth when extraction
therapy is not indicated. Other indications are hypoplasia of the maxilla, which is associated
with a cleft lip and palate, large buccal corridors when smiling and weaknesses in the bony
resistance in a failed RPE. (3, 19)

Most authors see the age of the patient as the strongest indication for SARME. The skeletal age
should therefore be given special consideration when selecting a patient, as it may differ from

the chronological age. (3)

When establishing the indication, a distinction must be made between skeletal and/or dental
causes, considering also the presence and extent of skeletal discrepancy. According to Jacobs
et al. a crossbite situation on more than 2 teeth indicates skeletal involvement. (48)

As a result, a distinction is made between "relative transverse discrepancy” and "absolute
transverse discrepancy’. In the first situation, there is a horizontal mismatch, which is corrected
by setting the study models in a Class I toothing [see Figure 17]. In the case of an absolute
transversal discrepancy, the cross bite does not disappear or becomes only visible when in Class

I [see Figure 18]. (48)
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Figure 17 Patient with skeletal Class I1I, post-crossbite (left); Absolute micro-maxillary view,
frontal view; crossbite disappears after setting in Class-I toothing (right) (19)

T v

Figure 18 Absolute micro-maxilla, lateral view of dental/skeletal class II (left);
after setting in Class I teeth: post. crossbite (right) (19)

Contraindication for SARME

There is no absolute contraindication described in the literature. However, a side effect of the
SARME can be a slight bite opening due to the tilting. Therefore, a strongly pronounced vertical

growth pattern can be named as a relative contraindication. (3)

Advantages of SARME

In total, SARME is a recognized as an effective, stable and easy-to-use method. According to
Byloff and Mossaz, the SARME ensures the transfer of the cross bite in the posterior region.

This leads to aesthetically pleasing results in the anterior region and a secure support in the
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posterior region, which can prevent abrasion and periodontal damage. (3) In comparison to a
separation of the palate, an important advantage of the method is the already firmly cemented
expansion device. The maximum possible expansion of the maxilla occurs immediately, and

incompletely severed bone areas are directly visible if the stretching is not symmetrical. (3)

Disadvantages of SARME

Although severe complications are rare, some of them may lead to further consequences as
intraoperatively bleeding when severing the pterygopalatine (50) and unilateral blindness due
to an Orbital compartment syndrome (OCS), triggered by a retrobulbar hematoma. (3, 19, 50)
Postoperatively, if the sutures have been severed insufficiently, pain occurs when the screw is
turned. Furthermore, bone areas that remain fused, lead to the tilting of the teeth, hence, the
sought movement of the maxilla stays away. This may result in gingival recessions and an
asymmetrical enlargement. In rare situations it may even lead to the fracture of the expansion

plates. (3, 19)

Appliances for SARME

Removable appliances are not recommended for performing the SARME, as adequate
anchoring and stability cannot be achieved intraoperatively or postoperatively (49). Hence,
fixed devices, which provide a much better attachment to the anchor teeth or in the palate are
the means of choice. Here, a distinction can be made between dental and skeletal anchored

appliances.

Dental Anchored Appliances

When using dental anchored devices, the expansion force is generated by an expansion screw
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and transferred to the bone via the posterior teeth. The Hyrax appliance, which was described

previously, is used most frequently. (3, 51)

There is a risk that unwanted movements of the anchor teeth such as extrusion or tilting take
place during the expansion and retention phases. A subsequent relapse must be then
counteracted with overcorrection. Moreover, it can also damage the gingiva and the
periodontium of the anchor teeth. In addition, oral hygiene can be difficult or restricted, which

can lead to gingivitis and tooth decay.

In syndrome patients with an extremely narrow palate, the available space is often so limited
that a dentally anchored appliance cannot be used. (3) In patients with symptoms of
craniomandibular dysfunction or in patients with periodontally impaired teeth, it is possible to
connect a splint to the appliance that completely covers the occlusal plane. Hereby, more anchor

teeth are included for the transmission of force to the bone. (3)

Skeletal Anchored Appliances

In order to reduce the problems caused by dental anchored devices, various skeletal anchored
devices have been developed. These are fixed in the palate and transfer the force of the

expansion screw directly to the palatal bone. (3)

Mommaerts states that skeletal anchored devices have the advantage over dental anchored
devices as they provide better anchorage which consequently results in a better control of the
bony movement. Hence, a lower tendency to relapse during and after expansion can be

observed. There is also the possibility of attaching the device in cases with a reduced number
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of teeth. Another advantage is that postoperative orthodontic treatment can be started earlier.
(46) Many of the bone-supported appliances can also be used in patients with a very narrow

palate, as they are slender and available in different sizes.

There are a number of differently designed skeletal anchored appliances that are attached to the
palatal bone using mandrels, mini screws or implants. These include, among others, the Rapid
Palatal Expander, the Trans Palatal Distractor [see Figure 6], the Dresden Distractor [ see Figure

5], and the Rotterdam Palatal Distractor [see Figure 19 and 20]. (3, 50)

Figure 19 Design of the Rotterdam Palatal Distractor, made of titanium grade II. The basic part
has holes to secure the device with stainless steel wires around the premolars. The two abutment
plates (5 mm x 12 mm) contain six nails each 2 mm long. The plates are angled-attached (65°)
to the part with a joint providing rotation. The activation part exists of a small hexagonal
activation rod that is positioned directly behind the maxillary central incisors with a little hole
at the tip of the activation part for blocking the device. (52)

Figure 20 Rotterdam Distractor in place (left); Clinical situation after the distraction (right)
(52)
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Activation of the Appliance during SARME

There exist various activation protocols that have been used in studies on SARME.

In order to check that an adequate osteotomy has taken place in the crucial areas and that the
maxilla halves can be separated without resistance, most authors recommend intraoperative
activation of the appliance until a diastema can be seen between the upper central incisors. An
activation of 0.75 mm to 3 mm is recommended. (3, 53, 54)

Those authors who recommend intraoperative activation of over 2.0 mm reduce this by 1.0 to

2.0 mm during the operation in order to reduce the stress on the palatal mucosa.

According to some authors, this initial activation is followed by a resting phase of five to seven
days. In other studies, a resting phase is not mentioned. (54)

The subsequent activation of the expander is indicated at a rate of 0.25 mm to 1 mm per day.
This is done once or twice a day by the patient himself, depending on the equipment used, in

steps of 0.25 mm to 0.33 mm. (3)

Cureton and Cuenin recommend adapting the activation rate to the condition of the gingival
attachment and whether a symmetrical fracture of the alveolar bone between the upper central
incisors has been achieved. This ensures a healthy interdental papilla and intact surrounding

soft tissue. (3, 55)

Too rapid expansion can lead to the separated maxilla halves not connecting or only
insufficiently connecting to one another. On the other hand, a distraction that is performed too
slowly leads to premature consolidation before the desired amount of expansion has been

achieved. (3, 50)
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Figure 21 Upper jaw before enlargement with SARME, transversal narrowing in the upper
jaw (left); Upper jaw after enlargement with SARME; medial diastema (right) (19)

Figure 22 Panoramic X-Ray before SARPE (top) and after SARPE (bottom) (19)
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1.3.4. Le Fort I Osteotomy

Another surgical method used to treat the underdevelopment of the maxilla is the Le Fort I
osteotomy, described by the French physician Rene Le Fort in 1901 and the most commonly
used for defining midface fractures. (18) Here, the alveolar process of the maxilla above the
apices of the maxillary teeth is completely separated and also divided.

In the two-part osteotomy a sagittal separation is made along the mid-palatal suture.

With the three-part osteotomy, the former premaxilla is also separated dorsal to the incisive
foramen. This method is preferred when, in addition to the transverse expansion of the maxilla,
a vertical or sagittal repositioning of the maxilla and mandible is planned in one operation. (50)
As an alternative to the one-step correction in the presence of maxillo-mandibular
discrepancies, treatment can be carried out in two interventions. The underdevelopment of the
maxilla is first treated with SARME before the repositioning of the maxilla and mandible takes

place in a second operation. (3, 18)

Sequencing of Le Fort I Osteotomy

Surgical technique

After performing a stab incision, a pin is inserted into the bone in order to establish external
landmarks at the nasofrontal area. Thereby, the vertical measurements from the pin to the incisal
edge of the maxillary incisors are recorded for proper vertical positioning of the maxilla after
the osteotomy. Some authors find external reference more reliable than reference mark on the
maxilla. However, multiple control references are indispensable since a correct maxillary
repositioning is fundamental to achieve a postoperative final symmetry of the face. Therefore,

a crucial factor for a satisfactory outcome is a direct control of the bipupillary line and occlusal
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planes symmetry as well as the midline alignment of the frontonasal (Nasion), interincisal and
Pogonion points before final fixation of the maxilla.

Moreover, the use of an intermediate maxillary splint for maxilla repositioning is not fully
reliable due to the risk of displacement of the mandibular condyles from the glenoid fossae

during repositioning and fixation procedures. (18)

Soft tissue incision

First, in order to reduce bleeding and increase anesthesia during surgical procedure, a solution
of local anesthetic with epinephrine (2% lidocaine with 1:100000 epinephrine) is infiltrated into
the buccal mucosa along the entire surface of the maxilla. The palate is not anesthetized, since
its soft tissue constitutes a significant vascular pedicle for the maxilla after surgery is
completed. According to Shepher, blood loss during surgery is also reduced by elevating of
15 degrees patient’s head and by systolic blood pressure control (about 90 mmHg) with

hypotensive anesthesia. (18)

A bilaterally incision of the soft tissues, including mucosa, muscle and periosteum, is performed
from the midline of the fornix above the central incisors to first molar region [see Figure 23].
Blood supply of the maxilla is ensured by a wide pedicle of buccal tissue over the teeth. After,
the lateral wall of the maxilla is exposed from the pterygomaxillary junction to the anterior
nasal spine by means of a subperiosteal dissection made with a periosteal elevator. Here, it is
fundamental to identify and protect the infraorbital neurovascular bundle. Hence, in order to
maintain the best possible perfusion of the maxilla, dissection should not be extended to tissues

set behind the incision. (18)
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Figure 23 Buccal mucosa incision starts from the zygomatic buttress 5 mm over the dental root
apices and proceeds across the median region up to the opposite site, from 1.6 to 2.6. (18)

Further on, the dissection is performed toward the maxillary tuberosity and pterygoid plate.
After the exposure of the piriform aperture, the mucoperiosteum is elevated and reflected to
expose the anterior floor of the nose. To completely uncover the anterior nasal spine, the

septopremaxillary ligament and the transverse nasalis muscle are transected. (18)

Osteotomy

The osteotomy begins placing a bur or a surgical saw posteriorly at the zygomatic buttress,
about 35 mm above the occlusal pane, and continues through the lateral maxillary wall to the
piriform rim. A flexible retractor must be placed under the periosteum at the junction of the
maxillary tuberosity with the pterygoid plates, to avoid the risk of damaging the maxillary artery
or one of its branches.

The osteotomy line should always run at least 5 mm above the second molar roots to reduce the
risk of devitalizing teeth. The same procedure is repeated on the opposite side and wet gauzes
are introduced in the posterior aspect of the wound to minimize blood loss. At this point
osteotomy of the septum and the lateral nasal wall are performed by separating the cartilaginous

and bony septum from the septal crest of the maxilla [see Figure 24, left]. (18)
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In order to avoid a higher fracturing line than the nasal floor plane, a partial section of the
perpendicular plate of the palatine bone must be carried out. The same procedure is performed
on the opposite lateral nasal wall to execute the osteotomy of the nasal septum. Sometimes, the
maxilla remains attached to its bony base after section is completed. In such cases, osteotomy
of the pterygomaxillary junction is performed.

After removing all gauze sponges previously placed, a retractor is inserted subperiosteally in
order to place an osteotome at the junction of the maxilla and pterygoid plate. In order to feel
the tip of the osteotome when malleting, the index finger is placed on the palate at the Hamular
notch region [see Figure 24, middle]. (18)

After down-fracture, the mobilized maxilla can be freely moved in all of the three planes. Then,
an occlusal wafer splint is inserted and maxillomandibular fixation is performed by using a 25-
Gauge. Finally, the maxillomandibular complex is placed up to the proper position. Here, it is
important to detect bone premature contacts and to avoid dislocation of condyles from glenoid
fossae as well as to identify septum deviation with possible nasal airflow obstruction. [see
Figure 24, right]. (18) In order to make sure that correct maxilla repositioning has been

achieved, the distance between intraoral and extraoral reference points is measured.

Figure 24 Nasal septum disarticulation from anterior nasal spine and septal crest of the
maxilla. (left); Section of the pterygo-maxillary junction by curved chisel under finger control
on the palatal side. (middle); Maxillary fixation after maxillo-mandibular block checking
centric condylar position in the glenoid fossae. (right) (18)
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Disadvantages of Le Fort I Osteotomy

Possible drawbacks are insufficient adaptation of the mucous membrane due to the abrupt
change in position of the bone fragments and consequently recurrences as well as functional
and aesthetic problems. In treatments of large maxillary transverse of more than eight
millimeters a pronounced relapse is very common. (3) Furthermore, the palatal mucosa and its

vascular system are affected by the abrupt expansion. (50)

Avascular necrosis related to lack in blood supply is one of the main problems after Le Fort I
osteotomy. According to Lanigan et al., possible complications related to vascular compromise
after maxillary mobilization are rupture of the descending palatal artery, thrombosis post-
operatively, perforation of the palatal mucosa and partial stripping or excessive tension of the
palatal fibro mucosa in maxillary expansion. Kramer et al. state there is an increased risk of
vascular complications when anatomic irregularities are present, including craniofacial
dysplasias, orofacial clefts, or vascular anomalies. (18) Especially in the segmented Le Fort I,
it is important to preserve the palatal fibro mucosa in order to avoid partial necrosis and
malunion of the maxillary bone fragments. This is particularly essential in patients with

orthodontic appliances or palatal splint causing pressure on the palatal mucosa. (47)

1.3.5. Micro-Implant Assisted Rapid Palatal Expansion

A possibility to expand the maxilla in skeletally mature patients with no need of osteotomy, is
using micro-implants anchorage. These mini-implant-assisted rapid palatal expansion

appliances have been designed with the purpose to augment the orthopedic outcome effected
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by RPE. According to Nienkemper et al., a hybrid hyrax appliance that is attached to two in the
anterior palate fixed orthodontic micro-implants and is also anchored to the first upper molars

can reduce the side effects of RPE devices. (56, 57, 59)

By the incorporation of micro-implants into the palatal jackscrew expansion of the underlying
basal bone is ensured. Hence, it allows a simultaneous maxillary expansion and retention via
bony anchoring points and leads at the same time, according to Tausche et al., to a reduction of
dentoalveolar tipping and expansion of the posterior maxillary segment by 10° as well as to
protection of teeth. In general, forces are applied to the micro-implants, instead of teeth, which
is why there are less adverse dental effects and consequently harm for the periodontium. (57,
57) This mini anchor screw-carried expander has also proven itself to be successful in
combination with SARPE or simply an alternative to it, as orthognathic surgery is often refused
by patients. (56) In addition, MARPE seems to have a considerable influence regarding the
reduction of upper airway resistance. Its stability also allows innovative orthodontic options to

treat different types of malocclusions. (58)

Disadvantages of MARPE

Disadvantages of MARPE include invasiveness of the orthodontic micro-implants, the
increased risk of infection and the difficulty in keeping the respective palatal area clean. (56)
(59) Although, MARPE is used frequently in practical or educational settings, there is a lack of
studies regarding this treatment method, hence literature is limited. Even though several case
presentations have been published, there is no scientific data regarding the impact of MARPE

on cranial bone and the circummaxillary sutures. (56, 58, 59)
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MICRO 4/6

A great variety of purely miniscrew-supported expanders (MICRO 4/6), i.e., bone- borne
expander without anchorage on the molars, have been used since 2010 [see Figure 25]. With
the aid of this relatively new devices, it has been succeeded to treat palatal width defects in
teenagers and adults with only skeletal anchored expanders. Also, teeth can be shaped using a

fixed treatment technique at once. (56, 59)

Figure 25 15-year-old patient: Despite a primarily broad upper arch, there is a bilateral head
bite (top); After 25 days (with 2 x 0.17 mm/day); total expansion: 9 mm. Due to

the large diastema composite was placed on 11 and 21 (mesially) (middle); After 8 months of
MICRO-Expander retention and simultaneous multi-brackets (bottom); Total treatment time:
21 months. (59)
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2. Objectives

Main Objective

e To analyze and compare non-surgical and surgical palatal expansion in skeletally

mature patients.

Secondary Objectives

e To evaluate the surgical methods SARME and Segmental Le Fort I-Osteotomy.
e To investigate the reliability of non-surgical micro implant assisted rapid palatal

expansion.
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3. Methodology

In this bibliographic research data collection was carried out between November 2020 and
December 2020 by means of electronic online platform search (PubMed, Medline) taking into
account suitable publications available here up to December 2020.

First, the databases were searched for the terms “palatal expansion” and “maxillary expansion”.
In each approximately 3500 articles from the years 1952 to 2020 were identified. Since the aim
of the analysis was the palatal expansion in adult patients only, the search was further restricted
by about a quarter of data to about 930 in PubMed and 700 in Medline study descriptions by

adding the term “adult” — i.e., “palatal expansion in adults” or “maxillary expansion in adults”.

Overall, the following keywords have been used: Maxillary expansion in adults, Palatal
expansion in adults, Rapid palatal expansion/RPE, Surgical assisted rapid palatal
expansion/SARPE, Surgical assisted rapid maxillary expansion/SARME, Surgical segmental
palatal expansion, Le Fort I-Osteotomy, Mini-implant assisted rapid palatal
expansion/MARPE, Mini-screw-assisted rapid palatal expansion, Maxillary transverse

discrepancy.

Only full text articles published between 1952-2020 were included for the introduction.

For the evaluation of each objective articles published between 2000-2020 were considered.
Whether or not articles could be included in the study was determined by reading the abstracts
of the articles and checking them against the previously defined inclusion and exclusion criteria
listed below. This reduced the number of publications eligible for the work to 82. After
analyzing the remaining articles in the full version, 6 fulfilled the criteria according to which

the criteria the literature review should be carried out.
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Inclusion Criteria

e The article had to be found in PubMed or Medline

e The language of the chosen publications was set to be English

e [t had to be a study on the subject of “maxillary expansion in adult patients” or a study
including the above-named keywords

e The examinations took place on humans and/or study models, cephalometric and/or

CBCT measurements

Exclusion Criteria

Studies were not taken into account in their designs
e Worked on prepared human skull
e Worked with immature patients being not suitable for the aim of this work, but can
still be found under the above-mentioned terms in "PubMed" and Medline
Studies that falsified the treatment effect of the expansion device by carrying out further
treatments with the help of orthodontic measures such as brackets and arches during the active

expansion phase were also not considered in the selection of the items.

Selected items

All of the remaining 6 articles fulfilled the above criteria and should now be merged into a
literature review. A table was created, in which the studies were listed from most to least recent,

and the parameters of the individual studies could be entered and compared.
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Literature research (PubMed, Medline)
Search criteria:
e “palatal expansion”

e “maxillary expansion”

Search period: November 2020 — December 2020

Result:
e Approx. 3500 hits

J

Publications surveyed

Specification

e “palatal expansion in adults”
e “maxillary expansion in adults”

Result:

Review literature

Abstract analysis of the inclusion and
exclusion criteria

Result:

930 hits (PubMed) °
700 hits (Medline)

82 hits

J

Preparation of abstracts

Full text analysis of the filtered abstracts with regard
to the inclusion and exclusion criteria

Result:
e 6 hits

J

Graphic visualization

Tabular representation of the filtered 6 articles

Figure 26 Search strategy and workflow
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4. Results and Discussion

In the following, the individual results of the selected studies on palatal expansion in adult
patients are described in more detail and compared with each other.

Since, in total, 4 treatment techniques including Non-surgical Palatal Expansion, SARME, Le
Fort 1 Osteotomy and MARPE are assessed it is problematic to perform a direct comparison
the way it was originally intended. This is partly due to the fact that no defined common
measurement parameters could be found [Annexe 1].

Instead, examined study groups vary in applied devices and fastening variations, screws and
rotation interval as well as the active expansion period, retention time, imaging and anatomical
measurements.

Furthermore, a wide variety of maxillary transverse deficiencies could be observed in the study

participants, which makes a straightforward confrontation unfeasible.

Therefore, on the one hand, evaluations are made concerning the study procedure, implying the
initial general state of the patients examined, including and excluding criteria, as well as
conducted treatment procedure. On the other hand, treatment outcomes including dental and

skeletal changes, efficacy of expansion and clinical implications are assessed.

The aim of this work is to investigate the palatal expansion in mature patients only, hence, the
results of growing patients described in the study by Kurt et al. and Handelman et al. are not
assessed in detail.

Due to the fact that no defined criterions could be determined, it is indispensable to describe

the individual articles briefly in the following section.
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4.1. Comparison between Non-Surgical RPE and SARME in Adults

the
frequency of
possible

side effects

Author | Patients | Sex and Age Material and methods Significant
(n) Objective Material | Measurement findings
time
Kurt et 54 SARME: Short-term | Study 3 SARME:
al. 2016 Male: 2 changes models months expansion by
(60) Female: 16 after rotation of the
& 19.9 years surgical and maxillary
non-surgical halves
RPE: RPE
Male: 1 RPE: lateral
Female: 17 displacement of
& 16.41 years dentoalveolar
structures
Handel- | 47 Male: NR Effective- Study 5 years RPE: clinically
man et Female: NR ness of non- | models successful and
al. 2000 229.9+8.0 surgical safe method for
(61) years RPE in Cepha- correcting
skeletally lometry transverse
mature maxillary arch
subjects and deficiency

Table 1 Comparison between the study by Kurt et al. and Handelman et al.

Study description

First, non-surgical and surgical palatal expansion in adult patients is evaluated at large.

Handelman et al. investigate in 2000 the effectiveness of non-surgical RPE in skeletally mature

subjects and the frequency of possible side effects. (61) In the study by Kurt et al. from 2016,

short-term changes after surgical and non-surgical RPE are described. (60)

While exclusion criteria as cleft lip or palate, and inclusion criteria as appropriate records for

pre-expansion and post-expansion evaluation, as well as no previous orthodontic treatment or

expansion coincide in both studies (60, 61), there can still be observed some variations. Apart
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from mandatory conditions as good oral hygiene, healthy periodontal tissues and the absence
of indication for a future orthognathic surgical treatment, Kurt et al. included only subjects

presenting maxillary constriction with bilateral posterior skeletal crossbite. (60)

Handelman et al. did not constrain their study to only one type of malocclusion, but instead
patients examined had some form of absolute or relative maxillary width defect, manifested as
unilateral or bilateral crossbite as well as maxillary or bimaxillary constriction, for which palatal
expansion was indicated. However, a crucial including criterion was a deficiency by 6 mm in

the maxillary trans 6-6 width compared to the control group. (61)

Figure 27 Study by Handelman et al: A Maxillary transarch widths, occlusal view. B
Maxillary first molar widths: (a) alveolar 6-6; (b) trans 6—6; (¢) cusp 6—6. (61)

Hence, discrepancies are not only found in examined parameter as range of variation of selected
anatomical measuring points, measuring planes and measuring methods, but in addition, also
the initial occlusal state of the participants differed before the start of treatment. This is another

important subsidiary reason why a direct comparison is not possible.
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Adult-RME Adult-Control

Number 47 52
Male 19 21
Female 28 31

Age start of treatment,y | 209 + 8.0 32.7+ 7.4

Mean + SD 18.8 - 49.3 20.9 - 46.3
Range 20+ 0.6 21+ 07
Treatment time, y 20+0.6 2.1 +£0.7
Posterior occlusion

Unilateral crossbite 21 0

Bilateral crossbite 18 0
Constriction, no crossbite 7 0

No constriction or crossbite | 1 52
Anterior Crossbite

Yes 13 4

No 34 48

Table 2 Distribution of Sex, Age, Treatment Time, and Crossbite for the Study Groups by
Handelman et al. (61)

Another condition for participation in the study on non-surgical RPE by Handelman et al. was
a minimum age of 18 years, including also patients in their fifth decade of life, resulting in an
average age of 29.9 years. (61)

Kurt et al. defined skeletal maturity by means of hand-wrist films according to Helm et al.
Consequently, the mean age of participants pertaining to the Non-Growing group was 16.41
years presenting a range of 15.41 — 17.6 years, whereas the SARME-Group was composed of
patients with a mean age of 19.9 years with a range from 17.5 — 26.3 years. Moreover, only
subjects presenting a transversal skeletal crossbite > Smm were included in Study Group to
perform SARME. (60).

The Growing group composed of subjects in growing age is not being considered further.
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Generally, age has been used as an elementary criterion to decide which treatment method is
indicated and to predict long-term outcomes respectively. Especially in the field of RPE and
SARME, the intention of a scientific work determined the choice of the age group of the
examined patients. (60) Based on the fact that until a few years ago the general scientific
opinion was that palatal expansion could not be performed without prior surgical intervention
in skeletally mature patients, the largest proportion of studies was conducted with patients
before or during the pubertal growth peak. Nonetheless, other authors, Kurt et al., Handelman

et al. included, proved a successful outcome of RPE in skeletally mature patients. (60,61)

Treatment procedure

Observation period

The authors carried out effect measurements on the equipment they used at different times.
Generally, a baseline before the start of treatment at measurement time is always recorded. This
starting point is named TO by Kurt et al T1 by Handelman et al. While in the study of Kurt et
al. T1 was defined as the moment when measurements were taken 3 months after the retention
period, Handelman et al. defined this moment as T2 without giving specific information about
the time interval. (60,61) Additionally, a third measurement T3 was carried out by Handelman
et al., limited to those participants who had interrupted maxillary retainers for a minimum of 1
year. Recordings show the measurements taken five years after the start of treatment or 10 years

after the T2 records. (61)

Imaging
Pre- and post-study models were used in both studies (60,61), whereby Handelman et al. used

cephalograms as an additional imaging measure. (61)
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Appliance and Activation Interval

Overall, the course of study and treatment varied with regard to the appliance and fastening
variations used, the rotation interval of the activatable screws, as well as the opening, active

expansion and retention time.

In the study by Kurt et al., the SARME group was treated with a tooth-borne, fixed palatal
expander with hyrax screw, which was cemented 1 or 2 days before the surgical intervention,
where an activation with a total widening of 1.5 mm was performed. After 5 days, the appliance
was activated by means of 2 turns per day until enough expansion was achieved.

The retention period in which the device stayed affix was 4 months.

In the Non-Growing Group, initially, 20 patients were indicated to undergo non-surgical RPE.
Due to pain and discomfort during the treatment procedure, 2 subjects were finally treated with
SARME. For the non-surgical RPE a full-coverage bonded expander with hyrax screw was
applied and activated 2 times per day and 1 turn per day after the separation of the mid-palatal
suture until enough expansion was achieved. The retention time was at least 3 months, bonded

in the first 4 weeks and removable in the last period. (60)

Handelman et al. performed non-surgical RPE using fixed tooth and tissue borne Haas
expanders. No further information with regard to the type of screw is provided. (61)

Regarding the time interval between the individual activation phases by the patient or his
supervisor, specified by the practitioner, some difference to the study by Kurt et al. can be
observed. While on the first day, the screw was turned twice, on the following days it was

activated once by the patients. Check-ups were performed every 2 weeks. In case of pain or
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tissue swelling, it was recommended to turn the expander back a few turns and taking a rest for
one week. After, expansion was continued by activating the screw every second day.

When either of the palatal cusps of the maxillary molars were close to provoke a buccal
crossbite, the expansion was stopped, and the screw was blocked out with some acrylic.

After a stabilization period of 3 months (range 2 to 6 months), the expander was withdrawn,
and a removable acrylic palatal retainer was placed directly whose acrylic plate has been
relieved in order to achieve a palatal adjustment of the overexpansion. By means of a fixed
lingual expansion arch or a removable Schwartz-type expansion device with occlusal coverage
as recommended by Hamula, a simultaneous mandibular expansion was conducted in 5

patients. (61)

In the study by Kurt et al. the device was activated until the required expansion was achieved,
(60) whereas Handelman et al. terminated the expansion when a crossbite on one of the

maxillary molars was observed. (61)

Retention time

The retention time indicates how long the orthodontic appliance stayed in the mouth without
actively expanding it in order to stabilize the result achieved. The frequency distribution in the

studies examined ranged from 2 to 6 months. (60, 61)

Anatomical measurements

As mentioned before, there was no conformity regarding the anatomical measurements

performed in both studies. Both times, evaluation was executed on study models. (60, 61)
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While in the study by Kurt et al. it was implemented by 1 investigator in form of 13 linear and
2 angular measurements recorded to the nearest 0.1 mm by means of a vernier caliper, (60)
Handelman et al. used an electronic caliper (Mitutoyo number 573, Tokyo, Japan) for the linear
measurements to the nearest 0.1 mm and a protractor for the angular measurements to the
nearest 0.5°. (61)

Evaluation was done by 1 investigator in form of linear and 2 angular measurements by

Kurt et al. measured the distance between the left and right vestibular and palatal cusp tips of
maxillary canine, first and second premolar, as well as the first molar. [Figure 28 A]. The

palatal contours were traced as described in the table below. [Table 3]

palatal width difference: wit+wr

Figure 28 A B C D: Measurements on study models by Kurt et al. (60)
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Measurements Description

a) Palatal vault angle The intersecting lines tangent to the middle two thirds of the right

(Fig. 29 B) and left palatal surfaces

b) Palatal depth from the gingival height | The shortest distance between the midpalatal raphe and the line

(Fig. 29 B) connecting the points on the gingival crest of the first molars

c) Palatal depth from the molar cusp The shortest distance from the midpalatal raphe to a line

(Fig. 29 B) connecting the occlusal surfaces of the first molars

d) Palatal width at the gingival height The distance between the first molars at the level of the palatal

(Fig. 29 B) gingiva

e) Palatal width at midpalate The distance between the halfway points of the gingival height

(Fig. 29 B) line and the deepest point of the palatal vault

Maxillary first molar axial angulation The angle formed between the intersecting lines of the mesial

(Fig. 29 C) buccal and mesial lingual cusp tips of both the right and left first
molars

Palatal width difference The palatal contour tracings of TO and T1 initially were

(Fig. 29 D) superimposed on the left palatal outline and then on the right
palatal outline while remaining parallel to the occlusal plane.
The displacements of the midpalatal raphe for right and left sides
were summed and the total amount of palatal width difference
was measured

Table 3 Description of the measurements and contour tracings used for the study by Kurt et
al. (60)

To perform the statistical analysis, the arithmetic mean and standard deviation were determined
for each variable. A high data reliability could be guaranteed since measurements were
undertaken twice by the same examiner and only minimal insignificant method errors were

observed. (60)

Treatment Outcomes

Dental and Skeletal Measurements

In the study conducted by Kurt et al., the Non-growing RPE group showed the most significant
palatal width changes at gingival height (6.85 £ 3.25 mm) and at midpalatal level (5.84 £ 3.11

mm), whereas the SARME Group presented the highest increase in the palatal vault angle (9.77
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+ 5.95°). (60) The vertical displacement of the molars was irrelevant in all groups. Growing
patients showed more parallel displacement of maxillary halves compared with other groups.
At the level of the palatal vault an expansion of 3.17 £ 1.35 mm in the Non-growing RPE Group
and 4.42 £ 1.23 mm in the SARME Group was reported. (60) Both studies reported

nonsignificant changes in palatal depth in all of the treatments. (60, 61)

Molar and Palatal Angle

The molar angle in patients treated with RPE in the study by Handelman et al. decreased by 6.2

+ 11.5°, showing increased inclined molars buccally. The palatal angle increased by 7.9 + 7.8°.

(61)

Kurt et al. report most significant molar tipping in the Non-growing RME Group (15 £ 11.25°),
followed by SARME patients (11.28 £ 8.35°). The least molar inclination was observed in

growing patients (9.95 + 4.85°). (60)

Palatal Width at Gingival Height, at Midpalate and Palatal Width Difference

Handelman et al. refer width change by 5.1 £ 2.9 mm at the gingival crest and by 3.0 + 2.0 mm

at the level of the midpalate. The expansion of the apex of the palate was minimal (0.9 *

1.3mm). (61)

Kurt et al. report a change in palatal width at gingival height by 6.85 = 3.20 mm and 5.84 +
3.11 mm at the midpalate level in the non-growing RPE Group. The SARME Group presented

a lower expansion by 5.77 £ 2.31 at the gingival crest and by 4.03 + 1.82 at the midpalate level.
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The palatal width increased by 3.17 £ 1.35 mm in the RPE Group and by 4.42 £+ 1.23 in the
SARME Group. (60)

In general, all transversal width changes of the study by Kurt et al. were higher than those of
Handelman et al. This is due to the fact that Kurt et al. overexpanded the maxillary posterior,
whereas Handelman et al. performed their records after a normal occlusion by means of lingual
adjustment of the posterior teeth were completed. Also, SARME patients, who had the
narrowest arch before expansion, showed greater transversal changes at the molar and premolar
level in comparison to patients undergoing RPE. (61) This can be reduced to the higher

expansion need in this group.

Mandibular Plane and Lower Anterior Face Height

There were nor alterations in SN-MP, hence no changes in the mandibular divergence, neither
alterations in the ANS-Me observed by Handelman et al. (61)

Kurt et al. did not provide any information about these parameters.

Clinical Crown Height

While Kurt et al. did not report any records regarding the clinical crown height neither, (60)
Handelman et al. reveal an inhomogenous response to RPE when comparing female and male
participants with members of the same gender of the control group. Generally, female patients
presented a higher buccal attachment loss by 0.6 mm for the maxillary first molars and first
premolars, albeit this minimal recession was neither noticed by the patients nor it posed a risk

for the dental health. (61)
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However, the measurement of the clinical crown height, being an indirect determination of the
buccal attachment loss, is not completely reliable since it depends on various factors as gingival

hyperplasia, attrition and furthermore, it does not consider pocket depth or bone dehiscence.

Efficacy of Expansion

In both studies, a sufficient expansion could be achieved to correct the respective malocclusion.
The extent of the jaw expansion was determined individually depending on the severity of the
initial misalignment. Although no precise guideline values are given, according to Handelman

et al. upper limits do exist to the correct execution of the RPE. (61)

Kurt et al. state that indications for SARME are skeletally mature subjects presenting significant
maxillary width defects, augmented vertical dimensions and presence of buccal inclination in

upper molars. (60)

However, comparing RPE in adults with RPE in children, where around 56% of the expansion
was probably skeletal by means of separation of left and right maxillae and additionally due to
dental-alveolar changes, some differences could be found according to Handelman et al. (61)

Although the palate width changed by 0.9 mm and 5.1 mm at the level of the palatal gingiva, a
diastema between the central incisors was rarely observed, which is why a distraction between
both maxillary halves is less probable. (61) Since similarities at the mid-palatal level in adults
and children were found by Handelman et al., based on 4.1 mm in the expansion, or 80% of the
total trans arch expansion, control measurements were also performed on the maxillary buccal
surface. Results showed an expansion of 96%, or more specifically a width change by 5.5 out

of 5.7 mm at the alveolar level of the first molars in children, and 72% or rather 3.3. out 0f 4.6
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mm in adults, accordingly. These observations suggests that in children expansion is leaded
back to skeletally and dentoalveolar changes equally and the percentage of alveolar expansion

increases with age. (61)

Trans Arch Width, Maxilla

Handelman et al. refer an increase of the maxillary trans arch widths by 4.6 £ 2.8 mm at the
level of the first molars and 5.5. = 2.4 mm at the level of the second premolars, resulting in
relevant expansion changes at T2. In the first molars, the greatest expansion resulted between

the cusps (5.7 mm), followed by the transversal width (4.6 mm) and the alveolar width (3.3

mm). (61)

In the study by Kurt et al., patients that underwent SARME presented significantly lower dental
and skeletal transversal dimensions than those undergoing RPE before expansion. A relevant
augmentation at all transversal and angular measurements could be observed, whereby patients
treated with SARME presented the highest dental transversal increases. Overall, differences
between groups were statistically significant, except those between the left and right palatal

cusps tips of canine and molar teeth. (60)

Trans Arch Width, Mandibula

The 5 patients in the study by Handelman et al., who underwent an active mandibular expansion
simultaneously to RPE showed noticeable transversal changes. An increase of 0.9 to 1.2 mm
was observed. Due to the small sample size data of these patients were not included. However,
study results show that mandibular devices bring benefits to maxillary expansion, providing

more space for the correction of crowding. (61)
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Kurt et al. did not report any treatment in the lower arch. (60)

Stability of Trans Arch Expansion

The stability of the treatment was measured by Handelman et al. after a mean time of 5.9 £ 3.9
years, but at least one year after discontinuity of retention. By comparing the T2 and T3
transarch measures, only a minimal, but statistically significant, decrease of 0.5 - 0.6 mm was
observed. While the transversal width of the maxillary first molars did not show any changes,
the respective transversal width between the cusp as well as the alveolar width decreased by
0.6 mm. Relapses into cross-bite were not reported. (61)

Kurt et al. do not report about any relapses that have occurred. (60)

Maxillary Expansion at Different Stages of Growth

The findings regarding a positive outcome of non-surgical RPE in young adult patients of the
studies examined coincides with results of other studies performed by Altug-Atac et al. and
Baydas. (60) All investigators agree in respect to the positive effect on palatal expansion in
mature patients by means of RPE, achieving a successful outcome attributed to important dental
and skeletal changes. The latter resulted most significant in the midpalatal suture, where the
metabolic activity augmentation was the highest. The coincidence of the results let Kurt et al.
conclude that a successful RPE can be achieved using an acrylic expansion device which covers

the palate. (60)

Clinical Implications

In the study by Kurt et al. two patients of the RPE Group reported pain and discomfort, which

is why they were indicated for surgical expansion. Apart from this, none of the patients
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experienced excessive pain, paresthesia nor healing complications of the maxillary sinus. There
were neither cases of root resorption or loss of tooth vitality.

The only secondary effect that all participants had in common was slight discomfort post-
operatively. One patient of the SARME Group with pterygomaxillary disjunction presented

nosebleed. (60)

Handelman et al. report 9 cases of palatal swelling and pain which corresponds to
approximately 19.15 % of the 47 participants treated with RPE. Only one patient referred
headache. Expansion could be still completed by reducing the activation interval as mentioned
above. However, Handelman et al. perceive a fewer morbidity in RPE compared to that of
SARME which is 100% including edema, pain and a long recovery period, which implies
incapacity to work.

Since none of the complications found in literature related with RPE in adults as edema,
gingival recessions or ulceration were observed, Handelman et al. state to evaluate always the

possibility of a non-surgical expansion. (61)

Kurt et al. also recognize RPE as an effective treatment method in young adults but consider

SARME the only option for patients presenting severe maxillary width defects, advanced

gingival recessions or periodontal bone loss. (60)
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4.2. Surgical Techniques for Palatal Expansion in Adults

Author

Patients

(n)

Sex and Age

Material and methods

Objective

Material

Measure-
ment
time

Significant
findings

Rachmiel
et al. 202
(62)

32

Le Fort I:
Male: 17
Female: 15
Range: 19-54
years

Demonstration
of stable
results using a
L-shaped
osteotomy

Study
models

Panoramic
XR

Cephalo-
grams

12
months

SARME:
effective and
stable method
in adults

Le Fort I:
enables to
maintain the
correct
position of
premaxilla and
maxillary
midline and
allows division
of newly
created bone
bilaterally
leading to
more stable
results

Marchetti
et al.
2009 (63)

20

SARME:
Male: 4
Female: 6

& 23.5 years

Le Fort I:
Male: 3
Female:7

& 27.75 years

Comparison of
the long-term
stability of
SARME and
segmental Le
FortI
osteotomy.

Study
models

2 years

High relapse
rate in the
mean
intercanine
and intermolar
distances

SARME:
relapse rate
was more
remarkable

Le Fort I:
more stable,
especially in
terms of the
intermolar
distance

Table 4 Overview of studies examined for comparison of surgical techniques for palatal
expansion in adults
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Study Description

Rachmiel et al. and Marchetti et al. carried out a study investigating surgical methods for palatal
expansion in adult patients. While Rachmiel et al. aimed at demonstrating stable results using
a L-shaped osteotomy, Marchetti et al. compared the long-term stability of SARME and

segmental Le Fort I osteotomy. (62, 63)

In the study conducted by Rachmiel et al. SARME was performed in thirty-two patients aged
between 19 and 54 years by means of a bilateral transverse L-shaped Osteotomy followed by a
tooth-borne Hyrax appliance. Skeletally maturity, maxillary hypoplasia with or without another
disgnathia as open bite or retruded maxilla were the inclusion criteria. Patients with cleft palate
or syndromes have been excluded.

At the end, all included subjects presented bilateral transverse posterior crossbite, dental

crowding and a narrow palatal vault.

Marchetti, instead, analyzed plaster models of 20 patients, half of which have been treated with
SARME and half with a Le Fort 1 bipartition. Inclusion criteria were apart from skeletally
maturity and contracted palate with malocclusion, also intermolar transverse deficiency of > 6
mm for the SARME Group and < 6 mm for the Le Fort 1 Group, respectively. The latter
presented additionally deficits related with other maxillary anomalies as sagittal or vertical
deficiencies, for which both maxillary and mandibular osteotomy was indicated. A mean age

of 23.5 years in the SARME Group and 27.75 years in the Le Fort 1 Group was reported. (63)
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Treatment Procedure

Observation Period

Both times, the first record was carried out prior to treatment start (T1), the second one after
palatal expansion (T2) and the last measurement was done after the desired expansion was
achieved (T3). The last record was taken by Marchetti et al. 2 years following the end of

expansion, whereas Rachmiel et al. recorded it 1 year after. (62,63)

Imaging
In total, three records were taken by means of plaster models in both studies. (62,63)

Additionally, Rachmiel et al. performed panoramic radiographs as well as lateral and

posteroanterior cephalograms prior to the treatment. (62)

Appliance and Activation

An orthodontic leveling was undertaken prior to SARME. Patient with dysgnathia were treated
with a further bimaxillary orthognatic surgery such as Le Fort I maxillary osteotomy and
bilateral sagittal split mandibular osteotomy.

Prior to surgery, a Hyrax appliance has been attached. While in six patients general anesthesia
with nasotracheal intubation was performed, in twenty-six patients deep sedation in
combination with administration of local anesthesia was undertaken. One day after surgery, the

expansion was started by activating the Hyrax appliance by 0.5 mm twice daily. (62)

The clinical protocol for SARME was equal in each patient in the study by Marchetti et al.,

applying a palatal expander 7 days before the first procedure. Afterwards, skeletal resistance
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was diminished surgically performing a lateral maxillary osteotomy starting from the anterior
nasal aperture and proceeding to the maxillary zygomatic region and separating the pterygo-
maxillary suture as well as the midpalatal suture.

A “Spider” device was used to achieve disjunction [see Figure 29]. This expander consists of
metal parts fixed to all maxillary teeth from the canine to the second molar providing stability,
rigidity as well as a removable screw-type unit body to allow intra-operative surgical
intervention and to facilitate the oral hygiene measures. After Surgery, activation of the
expansion device by 2 mm was performed.

A one-week latency period was performed, followed by an activation by 0.25 mm twice daily
resulting in a total expansion rate of 0.5 mm until the desired intermolar width was achieved.
The orthodontic treatment was initiated after a consolidation period of 3 months and after the

removal of the palatal appliance.

Figure 29 “Spider” device for SARME used in the study by Marchietti et al.

Also, the treatment protocol for the Le Fort 1 Osteotomy was equal in every patient. It consisted

of a pre-orthodontic treatment following a bi-segmental Le Fort 1 osteotomy, conducted by

means of an intermediate acrylic intra-surgical splint which was used for stabilization post-
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surgically for 6 weeks, except during mealtimes. The distracted maxilla was stabilized by two

titanium plated bilaterally.

While in the study by Marchetti et al. none of the treatments require tooth extractions, Rachmiel

et al. removed impacted or ectopic third molars before surgery. (62, 63)

Retention Time

In the study by Marchetti et al, the patients of both groups were instructed to use a Hawley-type
retainer during night for 1 year. (63)

Rachmiel et al. do not provide any information about the retention time.

Anatomical Measurements

Measurements were carried out by using different points of reference.
In the study by Rachmiel et al. the following measuring points were analyzed: Canine incisal

(Ci1), canine gingival (Cg), molar occlusal (Mo) and molar gingival (Mg). (62)

Marchetti et al. measured the maxillary intercanine distances from cusp to cusp as well as the

intermolar width between both mesio-palatine cusps of the left and right first upper molar. (63)

Treatment Outcomes

As seen in Table 5, Rachmiel et al. observed a mean expansion of 6.2 mm and 6.4 at the Ci and
Mo as well as stable results after one year in all patients with 0.4 mm and 0.2 mm in Ci and

Mo, respectively, compared to the initial measurements. (62)
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On account of the bilateral osteotomies on the side of the upper second incisors the length of
the distraction could be divided resulting in two distraction sites and a reduced charge to the
maxillary buttresses. According to the authors, hereby, it is important to not injure the
infraorbital nerve or the dental roots and apices. Furthermore, an adequate healing is essential,
hence, it is indispensable that the mucosa and periomucosa cover the osteotomy. A rupture of
this muco-periostal-flap may lead to unsatisfactory esthetic appearance and complications in
healing processes that may result in bony distraction and following difficulties in the tooth
alignment. Overall, in the study by Rachmiel et al. no change in the position of the maxillary

midline nor of the premaxilla was observed. (62)

mm + SD (range)
Mean expansion Mean expansion after 1 year
Ci 62+0.2(58-6.6) 58+£02(5.5-6.1)
Cg 59+02(54-6.4) 58+£02(53-6.1)
Mo 6.4+£03(59-6.9) 6.2+02(5.8-6.5)
Mg 6.1 £0.2(5,8—-6.4) 6.0+ 0.2(5.8-6.3)
SD: Standard deviation, Ci: Canine incisal, Cg: Canine gingival
Mo: Molar occlusal, Mg: Molar gingival

Table 5 Study by Rachmiel et al.: Maxillary palatal expansion measured on dental models at
the end of expansion and orthodontic alignment and 1 year later at canine incisal, canine
gingival, molar occlusal, and molar gingival regions. (62)

In patients presenting two occlusion planes prior to treatment start, a higher post-operative

stability was also achieved thanks to maxillary width enlargement and dental alignment.
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A normognathic occlusion, and stable dental and skeletal results were also observed in initially
dysgnathic patients. These have been first treated by means of dental leveling and stabilization
of occlusion following bimaxillary surgery after 1 year.

Neither tooth loss nor root damage was observed. However, two patients presented gingival
recessions in the canines and one subject showed exposure of the alveolar bone that required

treatment by means of debridement as well as mucosal graft. (62)

In the study by Marchetti et al. the SARME Group showed a width enlargement between 4.5 to
10.5 mm, showing a mean increase of 29% (8.5mm) in the intercanine distance and between 5
to 9.5 mm or rather 18% (7mm) in the intermolar distance. The relapse at the level of the canines
and molars was +1 to -6 mm and +3 to -3.5 mm, resulting in a mean reduction of 28% (2.5 mm)
and 36% (3 mm) respectively, compared to the initially recorded values.

In comparison, the intercanine distance of the Le Fort 1 Group was smaller ranging from 0.5 to
4.5 mm or rather 8% (2.75 mm), whereby the intermolar width augmented by 2.5 to 7.5 mm or
rather 9% (3.75 mm), respectively. The relapse was between + 3.5 to — 2.5 mm or rather 25%
(0.25 mm) and between 0 and -5 mm or rather 20% (0.75 mm) at the level of the canines and

molars, respectively. This demonstrates a higher relapse in the subjects treated with SARME.

These values can be attributed to the investigator’s experience and to the great range resulted
by using two techniques. Although, Marchetti et al. experience the Le Fort 1 osteotomy less
practical due to the complexity in expanding the palatal mucosal and periosteal layer, this
method shows more stable long-term results. Unless the stabilization period it not extended, an
overexpansion of 25 — 30% or rather 20 — 25% in SARME and Le Fort I, respectively, is

recommended by the authors. (63)
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Efficacy of Expansion

Rachmiel et al. opine that, rather than undertaking directly a Le Fort I Osteotomy, in adult
patients with maxillary width deficiencies, it is easier, safer and more predictable to begin with
SARME, following dental alignment and ultimately performing a Le Fortl Osteotomy.

The authors established some advantages regarding the bilateral transverse L-shaped maxillary
osteotomy method for SARME. First, a better stability is achieved due to two sites of expansion
in combination with bone generation between the lateral incisor and canine. Also, results show
a more symmetric expansion and simultaneously esthetic repercussions as upper diastema can
be avoided. Furthermore, there is no risk of damage to premaxillary area including nerves and

blood supply, as it remains unaffected. (57)
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4.3. MARPE in Adults

Author | Patien | Sex and Age Material and methods Significant
ts (n) Objective Material Measure- | findings
ment time
Elkenaw | 31 Male: 17 To quantify the CBCT 6 MARPE leads
yetal. Female: 15 magnitude, months to distinctly
2020 20.4+3.2y | parallelism, and parallel
asymmetry of expansion in
(64) MARPE in adults the sagittal
plane but may
exhibit
asymmetrical
expansion in
the transverse
plane
Park et 14 Male: 9 Evaluation of CBCT 1-5 MARPE is an
al. 2016 Female: 5 skeletal and weeks effective
20.1y dentoalveolar method for the
(65) changes after correction of
MARPE in young maxillary
adults by CBCT transverse
deficiency
without surgery
in young
adults.

Table 6 Overview of studies examined for comparison of SARME in adults

Study description

MARPE was investigated in the studies conducted by Park et al. and Elkenawy et al.

While Park et al. looked into the skeletal and dentoalveolar changes after MARPE in young
adults, Elkenawy et al. assessed the magnitude, parallelism, and asymmetry of MARPE in non-
growing patients. Overall, skeletally mature patients presenting maxillary transverse deficiency
were studied. In general, both groups of researchers used similar treatment procedures,

including cone-beam computed tomography images taken before and after expansion. (64, 65)
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Fourteen subjects with mean age of 20.1 + 2.4 years (range 16 — 26 years) were included in the
study by Park et al. in regard to the previously established exclusion criteria such as former
orthodontic treatment, craniofacial syndromes, systemic diseases and unsuccessful distraction

of the midpalatal suture. (65)

Eklenawy et al. also excluded subjects with systemic diseases and those craniofacial anomalies
that might affect the treatment outcome as well as patients with history of orthodontic treatment,
yielding to a total number of 31 study participants with a similar mean age of 20.4 + 3.2 years

(range 17 — 27 years). (64)

Treatment Procedure

Imaging

CBCT images were taken by different devices.

Elkenawy et al. used a NewTom 5G scanner and images were captured for 18 seconds. (64)

In the study by Park et al. a Alphart VEGA scanner and a scan time of 17 s was used. (55)

Voxel sizes were 0.3 mm both times. (64, 65)

Appliance and Activation

Park et al. used a modified hyrax-type expander cemented to the upper first premolars and
molars and implying 4 micro-implants, of which two anterior helical hooks were positioned in
the rugae area and two posterior hooks were located in the para-midsagittal area. The day after
the appliance was attached, the expansion was started at a rate of one activation of 0.2 mm daily

until achieving the desired distraction. (65)
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Elkenawy et al. also chose a device with a central jackscrew unit, which was also attached by
bands to the maxillary premolars and molars and positioned with 4 micro-implants at the
posterior palate. The expander was activated by turning the screw by 0.4 mm twice daily until
a diastema was observed. Afterwards, the activation protocol changed to one turn per day.

To achieve proper bone formation, the expander stayed in situ for 6 months, once sufficient

expansion was reached. (64)

While in the study by Park et al. the average duration of expansion was 38 days (range 24 — 66
days), in the study conducted by Elkenawy et al. the completion of expansion was achieved in

35+ 10 days. (64, 65)

Anatomical Measurements

Overall, different measuring points have been used.

Elkenawy et al. chose the mid-sagittal plane (MSP), a plane that passes through the nasion (N),
anterior nasal spine (ANS), and posterior nasal spine (PNS), as reference for all measurements.
By superimposing pre- and post-expansion CBCT images, changes in relation to the MSP were
detected. Lateral measurements were conducted by creating axial sections at the level of the
axial palatal plane (APP), a perpendicular plane to the MSP which passes though the ANS and
PNS. To know the quantity of distraction at the level of the midpalatal suture, the MSP was
examined. Expansion was measured by assessing the distance from the landmarks on the left
or right side to the MSP. The anterior nasal spine (ANS), posterior nasal spine (PNS), and

zygoaticomaxillary point (ZMA) were included.
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In the CBCT done prior to expansion, linear measurements were done from the MSP to ANS
and PNS, whereas in the post-expansion CBCT axial cuts at the level of the APP were used to
assess the distances from ANS and PNS on both sides to the MSP.

The lateral expansion was defined as the Rt and Lt distances of each landmark after expansion.
When seen in the coronal zygomatic section, the most medial aspect of the zygomaticomaxillary

suture was represented by the zygomaticomaxillary point (ZMA).

In the CBCT scans taken prior to treatment and after expansion, also the distances from the
zygomaticomaxillary suture were measured from the left and right side to the mid-sagittal plane
at the level of the coronal plane. The total amount of expansion was assessed by summing up

the entire quantity of displacements on both sides. (64)

Figure 30 Study by Elkenawy: a CBCT image showing mid-sagittal plane (MSP) on subject’s
initial CBCT using OnDemand (Cybermed, Korea). ANS, PNS, and nasion can be viewed as
separate skeletal landmarks on the MSP. b Axial slice at pre-expansion with vertical line
passing through ANS and PNS. ¢ Coronal view of pre-expansion CBCT displaying
measurements from the MSP to both the right and left ZMA. Right and left ZMA landmarks
indicated in red at the most medial-superior location of the zygomatic-maxillary suture

In the study by Park et al., first, measurements of interpremolar width (IPMW) and intermolar

width (IMW) were done on 3D tooth scans. IPMW and IMW are the distances between the left
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and right buccal cusp tips of the first upper maxillary premolars and the mesio-buccal cusp tips
of the first upper molars, respectively.

Also, two-dimensional posteroanterior cephalograms were reconstructed perpendicular to the
midsagittal plane to measure transverse widths between the following bilateral landmarks: Z,
N, J, MA, C6 and Ag [Figure 31]. Moreover, three-dimensional images of the skull taken pre-

expansion and post-expansion were superimposed [Figure 33]. (65)

N

:

—
——

——

Figure 31 Study by Park et al: Two-dimensional posteroanterior cephalogram reconstructed
from a three-dimensional skull model. Refer to Table 7 for the definitions of abbreviations.

(65)
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Landmark Description
Z The most lateral point of the zygomatic arch
N The most lateral wall of the nasal cavity
J The junction between the maxillary tuberosity outline and the zygomatic process
MA Midpoint of the J and C6 points on the lateral contour of the maxillary alveolus
Cé6 The most lateral point of cemento-enamel junction of the maxillary first molar
Ag Antegonial notch
Alare The most infero-lateral point of the nasal aperture in a transverse plane
Ectocanine | The most infero-lateral point on the alveolar ridge opposite the center of the maxillary
canine
A-point* | The most posterior and deepest point on the anterior contour of the maxillary alveolar
process in the mid-sagittal plane
Prosthion* | The most antero-inferior point on the maxillary alveolar margin in the mid-sagittal
plane
Ectomolare | The most infero-lateral point on the alveolar ridge opposite the center of the maxillary
first molar
Processus | The most infero-lateral point of the processus zygomaticus
zygomaticus

Z,N, ], MA, C6, and Ag were identified on the reconstructed two-dimensional posteroanterior
cephalogram of a three- dimensional skull model.

Alare, ectocanine, A-point, prosthion, ectomolare, and processus zygomaticus were defined
according to the study by Magnusson et al.

*Although A-point and prosthion were one-point landmarks before expansion, they were
separated into right and left landmarks after expansion.

Table 7 Study by Park et al.: Definition of landmarks used in this study (65)

70




Figure 32 Study by Park et al.: Superimposition of three-dimensional cone-beam computed
tomography images acquired before (white) and after (blue) miniscrew-assisted rapid palatal
expansion; 1 and 2, alare, right and left; 3 and 4, A-point, right and left; 5 and 6, prosthion,
right and left; 7 and 8, ectocanine, right and left; 9 and 10, ectomolare, right and left; 11 and
12, processus zygomaticus, right and left. (65)

Furthermore, two coronal images were acquired perpendicular to the midsagittal plane, going
through both the buccal and mesio-buccal cusp tips as well as furcations of the premolars and
molars, respectively. In the single-rooted maxillary first premolars coronal scans were done
perpendicular to the midsagittal plane going through the buccal and palatal cusp tips [Figure
33]. (65)

Ultimately, the nasal cavity and the width of the basal bone were measured by means of an
anterior-most slice that shows the entire root of the right first upper premolars and molars.
Measurements on each scan were done considering various parameters. One of them, was the
nasal cavity width, which is the transverse distance between the lateral-most points of each

nasal cavity.
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interdental angle

y

y
Nasal cavityaidth : Nasahgavity width

Basal bone
width

Figure 33 Study by Park et al.: Coronal cone-beam computed tomography images acquired
before expansion at furcations of the first premolar (left) and first molar (right). (65)

a buccal bone thickness; b buccal alveolar height. Buccal bone thickness and alveolar height

were measured on the right and left sides, and the mean value of the two measurements was
calculated.

Another parameter was the basal bone width, defined by the left and right intersection points of
the maxillary outer border and a line passing through the nasal floor. Also, the angle between
the left and right tooth axes was established by joining the central fossa and the apex of the
palatal root, resulting in the interdental angle. Furthermore, the buccal bone thickness was
assessed by measuring the width between the buccal root surface and the lateral border of the
alveolar bone, along a horizontal level going through the furcation. The buccal alveolar height
was another parameter, determined as the distance from the buccal and mesio-buccal cusp tip
to the buccal alveolar crest. For statistical analysis, the alveolar height and the buccal bone

thickness were measured bilaterally, and mean values were used. (65)
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Efficacy of Expansion

After MARPE, a distraction of the mid-palatal suture and consequently an expansion of the
maxilla was observed in both present studies. However, different parameters have been used to

assess the treatment outcome.

Park et al. refer changes at the level of IPMW and IMW by 5.5. and 5.4 mm, respectively. The
widening of the zygomatic arch was 0.8 mm, and the increase of the nasal cavity was 1.4 mm.
Also, the outer border of the maxillary alveolus expanded by 2.0 - 3.2 mm.

All landmarks evaluated presented important lateral expansion. While the position of the alare
and ectocanine had moved forward, the prosthion and ectomolare had changed towards upward.
Coronal scans of the first premolars and molars showed an augmentation of the nasal cavity
width as well as nasal bone width on the one hand, and a reduction in the buccal bone thickness
and alveolar bone height on the other. Furthermore, buccal tipping of the maxillary first molars
was reported. When comparing the basal bone width with the nasal cavity, the latter showed a
lower increase presenting a pyramidal pattern of maxillary expansion. As a whole, a general
pyramidal pattern, i.e., a decrease in the amount of maxillary expansion was detected with the

superior positioning of the anatomical structures. (65)

Elkenawy et al. report considerable changes at the level of ANS, PNS, and ZMA in transverse
dimension comparing pre- and post-expansion values. In regard to the extent of expansion, PNS
and ZMA showed a lower shifting by 4.77 mm and 3.99 mm, respectively, compared to ANS
which changed by 4.98 mm. However, PNS showed the greatest range of expansion (0 — 13.3

mm), including two participants without any expansion at PNS. This may be either simply due
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to unsuccessful separation or for improper visualization of the expansion due to thresholds of

the bone density. (64)

With respect to the parallelism in the sagittal dimension, Elkenawy et al. report a 95.7% parallel
expansion in anterior posterior dimension, by evaluating the above-mentioned values of ANS
and PNS. (64)

Furthermore, Elkenawy et al., examined the deviation after MARPE, reporting a standard
deviation (SD) of ANS of 1.1 mm. 15 subjects presenting a lower SD, formed the symmetric
group, while 16 participants with a higher deviation were assigned to the asymmetric group.
The comparison of the lower and higher values of each patient demonstrates statistically
significant differences regarding ANS, PNS and ZMA. The landmark ANS presents the greatest
deviation with a mean of 2.22 mm, followed by PNS showing an expansion by 1.77 mm,
whereas ZMA underwent the least changes in the amount of 1.3 mm.

Overall, in the asymmetric group, a tendency of expansion to the left side was observed. While
10 of 16 participants demonstrated an expansion to the left side by — 2.21 mm, the rest of the

patients presented changes of 2.21 mm to the opposite direction. (64)
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5. Conclusion

Significant increase of the maxillary width was observed in all expansion groups. It is
evident that in adult patients the orthopedic expansion of the upper arch consists of both
separation of the maxillary halves and a lateral displacement of the alveolar structures.
Therefore, increased vertical dimensions or molar tipping constitute a general
contraindication for RPE. Although, some studies report that non-surgical treatment in
adults of advanced age is predictable and stable, it is still not a commonly used method
and rather performed in young skeletally mature patients.

SARME, instead, is often the treatment of choice in severe skeletal cases, even though
it also includes side effects such as slight molar tipping and lateral rotation of the
maxillary halves. Since it is a cost-intensive treatment modality and associated with a
higher risk and morbidity, each case should be evaluated individually.

When performing Le Fort I osteotomy mid-palatal osteotomy is avoided. Due to
bilateral distraction and bone generation higher stability can be achieved.

SARPE presents higher relapse regarding the intercanine and intermolar distances in
comparison to Le Fort I bipartition.

As a result, despite a smaller expansion, Le Fort I bipartition shows more stable long-
term outcomes, especially at the level of the molars.

MARPE is an advisable treatment option for young adults. However, asymmetric results
in the transverse dimension were found in more than 50% of the patients. Furthermore,
there is a clearly visible pyramidal pattern of expansion at dental, skeletal and alveolar
level. Again, here, clinicians must be aware of possible side effects such as buccal
tipping of the upper teeth, the associated reduced alveolar bone thickness on the buccal

side and decreased crest height.
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6. Limitations

During the literature research on the present work, it quickly became apparent that a meta-
analysis as a serious and meaningful study on the subject of palatal expansion in adult patients
is difficult to achieve since there are many individual studies with different examination
criteria and effects. For meaningful results it is essential to investigate compatible effects.
Hence, more research with equal measurement parameter will be necessary to have more

representing results.
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8. Responsibility

This work includes aspects of economic and environmental sustainability. By choosing the
proper treatment method for palatal expansion in adult patients, accelerated healing, better
regeneration and thus, improvement in human health will be observed. Aesthetics, function
and thereby quality of life can be improved. Patients” and clinicians’ expectations can be met.
Also, further complications, expenditure of time and additional financial expenses can be

avoided.
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8. List of Abbreviations

e RPE: Rapid Palatal Expansion

e SARME: Surgically-assisted Maxillary Expansion

e SARPE: Surgically-assisted Palatal Expansion

e MARPE: Micro-implant Assisted Rapid Palatal Expansion/ Micro-screw Assisted
Rapid Palatal Expansion

e Hyrax: Hygienic Rapid Expander

e HHE: Hybrid-Hyrax expander

e MPS: Midpalatine Suture

e TPD: Transpalatal Distractor

e OMI: Orthodontic Mini-implants

e [PC Expander: Inman Palatal Component E-Arch/Arnold Expander

e OCS: Orbital compartment syndrome

e N: Nasion

e ANS: Anterior Nasal Spine

e PNS: Posterior Nasal Spine

e APP: Axial Palatal Plane

e ZMA: Zygomaticomaxillary Point

e [PMW: Interpremolar Width

e IMW: Intermolar Width
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Author Patients Study type Material and methods Outcome measures
n
& Method Material Measurement time Skeletal expansion (mm)* Dental expansion (mm) Skeletal relapse (mm) Dental relapse (mm)
Rachmiel 32 Retrospective LF 1 Study models 12 months Ci: 5.8 NR Ci: 0.4 NR
etal. study OPG Cg: 5.8 Cg: NR
2020 Cephalograms Mo: 6.2 Mo: 0.2
Mg: 6.0 Mg: NR
Elkenawy 31 Retrospective MARPE CBCT 6 months ANS: 4.98 NR NR NR
et al. study PNS: 4.77
2020 ZMA: 3.99
Kurt et al. 54 Clinical study SARME Study models 3 months a:9.77° Cl: 443 NR NR
2016 b: 0.39 C1I: 4.58
c:-0.58 1.PMI: 7.55
d: 5.77 1. PMII: 8.06
e:4.03 2.PM1I: 7.65
Molar inclination: -11.28 ° 2.PM1I: 7.98
Palatal width: 4.42 M. I:7.55
M. II: 7.44
NS- RME a:6.71° Cl:4.52 NR NR
b: 0.72 C1I: 4.80
c:-0.87 1.PMI: 6.40
d: 3.20 1.PMII: 6.13
e:3.11 2.PMI:6.75
Molar inclination: -11.25 ° 2.PM1I: 6.79
Palatal width: 1.35 M. I: 6.34
M. II: 7.09
Park et al. 14 Retrospective MARPE CBCT 1-5 weeks IPMW: 44.7 Interdental angle: NR NR
2016 study IMW: 55.7 PMI:2.7°
Z-7:125.7
N-N:25.2
J-J: 67.0
MA-MA: 64.7
C6-C6: 62.9
Ag-Ag: 89.0
Marchetti 20 Retrospective SARME Study models 2 years Intercanine distance: Intercanine distance:
et al. study 4.5-10.0 +1--6
2009 Intermolar distance: Intermolar distance:
5-9.5 +3-3.5
LF1 Intercanine distance: Intercanine distance:
0-4.55 35--25
Intermolar distance: Intermolar distance:
25-175 0-5
Handel- 47 Retrospective NS-RME Study models 5 years C:24.7 0.5--0.6
man et al. study Cephalograms PMI:
2000 (Case-Control) 27.9
PMII: 23.8.
MI: 36.0

Annexe 1 Overview of the high variety of the parameters in the studies examined
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Stability of the Transverse Dimension
of the Maxilla After Surgically
Assisted Rapid Expansion

Antonio C. Aloise, MS, Max D. Pereira, MD, PhD, Claudia T. Hino, MS,
Alfredo Gragnani Filho, MD, PhD, Lydia M. Ferreira, MD, PhD

830 Pawt Bas)

The aim of this study was to evaluate the behavior
of the transverse dimension of the maxilla after
surgically assisted rapid expansion with and with-
out using a transpalatal arch fixed retention. Sixty
cast models of the maxilla and 60 posteroanterior
radiographs from 30 adult subjects, 16 male sub-
jects and 14 female subjects, were evaluated. The
subjects were 181 to 532 years old (mean age, 27.3
years), had been submitted to surgically assisted
rapid maxillary expansion, and were using the
expansion appliance for four months. The subjects
were randomly assigned into two groups of 15
subjects. One group, called the group with reten-
tion, received a transpalatal arch fixed retention
and another group, which received no retention,
was called the group without retention. The
assessments were performed at two time points: at
the removal of the expansion appliance (T1) and 6
months after the removal of the expansion appli-
ance (T2). In the cast models, interpremolar dis-
tances (A-A1 and intermolar distances (B-B1) were
measured and in the posteroanterior radiographs,
maxillomandibular discrepancy was used. A reduc-
tion in the distances A-Al (076 mm) and B-B1
(—1.54 mm) was observed among the time points
studied in the group without retention and this
difference was statistically significant. In the group
with retention, the difference between the time
points T1 and T2 was not statistically significant.
The assessment of the maxillomandibular differ-
ence showed an increase between the time points
T1 and T2 in the group with retention (154 mm)
and the group without retention (0.84 mm), which
means a reduction in the maxillary width in the
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postervanterior radiograph. In the comparison
between the groups, the assessment of the cast
models and the assessment of the postervanterior
radiograph showed no statistically significant
difference in any of the variables studied.

Key Wonds: Maxilla, maxillary expansion, cross bite,
orthognathic surgery

keletal changes involving the maxilla may be

classified as horizontal, vertical, and trans-

verse. Transverse alterations are noteworthy,

because they are more prevalent' and appear
both as a lonely entity and related to other altera-
tions. The most common maxillary transverse altera-
tion is the reduction in the transverse distance, or
transverse deficiency of the maxilla as it is commonly
called.* Maxillary transverse deficiency is one of
the concerns of the health professionals who work
with the stomatognathic system, and the procedures
and the consequences of its correction are discussed
in the literature."** The correction of the transverse
deficiency of the maxilla was initially demonstrated
in 1860, being known as rapid expansion of the
maxilla. The transverse correction was initially
reported as a low predictable procedure and with
only temporary results.” The process of rapid
expansion of the maxilla is based on the separation
of the median palatine suture by the expansion
appliance, and evidence indicates that this separation
is compromised by increasing age.” In corsequence,
adult individuals might be submitted to surgery,
which allow the separation of the palatine suture
without causing inclination of the teeth involved in
the process of expansion; this process was named
surgically assisted rapid maxillary expansion
(SARME).*" The assessments of the results after
SARME are based in two distinct periods: the first
period encompasses the time range between the end
of activation of the maxillary expansion screw
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SPECIAL ARTICLE

A Brief History of Orthodontics

Milton B. Asbell, DDS, MSc, MA
Cherry Hill, NJ.

Mm':umuy_m:ybewtedbukfw
more than one bundred millenia, One of the carliest
known types of man is Neanderthal Man, The name is
derived from a valley in western Germany where the
skeletal remains were found in 1856, He was distin-
guished by a stocky, heavily muscled build, propor-
tionately short forearm and lower leg, and an extremely
dolichocephalic skull with projecting occiput, heavy
supraocbital tori, receding forchead, and underdevel-
oped chin.

Another type of man in the early Pieistocene period
was Heidelberg Man. His skeletal remains-—the fa-
mous Heddelberg jaw—consisied of a massive fossil-
ized chinless jaw with distinctly human dentition, The
specimen was discovered in 1907 near the town of the
SAME name.

Next in the ancestral line of man is pithecanthropus,
a primitive man that is known from a skull and other
bone fragments found near the village of Trinil, Java,
in 1890. The profile is similar to that of the ape, with
a very low forehead and an undeveloped chin, The teeth
are characteristically like those of human beings.

Another link is the sinjanthropus, whose skeletal
remains were discovered near Peking, China, in 1929,
and is also known us Peking Man. Skulls, many teeth,
and other skeletal parts reveal & close anatomic rela-
tianship to pithecanthropus. It is considered “close 1o
the main line of descent to modern man.™

It was not until the postglacial period, which ex-
tended back 30,000 to 40,000 years, that modern man,
homo sapiens, appeared. The Cro-Magnon Man is an
outstanding representative of the first “true man.” Many
of his skeletal remains have been found in various parts
of Europe. The name is derived from a cave near
Les Eyzies, France, The shape of the skull, face, and
beain are characteristic of the modern Caucasian man,
except for the difference in size.

During the years from prehistoric time, man has
undergone certain evolutionary changes. These changes
include the development of an increased craninl capac-
ity; the change in the skull conformation; a beightening
of the forchead and 2 receding of the brow ridges; the
reduction of the dental and jaw arches that gave form
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and prominence to the chin; the progressively buman-
like appearance of the tecth; and the increase in stature,
with the body becoming more erect.

Contrary to popular bellef, carly man also suffered
from dental and oral diseases. This was probably be-
cause of the type of food he ate and altered occlusion
due 1o excessive wear, causing edge-to-edge or a min-
imal overbite pattern,"*

ANCIENT CIVILIZATIONS

The history of orthodontics has been intimately in-
terwoven with the history of deatistry for more than
2000 years. Deatistry, in tumn, had its origins as a pant
of medicine.

To properly study our onthodontic origins, we must
returmn to the Greek civilization of the preChristian era,
The Greek physician IHippocrates (460 10 377 8C) is
revered as a pioneer in medical science, chicfly because
of his medical authorship, He was the first to scparate
medicine from fancy or religion, and with his reports
of critical observation and experience, he established a
medical tradition based on facts. This collected infor-
mation was gathered into a text known as the Corpus
Hippocraticum, the medical testament of the pre-
Christian cra.

This treatise does not discuss the dental art inde-
pendently but contains many refercnces to the teeth and
the tissues of the jaws as part of the medical text, An
example:

.« « the first decth are formed by the nourishment of the fenss
in the womb . . . the shedding of the first seeth gencrally
takes place about seven years of age. Children who out their
tecth [a wiater time pet over the teeth period best. Among
those individuals whose heads are Jong-shaped, some have
thick necks, strong members and boees; others have strangly
arched palates; thus teeth are disposed to imegularity, crowd-
ing one an the other and they ave molested by headaches and
ctorchea. (Epidemics, chapter: de camibus.)'

Arnistotle (384 to 322 nc), the Greek philosopher,
had equal stature in the fields of statesmanship, art, and
béology. His inmterest in biology gave to medical science
the first system of comparative anatomy and the studies
of zoology and physiology. He was the first wriler who
studied the teeth in a broad manner, having examined
them in relation to the dentitions of various types of
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ABSTRACT

Pierre Fauchard (1678-1761) is considered the
father of modern dentistry, His seminnl book, Le
Chirurgien Dentiste, ow Traite des Dents (1728),
is the discipline’s first complete work. During the
five years preceding its publication (1723-1728),
Pierre  Faouchard sought the opintons,
contributions, and "approbation” (approval) of 19
of his colleagues: six physicians, 12 surgeons, and
one dentist. The first and most impaortant
contributor to the manuscript was Jean Devaux,
surgeon and mentor to Fauchard, The next six
reviewers were illustrious physicians and
scientists of the time: Philippe Hecquet, Jean-
Claude Adrien Helvetius, Jean Baptiste Silva,
Antoine Delussien, Raymond Jacob Finot, and
Antoine Benignus Winslow, The subsequent 12
reviewers were all swomesurgeons (certified by
St. Come). including a lone deatist, Laudumicy,
surgeon-dentist to His Majesty, Philip V, King of
Spain. Fauchard knew that for dentistry to be
regarded as a learned profession, and perhaps for
Fauchard to be recognized as its leader, be needed
the support and approval of the establishment
before publishing his book. This is an account of
how he attained this endorsement,

KEY WORDS: Fauchard, history of dentistry,
chirurgien dentist, surgeon dentist.
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The Birth of the Most Important
18th Century Dental Text: Pierre
Fauchard’s Le Chirurgien Dentist

at was it like 10 write a textbook early in the 18th century m & new
field like dentistry? How did the original manuscript get put together?
How did Fauchard go about running his ideas past other professionals?
Who, exactly, were the people Fauchard consulted between 1723 and 1728,
and why? These are some of the questions | asked in looking at Le
Chirargien Dentiste, ou Traité des Dents (1728) (Fig. 1), the first complete
work in deotistry, and the texibook that made Pierre Fauchard (1678-1761)
the "Father and Founder of Dental Surgery” (Vian, 1923a). This paper is not
an account of Fauchard's life or his seminal contributions to the field.
Several excellent reviews, including some recent ones, have done that (Viau
1923a,b; Weinberger, 1941; Hoffmann-Axthelm, 1981; Angot, 1983; Lynch
ef al.. 2006). This is an account of the peer review process that his
manuscript went through during a five-year period between 1723 and 1728

Pierre Fauchard worked on his famous manuscript on and off while
practicing as a certified "maitre” (master) chirurgren-dentist. His manuscrpt
was over 600 written pages in 1723, when he first registered it. However, it
took him five more years to bring ot to its final form of 783 pages, after
making corrections in response to feedback from 19 of his peers, highly
prominent members of society and the medical profession, pre-eminent
scholars m the fields of science and healing. Many of them referred patients
10 Fauchard: some were his patients. Fauchard sought and obtained their
endorsements for his book,

Pierre Fauchard was hiailed by his contemporares as a pioneer and
became a pre-cminent "Chirurgien-Dentiste®, the term he coined and used
for himself, This new term was meant to create a ‘pecking order’, to
distinguish those with surgical trainmg from those untrained. Dentistry was
practiced by a variety of individuals, some formally trained, some not at all.
The hierarchy that started with physicians and surgeons was thus extended
o tramed surgeon dentists and o untramed dennists, some less reputable
than others (barbers, blacksmiths, itincrant handymen, or even charlatans)

Fauchard's education began at age 15, in 1693, while serving as a young
naval surgeon apprentice 0 Alexandre Poteleret, surgeon-in-chief to His
Majesty's ships, As Fauchard witnessed the ravaging effect of scurvy on the
dentition of sailors, he became interested in dentistry, Fauchard never
completed his training as a surgeon, due 10 lack of funds. Dentistry, in
contrast, did not require a costly apprenticeship, His experience with
Poteleret was more than many practicing dentists had at the time. He
became a demtal surgeon, initially in Angers, Tours, Rennes, and finally,
starting in | 718, in Paris (Hoffmann-Axthelm, 1981),

His book 15 a compalation of the knowledge of dentistry al the turn of the
I18th century. No doubt many of his observations were from first-hand
experience, His manuscript has many original elements, such as the
description of ooth dysplasia (dentinogenesis imperfecta), and descriptions of
cysts, which Fauchard linked to canes Jesions. However, its most imporian
attnibute was its systematic, scientific, and comprehensive character—its
amazing thoroughness—a first for dentistry. Through the book. Fauchard
established & new profession that, until that time, was practiced by an
assartment of other protessionals. Attempts to publish on aspects of dentistry

Donvionded o | sagecat com f RUTGERS UKW an Jerwary 25 215 For permcasd was oty NS 50er Ll alaout Dearmason.

Annexe 7

e

91



Aus dem Zentrum der Zahn-, Mund- und Kieferheilkunde
der J.W. Goethe-Universitat, Frankfurt am Main
Poliklinik fur Kieferorthopadie

NEBENWIRKUNGEN DER
FORCIERTEN GAUMENNAHTERWEITERUNG

Dissertation
zur Edangung des Doktorgrades der Zahnmedizin
des Fachbereichs Medizin der
Johann Wolfgang Goethe-Universitat
Frankfurt am Main

vorgelegt von
Iris Borel-Scherf
aus Frankfurt am Main

Frankfurt am Main, 2007

Annexe 8

92



Zahn-Mund-Kiefer-Heilkunde

Kieferorthopadie

Franz Giinter Sander
Norbert Schwenzer
Michael Ehrenfeld

2. Auflage

=i

Annexe 9

93



Zurlch Open Ropository nod

University of Archive

University of Zurkh
zu rIChum Main Libirary
Strickholst msse 39
CH-805T Zunch
www zora,ugh o h

Year: 2015

Mandibular dentoalveolar reactions to rapid palatal expansion

Metenhofor, Martin Andreas

Posted at the Zurdeh Open Repository and Archive, Unlversity of Zurleh
ZORA URL: Wttps:/ /dolorg/ 105167 fuzh-124801

Dissrtation

Published Version

Orighnally pulilished at:
Malenbolor, Marthn Andieas. Mandibular dontoalveolar reactions to rapld palatal expansion, 2015,
University of Zurich, Faculty of Maodicine

Annexe 10

94



Aus der Poliklinik fur Kieferorthopadie der
Ludwig-Maximilians-Universitat
Minchen

Direktorin: Prof. Dr. Ingrid Rudzki-Janson

Die Wirkung der Gaumennahterweiterung auf die Nasenatmung
im Verlauf der aktiven Dehnung bei Patienten mit
transversaler Enge im Oberkiefer
Eine rhinomanometrisch - rontgenologische Studie

Dissertation

Zum Erwerb des Doktorgrades der Zahnheilkunde
an der Medizinischen Fakultat der
Ludwig-Maximilians-Universitat zu Minchen

vorgelegt von
Steffi Bossner

aus
Leipzig
2006
Annexe 11

95



DOR: ik dek oy 110 LTMN2I 769431197 (708 T o article

Transverse effects on the nasomaxillary complex one year after rapid
maxillary expansion as the only intervention: A controlled study

Carolina da Luz Baratien', Maheus Alves Jr', Claudia Trindade Mattos?, Georga Wain Thi Lau?,
Lincodn 1ssamu Nojma', Margareth Maria Gomes de Souza

The aim of thes study was to assess by means of cone=beam computed tomograply (CBCT) scans the transverse effects
on the nasomaxillary complex in panients submitted to rapid maxallary expansion (RME) using Haas expander in com-
parison o untreated individuals, This prospective controlled clinical study assessed 30 subgects (18 boys and 12 girds) wath
mixed dentition and during pubertal growth. The treated groap was submitted to RME wath Haas expander, retenton
for six months and a ssx-month follow-up after removal, The control group marched the treated group in terms of age and
sex distributson. CBCT scans were taken ar treatment onset and one year after the expander was activated. Maxillary first
molars (U6} width, rght and left Ub angulation, masallary alveolar wadth, maxallary basal wadth, palatal alveolar wadeh,
palatal base width, right and kit alveolar angulation, palatal arca, nasal base width, nasal cavity width and inferior nasal
cavity area on the posterior, middle and antersor coronal slices were measured with Dolphin Imaging Software” 11.5,
excepe for the frst two varables which were performed only on the posterior shee. All transverse dimensons mcreased
significantly (P < 0,05} in the treated group in companison to the control, except for alveolar angulation and inferior nasal
caviey area (P> 0.05). Results suggest that ncrease of molar, maxillary, palatal and nasal transverse dimensions was stable
m comparison to the control group one year after treatment wath RME,

Keywords: Palatal expansson techneque. Longitudinal studses. Orthodontes. Cone-beam Computed Tomography.

Objetivo: avaliar, por meio de tomegrafias computadorizada de feaxe conico (TCFC). as dimensdes transversais do
complexo nasomaxalar de pacientes submetidos 2 expansio mpida da maxala (ERM) ¢ sem mtervengio. Métodos: este
estudo clinico prospectivo ¢ controlado avaliou 30 individuos (18 menines ¢ 12 meninas) durance ¢ peciodo de crescimen-
to puberal ¢ dentgio mista. O grupo tratado foi submenido 3 ERM com expansor de Hass, permanceendo 6 meses em
comeengio e sendo acompanhados por mats 6 meses apds a remegio. O grupo controle for acompanhado durante o mesmo
tempo, Foram reatizadas TCFC a0 inicio ¢ um ano apds a fase ariva. Com o programa Dolphin Imaging 1.5, a largura entre
o8 primeiros molanss supeniones (U6), angulacio dos U6 dareito ¢ esquerdo, largura maalar alveolar, lingura maxilar basal,
langura ahveolar do palato, langura basal do palato, angulagio aheolar direita ¢ esquerda, drea palating, langura da base nasal,
largura da cavidade nasal ¢ drea da cavidade nasal inferior foram obtidas em cortes coronais posterior, médio ¢ anterior, com
excegio das duas prametnas medidas, gue foram obtidas apenas no corte corenal posterior. Resultados: odas as medsdas
foram significativamente (p < 0,05} masores no grupo da ERM, com excecio da anglagio alveotar ¢ da drea da cavidade
nasal. as quais ndo foram significativas (p > 0,05) entre os grupos. Os resultados sugerem que, um ano apds a ERM, a di-
mensio transversal na cavidade nasal, maxala, palato e regiiio dos molares 330 mawoees do que em individuos o tratados.
O pratocolo de ERM utilizado foi eficaz na manutengio da dimensio transversal durante periodo de acompanhamento.

Palavras-chave: Técmica de expansio palatina. Estudos longitudinais. Ortodontia. Tomografia computadorizada de
feixe conico,
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Maxillary Expansion

1Anirudh Agarwal, “Rinku Mathur
Professar and Head, Departmant of Orthodontics, Rajasthan Dental College and Haspital, Jaipur, Rajasthan, India
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Abstract

Maxitary lrangveess gisCropancy usualy requires exparsion of the palale by & ComMINalion of Crimopedc and OrNOGoc WO MoVwTas.
Three expanson freatment modalties are usad today: rapid maxilary expansion, sow maxbary expension and surgically assisted maxnlary

exparsion. This artcle alms % review the maxilary expansion by al the three modalities and a briet on commenty used applances.
Keywords : Maxilary expansion, Rapid maxiary expansion, Slow maxiiary expansicn, Surgically assisiod maxiary expansion.

INTRODUCTION

Maxillary expansion treatments have been used for more
than a century o correct maxillary transverse deficiency. The
carliest common cited repoetis that of E.C. Angell published
in Dental Cosmos in 1860." The work was discredited ot
the time, but the technique 1s now generally accepted as
a relatvely simple and predictable orthodontic therapy.
Correction of the transverse discrepancy usually requires
expansion of the palate by a combination of orthopedic and
orthodontic tooth movements, Three expansion treatment
modalities are used today: rapid maxillary expansion
(RME), slow maxillary expansion (SME) and surgically
assisted maxillary expansion. Since cach treatment
modality has advantages and disadvantages, controversy
regarding the use of each exists. Practitioners select
treatment appliances based on their personal experiences
ond on the patient’s age and malocclusion.™ Normal
palatal growth is nearly complete by age 6. and increasing
mnterdigitation of the suture makes separation difficult 1o
achieve after puberty.'™'* During treatment, transverse
forces tip the buccal segments Jaterally* and with proper
appliance design, Ird-order moments will induce bodily
translation.™ If the force is strong enough, separation
occurs at the maxillary suture. The clinical conditions
indicating maxillary expansion include crossbites, distal
molar movement, functional applisnce treatment, surgical
cases for inst or bone grafls, o aid
maxillary protraction and mild crowding. This article aims

e arch coordimna

10 review the maxillary expansion and commonly used
appliances.

RAPID MAXILLARY EXPANSION (RME)

Rapid maxillary expansion was first described by Emerson
Angell in 1860" and later repopularized by Haas. The main
object of RME is to correct maxillary arch narrowness but
its effects are not limited to the maxilla as it is assocuted
with 10 bones in the face and head.'* Advocates of rapad
maxillary expansion believe that st results in minimum dental
movement (tipping) and maximum skeletal movement.”
When heavy and rapid forces are applied to the postenos
teeth, there s not enough time for woth movement to occur
and the forces are transferred to the sutures. When the
force delivered by the appliance exceeds the limit needed
for orthadontic tooth movement and sutural resistance,
the sutures open up while the teeth move only mimimally
relative ta their supporting bone. The appliance compresses
the periodontal ligament, bends the alveolar process, tips the
anchor teeth, and grudually opens the midpalatal suture and
all the other maxillary sutures.

Effect of RME on Maxillary and Mandibular Com-
plex
Maxillary skeletal effect; When viewed occlusally, Inoue

found that the openmg of the midpalatine suture was
nonparaliel and tnangular with maximum epening at meisor

International Jourmal of Chnical Padiatric Dentisiry, September-December 2010-33). 135-146 139
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Original Article

Pain and discomfort during the first week of rapid maxillary expansion
(RME) using two different RME appliances:
A randomized controlled trial

Ingalill Feldmann®; Farhan Bazargani®

ABSTRACT

Objectives: To evaluate and compare perceived pain intensity, discomfort, and jaw function
impalirment during the first week with tooth-bome or tooth-bone—bome raped maxillary expansion
(AME) appliances.

Materials and Methods: Fifty-four patients (28 girls and 26 boys) with a mean age of 9.8 years (SD
1.28 years) were randomized into two groups. Group A received a conventional hyrax appliance
and group B a hybrd hyrax appliance anchored cn mini-implants in the antenor palate,
Quaestionnaires were used 10 assess pain intensity, discomfort, analgesic consumption, and jaw
function impairment on the first and fourth days after RME appfiance insertion.

Results: Fifty patients answered both questionnaires. Overall median pain on the fist day In
treatment was 13.0 {range 0-82) and 3.5 (0-78) for groups A and B, respectively, with no significant
differences in pain, discomfort, analgesic consumption, or functional jaw impairment between
groups. Overall median pain on the fourth day was 9.0 (0—90) and 2.0 (0-71) for groups A and B,
respectively, with no significant differences between groups, There were alse no significant
differences in pain levels within group A. while group B scored significantly lower concerning pain
from molars and incisors and tensions from the jaw on day 4 than on the first day in treatment.
There was a significant positive correlation between age and pain and discomiornt on the fourth day
in treatment. No correlations were found between sex and pain and discomfort, analgesic
consumption, and jaw function impairment.

Conclusions: Both teoth-bome and teoth-bone-bome RME were genesally well tolerated by the
patients during the first week of treatment. (Angle Orthod. 0000;00:000-000.)

KEY WORDS: Rapid maxillary expansion; Pain and discomfort: Mini-implants; Questionnaire

INTRODUCTION

Rapid max#lary expansion (RME) is a common
procedure in young children with a constricted maxilia
and transverse discrepancies between the maxilla and
the mandible.'* The primary goal of RME is to
maximize dentofacial orthopedics and minimize ortho-
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dontic movement, but a recently published systematic
review” indicates that the skeletal effects (ie, the
opening of the midpalatal suture} account for only
approximately 20%-50% of the total screw expansion,
meaning that the dentoalveolar effects in terms of
molar tipping and alveolar bending account for over
50% of the total effect, To minimize these dental side
effects, which likely increase the nsk of relapse,
skeletally anchored BRME appliances have been
infroduced.**

Pain and discomfort are well-known side effects of
onhodontic treatment with fixed appliances,”* but few
studies™ ' have explored pain and discomfort during
RME treatment. These few studies have concluded
that most children undergoing RME report pain, which
generally occurs during the initial phase and diminish-
es thereafter. The highest pain levels were repened
during the first 10 activations and peaked on days 3
and 4. Activation protocols with two tumns/d result in

Angle Orthadontist. Vel 00, No 00, (000
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Original Article

Skeletally-anchored Rapid Maxillary Expansion using

the Dresden Distractor

Skelettal verankerte Gaumennahterweiterung mit

dem Dresden Distraktor

Lars Hansen', Eve Tausche’, Velker Hietschold?, Thorsten Hotan?, Manuel Lagravére’, Winfried Harzer'

Abstract
Introduction: It was the aim of this study to carry out a 3-D
analysis of the teeth, alveolar and skeletal structures during
bone-borne, surgically-assisted rapld maxillary expansion (RME)
with the Dresden Distractor (DD). We aimed to determine wheth-
or 3 translatory and skeletal movement of the segments would be
possidle while reducing the dento-alveolar side effects assoctat-
ed with tooth-borne RRE.
Materials and Methods: Standardized axial computed tomogra-
phyy (CT) was performed on twelve patients averaging 25.3 years
of age prior to and after RME with the DD. Reference planes and
the triple-0-ELSA were defined bilaterally referrng to the follow-
ing anatomic points: the foramina spinosas, external auditory
meati and the anterior margin of the faramen magrum, We mea-
sured the amount of movement that occurred before and after
RME with the DD against ELSA.
Results: A screw activation of 6.0 mm led to 3 transwerse expan-
sion of 5.55 mm in the alveclar process in the premolar region,
and of 4.87 mm in the molar region, with 8° to 9.8° of buccal
tpping and an Increase in width of 6,07 mm and 5.71 me, re-
spectively, ocourred in conjunction with only slight buccal tip-
ping of the premodars {3,1°-4.6*) and molars (1,1°-2,6*), These
data signify, beyond the considerable ckeletal efficacy, an up-
righting of the teeth due to the multibracket appliance’s torque
effect, and a direct transfer of the expansion forces onto the
bone. Autorotation of the mandible in forward and upward direc-
tions was passible due to the considerably less dental tipping
resulting from RME with the DD in comparison to tooth-bome
RME. This fact demaonstrated that the DD is also well-suited for
patients with vertical growth pattern.
Conclusion: The bone-borne DD 5 an effective therapeutic
methed that spares the patient the negative side effects associ-
ated with tooth-bome RME such as root resorption, bone dehis-
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Zusammenfassung
Ziel: Ziel der Studie war die 3-D-Analyse von Zshnen, alveoldren
und skelettalen Strukturen bei der knechenverankerten, chinar-
gisch unterstitzten Gaumennahterweiterung {GNE) mit dem
Dresden Distraktor (DD). Es sollte Gberpriift werden, ob eine
kideperliche und skelottale Bewogung der Segmente mit einer
Reduktion der bel der zahngetragenen Gaumennahtermeiterung
auftretenden dentoalveoliren Nebenwirkungen erreicht werden
kann,
Matesial und Methodik: Bei swiilf Patienten, Durchschnittsal-
ter 25,3 Jahre, wurden vor und 6,8 Monate nach der GNE mit dem
DD standardisterte axiale Computertomogramme (CTs) erstedlt,
Mittels der anstomischen Referenzpunite Foramina spinosa und
Pori acustici externi beidseits sowie dem Yorderrand des Foramen
magrum wurden Referenzebenen und der Tripel-Nullpunkt ELSA
definiert. Bewegungen der Nesspunkte vor und mach GNE wurden
gegen ELSA vermessen,
Ergebnisse: Die Schraubensrweiterung von 6,00 mm fGhrie am
Alvealarfortsatz in der Pramolarenregion zu 5,55 ma und in der
Molarearegion zu 4,87 mm transwersaler Erwelterung mit 8°-9,8°
Bukkalidippung. Die geringere Bukkalkippung der Prémolaren von
3,1°—4,6° und der Molaren von 1,1°-2,6° bei einer Breitenzu-
nahme von 6,07 mm bzw. 5,71 mm verdeutlichte neben der gro-
en skelettalen Effektivitit eine Aufrichtung der Zahoe durch den
Torqueeffekt der Multibracketapparatur und die direkte Einlel-
tung der Expansionskridfte auf den Knochen. Die im Gegersats zur
zahngetragenen GNE geringe Zahnkippung der GNE anit dem DD
erlaubte eine Autorotation der Mandibula nach ventral und kranl-
al, so dass der DD auch bei vertikalem Wachstum gut geeignet
war,
Schlussfolgerung: Der knochenverankerte DD st eine effek-
tive Therapiemethode, welche vor unerwiinschten Nebermir-
kungen zahngetragener GNE wie Wurzelresorptionen, Kno-
chendehiszenzen, Bisséffnung und exzessiver Bukkalkippung

1 Orofac Orthop 2007;68:148-58
DO 10.007/500056-007-0643-2
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Transpalatal distraction — State of the art for the individual
management of transverse maxillary deficiency — A review of 50
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Transpalatal distraction has been established as a technique for surgical assisted rapsd palacal!maxillary
expansion {SARPESARME) in ocder 1o correct transverse madilary deficiency.

From 2007 until 2013 bone borme transpalatal distraction devices Bave been inserted m 50 patients
affected by transverse maxiflary deficency and trasspalatal distracton has been performed by the same
surgical team, Patient records were retraspectively evaluated after ending of the active destraction phase
wilh respect 10 indication, achieved expansion. addtional procedures and side effects,

I all cases the existmg transverse maxillary deficency was corrected by means of transpalatal
distraction according to the indmdual needs. No complications were observed that interfered with that

therapeutic aim. Evaluation of the records showed a wide variance of parameters which impedes evi-

dence based statements.

According to that series transpalatal distraction 15 2 safe, powerful and reliable procedure and can be
recommended as a state of the art procedure for the indmdually adapted correctson of transverse
maxillary deficiency if well known parameters of distraction are respected.

© 2014 Luropean Association for Cranio-Maxillo-Facial Surgesy. Published by Elsewser Ltd All rights

reserved.

1. Introduction

Since ir's introduction by Mommaerts and co-workers in 1999
(Mommaerts, 1999) transpalatal distraction [TPD/TPDO) has been
established as a bone borne vanant for surgically assisted rapid
maxillary or palatal expansion [SARPESARME]. It &5 indicated in
cases of transverse maxillary deficiency that cannot be corrected by
orthodontic means alone,

Basically SARPE can be performed either by individually
designed tooth borme expansion devices (Hyrax/Haas screws ) where
expansion foeces are indirectly transmmitted 1o the palatal bone of by
commercially avadable bone borne distraction devices which are
directly acting on the palatal bone, Both methods are known
provide reliable results (Koudstaal et al, 2000 Verstraaten et al,
2000; Nada et al, 2012). Main advantage of bone borne devices is
a more skeletal expansaon without dentoalveolar movement which
cannot be excluded when tocth bome devices are applied (Landes
el al., 20009; Zemann ¢t al., 2009).

* Corresponding author, Tel.: + 49 30 450 5535022; fax: 1 49 30 450 555901
Emal  oddresses: m adolpbs@hotmalicom,  necoliladolphecharhe de
(N Adoiphes)

ctpHd i o) HOSOT6 () jona 2014 0501
W10-5182 (0 2014 Furoy Asseciation for <

Another advantage of bone bome devices is the fact that or-
thedontic treatment and closure of the interincisival diastema can
basically be started at an eardier stage when compared with tooth
borne devices as dental movements are not Impaired by bone
borne distraction devices. This can help to reduce overall treatment
time and acceptance especially In adult patients (Mommaerts,
1999; Pinto et al., 2001),

An individually adapted correction of the present transverse
maxillary deficiency can be performed by selection of an appropriate
device, the intraoperative positioning of the device and modification
of the osteotomses which are required for surgically assisted
max(Hary expansion. The options for the individual management of
transverse maxillary deficlency by transpalatal distraction should be
demonstrated according to the clinical experiences after a series of
50 patients that have been treated from 2007 to 2013,

2. Materials and methods

Since 2007 50 patients affected by transverse maxillary defi-
ciency have been treated by transpalatal distraction (TPD) with or
without subsequent combined orthognathic treatment.

bo-Nanillo-Facul Sungery, Peblshed by Elsevaer Lod All rights revervnd,
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Stability of the anterior arm of three different
Hyrax hybrid expanders: an in vitro study

Geonzalo de La Iglesa’. Anaré Walter’, Fernando de la Iglesia’. Hainz Winsauer’, Andrew Puigdoliers'

DON: bl oo/ MU TSNY2ITT-6709, 27,1, 057045 e

Introduction: The frce applied o the teeth by fixed cothopeedic expanders has provioasy been studied, bt pot the Sorce apphbed o the
octhodeoeic mini-mgplint (OMI) used to expand the maxilla with Hyrax ybnd expeaders {HHE). Objective: The aim of this artice was
to evaluare the chinical safery of the comy {OMI, ab sod double wire ams) of thiree ddferens force-tracsmiming systens (FTS)
for conducting oethopacdic maxsfiary expansion: il Medbcal & Tager Dertal ™, Macrodont™ and Orthodox™, Methods: For the realiea-
tom of this in v study of the nesstance to mecharacal load, three different abutment types (bonded, screwed v, and coupling] and three
diffierent OMIs" diameters (Jeil™ 2.5 mm, Macrodent™ 1.6mm and Ortholox™ 2.2 mm) were used. Ten tests for cach of these theee FTS
were carried oue in a stacic biteral kad m arnfical booe Bodks (Sawbooes™ ) by a Gaklabim universal esting machme, then comparing xs
perfarnince, Comparisons of loads, deformanons aod fracnanes were carmed ot by means of exdiographs of FTS components in each case.
Resubts: At 1-mm boad and within the chastic deformation, FTS vadoes ranged froen 674 13N to 183+ 48N, Under gre defoemations, il
& Tiger™ was the voc who withstood the greatest loads, with an average 378+ 22N: followed by Microdene™ with 201 + 18N, and Ortho-
Joxx ™, wach 103 £ 10N, At 3 load, the OMls shaﬁ bends and defioerns when the diameser is smuller than 2.5 m. The abutment fixatico
is crocial ro trarsanie forces and nix G The peesent study shows the poriance of a ngid design of che different com-
poexeits of HHEs, and #so that HHEs would be sustalie for manilliry exparston i sdokescents armd young aduls, since s mean expansion
foeces exceed 120N, Furthermaore, carly abutment detachment or stmaller mine-mmpmts diameter woukd ondy be approprate ar children.

Keywords: Micrascrew. Mini-implant. Hybead hyrax expander. Raped masallary expansion. Abutment stabality.

Introdugiio: a forga aplicada sobee o dentes poe exqunsanes ortopédieos fixos ji &n estudada antes, ns ndo 3 forg@ aplicads sobne os mine-
simphintes artodéotcos (MBOs) usados para expandir a maxila com expansoess do tipo Hhyrax hibrido (EFH). Objetivo: o obyetivo desse artigo
fisd avaliar & seguranga clinica dos comy (MIO, ab de fixagho, ¢ bragos de fie duplo) de nés sstomas de oanemisdo de forga (STF)
usados puea expunsio ammopddiea di maxiby: Jal Medical & Tiger Deneal™, Macrodent ™ ¢ Owthokax ™, Méeoddos: para realizar csse estudo
Wi st o reastincta & Ganga eecinic, S usadas e tipos de sten de fxagio (colado, aperatisadio ¢ epbm) ¢ MIOs de s didmetros
diferernes (Jal™ 2.5 mms Microdere™ 1.6mm ¢ Ortholon™ 2.2 1), cam sus respectivas moecamcas de STF. Foram realizados 10 testes para
cada STF, uando uma carg lateral estiica em Blocoos de csso artificial (Sewbones™ ) com uma mukquina unversal de testes ¢, depots, camparou-
-5, por meo de rachografiss, os desempenhos, levando-se e consideragho as cargas, defoamagdes ¢ franes dos composentes de cada STE.
Resuleados: com o canga & T ¢ wem exceder o limite de deformagio chisnca, os viloees dos STR variaram de 67 13N 3 183228 N, Soby
defoermapdes mupors, o sigten Jerl & Tiger™ for o que apresentou matoe nesstings s cingss devadis, com valor de 378 22N; sqpnndo pelo
Microdere™, com 201 £ 18N, ¢ Ortholox ™, comm 103 £ ON. Coma canga a 3mam, o cixo do MIO se dobeou ¢ defoermon quando seu didme-
tro era menar que 2,5 mam. O alwoment de fixagho ¢ crucal pan a manemisdo das foegs ¢ momanesos. ConclusBes: o presente estuda evidenciou
aimporeinei da rigades no g dos difironses componerses dos ST dos EHH. Também revelon que eles o adequadcs para a expanslo da
xaxibs eon adokescernes ¢ adultos fovens, pots s foegas de experdo. em mddia, excederam os 120N Al disso, a desconexdo prococe do abw-
wenit ont 0 s de mirn-imsplarees de menor deimetro no desin do STF sertamn aprogesados aperas em criangas,

Palavras-chave: Macroparafiscs. Muni-umpl Exp Hyrax hibado. Exparsio ripada da maxabi. Esbadidade do atunwon.
“Univeratat Incrmaconad de Caalurya, Dhepartment of Orthodoatics How to cite: D la Ighevia G, Walner A, Do & bghesis F. Winaner H, Puipdol-
(Banchoeta, Spaa) Jors A Stabslity of the snerior sem of dheee diferost Hyrax e expanden: an
*Prreate peacoce (Barcedona, Span ) m vitro audy, Demal Prew | Ordod. 2018 Jo-Febe2 X1 2 37-45

DL betgsy)\ o ong! HLISAN2ITT-6T0. 28 11374048 e

= Pathers displayed In this setiche prestousty approeed the ese of their facked aed in- Subambtred: Junc 113 2116 - Revised and accepted: Febosary 11,2017

traoral phosegraphe
Contact address: Fernumds D L igheds
» Thu smathoes report d, peoprrictary oo fi ial isbervat in the peedacts CJ Jacmto Benneree 6 - Becclona 08017, Spun
arcompemles desenbad in thisarticle. E-mal: frnandoctoctndonoatrestomes. coms
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Die Bedeutung der Zunge fiir die Nasen- und Mundatmung
Yon Prof, Dr. Adol! Eckert-Mbbius, Halle
Mit 17 Abbildungen

Das Thema meines heutigen Vortrages miibte eigentlich vollstindiger lauten:
»Die Bedeutung der Mundweichteile fiir die Nasen- und Mundatmung”. Wenn
ich als pars toto bewufBit die Zunge in den Vordergrund meiner Betrachtungen
stelle, so deshalb, weil diese fiir das Zustandekommen der Mund. oder Nasen-
atmung die wesentliche Rolle spielt und sich am ehesten als formender Faktor
bel der normalen und pathologischen Entwicklung der Kiefer und des Gaumens
auswirken kann,

Sie alle wissen, daB der Mensch mit normalen Nasen-, Mund. und Ra.
chenverhdltnissen gewdhnlich durch die Nase atmet und bei stirkerer At.
mungsbeanspruchung automatisch den Mund fiir die Atmung zu Hilfe nimmt,
Sie wissen ferner, daB wir auch bei gedffnetem Munde willkiirlich durch die Nase
oder durch den Mund atmen kdonen.

Und schlieBlich ist Thnen bekannt, daB es zwei verschiedene Formen un-
willkiirlicher pathologischer Mundatmung gibt :

1. die nasal bedingte infolge erschwerter oder behinderter Nasenatmung, z. B. durch
Stockschnupfen oder Rachenmandelbyperplasie;

2. die oral bedingte infolge unzureichenden Lippen- und Kieforschlusses versohie-
denster Ursache.

Wie verhalten sich in allen diesen Fillen die Mundweichteile, insbesondere
die Zunge und welche Auswirkungen auf die F altung der Kiefer und des
Gaumens kdnnen von ihr unter normalen unda;moghohn Atmungsverhilt-
nissen ausgehen?

Die im Schrifttum dariber vertretenen Auffassungen sind keineswegs ecin-
heitlich, zum Teil sogar voller Widerspriiche, auf die ich aus Zeugrnnzn im
einzelnen nicht niher eingehen kann. Ich will mich daranf beschriinken, Thnen
meine eigenen Untersuchungsergebnisse darzustellen und die biologischen SchluB.
folgerungen, die sich daraus ergeben.
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Le Fort | Osteotomy for Maxillary Repositioning
and Distraction Techniques

Antonio Cortese
University of Salerno
Italy

1. Introduction

Despite the widespread acceptance of various classifications for midface fractures, the most
commonly used for describing these fractures remains the classical one described by the
French physician Rene Le Fort in 1901 (Le Fort, 1900, 1901),

The technique for maxillary osteotomy type Le Fort | was performed for the first ime by
Cheever in 1864 for rinofaringeal tumor resection (Halvorson & Mulliken, 2008).

In 1921 Herman Wassmund performed a Le Fort 1 osteotomy for dentofacial deformity
correction without intraoperative mobilization, which was achieved by orthopedic traction
in the post operative time (Wassmund, 1927, 1935).

In 1934 Auxhausen performed a Le Fort | osteotomy mobilization for open bite correction
(Axhausen, 1934), but only in 1952, in the USA, Converse described his cases operated by
maxillary osteotomy and large vestibular and palatal elevation for Le Fort | osteotomy
combined with midpalatal osteotomy (Converse, 1952),

After this report some other surgeons performed maxillary osteotomies for open bite correction,
but results were not stable (Steinhausen, 1996). Only in 1974 Stoker and in 1975 Epker, reported
encouraging results in dentofacial deformity correction using down fracture technique for
complete maxillary mobilization by Le Fort | osteotomy (Stoker, 1974; Epker, 1975),

After encouraging reports by some American surgeons (Converse, 1969) whe published
several methods for correction of jaw deformities and stressed the importance of close
collaboration between surgeon and orthodontist, other surgeons (Obwegeser, Wilmar, Bell)
started to widely adopt maxillary osteotomies for dentofacial deformity correction
(Obwegeser, 1969; Bell, 1975, Hogeman & Wilmar, 1967).

An important contribution to orthognatic surgery came from Obwegeser's unit in Zurich
(Switzerland) and from many excellent textbooks on orthognatic surgery published in the
80s by different American surgeons (Bell, 1980; Bell, 1985, Epker and Fish, 1986; Profitt and
White, 1991).

Before 1965 this kind of deformities were commonly treated only by mandibular
osteotomies even if skeletal problems were present in maxillary bones, but final results were
not aesthetically satisfactory. An important progress in orthognatic surgery was the ‘two-

www.Intechopen.com
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Kieferorthopadische Gaumennahterweiterung (RPE)
versus chirurgisch unterstiitzte Gaumennaht-
erweiterung (SARPE) - eine Gegeniiberstellung

Orthognathic Maxillary Expansion (OME) Versus Surgical Assisted Rapid
Palatal Expansion (SARPE): A Comparison
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Zusammenfassung Abstract

v v

Der Schmalkiefer, auch Mikramaxillle, kann aks
Tell eines Fehlbisses unterschiedlich karrglert
werden Die Erweiterung erfolgt je nach Alter der
Patienten mit verschiedenen Methoden Wah-
rend bei Kindern und Juge ndlichen die Verbr eite-
rung konservativ mit Dehnplatten erfolgen kann
(rapid palatal expansion=RPE) ist dies bei Er-
wachsenen mit abgeschlossener Verknacherung
nicht mehr miglich, sondem muss chirurgisch
unterstiitzt erfolgen In beiden Fillen wird die
Expansion mit Dehnplatten durchgefiihrt Die
ersten Dehnplatten wurden bereits im 18_Jahr-
hundert entwickelt. Die chinurgisch unterstiitzte
Enwelterung (Surgically assisted rapid palatal
expanson=SARPE) ist seit der ersten Halfte des
20 _Jahrhunderts maglich Die angewandte Me-
thade wird durch die Verkndcherung der Sutura
palatina bestimmt. wobei diese frither als Haupt-
widerstand galt Die heutigen Erkenntnisse haben
gezeigt, dass die Resistenz im Bereich der Crista
zygomatico-maxillaris und des Processus ptery-
gaid mit h d Alter den Haupt-
widerstand bilden Diesem Umstand Rechnung
tragend. hat sich die Methode der chirurgischen
Erwelterung gewandelt

Many passible treatment modalities exist for
correction of maxillary transverse width discre-
pancies. Opening of the midpalatal suture with
expansion appliances was used In children and
young adults to widen a deficient maxilla in the
nineteenth century. This marks the beginning of
rapid palatalexpansion (RPE) Surgially assisted
rapid palatal expansion (SARPE) was introduced
in the first half of the last century as conservative
treatment of maxillary deficiency in adults was
not successful Histarkcally the midpalatal suture
was thoug ht to be the area of resistance to expan-
sion. However, studies have shown that the facial
skeletan Increases its resistance to expansion as
it ages and that the major site of resistance are
2ygomatic-maxillary buttress and pterygopala-
tinal process. Therefore SARPE 15 a useful tech-
nique for madllary deficiency in adults

Einleitung

v

BeiBen die bukkalen Hacker der Unterkiefer-
seitenzihne seitlich an den bukkalen Héckern
der Ober kiefe rseitenz dhne vorbel liegt ein Kreuz-
biss vor. Dieses Missverhaltnis der Transversalen
von Oberkiefer zu Unterkiefer kann relativ oder
absalut sein (siehe unter Methade, SARPE) Al
Bestandteil eines Fehlbisses oder isallert in Form
einer Mikromaxillie tritt dies bel 8-14% jener
Patienten auf, die sich einer kieferorthopadischen
Behandlung unterzehen Die Korrekiur einer
Mikromaxillie kann je nach Alter und Schwere
unterschiedlich durchgefithrt werden Aus kiefer-
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orthopadischer Sicht kann bel Kindern, Jugend-
lichen und jungen Erwachsenen die Dehnung
kanservativ mit Platten erfolgen (OME) wi hrend
bel Erwachsenen dies nur mit chirurgischer
Unterstiltzung maglich ist (SARPE)

Kennzeikchnende Symptome fiir eine Mikromaxil-
lie sind transversale Enge, schmale Zahnbagen im
Oberkiefer, frontaler Engstand und ein hoher
Gaumen. Meist sind diese Patienten Mundatmer.
Negative Folgen einer transversalen Enge kinnen
sich in Farm eines lateralen Kreuzbisses oder dis-
talen Zwangsbisses JuBermn. Die Therapie ist eine
transversale Erwelterung des Gaumens, um eine
Verbreiterung der Zahnbdgen zu errechen |1}

1 Orthod Kidderoethop X009, 41 251258



Palatal growth studied on human
autopsy material

A histologic microradiographic study

B. Melsen, D.D.S., Dr.odont.
Aarhus, Denmark:

Thc most important information on the vertieal growth of the hard
palate has been obtained in longitudinal reentgen-cephalometrie studies by
Bjork® * 7 by means of the implant method. These studies have shown that
lowering of the maxillary arca of the hard palate is due to bone resorption on
the nasal side of the hard palate and to apposition on the oral side, 1L was
further shown hy Bjirk and Skieller® that remodeling of the nassl side of the
hard palate is differentiated, as the resorption is usually greater on the anterior
part of the nasal surface, The information obtained in these studies applies only
to the growth of the maxillary part of the hard palate, as the implants were
always placed in the maxilla. The vertical growth pattern of the horizontal
plate of the palatine bone has not previously been studied.

The growth in length of the hard palate has been deseribed by, among others,
Koski,'* Bambha,' Taylor,?* Bjork,* Melsen,' and Fishman,' and in all o1 thesc
studies the growth was found to eontinue until adulthood. However, there has
not been any investigation of the extent to which the inercase in palatal length
is due to growth in the transverse palatal suture and the extent to which it is
due to apposition on the posterior margin.

Regarding the growth aetivity of the midpalatal suture, various opinions
have been expressed, Seott™ considered that growth in the suture ceased at the
age of 1 yvear. On the other hand. Latham and Burston'* and Latham,' who
studied the suturc histologically, observed growth at the age of 3 vears, and
Persson®? observed signs of growth in the suture at the age of 13. Bjirk® had
previously pointed out that growth aetivity in the midpalatal suture continues
for o considerably longer period than formerly believed. This has reeently been
confirmed in implant studies reported by Bjiork and Skieller.”

From the Department of Orthodonties, The Royal Dentul College, Vennelyst
Boulevard, DR-8000 Aarhus C, Denmark.
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Original Article

Assessment of respiratory muscle strength and airflow before and after
microimplant-assisted rapid palatal expansion

Camilla Juliana Storto”; Aguinaldo Silva Garcez"; Hideo Suzuki®; Karla Garcez Cusmanich?;
Islam Elkenawy*; Won Moon'; Selly Sayuri Suzuki®

ABSTRACT

Objectives: To assess alterations In respiratory muscle strength and Inspiratory and expiratory
peak flow, as well as skeletal and dental changes in patients diagnosed with transverse maxillary
deficiency before and after microimplant-assisted rapid maxillary expansion (MARPE).

Materials and Methods: Twenty patients (13 female and 7 male) were assessed by respiratory tests
in three different pericds: TO initial, T1 immediately after expansion, and T2 after 5 months, Tests
included: maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP), oral
expiratory peak flow, and inspiratory nasal flow. Cone-beam computed tomography measurements
were performed in the maxillary arch, nasal cavity, and ainway before and immediately after expansion,
Results: There was a significant increase in MIP between TO and T2 and MEP between T0 and T1
(P<.05). Oral and nasal peak flow increased immediately after and 5 months later, especially in
patients with initial signs of alrway obstruction (P<.05), In addition, after expansion there was a
significant enlargement of the nasal cavity, alveolar bone, and interdental widths at the premolar
and molar region. Molars tipped buccally (P<.05) but no difference was found in premolar
inclination. MARPE increased awway volume significantly.

Conclusions: Skeletal changes promoted by MARPE directly alfected airway volume, resulting in
a significant improvement in muscle strength and nasal and oral peak flow. (Angle Orthod.

0000;00:000-000.)

KEY WORDS: Nasal cavity; Nasal cbstruction; MARPE; Alrway volume
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INTRODUCTION

Transverse maxillary deficiency is characterized by
lateral growth failure resulting in a narrow maxilla,
narrow palatal vault and, often, posterior crossbite.'
Patients with maxillary constriction tend to have airway
problems. Mouth breathing can also cause muscle
imbalance, postural axis alteration, disorganization of
muscle groups, inhibiton of nasal afferent nerves,
decreased pulmonary compliance, and restricted chest
expansion as well as alveolar ventilation.”

Once the nasal airway is obstructed, reducing
airlow, the patient starts breathing through the mouth,
causing air to arrive faster to the lungs. With less effort
to breathe, the entire ventilatory mechanism is com-
promised, with reduced diaphragm action and less
strength of the respiratory muscles,™

The most common metheds used for nasal flow
studies are rhinomanometry, acoustic rhinomanome-
try, and nasal inspiratory peak flow (NIPF). All of them
offer accurate results to measure airflow throughout the
nasal cavity. The NIPF is used to detect clinical
changes caused by respiratory problems. It is a low-

Angle Orthadonist. Vol 00. No (0. (000
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The effect of rapid maxillary
expansion on conductive

hearing loss

ismail Ceylan, DDS, PhD; Hisamettin Oktay, DDS, PhD;

Miinir Demirci, MD

uditory disorders are broadly classified

as conductive (external and middle ear)

and sensorineural (referring to lesions in
the cochlea or involving the eighth nerve). The
major dysfunction observed in conductive dis-
orders is a loss in hearing sensitivity reflected by
elevated air-conduction thresholds. The loss var-
ies greatly depending on the severity and type
of physical change impased on the mechanical
system of the outer or middle car. Because the
cochlea and eighth nerve are often unimpaired
in individuals with only a conductive lesion,
bone-conduction thresholds are found at normal
or near-normal levels.

The primary audiologic tests to distinguish a
conductive hearing loss from a sensorincural one
are the comparative measurements of air- and
bone-conduction thresholds and acoustic

immittance as measured at the plane of the tym-
panic membrane. The magnitude of the hearing
loss is usually measured at selected octave fre-
quencies within the major useful range of human
hearing (0.25 to 8.0 kHz).! Hearing abilities vary,
and threshold values within 20 dB of 0 are con-
sidered normal hearing, according to the Ameri-
can National Standards [nstitute.?

In normal hearing, air- and bone-conduction
thresholds interweave. The difference between
these two thresholds—called the air-bone gap—
provides an estimate of the magnitude of the
conductive component and has considerable
clinical usefulness. An air-bone gap of 20 to 30
dB indicates a mild or very early conductive loss;
30 to 45 dB a moderate conductive loss; and 45
to 60 dB a maximum conductive loss. '

Manxillary arch contraction or maxillary width

Original Article

Abstract

The effects of rapid maxilary expansion (AME) on conductive heanng loss were Investigated in 14 subjects (11 females
and 3 males). The subjects ranged in age from 10 years 4 months to 16 years 9 months (mean age 12 years 11 months +
1 year @ months) and had narrow maxillary arches and conductive hearing loss, Hearing levels were determined by means
of pure-tone audiomeltric records. Three records were laken for each subject. The first was taken before RME, the second
after sufficient midpalatal suture cpening was achieved (mean=15 days), and the third after the retentien period (mean=4.5
months). All the audiometric records were assessed by an otolaryngologist, Changes in both heanng level and air-bene gap
were investigated by means of analysis of variance. it nas been determined that hearing improved at a stabistically significant
level (P<0.05) alter the active treatment period, but that the improvement reversed at the end of the ratention peried. Five
patients experienced significant and stable hearing improvement over the duration of this study.

Key Words
Rapid maxiMary expansion * Conductive hearing loss
Submitted: April 1995 Revised and accepted: August 1995 Angle Orthod 1996:66(4):301-308
The Angle Orthodontist Val. 66 No. 4 199% 30
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A review of maxillary

expansion in relation to rate

of expansion and patient’s age

Ronaid A. Bell, D.D.S., MD.*
Augurta, Ga

Troatmeont vanables such as paSient age. rate of expansion. magnitude of applied ransverse Yorce, applance
Gosign, and retention Protocol Produce an amay of teractions which affect orthopedic and orhodontc
movements during Maxilary expansion procedures. The purpose of thig article IS 10 review the Quantitatve and
Quaktative changes of sutural, skeletal, and dental tissues Jemonstrated In human and anvmal studes of maxlary
CXPANSION Procedures. The association of The reponed 1SS FESPONSes With the treatment varables of patent
200 and 1ale of QXDANSION SOMVe as the focus of discussion. While the accumulated evidence 80DOAS 10 SUDPO
2 Featment ratonale of early COMECEION USING & SIOW CXDANNON POCEdUNe, INAVIdus! varables must be
cConmdennd N delermIning an expanson protocol that will optmally affect the quantty and quaity of the

expansion changes

Key words: Review, manillary, expansion, rate, age

Tuwmamm
requiring maxillary cxpansion has been advocated 1o
redirect the developing teeth into more normal posi-
tions,' * eliminate untoward temporomandibular joint
positions and mandibular closure patterns.” > ' and
make beneficial dentoskeletal changes dunng growth
peniods involving a reduced treatment complexity and
time.* ' The purpose of this article is 10 review the
Iiterature concerning the quantitative and qualitative ef-
fects of maxillary expamsion on connective, skeletal,
and dental tissues, The role that patient age and rate of
expansion may play as treatment variables in maxillary
cxpansion procedures will serve as a focus for review
and discussion .

Increased maxillary arch width has been related 10
orthodontic movements, orthopedic movements, of a
combination of these movements during expansion pro-
cedures * ' T While the relative degree and nature of
these movements is affected by vanous factors, the
general pattern of maxillary expansion may be de-
scribed. Upon the application of transverse biomechani -
cal forces, initial changes involve the lateral tipping of
the posterior maxillary tecth as the periodontal and
palatal soft tissues are compressed and stretched '

Aot Prodemor . Departmens of Podubontns, Sohund of Dossiary . Mok
oM Cotlege of oo
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This stage of orthodontic response appears 10 be essen-
tially complete within a week.'* '™ " '* Subsequent
orthodontic movements will occur through bodily trans.
lation as the compressed buccal alveolar plate resorbs at
the root-periodontal interface from continued force ap-
plication.'™ ™ If the applied transverse forces are of
sufficient magnitude to overcome the bioelastic strength
of sutural elements, orthopedic separation of the maxil-
lary segments can occur, 1% 1151 3 B The weparation
and repositioning of the palatal segments will continue
until the force distribution is reduced below the tensile
strength of the sutural clements. '™ * # 74 5 Reorgani-
zation and remodeling of the sutural connective and
skeletal tissues may then proceed in the stabilization of
the cxpanded maxillary arch '* "= ¥ % 55 When
orthopedic separation of the maxillary segments occurs,
asymmetnic lincar and angular responses have gencrally
been observed "> ™ 1L B ML B W The asymmetri
expansion has been attributed 1o vanations in the ngidity
of the different maxillary articulations ™ ™ A frontal
view of onthopedic sutural separation shows a lateral
m“wuoﬂbmm}- LR AR TN L
The palatal movement is greater at the alveolar crest and
less at the palatal vault, presenting a triangular cxpansion
patiern with the base near the incisors and the ape  toward
mu“lk (LR LR LB B LA L) n“;.' './‘.
From an occusal view, the greatest opening of the mid.
palatal suture has been found anteriorly, with progres.
sively less separation towand the posterior’® *5 s & a e
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Forces Produced By Rapid Maxillary

Expansion

111. Forces Present During Rectention

Jerry F. Zowwng, D.DS., MSD.
Rossrt ]. Isaacson, D.DS., Ph.D?

Los Angeles, California

INTRODUCTION

Rapid mechanical maxillary expan-
sion procedures as presently employed
utilize Jarge loads designed to produce
a maximal skeletal repositioning with
a minimum of individual tooth move-
ment. A fundamental similarity exists,
however, between these procedures and
the more conventional orthodontic pro-
cedures designed to produce maximum
tooth movement, In both instances the
displaccment of a skeletal part (indi-
vidual tooth or maxillary half) produces
a cellular response at an articulation
{periodontal ligament or maxillary su-
ture). The magnitude of the load is
important only insofar as greater loads
are required to overcome skeletal resis-
tance in the displacement of the maxil-
lary halves than in the displacement of
individual teeth, It should not be con-
strued, however, that the one treatment
may be substituted for the other as each
has its specific indications.

The dentition erupts into an environ-
ment completely dominated by a mus-
cular system which dictates individual
tooth position. In patients demonstrat-
ing severe maxillary constriction, the
conventional slow expansion procedures

1. This study was supported by the
Minnesota Dental Foundnion and
the Graduate School of the University

of Minnesota (Grant No. 436-0303-
4900.2).

2, Associate Professor, Division of

only encourage rclapse by tipping the
teeth beyond the boundaries dictated
by the surrounding musculature. As the
rationale governing rapid maxillary ex-
pansion is orthopedic rather than ortho-
dontic in nature, the teeth themselves
are displaced only slightly in their al-
veoli while the maxillary bones with
the attached musculature are separated.
Thus, the tecth occupy the same posi-
tions over basal bone and will be sub-
ject to relatively the siume musculature
influences.

Herewfore, appliance activation has
been determined on a highly empirical
basis and only rccently has a quantita-
tive appraisal of some of the forces pro-
duced during rapid maxillary expansion
been presented.’ At present there is no
information available concerning the
duration of these forces and their fate
during the retention phase of treaument.

During the evolvement of rapid ex-
pansion techniques over the past cen-
tury, a conflicting array of information
has been directed at insuring against
the relapse of the involved skeletal and
dental structures, The fact that the
void created by the opening of the mid-
palatal suture is subsequently filled with
new bone has been suggested as the
primary indication of when perma-
nency of the treatment is assured '5%3%
Suggestions as to the length of time
fixed retention should be maintained
include: “until the bicuspids erupt into

Orthodontics, School of tistry, occlusion”,® “until the teeth are in their
University of blinnooot:. Den upright positions with their buccal cusps
178
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Hyalinization during orthodontic tooth movement: a systematic
review on tissue reactions

Martina von Bohl and Anne Marie Kuijpers-Jagtman
Department of Orthodontics and Oral Biology, Radboud University Nijmegen Medical Centre, The Netherlands

SuMMARY Thae purpose of this study was to perform a meta-analysis on the literature concarning
hyalinization in relation to experimeantal tooth movement in animals and humans. A structured search
of electronic databases as well as hand searching retrieved 70 publications concerning the subject. After
application of inclusion and exclusion criteria, 39 studies remained, of which three were in humans.
Articies on animal experiments were in the majority with most studies performed in rats. Among other
data force magnitude, type of tooth movement, duration of the experimental period, and moment of first
and last appearance of hyalinization were extracted from the included studies, The heterogeneity of the
published studies and the limited data on appearance of hyalinization made it impossible to perform a
meta-analysis. Therefore, the literature was systematically reviewed,

It appears that there are no major differences in tissue reaction between species during experimental
tooth movement. Aithough hyalinization is considerad to be an undesirable side-affect of orthodontic
tooth movement, little attention has been paid to the phenomenon itsalf and its possible relationship
with stress/strain levels in the periodontal ligament (PDL) and alveolar bone or the rate after the initial
phase of tooth movement. There is a need for well-designed experimental studies to elucidate the role of

hyalinization in orthodontic tooth movement.

Introduction

The purpese of orthodontic treatment is to move tecth as
eficiently as possible with minimal adverse effects for the
teeth and supporting tissue. Over the past 100 years, many
studies on cellular, molecular, and tissue level reactions
relatexd to orthodontic tooth movement have been published,
which were recently summarized in four reviews (Krishoan
and Davidovitch, 2006; Masclla and Meister, 2006; Meikle,
2006; Wise and King, 2008), 1t is assumed that an optimal
force system is impocuant for an adeguate biological response
in the periodondal ligament {PDL; Burstone, 1984), Factors
such as the type and magnitude of force (Storey and Smith,
1952; Reitan, 1985; Malthn er ol , 2004) or treatment duration
(Pikon er al., 19%6) are found to be coherent with undesirable
tissue reactions such as sterile necrosis o root resorption. The
appearance of necrotic tissue {also called hyalinization) is an
important component in the process of tooth movement.
Mainly based on histological research, a pressure and a
tension side are distinguished during orthodontic tooth
movement. Although more recent rescarch has shown that
the pressuretension side theory is pot that straightforward as
wis previously assumed (Melsen, 2001), this terminology is
still used for descriptive purposcs. On the pressure side, the
biological events are as follows: disturbance of blood flow in
the compressed PDL. cell death in the compressed area of
the PDL (hyalinization), resorption of the hyalinized tissue
by macrophages, and undermining bone resorption by
osteoclasts bessde the hyalinized tissue, which ultimaely
results in tooth movement. On the teasson side. blood flow is
activated where the PDL s stretched, which promotes

Annexe 27

osteoblastic activity and osteowd deposition, which later
muineralizes. Studies over the past 100 years bave reposted
that hyalmzation appears in local pressure zones of the PDL
duning ‘the initial phase” of orthodontic tooth movement,
Experimental studies have demonstrated advanced vascular
and cellular changes in the PDL afier only & few hours of
force application. Recently, von Bohl e af. (2004b) showed
that not oaly m the matial phase of orthodontic tooth
movement could hyalinization be observed but also m the
later stages small hyalinized patches were fourkl, These
findings confirmed the outcome of a study on changes of the
PDL during experimental tooth movement with a similar
expermmental set-up by Kohno e @f. (2002). However, these
fndings are contrary to the commanly acoepted theory of the
relationship between tooth displacement and hyalinization.
Hyalinization during the fater stages of tooth movement
could, partly, explain the differences observed clinically in
the rare of woth mevement between different patients.

Therefore, the aim of the present study was 1o perform a
systematic review of the Iterture on hyalinization in relation
ta experimental tooth movement in animals and bumans.

Material and methods
Search srraregy fov ideniificarion of wwdies and dara selection

Medline, PubMed, and Embase were searched until 16 May
2008 using the following search strategy:

Furthermore, an Entrez cross-database scarch was
performed using the same search strategy. The Cochrane
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Skeletal and dental changes
accompanying rapid midpalatal
suture opening

Robert A. Wertz, D.D.S.,, M.S.
Kankakee, 11l

Although the coneept of widening the maxillary dental arch by means
of opening the midpalatal suture dates back to 1860, only in recent years has
orthodontic research pointed its resources at uncovering the total effects of such
a procedure, Studies have been reported concerning the histologic response of
the sutures, change in nasal permeability, and general skeletal and dental reac-
tion following the application of heavy forces in such a manner as to open the
midpalatal suture and thereby widen the maxillary dental arch. However, docu-
mentation of the effects of rapid maxillary expansion in routine clinieal practice
remains limited.,

The purpose of the investigation reported here was to study the skeletal
alterations brought about by midpalatal suture opening during routine ortho-
dontie treatment in my private practice, Of special coneern is the magnitude
and direction of displacement of the maxillary halves, the effect of disruption of
the ocelusion upon mandibular position, and the change in selected tooth rela.
tions.

Review of the literature

To many in the fields of orthodonties and rhinology, the early 19008 are
Imown 28 the “maxillary expansion vears.” At this stage in orthodontic history
numerous articles pointing to the interrelations of eertain orthodontic and
rhinologic treatment problems appeared in the literature, These led readers to
believe that orthodontie procedures had influences far beyvond the teeth and
alveolar process. Such thoughts regarding skeletal change of the maxillofacial

This thesis, which was given a5 o partial folfillment of the requirements for certifien-
tion by the American Board of Orthodonties, is heing published with the consent
and the recommendation of the Board, but it should be understood that it does not
nocessarily represent or express the opinion of the Board,

41
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Rapid maxillary expansion in the primary and
mixed dentitions: A cephalometric evaluation

Omar Gabriel da Sitva Fo," Marla Cecilia Villas Boas,** and Leopoldino Capeldozza Fo***
Sdo Panlo, Braxil

The present shudy evaluated the skefetal aterations induced by rapld maxilary expansion
procedures in 30 patients In he primary and mixed denttions, The results were oblained with the
use of lateral cephalomelrics beloce and immeadiately afier the active phasa of expansion. The tme
span batwaen thesa two cophalometnic Iikms ranged from 14 1o 21 days: therelore the “prowth facior”
was nol congidered. Based on the diferences In the cephalometric measuraments studied on the
frst and second tracings, it ssems that arterior dispiacament of the maxilla with signiticant changes
in the SNA angle should not be expected, akhough point B was repostionad more postediorly (SNB)
because of the mandibular dowrward and backward rotaton, with subsequent increase of the
inclination of the mandibular plane. The allerations in the A-P posiion of the mandible was reflacted
in 1he incrense of ANB and NAP angles. The maxila always dislocates dowraned, displaying a
downward and backward rolation in the palatine plane, signiticantly altezing the following
measwements: N-ANS, PNS-PNS’, A-A’, SN.PP. The anchoring molars also folow the downward
maxilary displacement (M-M') and, as a drect consequence of the vertical displacement of the
maxita and upper molars (N-ANS, A-A°, ANS-Ms, N-Me, PNS-PNS"), the facial heights increase,

{Am J OrTHoo Dentorsc Oamoe 1991;100:171-81.)

The present concepls conceming postesior
crasshites are well defined in the litersture and widely
accepeed by anhodontists. Amang mixed destition chil-
dren displaying malocclusions in the region of Baem
(Sdo Puulo, Brazil), we found an 18.2% incidence of
posterior crosshiles.' This entity may occur in the pri-
mary dentition and manifest itself os a constriction in
the Internl dimensions of the wpper arch and, as a nle,
will not sell-comect. On the basis of these concepts, it
is pecessary 10 correct this Form of malocelusion as
carly as possible, preferably in the primary dentition
stage.

Modem onhodoatics has a wide varicty of me-
chanical appliasces that will release forces 1o laterally
expand upper constricted arches.” The jackscrew has
been applied in removable™ or fixed appliances™* as
a source 10 generate forces against the palatine surfaces
of the upper teeth. When the jackscrew is used in re-
movable appliasces, it produces only slow expansion,
which is indicated for dentcalveolar constrictions. In

From the Usiversay of 530 Paso.

*Ortodoriu,

**Resident of e Deperiment of Orfndontivn,

**%hinad of 2w Depanmns of Ordadarchos; Auhitars Profawor 3t Faoddade
de Oxovtelopia de Bazm,
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our clinical practice, we do not use the jackscrew for
the particular purpose aforementionsd. For slow ex-
parsions we use mainly the quad-helix sppliance.™ In
rapid maxillary expansion peocedures (RME) indicated
foe the comrection of skeletal constrictions, even in carly
occlusal developmental stages, we use the jackscrew In
fixed appliances, following the basic standards peo-
posed by Hans” with a few modificstions (Fig. 1).

Rapid maxillary expansion procedures are indicated
in the primary and mixed dentitions every tine the
crosshite is associsted with a skelesal constriction,
which might be clinically identified as:

1. Unilmeral oe bilateral posterior crossbite with
normal inclination of the dentoalveolar pro-
cesses

2. Unilsteral or bilateral posterior crossbile with
retrusion of the middle third of the face (Class

I tendency)
3. Totul crosshite

REVIEW OF THE LITERATURE

Rapid maxillary expansion procedures have been
proposed since the past ceatury by Angell" and con-
solidated clinically by Haas. “* This procedure leads to
a0 Increase in the upper arch transverse dimensions by
mainly skeletal alterations associated with dental alter-
atioes, which may manifest themselves distinctly, de-

m

113



Original Article

Rapid Maxillary Expansion. Is it Better in the Mixed or in the
Permanent Dentition?

Zafer Sari, DDS, PhD*; Tancan Uysal, DDS*"; Serdar Usumez, DDS, PhD<;
Faruk Ayhan Basciftci, DDS, MS¢

Abstract: The aim of this study was to compare the dentoskeletal effects of a modified acrylic-bonded
rapud maxillary expansion (RME) device when it 15 used m the mixed and permanent dentitions. The study
group consisted of 51 patients m the mixed and permanent dentition (26 girls and 25 boys) who underwent
RME treatment. Group 1 was composed of 34 subjects in the mixed dentition (19 girls and 15 boys; mean
age, 9.2 * 1.3 years). Group 2 consisted of 17 subjects in the permanent dentition (seven girls and 10
boys; mean age 12,7 = 1.2 years). Lateral and frontal cephalograms and upper dental casts were collected
before treatment (T1), after treatment (T2), and after retention (T3). Intragroup and intergroup changes
were evaluated by paired r-test and Student’s r-test, respectively, In both groups afier RME, the maxilla
moved forward; mandible rotated postersorly; facial height increased; nasal, maxillary, and maxillary m-
tercanine and first molar widths increased; and the upper molars tipped buccally. Almaost all these significant
changes were stable at follow-up (T3). When overall (T1 ~ T3) differences were considered, upper molars
tipped more, and the ANB angle increased bess in the mixed dentition group compared with the permsanent
dentition group (£ <= .01). Within the limits of this study. the results suggest that the onhopedic effects
of RME are not as great as expected at carly ages, and it might be a better alternative to delay RME to

carly permanent dentition. (Amgle Orrhod 2003:73:654-661.)
Key Words: Rapid maxillary expansion. Mixed dentition; Early treatment

INTRODUCTION

The present concepls concerming postersoe crossbates ane
well defined in the literature and are widely accepted by
orthodontists.! Passerior crossbite is one of the most fre-
quently observed malocclusions of the different dentition
periedds.® This entity may oocur in the primary or mixed
dentition and manifest itself as a constriction in the lateral
dimensions of the upper arch. Among 965 Turkish children,
in the region of Konya, Turkey, a 9.5% mexlence of pos-
terior crossbite was found.’ The prevalence of this maloc-
clusion in the deciduous dentition was reported 10 be 8%

* Assistant Professor, Department of Orthodoatscs, Faculty of Den-
tistry, Selcek Lmiversicy, Konya, Turkey.

* Research Assesunt, Depastment of Orthodoatscs, Faculty of Den.
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by Kutin and Hawes® and in the mixed dentition, 12% by
Hanson et al’ and 2.7% by Sandikgrogle and Hazas® Van.
ous mvestigators claim that this abnormality is not self-
correcting, and they recommend treatment at an carly pe-
0d. 10 On e basis of these concepts, 1t 13 necessary 10
correct this form of malocclusion as early as passible

Many different methods have been used to expand the
constricted maxillary arches. When evaluated on the basis
of the frequency of the activations, magnitude of the ap-
plied force, duration of the treatment, and the pabent’s age,
different mechanics produce rapid, semirapid, and slow ex-
pansions.” In rapad maxillary expansion (RME) procedures,
indicated for the correction of skeletal constriction. even in
early occlusal development stages, many orthodontists use
the jackscrew i banded or bonded applances, following
the basic standards proposed by Haas'' with a few modi-
fications.

Slow expansion appliances do promote a shight opening
i the median palatine suture in the primary and mixed
dentition stages.” ' However, cephalometrically and clini-
cally, the results cannot be compared with the orthopedic
effects of the Haas-type of appliance.’” RME increases the
upper arch transverse dimensions mainly by separation of
the two maxillary halves (orthopedic effect), followed by
buccal movement of the posserior teeth and alveolar pro-
cesses {orthodontic effect).!
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A study of basal movement
with rapid maxillary expansion

Donald J. Timms, L.D.S., D.Orth.R.C.S.(Eng.)’ Dr Timens
Preston, England

This invesigation was undertaken 1o examine the effect of rapid muitlion egpansien
horizontally and posterior 1o the demtal arch, there being some donbt thar the
expansion would be carried in this dimension and whether dilation of the
non-took-bearing bones (palatines and sphenoidal plervgoid processex) way possible
The increases in the imermolar arch widths and the interpiervgeid hamudar widthy
were recorded in a growp of thirny-twe orthodonric parients, (twelve male amd neenty
female, aged 8 10 24 vears). before and after rapid maxillary expansion. The mean
percentage increase in interkamular widehs ro intermolar widths was SX percent
trange. 35 percent 1o 89 percent). The correlation between the relutive increases was
weak (r = «0.55). A slight redwction in the percemage increaves in interhamular
widrhs w0 imtermolar widths as age advanced suggested an age foctor, b the
correlaion wax very weak (r = ~0.33). From thes evidence, it wowld seem thor rapid
maxillary expansion will separate the palatine howes and splay owward the prervgeid
provesses of the sphenoid howe

Key words: Interhamular width. rapid maxillary expansion

If a lateral force with reciprocal action is applied across the maxillary arch, not
only will the arch be widened, but the maxillary bones will be reshaped. The extent of this
transformation will depend upon a number of factors, one of which is the rate of expan-
sion. When the rate is increased, less time is allowed for physiologic movement based on
osteoblastic and osteoclastic activity and the maxillary bones move apart by disarticulating
along their common midpalatal suture.

The extradental expansion or basal movement has, in the past, been investigated
almost exclusively by the analysis of teleradiographic frontal head films. From the litera-
ture, the works of Krebs'- * and Hershey and associates® are noteworthy for their precision
and analytical content. However, this procedure shows only basal movement in the
vertical plane, that is above the application of force, and yet the effect of rapad maxillary
expansion (R.M.E.) is carmied not only upward but backward.

To date there is very little information on the movements of the bones posterior to the
applied force, and what can be found is largely speculative. Wertz,' after scrutinizing
occlusal radiograms which showed the typical triangular opening of the midpalatal suture
with R MLE.. came 10 the conclusion that the suture did not open throughout its entire
length and that it was doubtful whether the palatine bones separated. Later he revised his
theory and considered that the suture did open completely .

Lines® stated that the effects of RM.E. were carried only as far back as the

*Comsahiam Orthodontist, Northwestern Regional Health Authority

500 007 9416/ 80/D80400 - 05300 800 1) 1980 The C. V. Mosty Co
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SPECIAL ARTICLE

Rapid palatal expansion in the absence of

crossbites: Added value?

Anthony A. Gianelly, DMD, PhD, MD"
Bastow, Mass

s noted in a recent article,' interest in rapid
Apalml expansion (RPE), which has tradition-

ally been used to resolve crosshites, has in-
creased markedly in the past 2 decades, Orthodontists
using this procedure might be secking to gain arch
perimeter to avoid extractions, This treatment, which is
most often started in the mixed dentition, rises some
interesting  questions, One question is thiss In the
absence of a crossbite, is RPE necessary to gain arch
width to avoid extraction treatment? If so, then is the
maxillary arch perimeter the determinant in the extrac-
tion-nonextraction decision?

These questions are fundamental, because using the
maxillary arch to decide whether to extract challenges
the concept of mandibular arch-based dingnosis and
treatment planning. For this reason, it might be useful
to evaluate the rationale for RPE treatment in the
correction of crowding. RPE increases the perimeter of
the maxillary arch and can provide space to correct
moderate (3-4 mm) amounts of crowding,” Because no
treatment occurs in the mandibular arch, a logical
question is this; How is space 1o be gained to resolve
crowding in the mandibular arch? One view is that
expansion of the maxillary arch is accompanied by
spontancous transverse expansion of the mandibular
arch, with the implication that space would be available
to resolve any Jower arch-tooth size discrepancy.” This
supposition is easy to assess because there are adequate
data; the conclusion is that any spontancous expansion
provides almost no space to resolve crowding. Brust
and McNamara,® in a 2-phase treatment protocol,
evaluated both mandibular intercanine and intermolar
expansion and noted that, immediately after RPE, both
dimensions increased approximately 1 mm, However,
the intercanine distance decrensed before phase 2 treat-

“Professer and chairmas, Beson University School of Destal Medicine,
Bostm, Mase

Repant requews %0: Dr Anthoery A Garsdly, Bowwn Lveraty, Goldman
School of Doosd Modcine, Dopanimon of Oehodornics, 100 F Newton St
Boswom, MA 021182392, eomail gancllysidesds.

Submitied ard sccepled, June 2003
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ment, and the net intercanine gain was only 0.3 mm,
The |-mm intermolar increase remained stable. These
results are similar to those noted by others who re-
corded spontancous mandibular arch change incident 1o
RPE treatment.*™ The increase in intercanine width in
these studies was less than | mm. As an example, the
increase observed by Grayson® was only 0.22 mm and
Jed the author to conclude that “the use of rapid palatal
expansion as a method of increasing lower arch length
cannot be justified.” Intercstingly, Brust and Me-
Namara® observed that the mandibular arch perimeter
decreased 1.3 mm from phase | to the beginning of
phase 2 treatment.

In an investigation of 17 subjects whose compre-
hensive treatment included RPE, the intercanine dimen-
sion increased 2.2 mm during treatment and relapsed
S0% postretention. 10 yield a net long-term gain of only
1.1 mm.” In this study. there were no recordings of the
intercanine width immediately after RPE to indscate the
amount of spontancous expansion that occurred, Also,
vanation in response was remarkable, ranging from
—=0.3 to +3.8 mm. (This large variation is a reason that
anecdotal information can be misleading—if one cites
anly the extreme posilive response.)

One motive for focusing on the mancibular mter-
canine dimension in the preceding descriptions is that,
in the transverse plane of space, an increase in this area
provides the most space to resolve mandibular incisor
crowding. Specifically, Germane et al™ determined that
a l-mm increase in intercanine dimension provades
0.73 mm of space to correct ncisor posibon. In
contrust, | mm of melar expansion provides only 0.27
mm of space. (Subsequent increases in width provide
slightly more space per millimeter. For instance, ex-
pansion of 2 mm yields 0.27 mm for the first millimeter
and 0.31 mm for the second millimeter, for a total of
0.58 mm.)

Clearly. the available data indscate that spoatancous
expansion of the mandibular arch usually does not
supply adequate space to align crowded incisors,

Because spontancous expansion of the mandibular
arch is extremely limited, appliances, such as the
Schwartz apphance, have been placed to expand it
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Thin-plate spline analysis of treatment effects of rapid
maxillary expansion and face mask therapy in early
Class lll malocclusions

Tiziano Baccetti*, Lorenzo Franchi* and James A. McNamara, Jr**

*Department of Orthodontics, The University of Florence, Italy and **Department of Orthodontics
and Pediatric Dentistry, School of Dentistry, The University of Michigan, Ann Arbor, USA

suMmaRY An effective morphometric method (thin-plate spline analysis) was applied to
evaluate shape changes in the craniofacial configuration of a sample of 23 children with
Class Il malocclusions in the early mixed dentition treated with rapid maxillary expansion
and face mask therapy, and compared with a sample of 17 children with untreated Class Il
malocclusions. Significant treatment-induced changes involved both the maxilla and the
mandible. Major deformations consisted of forward displacement of the maxillary complex
from the pterygoid region and of anterior morphogenetic rotation of the mandible, due to
a significant upward and forward direction of growth of the mandibular condyle. Significant
differences in size changes due to reduced increments in mandibular dimensions were

associated with significant shape changes in the treated group.

Introduction

One of the most compelling tasks of dentofacial
orthopaedics is the achievement and diffusion of
adequate morphometric tools in cephalometric
diagnosis and in the appraisal of treatment
results. Conventional cephalometrics, based on
linear and angular measurements, has shown an
increasing number of limitations along with the
proposal and implementation of new biometric
analyvses of landmark data (e.g elliptic Fourier
analysis, finite element analysis, tensor and shape
co-ordinate analysis: Blum, 1973; Bookstein,
1982; Lestrel, 1982; Cheverud er al., 1983 Lavelle.
1985; Moss et al., 1985; Lestrel and Roche, 1986),
The major advantages of these still evolving
methods include scparate evaluation of shape
(or of shape change) and size. no need for
reference structures or lines, and visualization of
morphological changes.

A recent morphometric approach to the
comparison of configurations of landmarks in
two or more specimens is known as ‘Thin-Plate

Annexe 33

Spline analysis’, developed by Bookstein (1989).
Thin-Plate Spline (TPS) transformation produces
a rigorous quantitative analysis of the spatial
organization of shape change that can be decom-
posed into a series of components ranging in
scale from features that span the entire form
(‘principal warps’) to those that are highly
localized (‘partial warps’; Swiderski, 1993). In
TPS analysis. the differences in two configurations
of landmarks are expressed as a continuous
deformation using regression functions in which
homologous points are matched between forms
to mimimize the bending energy (Richtsmeier
el al., 1992). “Bending energy’ can be defined as
the energy that would be required to bend an
infinitely-thin metal plate over one set of land-
marks. so that the height over each landmark is
equal to the co-ordinates of the homologous
point in the other form (Bookstein, 1989), TPS
analysis facilitates the construction and display
of transformation grids that capture the shape
change between forms as an evolution of the
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The Grummons Face Mask as an Early Treatment
Modality within a Class Il Therapy Concept*

Die Friihbehandlung mit der Fazialmaske nach Grum-
mons als Teil eines Klasse-lll-Behandlungskonzeptes®

Michael Hegmann, Anne-Kathrin Rither’

Abstract
Background and Aim: An underdeveloped maxllary complex is
a major cause of the problems underlying skeletal Class ITT cases,
The efficiency of early orthodontic therapy is shown with refer-
ence to 2 treatment methed acting primarily on the maxillary
complex,
Patients and Method: The collective comprised 21 patients
whose cethodontic therapy at the age of 5 to 9 years was invari-
ably started with a palatal expander. This was followed by furthes
development of the nasomaxillary complex, using a Grummons
face mask for a period ranging from 3 to 15 months, With refer-
ence to findings from plaster casts and lateral cephalograms, the
efficiency of early treatment as an important part of the overall
therapy concept was evaluated.
Results: The mean improvement in antericr overbite was 3.4
mm. The lateral cephalograms revealed 3 marked improvement in
the distance between the upper first molars and the pterygoid
vertical (+ £.1 mm), in the convexity of A (+ 2.2 mm), and in the
SKA angle {+ 2.3%).
Condusion: Early treatment combining rapid maxillary expan-
sion and Grummans face mask resulted in a decisive improvement
In the sagittal-basal redations,

Kay Words: Class Il early treatment - Face mask - Rapid
maxillary expansion - Maxilla

'Private Orthodontic Practicn, Ahaus, Gesmany.,

*Paper i datthe A I C of the Gerstan Ortho-
dontic Soclety ' September 2002 In Hamburg, Germany.

Recelved: December 19, 2002; accepted: August 18, 2003
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Zusammenfassung
Hintergrund und Ziel: Die Unterentwicklung des maxillizen
Komplexes stellt eine Hauptursache der Problematik der skelet-
talen Klasse 111 dar. Anhand einer Behandlungsmethods, die
liberwiegend auf den maxillasen Komplex wirkt, soll die Effizenz
einer kieferorthopddischen Frihbehandlung dargestelit werden,
Patienten und Methode: Das Patientengut bestand aus 21 Pa-
tienten, deren Behandlung im Alter von 5 his § Jahren stots mit
elner Gaumennahterweiterungsapparatur (GNE) begonnen wurde,
Im Anschluss erfolgte eine Nachentwicklung des nasomaxillizen
Koemplexes mittels einer Fazialmaske nach Grummons lber einen
Zeitraum von 3 bis 15 Monaten, Anhand von Modell- und FRS-Be-
funden soll die Effizienz der Frohbehandlung als wichtiger Be-
standteil des Gesamtbehandlungskonzeptes evaluiert werden,
Ergebnisse: Der frantale Ubecbiss konnte im Mittel um 3,4 mm
werbessert werden, Im FRS zeigte sich eine deutliche Verbesse-
rung des oberen 6-Jahr-Molaren 2ur Plerygoidvertikalen (+ 4,1
mm) sowie der Korvexitidt von A (+ 2,2 mm) und des SNA-Winkels
(+2.3%).
Schiussfolgerung: Durch die Kombination von GNE und Fazial-
maske nach Grummans konnten im Rahmen der Frihbehandlung
die sagittal-basalen Relatlonen entscheldend verbessent werden,

Schliisselworter: Klasse-lli-Fruhbehandlung - Fazial-
maske - Gaumennahterweiterung - Maxilta

1 Orofac Orthop 2003;64:450-6
DO 10.1007/500056-003-0245-3

1 0rofac Orthop 2003 No. 6 ©UsaAy & VoG
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Surgically Assisted Rapid Maxillary
Expansion by Opening the
Midpalatal Suture

RICHARD A. KRAUT, DDS*

The results of surgically assisted rapid maxillary expansion by opening of
the midpalatal suture in 25 patients are reported. Osteotomy of the lateral
wall of the maxilla combined with pterygomaxillary dysjunction and mid-
palatal suture separation allowed for successful rapid maxillary expansion
in 23 patients. The two patients who did not respond to treatment were
found to have unusually thick midpalatal sutures, which were successfully
expanded after the midpalatal sutures were osteotomized.

Maxillary expansion is needed to correct real and
relative maxillary horizontal deficiency, maxillary
collapse, nasal stenosis, and Class 111 malocclu-
sions, as well as selected arch length problems.'=
Nonsurgical rapid maxillary expansion (RME) was
used as carly as 1860 by Angell' and continues to
be used by orthodontists with a high rate of success
for growing children.' 4% Although in growing
children RME results in opening of the midpalatal
suture, the problem of stability is exceedingly com-
plex following use of this procedure for these pa-
tients.* The expansion due to alveolar bending,
periodontal membrane compression, lateral tooth
displacement. and tooth extrusion is most assuredly
lost."4* Haas' states that for orthodontists the treat-
ment error potential in performing RME is not car-
rving the expansion far enough; he considers 10 mm
10 be minimal expansion and [2 mm average, rec-
ommending that the mandibular arch be completely
contained by the maxillary arch at the conclusion
of expansion. Timms* corroborates Haas's opinion.
stating that between one-third and one-half of the
expansion is lost before stability s achieved. He

* Colome), United Sustes Army Dental Corps. Chaef of Oral
and Maxillodaciad Surgery. Brooke Army Medical Center, Fort
Sam Houston, Texss

The opinions or assertions contained heremn are the private
views of the author and are not 1o be comstrued as officaal or as
reflocting the views of the Department of the Army or the De-
partment of Defemse.

Address correspondence and repnnt requests 1o COL Krawt:
Box 433, Beach Pavibon, Brooke Army Medical Center, Fort
Sam Howston, TX 78234,
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documents the inescapability of relapse. stating that
of nearly 1000 patients treated by RME. only two
showed no relapse . *

In 1975, Lines® reported three cases of RME in
non-growing patients following corticotomy. A year
later, Bell and Epker® reported 15 cases of surgical-
orthodontic expansion of the maxilla in which se-
lected maxillary osteotomies were used to facilitate
RME to correct five unilateral and 10 bilateral
crosshites. Both Lines® and Bell® stated the reason
for failure of nonsurgically assisted RME in adults
is the increased rigidity of the facial skeleton: they
cited fusion of vanous combinations of frontomax-
illary, zygomaticotemporal, zygomaticofrontal. and
zygomaticomaxillary sutures as being the primary
anatomic sites of resistance to RME in adults.
Messer et al.” were more definitive and stated, “'the
midpalatine suture is not the main deterrent to pal-
atal separation.”” They directed surgery toward the
zygomaticomaxillary complex, reporting relative
case in RME once the ““lateral deterrent is re-
moved.""” Corroboration of this clinical observation
can be found in an animal study of RME n adult
Rhesus monkeys, which concluded that the major
resistance to RME is the zygomaticomaxillary but-
tress arca.® Persson and Thilander® studied palatal
suture closure in 24 humans aged 15-35 years and
concluded that great variations exist with regard to
age of closure. They agreed with previous authors
that with RME most of the resistance 10 separation
is due to circummaxillary sutures and went on to
state that, “'if a 59 closure is set as a limit for split-



ORIGINAL ARTICLE

Long-term effects of Class III treatment with
rapid maxillary expansion and facemask
therapy followed by fixed appliances

Patricia Vetlesen Westwood, DDS, MS,* James A. McNamara, Jr, DDS, PhD,” Tiziano Baccetti, DDS, PhD,°
Lorenzo Franchi, DDS, PhD,” and David M. Sarver, DMD, MS*®
Ann Arbor, Mich, San Diego, Calif, Florence, Italy, and Vestavia Hills, Ala

In this cephalometric investigation, we compared the leng-term effects of an initial phase of rapid maxillary
expansion and facemask (RME/FM) therapy followed by comprehensive edgewise therapy with the effects
of growth in untreated, matched controls. The treated sample consisted of 34 patients who underwent
RME/FM treatment before the pubertal growth spurt {average age, 8 years 3 months at the beginning of
treatment). At the final obsarvation pernod (average age, 14 years 10 months), all patients were in decelerative
growth phases as determined by the cervical vertebral maturation (CVM) method. After the first 10 months
of active treatrment, significant favorable changes in both the maxillary and the mandibular skeletal
components were noted. The forward movement of the maxilla was 1.8 mm greater than in the controls,
mandibular projection was reduced by almest 3 mm, and the relative sagittal intermaxillary discrepancy
improved by 4.3 mm, as measured by the Wits appraisal. Durng the posttreatment period, the treated and
untreated Class IIl subjects generally grew similarly, although the skedetal relationship of the maxilla to the
mandible remained unchanged in the AME/FM group, whereas the controls had an increased skelatal
discrepancy of 3.0 mm. Over the long term, there was a slightly greater increase in midfacial length (1.6 mm)
in the treatment group than in the controls. Similary, the distanca from Point A to nasion perpendicular
decreased by 1.2 mm in the treated group. The overall ncrease in mandibular length was 2.4 mm less in the
RME/FM group than in the controls, and mandibular progaction ralative to nasion perpendicular was 3.0 mm
less in the treated group. The change in the Wits appraisal was substantial between groups (8.1 mm), with
an Improvement in the intermaxdiary relationship In the treated group (3.4 mm); the Wits apprassal worsaned
(=2.7 mm) in the untreated controls. No clinically significant differences were observed between the groups
In the vertical dimension. Overjat Increasad significantly in the treated group relative to the controls (4.4 mm),
whereas the molar relationship decreased significantly (=3.9 mm). It appears that the favorable skeletal
change obsarved over the long term is due almost entirely to the orthopedic comraction achieved during the
RME/FM protecol, During the posttreatment pericd that includes the pubertal growth spurt, craniofacial
growth in RME/FM patients is similar to that of untreated Class Il controls. Aggressive over-correction of the
Class Il skeletal malocchusion, even toward a Class Il occlusal relationship, appears to be advisable, with the
establishment of positive overbite and overjet relationships essential 1o the long-term stabdity of the
treatment outcome, {Am J Orthod Dentofacial Orthop 2003;123:308-20)

reating a Class 111 malocclusion in a young
patent 15 one of the most challenging and
perplexing orthodontic endeavors, mainly be-
cause of the uncertainty of a stable outcome after the
active growth period. The clinical success of carly
Class [l treatment in most patents through growth
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modification, however, has resulted in the development
of several strategres to treat Class 11 disharmony,
including the chincup,'” the function regulator of
Friinkel,*" and the orthopedic facemask =7

During the past decade, a number of studies™ '
have described the general treatment effects of rapid
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Rapid Maxillary Expansion: A Unique
Treatment Modality in Dentistry

ABSTRACT

Rapid Mallary expansion or palatal expansion as it is sometimes
called, occupies unique niche In dentofacial tharapy. Rapid
Maxikiary expansion is a skeletal type of expansion thatinvohes
the separation of the mid-palatal suture and mavement of the
maxitary shedves away from each othar, An objective approach to
the design of a suitable applanca should be made by preparing

INTRODUCTION

Rapikt maliyry axpansion [FME] is a dramatic procedure with
a long history, Rapid Maalary eopanson o palatal axpansion
as it 1s sometimas callad, occupkias unique nicha N dentodacial
tharagoy. Rapid Madiary expansion or Spit palate I8 a skeletal
typa of axpansion that involves the separation of tha mid-palatal
sature and movement of 1ha maxilary shahes away from each
other.

ANATOMY

Tha eracty of aroummadlary attachments cua 1o buttressing
5 strong pastero-supan-medialy and postan supero lateraly. A
palating bone forms an iIntmate relationship wih maxia 1o form
compieta hand palate (o) foor of noes end greatsr pan of lteral
wal of nasal caviy.

I amcuiates antenody with masila through Wansverse paiatal
sulures and peetancdy through plenmont process of the sphenoid
bone. The nierpalatine suture jons the taa pakstine booes at their
horzontal piates and continous as inter maxdary sutuss. These
sutures forms the [unction of three opposing peirs of bores: the
premandlae, mandla, and tha pafgting, The entirs foms mid-paketal
suture [TabiedFig 1), [TablaFi 2.

SUTURES
Mid Palating Sutura plays a key roke in RME[1]

L ntency - Y-shape [Tabk\Fg 3|
i Juvenis - T-shape
il Adolescance - Jgsaw purzike [Tabke\Fg 4]

As sutural patency & vial to AMLE, it is Frpoctant 1o know when
cous the suture closes by synostosis {2] and on an average 5%
of sutura in closed by age 25 yrs.Eardiest closure oocurs in girs
aged 15 yrs, Greater dagrea of cbiteration coours postariorly than
antanofy.

Qssification comas very ke amenor 1o Ncisive 1oramen - this ks
imponant when planning surgical fresing in e instances of RME [

5. ARVIND KUMAR, DEEPA GURUNATHAN, MURUGANANDHAM, SHIVANGI SHARMA

a st of criteria basad on the biomechanical requirements of
RME AME effects the mallary complex, palatal vaults, maxilary
anterior and postanor teeth, adjacent periodontal structures
tobring abeut an expansion in tha maxllary arch.The majority
of dental transverse measurements changed significantly as a
result of RME.

FACTORS TO BE CONSIDERED PRIOR TO
EXPANSION

Impartant tactors 10 be considerad n Rapkt Maxilry Expansion:

1. Rate of Expansion: By cxpanding at tha rates of 0,3-0.5mm
par day, 8ctive expansion I8 compkted N 2-4 weeks, leay-
ing iitle tima for the callier responss of osteockasts and
ostechilasts seen in Sow axpanson.

2. Form of Applance: As the thrus! is daelvered 10 the 1eeth
& the inferior free boarders of the maxils, expenson must

And, pacrm
Carel

Poet pelatre Canal

Accwssory puum
Foramen

[Table/Fig-1)

Jourmyl of Cinical ang Dognoss: Ressorch, 301 1 August, WM 20011
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CLINICIANS' CORNER

Maxillary expansion: Clinical implications

Samir E. Bishara, D.D.S,, D. Ortho., M.S..* and Robert N. Staley, D.D.S.,, M.AA,, M.S.*

lowa City, lowa

Ciinicians frequently expand the maxilla to correct certain malocclusions. The effects of expansion
on facial structures, dentition, and periodontium are reviewed. The implications of these findings
for the treatment of patients who need maxillary expansion are discussed. (Aw J OnTHoo DENTOFAC

Oamvoe 1987,91:314))

Key words: Maxillary cxpansion, review, reatment

Rapid maxillary expansion (RME) is a dra-
matic procedure with a long history. E. H. Angell’
reported on the procedure in 1860, and since then it
has gone through periods of populanity and decline. In
the late 1940s, Graber’ advocated RME for the treat-
ment of cleft lip and palate patients. Since then chini-
cians have increasingly included RME in the treatment
of their paticnts.

Although clinicians agree about many of the indi-
cations for and outcomes of RME, a review of the
literature'** indicates that numerous disagreements per-
sist about the procedure. Haas,™ Isascson and Mur-
phy.” and Wertz* advocated splitting of the midpalatal
suture to widen narrow maxillary arches. On the other
hand, Graber® belicved that the technique was oniginally
dropped because of development of open bites, relapse,
and the fact that improvement of nasal breathing was
oanly temporary. Furthermore, orthodontic appliances
routinely achieve the needed maxillary intercanine and
intermolar expansions. Graber asks, **What arc the cni-
teria for lateral apical base deficiency”™

Indicanons for RME. Paticats who have lateral dis-
crepancics that result in esther unilateral or bilateral
dates for RME. #*** The constriction may be skecletal
(narrow maxillary base or wide mandible), dental, or
a combination of both skeletal and dental constriction.

Antcropostenior discrepancies are cited as reasons
10 consider RME. " For example, paticnts with
skeletal Class 11, Division | malocclusions with or with-
out & posterior crossbite, patients with Class 11l mal-
occlusions, and paticnts with borderline skeletal and
pseudo Class I problems are candidates if they have
maxillary constriction or posterior crossbite.

Cleft lip and palate patients with collapsed maxillae
are also RME candidates. Finally, some clinicians use

From ée Universty of lowa.
*Prodesser of Ovthodonscs, College of Demtistry
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the procedure to gain arch length in patients who have
moderate maxillary crowding.

According to Bell,” the enhanced skeletal response
that accompanies RME redirects the developing pos-
terior teeth into normal occlusion and corrects asym-
metries of condylar position. This should allow more
vertical closure of the mandible, and eliminates both
functional shifts and possible temporomandibular joint
dysfunction.

Comtraindications for RME."* Patients who cannot
cooperate with the clinician are not candidates for
RME. Patients who have a single tooth in crossbite
probably do not need RME. Patienis who have anlenior
open bites, steep mandibalar planes, and covex profiles
are generally not well suited to RME. Patients who
have skeletal asymmetry of the maxilla or mandible,
and adults with severe anteroposterior and vertical skel-
ctal discrepancies are not good candidates for RME.,
Reservations sbout the patients who have marked skel-
etal problems are qualified if orthognathic surgery is
planned.

The following factors need to be considered during
treatment planning to determine whether to expand the
dental arches conventionally or with RME: (1) the mag-
nitude of the discrepancy between the maxillary and
mandibular first molar and premolar widths; if the dis-
crepancy is 4 mm or more, one should consider RME,
(2) the seventy of the crossbite, that is, the number of
tecth involved, and (3) the initial angulation of the
molars and premolars—when the maxillary molars are
buccally inclined, conventional expansion will tip them
further into the buccal musculature; and if the mandib-
ular molars are lingually inclined, the buccal movement
to upright them will increasc the need to widen the
upper arch.

ETIOLOGY

The causes of buccolingual discrepancies could be
cither genetic or environmental, According to Graber,”
and Harvold, Cheirici and Vargervik,” many con-
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The purpose of this article is to know more about the rapid maxillary expander. It produces significant changes in the max-
illary arch. RME has fundamental effect on the dentofacial structures which results in major change occurring in the basal
structures of the maxilla. The concept of maxillary expansion has also been extended to the nasal cavity. Early orthodontic
treatment with RME is able to reduce the symptoms of obstructive sleep apnea syndrome. This technique is more suited

for younger patients and faster duration of action,

Keywords: Obstructive Sleep Apnea Syndrome, Rapid Maxillary Expander

1. Introduction

RME is otherwise known as Rapid palatal expander or
split palate. RME produce skeletal type of expansion.
It consists of enlargement of dental arch and widen-
ing of the palate, This concept was widely supported by
ENT surgeons. RME is more useful in mixed dentition.
It places an important role in the orthopaedic therapy.
Orthopaedic expansion is the procedure by applying a
lateral force against the posterior maxillary dentition pro-
ducing a separation of midpalatal suture and produces
increase in the transverse width of maxillary basal bone'-=.

2. Effect of the Rapid Maxillary
Expansion

2.1 Effect on Maxillary Teeth

In anterior teeth, RME opens the midpalatal suture which
creates madline spacing between two maxillary central
teeth, Bodily displacement of tooth along its long occlusal
direction of molars in the posterior tecth'?,
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2.2 Effect on Mandible

Decreases the overbite and increases the facial height of
the mandible because of the extrusion and buccal tipping
of the maxillary molars®.

2.3 Effect of RME in Nasal Cavity

Increase the intranasal space due to separation of the
outer walls during activation of RME, Patients with nar-
row maxillary arch along with malocclusion can lead the
OSAS. So RME is more affective in patient with OSAS™.

2.4 Effect on Alveolar Bone

During activation of RME because of compression of
periodontal ligament the alveolar bones bends buccally”.

3. Indication

« Unilateral/bilateral cross bite of the molars.

« Patient with class IT and class [1I malocclusion,

«  RME is useful for cleft lip and cleft palate patient,
«  Severe construction of the maxillary arch.

« Poor nasal alrway and allergic rhinitis**,
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Abstract

A cambimation of orthopacdic and orhodontic tooth movements are requited for expamiion of palake © correct maxillary transverse dis-
crepancy . Expansion of the palake can be achieved by throe different e stment methods mainly Rapid maxillary expansion, show maxillsry
expamion and sgically sssiied maxillary e xpanuon Among the different methods rapid maxillary expansion brings sbout signilicant
changes inthe dental transy enie messurements (Agarwal A, Mathur R Intemational joumal of clinical pediatric dentistry 20 10). This anticle

aimw 10 seview the varous appliences used for maxillary expansion

Koywwrds: Mast B v Expan sson: Tipan of Masllary Expasnsson. Appliascan Usad S Masi vy Exponsion

1. Introduction

Palsting bone forow intimate articulstion with maxilla o form herd
palake and grester part ol kateral wall of masal cavity. Palatine bone
articulates with maxi s anteriorly the ough ram verse palatal sutures
and poater orly through pterygoid process of sphenoid bane, the in-
terpalstine sutwre joins the two palstine bones ot thelr horizontal
plates and contimues 3 miermax il by sutures Kumar SA, Guruna-
than D et al Journal of clinical and dragnostic rescarch 201 1) Noe-
mal palatsl growth is nearly complte by age 6(Moyers RE, Van
der Lnden ot al cramofacial growth series, 1976 ) Maxillsry trans
venie deliciencies can be corrected by expansion of palake, which
requires a combination ol orthopacd ik and orthodontic tooth move-
ments. Trestment modalities currently used for correction ol max-
Hlary transverse defickncies are rapkl maxillary expanson, slow
maxillary expamion and surgically swited maxillary expamion
Applances for expansion are sckokd based on the experence of
the practitioner, patient’s age and malocchision( Ficarelli IP, J Pe-
dod 1978 and Bell RA, Am J Orthod 1928). The chnical major in
dicatiom for maxillary oxpansion are corection of ramvenie dis
crepancics sch & crombite, cases requiring dintal molie move-
ment, 1o aid max ey hon, caes requiring comection of
mikl crowdmgl Agarwal A, Mathur R Internatiomsl journal of chn
cal pedmtric dentistry 2010). This article atnm 1o review the various
apphance used for maxilbery expansion

2. Appliances used for rapid maxllary expan-
sion (RME)

Appliances used for RME can be either banded applisnce or banded
apphances
7 Banded RME-TYPES:

1) Tooth and thsuc bom RME

o HAAS

o DERICHSWEILER

2)  Tooth borme RME:

o HYRAX expaner

e lwmacion expander
7 Bonded Rapid palstal expander
7 IPC Rapid palata) expander

3. Appliances for slow maxillary expansion
(SME)

1) Coltin appliance
2) W.arch

N Quad Hel

4) Spring jet

5)  NiTi Expander

4. Tooth borne RME appliances

1y HYRAX Expander:
Hyraxw: Hyginic Rapal Expander. HYRAX & 2 woth bome appli-
ance miroduced by Wilham Biedermann n 1968 The HY RAX ex-
pander n cxsentially a non-spring losded pokscrew with an all wire
frame { Buhara SE Stanky RN, Am J Onthod Dentolacial Orthop
1987 ) Heavy puge wire extentions are solderad 1o hands on pre-
molars and mo ler and are adapted (o follow the palstal contours The
screw i activated from front to heck and produces 0.2 mem of lateral
expanmion. | 115 mm of sutiral separstion can be achieved with the
help of HY RAX expander
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Skeletal changes in vertical and anterior
displacement of the maxilla with bonded rapid
palatal expansion appliances

David M. Sarver, DMD, MS, and Mark W. Johnston, DMD

Birmingham, Ala.

The purpose of this study was 10 determine whether antenor and Inferior displacement of the maxilla
seen with rapsd palatal expansion whan done with a banded rapid palatal expansion appliance is
sigriticantly different from an occlusally bonded rapid palatal expansion appliance. it was
hypothesized that the bonded appkance would limit unwanted displacement of the maxila by
producng vertical forces on both arches in a manner similar 10 a functional appliance. The study
was conducted using the bonded appliance on 20 adolescents and comparng the results with those
of a banded applance population—namely, 80 cases from Wert2's study.' Lateral cephalometric
radographs were taken before treatment and again after the expansion appliances were removed.
The results of this study suggest that the downward and anterior displacement of the maxilla often
associated with the banded rapkd palatal expansion applance may be negated or minimized with the
mare versatile bonded appliance. (Am J Ormwoo Dentorac Ormuoe 1969.95:462-6 )

Rqﬁd palatal expansion has loag been a
commonly used means of correcting maxillary trans-
verse deficiency. Although many amicles have been
published concerning structural and histologic changes
of sutures, alterations in maxillary airway resistance,
and general skeletal and demtal changes, few articles
have specifically addressed the basic problem of ante-
rior and inferior displacement of the maxilla caused by
skeletal changes. ™ This movement is an obviously un-
desirable characteristic for many dental and skeletal
types of patients. For example, the patient with a Class
11 dentition, long face, and open bite pattern could il
afford the extrusive characteristics of rapid palatal ex-
pansion.

Rapid palatal expansion is performed in two phases.
The first phase is an active expansion of the maxilla by
sutural expansion; the second phase of retention allows
for reorganization and calcification of the midpalatal
suture. Haas* described the sequence of events that oc-
curs during rapid palatal expansion with a bomded ap-
pliance:

— A panallel opening of the midpalatal ssture in an antenor-
posterior direction and a trangula opeming infenor
supensorly wigh the apex in the nasal cavaty.

— Separation of the central incisors (coincidental as the seture
scparmes) with convergence of the chinical crowss and
divergence of the roots due 10 transsepeal fibers

A downward and lateral movement of the maxilla with
coancidental infenor movement of the palatal processes

- A dowmward and backward movement of the mandible
resulting in am increased vertxcal dimension
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Wertz not only recorded data from his clinical stody
but used dried skulls to supplement his work concerning
skeletal changes.” The skulls showed changes to the
tures bt little or no changes to the pterygopalatine and
maxillopalatine junctions.' In the clinical part of his
study, the lateral cephalograms showed that the maxilla
comsistently moved inferiorly but rarely moved ante-
riorly to a significant degree. Other authors had similar
findings for vertical movement, but also state that their
studies showed vanous degrees of antenior movement
of the maxilla.”* The inferior movement of the maxills
accounted for the consequential opening of the man-
dibular angle while also promoting an antenor open
bite.*” Although for some patients it is bemeficial 10
have an increase in vertical dimension, often it is an
unwanted characteristic.

Other adverse features commonly seen with banded
rapid palatal expansion appliances are lack of rigidity
and tooth extrusion.” Proper rigidity of the appliance is
necessary to prevent unwanted tipping of the dentition.
Several authors point out that increasing the rigidity of
an appliance decreases the rotational component of
force along the long axis of the tooth.** Extrusion of
abutment teeth should be limited to prevent further ver-
tical opening.

Bonded rapid palatal expansion appliances were de-
signed 10 cover the maxillary posterior occhusal-buccal
scgments so that the appliance not only serves as an
expansion device but intrudes on the freeway space
through its vertical thickness. It acts as a functional
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An Orthopedic Approach to the Treatment of Class III Malocclusion in Young Patients
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Most orthodontists are familiar with the difficulties associated with the treatment of Class III malocclusion, particularly when this
condition Is identified in patients in the late dedduous or early mixed dentition period. Such patients frequently present with
maxillary skeletal retrusion, mandibular skeletal protrusion, or some combination of the two conditions. These patients also often
exhibit maxillary constriction that is manifested as an anterior and/or posterdor crossbite. Petit describes such patients as having a
“prognathic syndrome® in which the underlying skeletal elements may be out of balance in all three planes of space.

The treatment of this malocclusion ratses the clinical dilemma: Is it better to intervene at an early age or to wait for araniofacial
growth to be fully expressed ?

Many clinidans have chosen to intervene early, using such appliances as the chin cup, reverse extraoral traction, or the function
regulator (FR-3) of Frankel. Most cases of minimal to moderate severity are managed satisfactorily with these approaches,
particulardy If underlying etiological problems have been resolved. However, other cases, while improved, must be characterized as at
best a compromised result at the end of the growth period. In these cases, the attainment of a Class I ocdusion--iIf achieved at all-
~occurs very slowly, and the underying skeletal discrepancy remains unresolved.

Because of a lack of success in certain early treatment cases, some clinidans have not initiated treatment until growth has been
fully expressed. This approach almost always involves a combination of orthognathic surgery and orthodontic treatment. Although
such an approach is generally effective in resolving the underlying skeletal and dental malrelationships and may be the treatment of
choice in severe cases, the patient still faces the psychasocial problems during childhood that have been shown to be assodated
with this type of malocdusion, %

The purpose of this article ts to describe a treatment approach that permits a rapid resolution of certain Class Il malocclusions in
young patients. The components of this treatment--a bonded rapid palatal expander and an orthopedic facial mask--are not new,
but when they are used in combination they produce a more rapil treatment response than when either ts used alone,

Components
Faclal Mask

The facial mask was first desaribed more than 100 years ago, & with other descrguons appearing early in this century, %3 Perhaps
the individual most responsible for reviving Interest in this technique is Delaire. &5 More recently, Petit® has modified the basic
concepts of Delaire by increasing the amount of force generated by the appliance, thus decreasing the overall treatment time.

The Petit facial mask was originally constructed on a patient-by-patient basis, using .25" round lengths of stainless steel, to which
pads for the forehead and chin were attached (Eig. 1), Later, several versions of the Pelit {acial mask became available
commerdally, reducing the amount of chair time needed to deliver the appliance.

The current version of the Petit facial mask {Fig, 2) ts made of two pads that contact the soft tissue in the forehead and chin
reglons. The pads are made from acrylic and are lined with a soft closed -cell foam that is nonabsorbent, easily cleanable, and
replaceable. The pads are connected by a midline framework made from a round, contoured length of .15 stainless steel with acorn
nuts on each end.

In the center of the midline framework is a crassbar, made from 075" stainless steel, which is secured to the main framework by a
set screw, thus allowing the position of the crossbar to be adjusted vertically. The crossbar ends are contoured for patient safety (
Fig. 2).

Maxilary Splint

The second component of this orthopedic treatment ts the maxillary splint (Eig. 3), an acrylic and wire maxillary expansion
appliance mls bonded to the posterior dentition. The splint ts similar in desian to the maxillary portion of the acrylic splint Herbst

appliance. In mixed dentition cases, the splint usually covers the first and second deckduous molars. The upper canines may
also be included in patients who present with complete deckluous dentitions.

The maxillary splint is made of a framework of .045" round stainless steel wire, to which an expansion screw Is attached. If second
molars are present, an occlusal rest ts extended to the second molars to prevent overeruption of these teeth during treatment (Eig.
4). Two hooks, to which elastics are attached, are soklered to the wire framework. These hooks usually lie adjacent to the canines

or first deckduous molars. A sheet of 3mm-thick splint Blocryl is heated and adapted to the framework and assodated teeth using a

http: | Mww jco-anbinecomyarchive/article-print aspx year= 198 7 month « 0 S%articlenum«=598 Page 1 of 11
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Surgically-Assisted Rapid Palatal
Expansion for Management of Transverse
Maxillary Deficiency

KEITH SILVERSTEIN, DMD, MD,” AND PETER D. QUINN, DMD, MDt

An adequate transverse maxillary dimension is a
critical component of & stable and functional occlu-
sion." Orthopedic rapid palatal expansion in skeletally
immature patients is the procedure of choice to correct
this condition in that age group, However, as skeletal
maturity approaches, bony interdigitation increases as
the sutures fuse.™ This leads to difficulty separating
the maxillas with orthopedic forces alone and bending
of the alveolus, dental tipping and minimal maxillary
expansion, The result is relapse despite overcorrection,
periodontal defects, and malocclusion.*

A variety of surgical procedures including surgi-
cally-assisted rapid palatal expansion (SARPE) and
segmental LeFort 1 osteotomies have been advocated
in the treatment of transverse maxillary deficiency in
skeletally mature patients. The decision to choose one
surgical procedure over another has led to some contro-
versy in the literature. The reasoning behind advocat-
ing SARPE will be discussed in this aricle.

The 1solated transverse maxillary deficiency can be
treated either orthodontically or surgically with rapid
palatal expansion. However, the long-term stability of
the expansion is directly related to the skeletal maturity
of the suture lines.” Krebs® showed that as sutures ma-
ture the majority of orthopedic rapid palatal expansion
occurs by dental tipping and alveolar bone bending
rather than by skeletal movement. Relapse, with an
open bite deformity, may result when fixation is re-
moved. Activation of an appliance against mature su-
wres can lead 1o the sensation of pressure, pain, and
necrosis under the appliance. These forces can also

* Chief Resident, Department of Oral and Maxillofacial Sergery,
Hospital of the Usiversity of Pennsylvania, Philadelphia, PA.

+ Chairman, Department of Oral and Maxillofacial Surgery, Uni-
versity of Peassylvania, Fheladelphia, PA.

Adkdress correspondence and repoint rgaests to Dy Quinn, Depert -
ment of Oral and Maxillofacial Surpery and Hospital Dentistry, Uni
versity of Pennsylvania Modical Center, 3400 Spruce SUS Whise,
Philadeiphia, PA 191044253,

© 1997 Amenican Assocation of Oral and Maxilcfacial Surgeons
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result in periodontal defects as the teeth are pushed
through the buccal cortical plate and lead to bony de-
fects and gingival recession. These complications can
be avoided by surgically releasing the osscous struc-
tures that resist the expansile forces,”* Advantages of
the SARPE include improved periodontal health; im-
proved nasal air flow: climination of the negative
space, which results in less visible tooth and gum struc-
ture showing during smiling; and a cosmetic improve-
ment of the buceal hollowing secondary to post-expan-
sion prominence at the site of the lateral wall
osteotomy.® Also, woth extraction for alignment of the
arches is often unnecessary.

Early use of SARPE was based on the hypothesis
that the palatal suture was the main resistance o expan-
ston and a midpalatal osteotomy was suggested. Many
authors have since studied the resistance of maxillary
expansion in the adult population.™'® All of the max-
illary artculations and suture lines have been found
to contribute in different degrees 10 the resistance to
maxillary expansion. This has led to multiple osteot-
omy and corticotomy designs for separation of the
hemi-maxillas in skeletally manre individuals. Resules
daffer based on the placement of the corticotomies and
the timing and placement of the orthodontic devices,
but all surgical procedures are more stable than orth-
odontic expansion alone, Kennedy et al' found that
the lateral maxillary wall corticotomy combined with
a midpalatal osteatomy was the most effective method
in their study on Rhesus monkeys. Other authors'' %1%
have recommended sectioning of ncarly all of the max-
illary bony articulations (zygomaticomaxillary but-
tresses and midpalatal and pltergomaxillary junctions),

The indications for SARPE include any casc where
orthodontic expansion has failed and resistance of the
sutures must be overcome. Transverse maxillary defi-
ciencies of more than 5 mm in a skeletally mature
patient arc also a consideration. The figure 5 mm is
chosen because the orthodontist can camoulage dis-
crepancies less than this size with orthopedic forces
alone. If a discrepancy of more than 7 mm exists,
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Surgically Assisted Rapid Palatal
Expansion Using a New Distraction
Device: Report of a Case With an
Epimucosal Fixation

Klaus Lowds Geviach, MD. DMD.* and Chwristian Zall, MD, DMD}

Surgically assisted rapid palatal expansion (SARPE) is
an cfficient methad for the treatment of transverse
maxillry defciencics in skeletal mature patients. Ak
though this technigue has a low morbidity using the
traditional orthodontic appliances like Hyrax-screws,
this may be accompanied by undesired effects such as
buccal tooth tpping or extrusion, ginglva recessions,
oot resorption, or bone fenestration. Because the
appliances are fixed to the teeth, therefore transmit
ting forces directly on the teeth and supporting bone.
These problems will not occur if a4 bone supported
palatal distractor is used. " The aim of the articke is (o
present a new developed palatal distractor tor SARPE
with an epimucosal fixation.

Material and Methods

APPLIANCE DESIGN

The functional component of the newly developed
distractor consists of a cylindrical bady (24 mm) with
2 longitudinal slides. The ovlinder incorporates an
angular drive with a central spindle featuring 2 coun-
teracting threads (a righthanded one and a lefis
handed one). At the beginning of cach thread, an
offset bar with an internal thread s located. Each of
these bars connects 0 a 4-hole miniplate located at a
right angle w the cylinder body. The height of the
angle bar (5 mm) allows casy adaptation of the plates
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to the shape of the pakatal surface (Fig 1). The distrac.
tor is activated transorally at its frontad part using a
specild screwdriver. One full wrn s cquivalent 1o a
distraction kength of 0.2 mm.

SURGICAL PROCEDURE

Uncler general anesthesia, via nasoendotracheal in-
tubation, a bilateral vestibular mucosa incision from
the canine woth 10 the 6-verr molar, plus a vertical
midline incision arc made. Following exposure of the
maxitlary sinus walls, an osteotomy is perfoemed from
the piriform aperture to the maxillary tuberosity, us-
ing the oscillating saw; additionally a maxillary-ptery-
goid disjunction s recommended. If there s ossifica
ton of the central palatal suture, oftéen seen in
patients over 25 vears of age, the anterior nasial spine
and pirifoem rim are identified, the nasal mucosa is
then dissected with a periosteal clevator, bilaterally
from the medial nasal wall and floor. A small os-
teotome Is then placed beyond the incisive foramen
and tapped to the postenor margin of the palatine
bone bilaterally to the nasal septum and vomer. Mo
bilization of the maxilla halves is conducted with an
osteotome applied between the roots of the central
incisors below the masal spine.

Alter verilving sufficent mobility and diastema for-
mation, the distractor is adapted o the shape of the
palate, via bending of the miniplates. On ¢ach side,
the cylindrical body of the distractor is locared be-
tween the second premolar and the first molar. Fixa
ton is performed epimucosally with 7 mm kong mini.
screws after predrilling through the holes of the
plates and the palatal mucosa. For this purpose, the
use of an angled screwdriver is recommended. Fol-
lowing fixation. the distractor is activated {2 mm) o
check proper functioning and is then reset o the
starting position

Distraction &s started after a latency penod of 6
days. Every morning and evening the screwdriver is
applied and rotated in o marked direction by 1 full
urn cach time cwhich amounts to a destraction length
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Surgically Assisted Rapid Palatal Expansion:
An Outpatient Technique With Long-Term Stability

ROBERT A. BAYS, DDS," AND JOAN M. GRECO, DDSt

This study presents the results of surgically assisted rapid palatal expansion
done on an outpatient basis in 19 patients with a mean age of 30 years. Post-
surgical and postorthodontic evaluation (mean, 2.4 years) showed a mean relapse
rate of 8.8% in the canine region, 1% in the premolar region, and 7.7% in the
molar region. These results show that the surgical procedure is feasible on an
outpatient basis and the technique, as outlined, yields a stable long-term resuit.

In 1860, E. H. Angel’ reported correction of max-
illary transverse width discrepancies by opening the
midpalatal suture. In 1961, Haas® reintroduced rapid
palatal expansion (RPE, or rapid maxillary expansion,
RME) appliances 1o correct real and relative maxillary
transverse deficiencics, maxillary collapse, maxillary
retrusion, and skeletal class [l division | malocclu-
sions.™ In growing children, RPE appliances opened
the midpalatal suture, but the long-term stability re-
mained a problem.® Although RPE has been relatively
successful in children and adolescents, it has been
fraught with failure in adults***'% In adults, ortho-
dontic RPE may result in alveolar bending, penodontal
membrane compression, lateral tooth displacement,
and tooth extrusion.”* Haas® believed that the most
common error was underexpansion, so S0% overex-
pansion was advocated. Even with overexpansion, the
very factors that allowed the expansion are the same
factors associated with relapse and subsequent failure
of the procedure,

Historically, the midpalatal suture was thought to
be the arca of resistance to expansion, but Isaacson et
al'"'? have shown that the facial skeleton increases its
resistance 1o expansion as it ages and matures, and that
the major site of resistance is not the midpalatal suture
but the remaining maxillary articulations. Haas'” be-
licves the maxillae separate from each other in a tipping
fashion due to the strength of the zygomatic buttresses.
Lines’ and Bell'* demonstrated that the area of in-
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creased facial skeletal resistance 1o expansion was not
the midpalatal suture, but the zygomaticotemporal,
zygomaticofrontal, and zygomaticomaxillary sutures.
Wertz'® theorized that resistance was caused by the
zygomatic arches.
Identification of these areas of resistance in the cra-
niofacial skeleton stimulated the development of
vanious maxillary osteotomies to expand the maxilla
laterally in conjunction with orthodontic RPE appli-
ances.'*'* The osteotomy techniques vary, as does the
time of placement of an active orthopedic expansion
device, but anecdotally all reports note that the surgical
expansion is more stable than orthodontic RPE
M?’l‘-l!

Indications

The role of surgery with RPE is to first release the
areas of resistance in the maxillac.* According to Moss,*
whether RPE is done alone or in conjunction with sur-
gery will depend on the patient’s age and the condition
oflhemidmllulnuun.lndmonthcmuﬂm

dibular relationship. Lines® states that orthodontic RPE
is extremely valuable in young patients (growing chil-
dren) exhibiting maxillary collapse, maxillary retrusion,
and/or pseudo class I1f malocclusions. Haas” recognizes
six indications for nonsurgical RPE: 1) real and relative
maxillary deficiency, 2) nasal stenosis, 3) all type class
111 cases, 4) the mature cleft palate patient, 5) antero-
posterior maxillary deficiency, and 6) selected arch
length problems.
Determination of the necessity for surgery in a max-
MWMMMWW
tion between skeletal and dental problems, and an ini-
tial determination of the existence and extent of the
discrepancy. Jacobs et al™® state that only in rare in-
stances are crosshites (either buccal or palatal) involving
more than one or two teeth not skeletal. They divide
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REVIEW ARTICLE

Surgically assisted rapid palatal expansion:

A literature review

Lokesh Suri® and Parul Taneja®
Bostow awd Chelyen, Masy

Transvarse maxilomandibular discrepancies are a magor component of sevaral malocciusions. Orthopedic
and orthodontic forces are used routinely to comact a maxlllary transverse defickency (MTD) In & young
patiant. Correction of MTD n a skeletally mature patiant i mora chalanging bacausa of changes in the
osseous articuations of the maxliia with the adjoining bones. Surgcally assistad rapld patatal expansion
{SARPE) has gradually gainad popularity as a treatment option to comract MTD. It allows cinicians to achieve
effective maxillary expansion in a skedatally mature patient. The usa of SARPE to treat MTD decreases
unwanted affects of orthopedic or erthodontic axpansion. Cur aim in this article is to present a comprehen-
Sive review of the Rerature, including indications, diagnosis, guidelines for case salaction, & brief overview
of the surgical techniques, orthadontic considerations, complcations, rsks, and limitations of SARPE to
better aki the climcian n the management of MTD in skeletally mature patients. (Am J Orthod Dentofacial

Orthop 2008;133:290-202)

rihopedic maxillary expansion (OME) was
Ofm& described over 143 years ago by Angell in

a case report,'? An accompanying commen-
tary on the articke suggested that the possibility of
achieving OME was “exceedingly doubtiul.” Afer
initially falling to disrepuse, it was reintroduced in the
middle of the Tast century by Andrew Haas." Presently,
OME has become a routine procedure in treating
maxillary transverse deficency (MTD) i a variety of
malocclusions in young orthodontic patients. There is,
however. a lack of definitive guidelines that woukd
cnable the onthodonhist to select an age-appropriate
procedure for treating MTD. OME can produce un-
wanted effects when used in a skeletally mature patient,
including lateral tipping of posterior teeth,** extru-
s300,"" periodontal membrane compression, beccal
root resorption,” ! alveolar bone bending,” fenestrution
of the buccal corex,' ™ palatal tissue pecrosis,"
inability to open the midpalatal suture, pain, and
instability of the expansion.™™'*'™™ Several reasons
have been speculated regarding Factors that Timat ortho-
pedically indoced maxillary expansion in skeletally

From e Departmsent of Dedodoonics. School of Dooral Medicne, Tuls
Uoiversity. Beston, Mass

*Asscaban profovar. pat-lme povide poctoe, Boden, Maes

"Partdime facalty; pavate pactice, Chelwey, Maa

Reprint rogpassts 000 Lobeds Sunt, Doponimeet of Orfiadonmes. DHS-2. Tulhs
Lreversity, Savead of Dend Madicine, One Keeehad St Boston, MA D211
canel, bbedivanGulteods.

Subamnied, Oacher 200 revised and accepted, Jarasry 217

QRS- SHSD

Coprrighn © 2008 by the Ameriom Association of Ovihodeatias

ot 100165 apde 2007.00.021

Annexe 49

133

mature patients, These are all related to changes with
increasing age in the osseous articulations of the
maxilla with the adjoining bones. However, a few
reports in the literature contradict these findings and
state that nonsurgical maxillary expansion is as suc-
cessful in adults us it is in children, '™

The incidence of MTD in the deciduous and mixed
dentitions is estimated at 8% 1o 18% of patients baving
orthodontic consultations.”' The incadence of MTD in
the adult population or in skeletally mature people
could not be elucidated from the literature.

Because of more complications after attempes o
orthopedically alter the tansverse dimension of the
maxtlla with advancing age, surgxcal procedures have
been recommended to facilitate correction of transverse
discrepancies. These procedures have conventionally
been grouped imo 2 categories: segmenting the maxilla
during a LeFort osteotomy 1o reposition the individual
segments in o widened trinsverse dimension, and sur-
gically assisted rupid palatal expansion (SARPE).

The criteria for selection of either of these o cormect
the MTD have pot been clearly defined. The preterence
of the surgeon ollen determines the choice of the
procedure.

Our aim in this articke is to present a comprehensive
review of the literature, including indications, diagno-
sis, guidelnes for case sebection, 2 bref overview of the
surgical techmgues, onthodontic considerabions, com-
plications, risks, and limitations of SARPE to better aid
the clinician in the management of MTD in skeletally
mature paticnts.

Current standards for reviews require performing a
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ORBITAL COMPARTMENT SYNDROME

Orbital Compartment Syndrome Following
Orthognathic Surgery

KASEY K. LI, DDS, MD* JOHN G. MEARA, MD, DMD,*
AND PETER A.D. RUBIN, MDt

Vision can be threatened by acute retrobulbar hem-
orrhage following maxillofacial trauma.'” trauma sur-
gery,' blepharoplasty,™ and orthognathic surgery.’
Although blindness is a disastrous complication under
any circumstance, its occurrence following blepharo-
plasty or orthognathic surgery is even more devastating
because these procedures are considered elective. For-
tunnely visual loss associated with orthognathic sur-
gery is rare. Lanigan et al’ reported ecight cases of
ophthalmic complications associated with orthognathic
surgery. In one case in which retrobulbar hemorrhage
occurred following Le Fort | osteotomy, the patient
had no long-term visual problem due to prompt inter-
vention by the oral and maxillofacial surgeon and the
ophthalmologist. In the same article, Lanigan also
noted that the etiology of orbital injury might have
resulted from *“forces transmitted during the plerygo-
maxillary dysjunction using an osteotome or from frac-
tures extending 1o the base of the skull or orbit associ-
ated with the dysjunction or the
maxillary down fracture.'’ Hueston' suggestod that
during retrobulbar hemorrhage, the retina or optic
nerve can only tolerate ischemia for 60 10 90 minutes.
If there is no immediate intervention, permancnt visual
sequelac may occur. Experimental studies also show
thit the retina only tolerates tlemporary ischemia up to
100 minutes before potential for visual recovery is
lost.” " This report describes an unusual case of blind-
ness resulting from orbital compartment syndrome
caused by retrobulbar hemorrhage following bilateral
posterior maxillary segmental osteotomy.’' It also out-
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lines a wreatment plan for orbital compartment syn-
drome.

Report of a Case

A Moycarold woman with wansverse maxillary defi-
ciency underwent bilateral posterior maxillary segmental os-
teotomies and placement of an expansion appliance, The
operation started at 8 am and ended approximately 2 hours
later without incident. When the drapes were being removed
from the patient on completion of the case, the left eyelid
was noted to be edematous and the eye proptotic. An urgemt
ophthalmology consult was requested, and immediate evalu-
ation by the ophthalmologist revealed a very tense beft orbit
with & minimally reactive S-mm pupil. Acute retrobulbar
bleed was diagnosed and supported by a concurring otolaryn-
gology evaluation. An incision ino the lateral orbit from a
point lateral o the lateral commissure was performed in
attempt to drain any blood collection. A left nasoantral win-
dow was also made 10 allow egress of possible blood collec-
ton in the antrum. Decadron 20 myg (dexamethasone; Merck,
West Point, PA) was given to decrease swelling, and manni-
ol was infused 10 reduce intraocular pressure, A postopera:
tive axial tomographic (CT) scan showed a left

hemorthage. At 12:45 e examination by the

it revealed o fixed, nonreactive 7-ovm pupil
with no light The dise was noted 10 be ““pale,
with vessels looking okay."" A decision was made 1o transfer
the patient 1o Massachusetts Eye and Far Infirmary for possi-
ble orbatal and further management.

On arrival ot the Eye and Ear Infirmary st 4:52 im exami-
nation of the revealed visual acuity 20030 by near
eye and no light 1on in the ket eye
10 the most intense light source. Pupillary examination of
the eye revealed a briskly reactive pupil, The left pupil
was nonreactive, with an afferent pupillary defect.
Full extraocular movement was present in the right eye, but
the left eye was limited in all fhelds of gaze (Fig 1). The left
eye was 10-mm proptotic with 360° chemosis. The left orbit
was very tense, with an estimated pressure of 45 mm Hg,
A small superficial skin incision in the arca of the lateral
canthus wan present; however, the lateral commissure, lateral
canthal tendon and the inferior crus were intact. Funduscopic
examination with an indirect ophthalmoscope revealed arte-
nal pulsations, retinal edema, and venous congestion.

Because of the apparent persistence of an orbital compart-
ment syndrome, a formal lateral canthotomy, including infe-
nor and superior cantholysis, was and this re-
w-mmaumwmmouowm

the procedure, fundus examination revealed resolution of the
arterial pulsations. The globe appeared 1o soften 10 gentle
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Sagittal and Vertical Maxillary Effects
After Surgically Assisted Rapid Maxillary
Expansion (SARME) Using Haas

and Hyrax Expanders

Jose Luis Gongalves Bretos, DDS, PhD, Max D. Pereira, MD, PhD, Heitor C. Gomes, MD, PhD,
Claudia Toyama Hino, DDS, PhD, Lydia M. Ferreira, MO, PhD

B89 Fai Baee

The purpose of this study was to evaluate the effect
of surgically assisted rapid maxillary expansion on
the sagittal and vertical maxillary planes. Thirty-
three adult patients aged between 18 and 40 years
who required surgically assisted rapid maxillary
expansion were included in this study. They were
divided into two groups: the Haas type expander
(16) and the Hyrax type expander (17). All patients
were subjected to subtotal LeFort I osteotomy with
pterygomaxillary disjunction. Lateral cephalo-
metric radiographs were taken during the pre-
operative assessment (T1), soon after completion of
the expansion (T2), and 4 months after the end of
the expansion (T3), The following cephalometric
measures were obtained in each of the three
radiographs for all the patients: SNA, SN palatal
plane, Frankfurt horizontal plane. NA, CF-A,
CF-NA, Nperp-A, CF-A, Frankfurt horizontal
plane-ANS, and Frankfurt horizontal plane-PNS.
Statistically significant changes were observed in
the cephalometric measures: SNA, Frankfurt hor-
izontal plane, NA, Nperp-A in the patients in the
Haas group, and CF-A in the patients in the Hyrax
group, demonstrating anterior displacement of the
maxilla. The cephalometric measures SN.palatal
plane, CF-A, CF-NA, Frankfurt horizontal plane-
ANS, and Frankfurt PNS plane that evaluated
vertical displacement did not show changes in
either group. The surgically assisted rapid max-
illary expansion caused anterior displacement of
the maxilla in both groups, but only the Haas group
had statistical significance. Neither the Haas group
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nor the Hyrax group showed vertical displacement
of the maxilla. When Hyrax and Haas groups were
compared, there were no statistically significant
differences for sagittal and vertical changes,

Key Words: Surgically assisted rapid maxillary
expansion, rapid palatal expansion, Haas appliance,
Hyrax appliance

he transverse maxillary deficiency is a

dentofacial deformity characterized clini-

cally by the presence of posterior crossbite

(unilateral or bilateral), high arch palate,
crowding and flaring of anterior teeth, and difficulty
in nasal breathing. It can be an isolated trait or
associated with vertical maxillary excess with class 11
or class Il malocclusion.” It may also be associated
with a narrow nasal base, deep nasolabial fold, and
zygomatic hy pnplam

In adult patients, in whom the midpalatal suture
has become completely consolidated, the treatment
with surgically assisted rapid maxillary expansion
{SARME) allows the separation of the maxilla with
an orthodontic appliance made and adjusted for that
purpose. This procedure requires coll.iborahun
between an orthodontist and a surgeon, *and the
surgical part consists of removing bony resistance to
the expansion forces.*

Several authors such as Haas,” Wertz,® Davis
and Kronman,” and Silva Filho et al* have published
studies about sagittal changes after rapid maxillary
expansion. The sagittal and vertical changes after
SARME have been evaluated only by a few authors.
Their samples consist of a small number of patients
and include both adults and growing subjects,”"" The
ideal sample for this type of study should include
only adult patients, considering that the occurrence
of structural alterations resulting from craniofacial
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The Rotterdam Palatal
Distractor: introduction of the
new bone-borne device and
report of the pilot study

M. J. Kowdstaal, K. G. . van der Wal, E. B. Waolvius, A. J. M. Schuiten: The
Ronerdam Palatal Distractor: introdvction of the new howe-borme device and report

of the pilos stady.  Int. J. Oral Maxillofac. Surg. 2006; 35 31-35.

42005

Ieraational Association of Ol and Maxillofacial Surgeons. Published by Elsevier

Lid. All rights reserved.

Abstracr. Transverse maxillary hypoplasia, i adolescents and adults, is frequently
seen as an acquired deformity and in congenital deformities patients anl can be
comrected by means of surgically assisted rapsd maxillary expansion, Traditsonally,
the distractors for expansion are tooth-bome devices, 1.e. hyrax appliances, which
may have some serious disadvantages such as tooth tipping. cortical fepestration,
skeletal relapse and loss of anchosage, In contrast, with bone-bome dsstractons most
of the maxillary expansion is orthopedic and at a more mechanically desired level
wilh Jess demtal ssde elfects. A new bone-borne palatal distractor has been
developed. By activation the nails of the abutments plates automatically stabilizes
the device and mo screw fixation s necessary anvmone. This sew distractor is
presented and the data of five acquired deformity amd eight congenital deformity
patients that were treated with this distractor are reporied.
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Transverse maxallary hypoplassa, in ado-
Sescents and alules, 15 [requently seen &
an acquired deformity and in congenital
Seformaties  patients  acluding  cleit
patients’. In skeletally mature paticnts
the ume- ot bilateral transverse hypoplssia
can be corrected by means of 2 surgically

assisted  rapid  maxillary  expansion” 2,
Traditionally, the distractors for expansion
are tooth-borne deviess, i.e. bymx appli-
ances, which bave some serious disadvan-
uges: penodental problems, like buccal

(90 1-S02TO 0031 + 05 S30.000)
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roat resorption and cortical fenestration,
segmental tippmg and  anchorage-tooth
tipping, loss of anchoege, deatal caries
in congental patients with mcnml retanda-
tion and poar oml hygiene™*

In contrast, with bm:»tnwc distractors
applied at a higher level in the palatal
vaalt, most of the maxillary expansion is
arthopedsic and ot a more mechanically
desired Jevel® ™ In addition the farces
are directly on the bone and no tooth
tipping and other unwelcome side effects

136

are to be expected. The mow commercially
available bose-bome distracioes bike the
Transpalatal Distractor (TPD™) and the
Magdenburg palatal distractor” have 1o be
fived with screws on the palatal bone and
have proven to be useful in scquired defor-
mation patients. The MDO-R  device
(Orthograthics Ld) has no screw fixn-
tsan, however it has a minimal wxdth of
ILScm, In congenital  patients  with
extreme narrow maxillas these devices
seem to be impractble due to difficalties

2008 Toeemationad Association of Orad and Masillofocial Sergeons. Peblishad by Elseveer Lid. ALl rights reserved.
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Surgical and orthodontic rapid palatal expansion in adults using Glassman's
technique: retrospective study

R. Schimming,* K.-Ll. Feller.* K. Herzmann,* U, Eckeltf

* Resvarch Assisvansy, ¥ Professorn, Deparrment of Qval and Mavillofacial Surgery, University of Dresden,

Germany | Hewd: Profexsor Dr Dr U Ectelt)

SUMMARY. In 1984, Glassman o @l. described n consemvative surgical method of separution of the midpalatal
suture bm which an osteotomy ks dose only at the kateral and anterbor wall of the maxilla, Between 1991 and 1997, we
have operated on 21 patients with maxillary tramsverse discrepancies using the method that they described. This gave
good results in 20 patients. The other, who was operated on 2t the age of 38 vears, developed a fructure of the
alveolar process of the meaxilka om ome side becawse of ossification of the midpakatal suture, The surgically assisted
rapid pulatal expansion described by Glassmum er al. is suitable for patients up to the age of 30. Older paticnts
require addithonal surgical separation of the midpalatal suture,

INTRODUCTION

A permanent increase in maxillary transverse widdth is
anained routinely in children and adolescents using
orthodontic expansion appliances and retention,'”
and this treatment does not normally cause any prob-
lem. However, in skeletally mature adulis attempts al
orthopaadic rapid maxillary expansion often cause
appreciable problems. Inability to activate the appli-
ance and expand the maxilla = common. The treat
ment can also result in boccal tipping of the teeth, '
and bone dehiscenoss and gingival recession have
been described.” Onvercorrection to compensate for
these undesirable changes s often frustrated by unpre-
dectable and uncontrolled relapse after the palatal
expunsion appliance has been removed *

Iovestigations on cadaver skulls by Persson and
Thilander showed that the ossification of the mid-
palatal suture has wide individunl varations in difter-
ent age groups and is unpredictable under the age
of 307

Inicially, the midpalatal suture was identiied as an
area of bony resistance to palatal expansion in
patients after their late teens™ "' Later studies indi-
cated that the construction ol the zygomaticomaxil-
lary buttress is the crtical urea of resistance to palatal
cxpansion, ™'

The procedure for rupid palatal expansson s still
controversial and many different methods have been
desenbed™ " since the time of Angell,”™ when be
presented the first case of correction of maxillary
transverse discrepancy in 1860

We present 21 cases treated by rapid palatal expan-
sion without midpalatal or prerygomaxillary surgery
The technique was first described by Glassman e o,
in 1984.Y
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PATIENTS AND METHOD

Twenty-one patients with discrepancies in the width
of the maxillary arch were weated from 1991 10 1997
by rapul palatal expansion as descrnibed by Glassman
er @l The age of the patients ranged from 14 to 28
years (mean 21) (Table 1), All patients were seen by an
interdisciplinary team of orthodontists and oral sur-
geons and the operations were done by two surgeons

The preparation for the technsque by Glassman s
1o cement an orthodontic Derichsweiler appliance to
the first premolar and the first molar preoperatively.
The appliance is activated by a centrally placed Hyrax
screw (Fig. 1) One screw turn is equivalent 1o (.25
mm. Il smullancous first premolar extraction s
needed, the Denchsweiler appliance may be cemented
1o the second premolar and second molar without
compromising treatment.

Fig. |

Model of eethodontic Desiclomeiler sppluinoe with
ceptral Hyrax screw
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Feasibility and long-term stability of surgically assisted rapid
maxillary expansion with lateral osteotomy

Anu Anttila*, Kaj Finne**, Katri Keski-Nisula**, Matti Somppi***, Kari Panula** and
Timo Peltomaki*-****

*Department of Oral Development and Orthodontics, Institute of Dentistry, University of Turku, **Vaasa Central
Hospital, ***Seainajoki Central Hospital and ****Department of Oral Diseases, Turku University Central Hospital,
Finland

summary Surgically assisted rapid maxillary expansion [SARME) has become a widely used and
acceptable means to expand the maxilla in adolescents and adult patients. The method takes advantage
of bone formation at the maxillary edges of the midline, while they are separated by an external force.
The purpose of the present retrospective investigation was to evaluate the feasibility and long-term
stability of maxillary expansion in patients in whom lateral pre-expansion ostectomy had been
performed. The subjects were 20 patients (14 females, six males, mean age 30,8 years, range 16,2-44.2
years) whose malocclusions were treated solely or partly with SARME during 1988-1996. Two orthodontists
carried out the post-orthodontic expansion treatment. The surgical technique followed a minimally
invasive osteotomy on the lateral maxillary walls. Study models were obtained before surgery {T1),
once expansion and the following orthodontic treatment were completed, before possible second-stage
osteotomy (T2), and at long-term follow-up (T3). Using the study models, the width of the dental arch
was measured with a digital sliding calliper. In addition, transverse occlusal relationships were examined
at each ume point.

The results indicated that (1) SARME is possible when the minimally invasive operation technique is
used, (2} long-term stability of maxillary expansion following the present technique compares favourably
with the widening and stability achieved with other, more invasive, osteotomies, With age, several possible
uncertainties are introduced to affect the course of SARME adversely. Therefore, more extensive
osteotomies can be recommended in older patients.

Introduction

Surgically assisted rapsd maxillary expansion (SARME)
has become a widely used and acceptable means to
expand the maxilla in adolescents and adult patients,
The method takes advantage of bone formation at the
maxillary edges of the midline, while they are separated
by an external force. However, some controversies still
exist concernmg the indications, osteotomy lechnigue,
particularly in terms of the age of the patient, and long-
term stability,

Primarily. SARME is indicated when the patient
has solated, considerable (more than 5 mm) transverse
maxillary deficiency and is older than 15 years of age,
and, therefore, not a good candidate for ordinary rapid
maxillary expansion {Bells er al, 1995; Bauley e al,
1997 Silverstein and Quinn, 1997).

Several modifications to the surgical approach have
been recommended and wsed. The rationale for choosing
a particular osteotomy technigue is based on the
assumption of what structure(s) offers the most
resistance 1o maxillary expansion. Those who consider
the intermaxillary suture to be the essential resisting
structure recommend first performing an osteolomy n
the palate (Maclntosh, 1974 Timms and Vero, 1981).
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Others regard the prervgomaxillary buttress, with its
strong cortxcal bone, to be more important in preventing
adequate expansion of the maxilta (Glassman er af,
1984; Lehman er al. 1984) and consequently perform
an osteotomy only in the lateral arcas. Many clinicians
favour using combined osteotomies in the palate, anterior
and lateral maxilla, and particularly at the pterygo-
maxillary buttress (Lines, 1975; Bell and Epker, 1976:
Bays and Greco, 1992; Pogrel er al, 1992; Betts ot af,
1995; Northway and Meade, 1997). It is evident that no
consensus has been reached about the mimmum osleolomy
required to facalitate maxillary expansion. and that the
question posed by Pogrel er al. (1992): “What is the
minimal procedure required to produce consistent and
stable maxillary expansion in adults?" has not yet been
answered.

Although the amount of maxillary expansion and
its stability following SARME have been the topics
of many investigations, the many different treatment
regimes and follow-up periods make interpretation of
the findings difficult. In gencral, it can be stated that
expansion is greater in the anterior than in the posterior
arca, and relapse is 9-30 per cent in the canine arca and
8-23 per cent in the molar area (Bays and Greco, 1992:
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CASE REPORT

Surgically assisted rapid palatal expansion: Orthodontic
preparation for clinical success

Steven L. Cureton, DMD, MS,” and Michael Cuenin, DMD"

Johesow Cly, Teanr and Ry Govdow, Ga

Cloge reot proximity between the maxillary central incisors presants a problam in the swgical managament
of & maxillary palatal expansion. During the surgical fracture of this interdental area. the possibility exists for
a separation to occur batween the root surface and the bane. If this does occur, & is paramount that the
gingival attachment ramain intact. Asymmednc separation placas more strees on the mesial gingival
attachment because of the anatomy of the gingival fiber apparatus. Gingival detachmeant results in epithalial
downgrowth in an apical deaction, which in turn prevents bone apposition in & corenal direction. The
rasuiting osseous cafect is difficult 1o treat with 8n osseocus graft procedure, as thare are few f any
ntrabony walks. Treatment planning should include analysis of a recent penapcal radiograph of the mcisor
roots to deteeming the nead for orthodonic reot separation before surgary. A postsurgical peraplical
radlograph should be taken to determing whera the IMerdental separation has occurred, The expansion
schadule shoutd be adjusted dependng on the symmetry of tha separation and the haaih of the ginglvad
attachment. (Am J Orthod Dentofacial Orthop 1999;116:48-59)

Nommrgical rapid palatal expansion (RPE)
was used by Angle! as carly as 1860 and continues to
be used by orthodontists with a high rate of success for
growing children. Although RPE has been relatively
successful in children and adolescents, it has been
frought with failures in adults.”* In adults, orthodontic
RPE may result in alveolar bending, perioclontal mem-
brane compression, lateral toth displacement, tooth
extruston, and transverse relapse. which can subse-
quently lead to failure of the procedure 7 Historically,
the midpalatal suture was thought to be the arca of
resistance to expansion, but Lines® and Bell and
Jacobs® demonstrated that the area of increased facial
skeletal resistance to expansion was not the midpalatal
suture, but the zygomaticotemperal, zygomaticofrontal,
and zygomaticomaxillary sutures. Thes stimulated the
development of vanous maxillary osteotomies 1o
expand the maxilla latecally i conjunction with ortho-
dontic RPE appliances ™'

INDICATIONS

Treatment in adults with dentofacial deformities is
frequently complicated by the existence of discrepan-
cres m the transverse dimensson. Control of these trans.
verse discrepancies in the correction of dentofacial
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deformities 1s extremely impoetant for the ultimate sat-
isfactory achicvement of a stable and functional occlu-
sion. Jacobs ¢t al'* divide maxillary transverse width
discrepancics into two categories: real and relative,
Relative implies that a horizontal discrepancy appar-
ently exists clinically, but the study models examined
in & class [ canine relationship show that the apparent
deficiency s m reality the result of a discrepancy of the
maxilla or both jaws in the sagittal dimension.
Absolute implics a true horizontal width insufficiency.
Once the diagnosis of absolute maxillary deficiency
has been made and it is ascertained that the need for
expansion of the maxillary arch does exist, several fac-
tors must be considered to determine whether such
expansion should be achieved through kateral maxillary
osteotomses and rapsd maxillary expansion® 1017 4o
an imtegral part of the presurgical orthodontic therapy
ot by segmentalizing the maxilla ar the time of surgery
to achicve transverse correction concomitantly with
vertical and/or sagittal sreatment objectives 2%

In cases of minimal to modernte arch length defi-
ciencies, rapid palatal expansion can increase arch cir-
cumference sufficiently to permit alignment of the
crowded antenor teeth thus avoiding the necessity of
extraction of premolars or excessive forward tppeng of
incisors, [t may obviate the need for a second maxillary
surgical procedure,

Muost cases in which a transverse deficiency exists
will charncteristically exhibit a narrow tapering arch
form, The discrepancy will, therefore, be pronounced
n the canine region. In order to achseve a functional
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The effects of micro-implant assisted rapid
palatal expansion (MARPE) on the nasomaxillary
complex—a finite element method (FEM) analysis

Matt MacGinnis', Howard Chw', George Youssef', Kimberley W Wu', Andre Wilson Machado™ and Wen Moon'

Abstract

Background: Orthodontic palatal expansion appliances have been vadely used with satisfactory and, most often,
predictable dinkal results. Becently, cinicians have successhully utifeed micro-implants with pelata expander designs to
work & anchors 10 the palate 10 achieve more efficient skalets expandgon and 1o dacrease undesred dental effacts The
purpcse of the study was 1o we finlte element meathod FEM) 1o determning the stress distribution and displacement
within the craniofacid comrglex when simulated comentionad and micro-dmglant-assisted raid palatal expansion
IMARPE} expansion forces are appled to the masilla. The dmulated stress distribution produced wihin the palate and
maxdlary buttresses in addition to the dsplacement and rotation of the maxdla coud then be analyzed to determine if
micro-dmptants aid in skeletal expansion

Methods: A three-dimensianal {300 mesh medel of the canium with associated maillary suiwres was developead using
cormputed tomography (CT) imeges and Mimics modeling software. T compare transverse expansdon stresses in rapid
pafatal exparsion (APE) and MARPE expandon farces were distributed to differing points on the masilla and evaluated
with ANSYS smulation software

Results: The strasses distributed from forces applied 1o the madilary teeth are digribuned mainly along the rajactones
of the theee maxilary buttresses. In comperison, the MARPE showed tersion and compression directed to the palate,
whie chowing less rotation, and tipping of the maxilary complex In addition, the cormantional hyrax displayed a
rotation of tha maxlls around the teeth as opposed to the midpalatal sutwe of the MARPE. This data suggests that the
MARPE causes the manlla to bend laterally, while peeventing urwanted rotation of the complex

Conclusions: In conchusion, the MARPE may be benaficid for hyperdivergent patients, of those that have Jready
axparienced closure of the midpaiatal suture, who require palatal expansion and would waorsen fram buccal ipping of
the teeth o maxdllary complex

Keywords: Friite dernent method (FEML Rapid paiatal expansion (RPEL Micro-implant asdsted rapid patatal expansion
IMARPE] Nesomasdllary sutures

Background way to alleviate this skeletal deficiency i through rapid
Rapid palatal expansion palatal expansion (RPE),

The prevalence of maxillary transverse deficiency & 8%
te 23% in the deciduous and mixed dentitions and less
than 10% in adult orthodontic patients [1.5]. While the
cause of maxillary constriction is multifactorial [6], one
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RPE separates the two maxillary bones at the midpaka-
tine suture [7.8]. During expansion, the force of the ap
pliance counteracts the existing anatomical resistance
from the dentoabveolus, midpalatal suture, rypomaxiltary
buttress, and circummaxillary sutures [9-15]. Chaconas
and Caputo concluded that the major resistance to ex-
pansion forces was not the midpakatal suture but other
artlculations in the maxilla, such as the zygomatic and
sphenoidal sutures |16]. Other RPE studies have propased
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Maxilary constriction #s 3 common skeletal cramiofacial aboormality, and transverse maxifary dehicioncy affects 3% of patients
recetving cethodontic and surgical treatment. The alem of the study was to analyse cranlotacial skeletal changes In adults with maxilary
canstriction after transpalatal distraction, The study group <oosistid of 36 paticats (16 women) sged 17 ta 42 yeaes (M = 27.); S = 7.8
with a known complete skeletal crossbite and who underwent transpalatal ditraction procedure. The measurements were obtained on
dugnastic models, and cephaloenetsic PA radiograms were obtainad & time polnes, e before treatment (1) and after the completion
of active distraction (T2). The analysis of diagnostic modeds involving the arch width measurement at different bevels demonstratd 2
significant Increase in L1, L2 L3, L4, LS, and L6 dimensons after transpadatal distraction. The largest width increase (9.5 mm) was
obeerved for the 1.3 dimension {the intercanine distancel, The anadysis of frontal cephaograms depliyod a significant incazse in W,
W2, and W3 dimensions after transpalatal distraction. The largest width increase (4.9 mm) was observed foe the W1 dimension at the
beved of the alvealar process of the maxilla. Transpalatal distraction & an effective trestment for transverse maxillary defickency afer the
end of bome growth, The eagansion observed e disgostic modeds is dose 1o 2 parallid segment shift mechanism, with a mild tendency
towards a larger opening antersorly. The maxillary segment rotation pattern analysed based on the frontal cepbalograms is dose toa
Pand fan unfoldieg with the rotation paint & the frontomasad suture.

1. Introduction

Maxillary constriction is a common skeletal craniofacial
abnormality. 30% of patients receiving any complex or-
thodontic and surgical treatment suffer from transverse
maxillary deficlency [1]. The appropriate transverse di-
mension of the upper arch ensures stable occlusion and
significantly affects facial proportions and aesthetics |2, 3].
Clinically, transverse maxillary deficiency manifests as a
complete crosshite (unilateral or bilateral), high-vaulted,
V-shaped palate, with anterior tooth crowding and visible
buccal corridars when smiling [4-7]. Laptook identified
core clinical features of “skeletal malocclusion syndrome”
if a complete crossbite is present, which include increased
nasal breathing difhculty, reduced nasal cavity volume,
mouth breathing, crossbite with a high-vaulted hard
palate, and turbinate hypertrophy. Presence of at least two
of the aforementioned clinical features indicates skeletal
malocclusion and necessitates treatment zimed at in-
creasing the transverse maxillary dimenston and its
skeletal expansion [8].

Annexe 57

Using orthodontic expanders for the treatment of
maxillary deficiency in adults leads to a number of dental
and periodontic complications [7,9-13], By acting indirectly
on the midpalatal suture, the tooth-bome appliances ad-
versely affect lateral teeth, causing buccal inclination and
extrusion, alveolar bone fenestration along its buccal aspect,
dental root resorption, and gingival recession in the prox-
imity of the teeth on which the appliance is borne [9]. The
adverse effects of such appliances on persodontium worsen
with the patient’s skeletal maturity [14].

Due to the limitations of dental anchorage in the rapid
maxillary expansion (RPE} in adult patients, the skeletal
anchorage was introduced In the method of microimplant-
assasted rapid palatal expansion (MARPE), as an alternative
to surgically assisted jaw expansion modalities. MARPE
involves the use of a hybrid device: bone anchored with 2
mini-implants on each side of the midpalatal suture and
tooth-borne on the first upper mofars [15].

Midface anatomy and architecture are key aspects of
maxillary expansion [16-18]. The flexibility of the bone
skeleton decreases with age, which limits the possibility of
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Non-surgical treatment of transverse deficiency in adults
using Microimplant-assisted Rapid Palatal Expansion (MARPE)

Daniel Paluda Brunetia’, Eduardo Frarzzatt Sant Anna’, Andre Wilson Machada®, Wan Maon®
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. ot tresed an e, 3t cn ageravate and ewohe % 4 mare conaplex mua bechroon, hindermg facul growth and devekop et Aside from
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cave 1 reparted, detalmg all the teatient progres and zealtsobtimed. Conclusion: [t wascanchided tha the & i ue aontkd
b an inseresting abermve to SARPE m the mupanty of non-grow ing putsenss wath masallary trnsverse deficxncy. The present patsont shonved
mpartant occhusl and regurasry benedin Salknw g the prcechine, wathout recuiring anmy sungal mtervenson

Keywords: Mocromnpline s god Rapad Palatal Esqpuansion. Pabitil exg graphy. Ofwtructne Sk Apnian Syn-
drvre. Adukt putens. Masalliry tamsverse defiomey. Pasersar arosstuse

sec hmaque. Paky

Introducio: s defioina i muabi éummmi ochisio com aly provakinca em sodisas L ctirus, d.ndml\.mdauhupmm
nente. Se nio for corrggeds, pode agrnarae com ousar do tanpo, praudiando o arecumm® ¢ decmahimann fcul. Akan dos prguins
achian, o deficrnan pode trazer probl i severon, devado b canequente aomstngio d cnadade naal Fim pacaares
€10 cres e, 4 sita resohigho ¢ R P -nqnh por o da expunso tpad convenaonal da masali. Paréim, os pacentes 1 madiss
gen ke Ko ik s pur 110 1 , aexpunsio rigndade smaab psrend crrugpoamente SARPE]. Mars meen -

pesquisklares m & quccpmmvl excutar a expuncio pu b esque kit an pocsemes acibos sam mxibo de oveotames,
s s com b de e mplinges, Ewa donica ¢ denommich MvavigphentAssasd Rapaf Tidsd) Exprmdw, ou MARVE. Objetivo: o
ahetno do presante artago ¢ demonerar ¢ drcutir uima dis s diponiven de MARPE, desemvbenda par Wan Moan ¢ cobiboradanes,
1 [iensty of Cilifwabt, Lo Angels (UCLA) Métodos: o seanica encantrae detalludumente descrnta, com s etpas biborsorun ¢ clinsr
e dhevern ser segudis para sua correta exocugin . Para desereniala, ¢ apreentada o caso clinko de wma pucseme achikta, detalhandlo toda a -
quénaa do tratamenta e os fow obtackne. Conclusio: 4 % g fa podke wer uma aternatng nio mvasna i SARPE na reohi o
dadeficiman de muxah, podendo ser emproggidi na musora dos puoentes com cresamento fiaal fimalzado . A pocicme apreseneada
derem grou handionn agnificatnos nocapesisodusle nequratdno, semia neccssdade de ntervengdo canliggca.

Palavraschave: Expunsio ripda da maali wsrexh por nmanplines. Téemea de expansio palitina. Pok

guti Sindrame daapneu
abrutna do smo. Pacentes adubtos. Defioaman tnmaers de maabi. Mardida cruzac posterior

How w cite this artide: Desscrn DI, St Ases BF. Mahalo AW,
Moves W Nessurgoal of v bl y s aduley iy

g ™

P ow of Orthodd 2, U bacde: Foderal dos Tuesest,

l)mnl School, Dieparteocst of Regostne Doss ey, Cormlba) PIU, Deand

"Assocmte Profane, Leyorsdale Foleed do o de bews no, Dot Schood,

Diipat st of Polost o Dhastotey s Ovthodon s, o e Jascen/IUL,
Neand

' Adpse € Ivodensoe, Uaeyorsd e Foadem [ da Taba, Dhastd School,

Ihy Ottt o8, $abvaador T, Hesnd
{Avsouit e Masdonoe, Usiverwry of Calfomsss, Lis Asgeln, Disstad Schuod,
Ovthafonnos Aren, Los Asgdia CA ELA

Conrtact addresss Dt Fabuales 1k
Av. Seoe de Seneboo 4455, Curmba/PIU leasd - CEI' 90 250210
Eomval dand_ by st opbonmud

Annexe 58

Muromplat-anmal Hapal Palaal Expaonce (MAIPE) Dostd Pecn 1
Orthunl 2017 Jao- Pels 22(1) 11025
10) b e don o/ 1O SO I7659450 220 1I0- 125 s

Suburbttod: Scpasmbes 06, 2000
Revived and accepted: Ouroler 10, 200

homth o° v
. ST

e pasas ducsliad e S rte e

yur Atumced mhowt i G pralats

o Pt s ol iy wnl i i i i e iy sqppmov ol Wi s o S foned ol s
Vo plaot gripha

Owrlad Proms J Orthed. 2017 an-fub 291 1025

142



Miniankerschrauben getragene Gaumennahterweiterung

Der MICRO-4 oder MICRO-6 Expander

De. Heinz Winsaver, Zentrum fiir Zaharegulierungen,
Bekuptstralle 59, A-6900 Bregenz, £Mail; office@drwinsawer.at

Einleitung

Seit der Einfiihiung der nicht-chirurgischen Gaumenmahterweiterung
{GNE] im Jahy 1860 Ist diesa Foem der Behandlung eine der wichtigsten
m keferorthopadischen Alltag. Die dabel auftretende Belastung der
Zzhne #ikrte mmer wieder 2u unerwunschten Nebervirtkungen wie Wer-
2dresorptionen, Bxsifnung oder dentalen Verankeungsverusten. Nach
der Einfuhrung des Orthamplantazs {Straumann Orthosystem) gelang es,
Expander teitvmse skefettd abgestitzt m Goumen zu verankem. Zusatz-
bch war 2ur Erweiterung des Oberkieters eine chinurgischer Unterstatzung
{SARPE) erforderbch (Harzer et 3l 2004, Hansen et al 2007, Harzer et al
2010). Eine dental und skelettal abgestutzte Apparatur (Hybnd-Hyrax)
wurde ersimas von Wilmes et al. 2010 vorgestsie Die Expanderschraubes
war dabel an 2 paramedian Im worderen Gaumen inserierten Minianker-
schrauben [MAS) befestigt. Glekchzeitig werden die hinseren Arme der
Expanderschrasbe an Molaenbandsn fxen. Baswerend aul einer 2u-
sammenfihrenden Studi ur Keochanhdhe und Knochandichie im vorde-
ren Gaumen {Wirsauer 2012) setzte die Wimnsauor Gruppe 2010 erstmals
4 bs 6 Mindnkerschrauben paramedian im sntencren Gaumen. Dabel
wurde der Expander Gber 2in Klebehddsessystem mit den besden Mnian-
kerschrauben im antericren Gaumenn verbunden.

Seit 2010 wurden aber such dahbeiche, ren Miniankerschraubes-getra-
pene Expander INICRO 476), also ohne Atveranterung an den Molaren,
vingesatzt. Dias hewiss die Praktikabiitat deses Yerankerungssystems
Dadurch war &s maglich, Dysgrathistehandiungen neben skefettal und
dental verankerten Expardam (HYERID-HYRAX) fr Kindes aach mit rein
stelattal werankerten Expandern (MICRO-4)6) fir Teenager und Erwach
sene durchzuliihren. Whhrend der Oberkisfer dber kndcheme Veranke-
ungspunkte expandiert und retinert wurde, konnten 2ur selben 2eit
samtiiche Zahne des cberen Zahnbogens mittels fostsitrender Behand
kngstechnic susgelomt weeden, Aoch in Kombination mit kieferchirur-
gichar Schwachung des Oberkieders (SARFE) hat sich dieser Niniankes-
wchrauben getragene Expander ausgerechngt bewakrt

Material und Methode

4 « & Dual Top Jet Miniankerschrauben (Purchmesser 2.0 = 2.5 mm,
Lange 12 - 16 mm, Tiger Dental Sragenz, Osterreich oder Pramedis,
Siegen, Deutschiand) werden dabes benahe vertikal (sullerer Winkel

. 5% < 107) in den anterkoeen Gaumen paramedian platziert, {Bikd 1« 2)

g

Bd 1: 4 5is 6 dbermiegend wertikal
pahziore Minaskarschauton, Tramsfarkapgen sul Se MAS Kiplo
gesteckt. Algnatabdeuck awsrer
chend
Annexe 59

C )

Bikd 2 2ur Modetherstelung werden

Hilfroich hierzu kst das sogenannte | FuBabdruckschama™ rum Auffinden
ideder Knochererhdlinisse (Bidd 3),

8ikd 3: Footprint Schema™ Idedle Region mur vertikales Patzierung von 2 bis
3 Mniankerscheauben pro Seite.

AnschieBend werden die Schesuberkople mit lichthartendem Marz {Tn-
ad* Gel, Dentsply) gaqen elmander fickert. Bel lugendlichen kst eine So-
fortbelastung moghch. Fir die Herstellung von Arkentsmodelien werden
Trarslerkappen dber g Schraubenkbple gesteckt, des Abdruck kéon mit
rormalkem Alginat durchgefihrt werden. Mateks Ladoranalogan wird
cann ein Gipsmodall erstellt, Darauf worden 4 - 6 Klebebdlsen [Tiger Den-
18, Bregenz, Ostemeich] gesteckt und mit den Armen der Expander-
scheaube verschweiSt, Ak deszen tlenste Expanderschravke wird haullg
cie sogenannte Superscrew® Schraube verwendet

a
Bild & < & (4) Nach dem Axdruck werden Labosanaloge in din Tansherkappan
Turuckgesteckt. 5o ist de Inmestionsrichteng der MAS gut 2u erkennen.

(5) Pranses Arbestsmadel| nur Geedtefertigung. {6) MXCRO-6-Exponder einge-
sent, jedach nock richt gekbbt

Micro-4/6 Expander

Der Name MECRO-Expander leitet sich ab von .Mt Implant-Colar Re
1aned Orthodooric Expander” (« Mirdankerschrauben getragenar mit
Klebehidsen befestigter orthadionnuscher Expander). Die Zahl baschreibt
die Anzahl der qur Verankerung veevendeten Miniankerschracben, Bel
Einsats des MICROQ/6-Expanders wird der Oberkieler susschliefilich dber
knocherne Verankerungspunkte expandiert und retiniert. GRich2eitig und
wnabhangig konmen samtiche Zahne des cbaren Zahnbogens mittels
festsitzender Behandlungitechnik ausgedormt werden. Auch in Kembina-
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Effects of Surgical and Nonsurgical Rapid Maxillary
Expansion on Palatal Structures

Gakmen Kurt, DDS. PhD Ayvge Tuba Altug, DDSB PhD." Gakhan Tiirker. Dllﬂ3
Banu Kilic, DDS, PhD,* Erdem Kilic. DDS, PhD." and Alper Alkan, DDS, PhD'"

Aim: The am of the present stiady was © compare the effects of
surgxal and nomsurgcal rapd munlley expamion (RME)
skeletally matwe pabents

Materials and methods: Surgaally masked rapd madbry
expanuon (SARME) was uwsed i IS patens 2 maks 16
femules) with 2 mean age of 1990 years. Two monsurgxcal RME
groups wese comstructed © compare e cxpanum changes of
SARME Eigteen patents m maxenan pubertal peak (12 makes
6 females) with 2 mean age of 13 04 years compraed the growing
RME group while the noagowing R ME ({ NG-RME) growp comsied
of 18 skelenlly matre patients (1 mule, 17 females jwith a meanage
of 1641 years Theteen kocar and 2 angular messuements were
made on the study mode b tken before expanson (T0) and affer 3
manths of reenton penad (T1) Intragrowp dfferences were
evabisted with pared 1 et and the mtergroup differences were
amlyzed wieh |-way amlyas of vanance.

Results: All groups showed sgaffican transversal sheleta] and
dental expamiaon. The palata]l widh champes o pagnal and
madpalate levels were the highest m the NG-RME group (685
and § S4mm, respectvely) The most molar ipping was i e NG-
RME group ( 1500°) and e palatal vault angle showed the most
mcrexie m the SARME group(9.777). The grestest expanson o the
base of palatal vault was m the SARME goup (4 42mm)
Conchsions The patem of expanson was rotatin of the
maxillary halves for SARME and Isteral duphicement of the
dentoalveclsr sructures for NG-RME Patants wih severe
skeletal ducmepancy or increased age e good candidates for
SARME.

Key Wards Palatal tructures, rapd muulbey expanam,
surgrcally sssnted rapid muuillary cxpanson

(J Cramofac Surg 201600 00-00)

From #e * Dpx of Omhod Faculty of Dentsry, Isanbul Yem
\'umlu-m.- shut D of Orfodoneics, Facaly of
u v, Askaa. | Depoxment of Onthodontcs,

rx-:yd" y. Exciyes Un y. VP ate Practxce, Kayseri and

ll)qmd(hladl-wm Facalty of Destisry,
Exiyes Unmveraty, Kaysert Todkey

lmwdmhmw

Accepted for publ Nowember 7, 016

AthwmnGﬂmmmm
Istanbad ¥ en: Yiuryd Un 1 Dy Helomigh Falubes Omudoon
AD, Suthce Mubullen B Sﬂhl&kyoﬁ.h.-u
Yﬁymm.ﬁwm

20 conflcss of mexa

Cq” 3 T by Munz B Habal MD

ISSN- 10492278

DO 10 109TSCS 00MODOOO00 A8

apid maxdlary expanson (RME s wadely used to correct

transverse maxillary she ktal or dental deficency, nasal asrway
resrstance, and skeletal Class [I and [1] patiens and © gan arch
length o maderate crowdng mstances ' 'Alhoth.\uinlo-
tmely used dunng the growth perod, the rgxcal exp
Mam&knnwmudq&nn&kum
Ilgeramare * The smdies that evalmied the effects of RME in
shektally muture paticas showed more dental and Jess skeletal
mhﬂ‘dmwﬁmmmd&uol
supery when skekts] expansion of the maxdls 15 needed *

&&n-‘&ﬂqnﬁdmuﬁeo’uﬂmhm-
before 1310 15 years ' Melsen histobgrcally showed that after the
ages of 15 grls and 17 1n boys, the mamiverse growth of the
madpe hts] suture ends and the of the muaxalls s
ihle without fractening the ierdigated 2 maxilary halves * Onthe
other lund, Makog ot al” evalmued fhe bag-em stability of sem-
RME ia 4 patests with 2 mean age of 2009 £ 236 years and
found stsbk dental and skeletal tranwveral measurements afer §
years of folbw-up penod. Handelman of al* showed ssccessful
nmsurpcal expanson with e Haas expander 1 20 adult ample
with 2 mean age of 30 years and reparied bag-om tabibty of the
expanuon after $9 years of follow-up

Undesxable sade effects or resuls have been reparted after use
of RME n skekully mature paticnts such 2 buccal sppmg of
pastenor teeth, extrusion, penodoatl Bisse recesson, fenesteston
of buccal cortex, necross of palatal isue, ulwre n opening of
mudpebital sutwe, pam, and relapse of expansion” Surgrally
sasked npad mexilley expaniion (SARME) has boen sugpested
to acleve trcanﬂ‘d ransverse maulhiry expansion withou! such
complications Patients with skekets] symmemes o patests
havmg mummum Smm of vanwerse alveolsr dicrcpancy are
conuderad as good canddates for SARME '

Few reports exist in the Igeratuare about the effects ofnonsurgical
RME m adult or sheltally matuse papents 474044
transversal skeletal and dental changes ase assessad ulhpma
oanteror fikns and dental models i RME studies. However, these
stadees ave houted to evaluste the chamges in the palatal vaul acea
Conwur tracmgs of study models can show both the kwel of the
expanuon at the palstal region and the nature of maxillary expan-
swa '’ To our knowledge, m study has compared the effects of
SARME on the palatal asea with comventional RME wing contour
tracings wntil the time of this wntng Therefore, the am of our
study was 1o evalmte the effects of SARME on palsta] asea, and to
compare these ¢ffects with growing RME (G-RME) and nngrow-
g RME (NG-RME) ptents

MATERIALS AND METHODS
The patents imbicated for maxillay cxpansion were mcluded in
thes tudy
Patent selection crgena wese = follbwx

1. Bilsteral posenor sheletal crossbine
2 The absence of cleft bp and mbie or oher camofacal
anomales

The joumal of Craniofocial Surgery « Volume 00, Number 00, Month 2016 1
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Transverse malocclusions due to maxillary width defi-

On'giual Article

Nonsurgical Rapid Maxillary Expansion in Adults:
Report on 47 Cases Using the Haas Expander

Chester S. Handelman, DMD+; Lin Wang, DDS*; Ellen A. BeGole, PhD;
Andrew J. Haas, DDS, MS*

Abstract: Rapid maxillary expansion (RME) in the adult is thought to be an unreliable procedure with
several adverse side effects and, consequently, surgically assisted RME is considered the preferred pro-
cedure. The purpose of this paper is to study the efficacy of nonsurgical RME, and to determine the
incidence of complications such as relapse of the e xpansion, pain and tissue swelling. tipping of the molars,
opening rotation of the mandible and gingival recession. Rapid maxillary expansion using o Haas expander
was examined in 47 adults and 47 children. A control group of 52 adult orthodontic patients who did not
require RME was also studied. Students” r-test, and the analysis of vanance followed by the Scheffé test
were used 1o determine if there were significant differences among time periods and among the 3 study
groups. The mean transarch width increase was similar in adults and children who had RME: 46 © 2K
compared to 57 £ 2.4 mm for the molars and 5.5 £ 24 compared to 57 £ 2.5 mm for the second
premaolars. In the adults, transarch expansion and the correction of the posterior crossbites were stable
following discontinuance of retainers (mean 5.9 years). If the expander was properly fubncated, and turned
no more than once a day, the procedure was well-tolerated. Rapid maxillary expansion in adults flared the
molars buccally only 3 per side. The mandibular plane and lower facial height were unchunged. The
adults uchieved 18% of their transmolar expansion at the height of the palate and the remainder with buccal
displacement of the alveolus. The children achieved 56% of their expunsion by an increase at the height
of the palate with the remainder due to displacement of the alveolus. There was some buccal attachment
loss (0.6 £ 0.5 mm) seen in the female subjects associated with RME, but the extent was clinically
acceptable. This resulted in signiticantly longer clinical crowns, but rarely caused exposure of buccal root
cementum. Complications were infrequently observed or of minimal consequence. The results indicate that
nonsurgical RME in adults is a clinically successful and safe method for correcting transverse maxillury
arch deticiency. (Angle Orthod 2000.70:129-144.)

Key Words: Maxillary expansion: Surgically assisted maxillary expansion: Haas expander: Posterior
crossbite: Trnsverse dimension: Adult treatment: Mandibular rotation: Gingival recession

INTRODUCTION
papers.t’

is often reported as not feasible in standard texts und review

ciency have been uniquely responsive to rapid correction
in children and adolescents since Haas' ' popularized the
fixed pulatal expander in the 1960s. In contrast, the use of
expandens to widen the maxillury arch in mature patients
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This pessimistic view of raptd maxillary expunsion
(RME) in adults is based in part on anatomic studies of the
maturing face which show the midpalatal suture und adjo-
cent aticulations to be more rigid and beginning to fuse by
the late teens* "' In order to overcome the fusion and re-
sistance of the adult sutures to expansion. surgically assist-
ed rapid maxillary expansion (SA-RME) has been advo-
cated. Surgery ranging from a subtotal Le Fort 1Y to more
limited laterl and midline maxillary osteotomies ' com-
bined with fixed palatal expanders, has been successful in
allowing the midpalatal suture to separate and the maxilla
1o be widened.

Surgery, however, is costly and requires either outpatient
surgery or hospitalization with attendant morbidity and
time loss from work. Patients and their othodontists may
feel that the malocclusion is not sufticiently disliguring or
functionally compromising to justify the risks and costs of

Angle Orthodontist, Vol. 70, No. 2, 2000



Original Article - Retrospective Study

Surgically Assisted Rapid Palatal Expansion to Correct
Maxillary Transverse Deficiency

Al Rachasiel'’ | Shakas Tasgeman’, Dekel Shilo ", Omwi Emodi’, Dror Azeabad’
Departments of '0rd and Madidacial Surgery and Orthodonics and Craniotadal Arcmales, Rambam Hedth Care Cammpus, *Acadamic Instituion. Bruc Rappaport

Facuty of Medicine, Technion - lor a2l Inatitute of Technology. Hata Brad
Abstract

Backgrmund: Transverse maxillomandibulyr discrepancies are widespread. Treatment is comprised of orthodantic expansion in patients
youngerthan 15 yars or by surgically ass sted rap o palstal expans ion (SARPE ) in skeletally mature patients where the possibility of successtul
orthodomtx maxillary expansion decreases as sutures chose and resistance to mechanical farces mercases. Aim: To present our experience
of treating tramsverse maxillary deficency using a unkjue Loshaped asteotomy and %0 demomstrate stable results. Patients and Methods:
32 patients aged between 19 and 54 years exhibiting trams verse maxillary defickency. Loshaped osteatomy was performed Isterally from the
prerygoid plate pasteriarly o above the roots ol thesecand incisive anterorly contimiing with a vertical osteatamy between the lateral incisive
and canme teeth toward the hor zontal osteotamy. In 18 patients with dysgrathie, bmaxillary sumgery was perfarmed ane year following
the SARPE procechire. Results: Mean transverse maxillary expansion o 6 2mm at the canine mcisal and 6 4mm at the first malar occlusal
regions were ohtained. One year postaperatively resulkis were relatively stable, S8mmand 6 2mm respectively. The SARPE procedure resulied
in overcoming the maxillary buttress resstance, expansion of the amerior dental arch and bilsteral distraction creating bone an both sxles
af the premaxilla contributing to better alignment of the anmterior teeth and superior sabilny. Conclusions: We conclude that SARPE s an
cffective and stab ke methoxd for acklressng severe maxillary transverse discrepancy m adults while the unxjue osteatamy pertarmed allowed
for maimammg proper position of the premaxilla and maxillary midlne and allowing for division of the new ly created bone bilsterally thus
resulting in a mare stahle oukome

Keywards: Maxillary distraction asteogenesis, maxillary transverse deficiency, sumcally assisted rapxl palatal expansion

anterior 10 the incisive canal never ossifies until very late in life,
resulting in some relapse ™ Anumber of modifications for the
traditional SARPE surgical technique hawe been described. The
traditional method describes a midpalatal osteotomy betw een
the twocentral incisors, followed by maxillary expansion using
a tooth- or bone-bome device !

IntRODUCTION

Maxillary deficiency and accompanying crossbite is a common
malocclusion encountered clinically with a prevalence of
4%-23%.1" Maxillary transverse deficiency {(MTD) can be
treated either orthodontically using rapid maxillary e xpansion
(RME) or surgically using surgically assisted rapid palatal

expansion {SARPE). In chikiren and adolescents, conventional
onhodontic RME has been successful when used prior to
suturalclosure,” ! In skeletally mature patients, the possibility
of successtul maxillary expansion decreases as sutures close
andresistance tomechanical forces increases,*#¢ SARPE is an
eftective methodof addressing the severe maxillary transverse
discrepancy inpatientsover the age of 15 years. Inyoung adults
and adultsin their 20s and 30s, palatal expansion may result in
the tipping of the molars with little expansion of the maxillary
arch. It has also been suggested that the intermaxillary suture

Wikaite:

WAW. o el con

DO
INA10Vietixsens 163 19

Various combinations of maxillary, pterygopalatine lateral
nasal, septal, and palatine osteotomies have been used based
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Surgically assisted rapid palatal expansion vs. segmental Le Fort 1 osteotomy:
Transverse stability over a 2-year period

€. MARCHETTI, Professor of Maxillo-Facial Surgery', M. PIRONI, Orthoddontist’, A. BIANCHI', A. MUSCT'

: D prirtme nt of Odemsostenmtological Science s, Universiy of Bologma, lraly ? Post Gradware Schoo ! of Max)llo-Fae sl
Sirgery, University of Bologmer, 1xaly; " Unis of Mallo-Feackdd Sigery, Sant'Or sefer Malpaghs Hospared, Bedago, Iraly

SoMMArY  Towoduction:  We compared the long-term stability of surglcally assisted vapid palatal expansion
(SARPE) and segmental Le Fort 1 osteotomy (bipartition) for expanding the maxillae in adult patients. Moo
thods: The upper Jaw plaster models of 10 patients who underwent transyerse expansion of the maxillae using
the SARPE technique and 10 patients who underwent Le Fort Ihipartition were examined, For cach patient, the
Intercanine and intermaolar distances before expansion (T1), after expansion (T2), and 2 years after expansion
(T3) were measured, Comsequently, we could evaluate the degree of expansion (between T1 and T2) and the
relapse distance after 2 years (between T2 and T3, The palatal stability (Le., extent of relapse) was used to assess
the outcomes in both methods,  Reslts: T the SARPE group, the average increase in the intercanine and
Intermolar distance was +8.5 and +7 mm, vespectively, Inthe Le Fort ] bipartition group, the average respective
Increase was +2.75 and +3.75 mn, Two years after expansion, in the SARPE group, the intercanine distance
decreased by 2.5 mm or 28% of the overall expansion, and the intermolar distance decreased by L0 mm or
36% of the overall expansion. In the Le Fort T bipartition group, the intercanine distance decreased by
(.25 mm or 25% of the overall expansion, and the intermolar distance decreased by 0.75 mm or 20% of the
overall expansion.  Conclusions:  In the patients that we assessed, there was a high relapse vate in the mean
Intercanine and Intermolar distances 2 years following the expansion. The overall relapse rate was more
pronounced in the SARPE patients, whereas the Le Fort 1 bipartition technigue was more stable, especially in
terms of the Intermolar distance, © 2008 European Assoclation for Cranlo-Maxillofacial Surgery

Keywords: orthognathic surgery, maxillary expansion, surgically assisted rapld palatal expansion, segmental Le
Fort Losteotomy

INTRODUCTION distance and 33% (2.9 mm) intermolar distance, Aniia
et al  200d) reporied relapse rakes of 10% (0.4 mm) inker-
Surgically assistexd rapid palatal expansion (SARPE) and  canine distance and 18% (1.3 mm) intermolar distance.
segmental Le Fort | osteotomy (bipartition) are both  Schummung et al. (2000) reponted no relapse rate (0%),
commonly used 10 increase the transverse diamewer of  whereas Berger o al (199%) reported selapse rates of
the maxilla in adult patents with skektal deficits. Nor- 23% (K12 mm)  mtercanine  distance  and  17%
mally, the SARPE sechnique is used in cases with a se- (1O mm) inermolar distance. Newthway  and  Jodn
vere deficit or when the transverse defect of the (1997) reponted relapse rates of 4% (0.2 mm) intercanine
maxillary bone is an solaxd kektal momaly. Con- distance and 3% (0.2 mm) imtermolar distance. S
versely, the Le Fort [ bipatition technique is recommen- — berg and Hodm (1995) also documented a 4% (0.2 mm)
ded for more modest detects (up to 67 mm) or when the mercanine relapse rate, whereas the inkmolar relapse
transverse delicnt is one of a number of maxillary skektal rate was 1A% (1.2 mm). Seserna and Raffavn (1993)
deficits, including sagittal and vertical defects that would  documented relapse rates of 15% (0.9 mm) imtercanine
requine surgical sttention anyway. andd 7% (0.5 mm) intermolar, Bays and Greco (197) de-
Two mteresting points emerge from the likrature, First,  seribed relapse rates of 8% (039 mm) mtercanine and
the long-term stability of both techniques varnes, and the T% (0AS mm) intermolar, and Pogrel et al (1992) re-
relapse rake varies by author. Second, few studies have  ported a relapse rake of 12% (0.9 mm) inemmolar.
comparxd the two chniques directly in terms of their For segmental Le Fort Losteotomy, Preffir et al, (19496)
long-term stability, Baoley o al. {1980) reported data on reported 5% (0.1 mm) intercanine distance and 50%,
the long-term stability of each technigque described sepa- (2mm) inermolar distance relapse rawes, Clivw et al
rately in the literatre, Many studies discuss the stability — (1996) abo described a 50" intermolar relapse rate,
of the outcome of the SARPE technique, whereas fewer Phalips et al, (1992) reported 8% (0.1 mm) intercanine
sudies discuss the same isue for Le Fort | bipartition,  and 48%, (2.6 mm) inkemmolar relapse rates,
For the SARPE techakjue, Bybyff ad Mossaz (2XM) In the light of these reported data, we thought that #
reported welapse rates of 20% (LOS mm) intercanine  would be informative to compare directly the long-term
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An assessment of the magnitude,
parallelism, and asymmetry of micro-
implant-assisted rapid maxillary expansion
in non-growing patients

klam Ekenawy @ Layla Fijany, Oz2ge Colak, Ney Alberto Paredes, Ausama Gargoum, Sara Abedin,
Daniele Cantarella, Baman Domingquez-Mompell Luca Sfoglano and Won Moon”
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Abstract

Background and objectives: Mo amplint-asssted expanders have shown signdcant effects an the mid-fice,
ncluding a degree of asymmetry. The aim of the study 5 to quantdy the magnitude, parallelsm, and asymmetry of
this type of expansion in NON-Qrowing patients

Methods: A retraspectve study on a sample of 31 nangrowing patients with an average age of 204 years okl
with cone beam computed tomography images taken befare and nght after expanson usng maallary skeletal
expander MSE) were asessd for skeletal expansion at theee bndmarks bilaterally

Results: Avemge magnitude of B alexpansion was 498 mm at the antenar nasal spine (ANS] and 477 mm at the pasteror
nasal spine (PNS) which showed statistical significance using a pared | test with p < 001 Average expansian at the PNS was
95% of that at the ANS The sampie was davided nto symmetse 0 = 1 5) and asvrmmetse 0 = 16) bhased an the difference
n expanson at the ANS, with 16out of 31 patents exhibiing statstcaly sonfcant asymmetsy

Condusions: MSE achieves dstinc iy paraliel exparson in the sagittal plane but can exhibit asyrmmetscal exparson in the
ramsvene plane

Highlights o Possible correlation between the direction of
asymmetry and unilateral crossh ites
o MSE-type expander can expand non-growing pa-
thents with an average of 5 mm at ANS Introd uction
o Maan expansion at PNS was 4.7 mm, giving 96% Transverse maxillary deficlency (TMD) Is a common mal-
parallelism in the sagittal direction occlusion that |s diagnosed when the maxilla is narrow In
o 50% of the sample size exhibited asymmetric relation to the mandible [1]. Patients with TMD often
expansion in the transverse plane present with unilateral or bilateral posterior crossbite, an-
o Within the asymmetric samples, the split was on terior crowding and large buccal corrdors upon smiling
average 222 mm more on one side [2]. Adequate transverse maxillary dimension is essential
for stable, well-balanced, and proper functional occlusion.
Traditionally, rapid palatal expander (RPE) s often conskd-

* Cormspord ence henawy sarmdanial con; emoorg e plesdormal oo ered the appliance of choke to treat patients diagnosed
: :jr’nu " .“w”.“n.:,z::..r .',7,". y ):r' :3‘...", \ T":,'_‘,_':, with TMD to Increase transverse maxdllary disension. It is
Room 63,081 O4. 1003 Le Corte e Bt 931488 Loa Arade . CA wsually pedormed in childhood or adolescence before the
O 1 R, LSA midpalatal suture has matured [3, 4. With age, the
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Skeletal and dentoalveolar changes after miniscrew-
assisted rapid palatal expansion in young adults:
A cone-beam computed tomography study

Objective: The aim of this study was to evahuate the sheletal and dentoshwolar
changes alter minscrew-asisted rapid palatal expansion (MARPE) i young
adults by cone-beam computed tomography (CBCTL Methods: This retmspective
study included 14 patients {mean age, 20.1 years: tange, 1626 yean) with
maxillary tramsverse deficiency treated with MARPE. Skeletal and dentoaheolar
changes were evaluated wsing CBCT mmages acquired before and after expansion.
Statstical analses wen performed wing paired -test or Wikconon signed-rank
test according to mormabty of the data. Resuls: The midpalatal suture was
separated, and the maxilla exhibited statstically sigmificant iteral mowment (p
< QL.05) afver MARPE. Some of the landmarks had shifted fornaeds or upwards
by 2 cinically irrelevant distance of less than | mm The amount of expansion
decremed in the superior dection, with valees of 55, 1.2, 20, and 0.8 mm
at the crown, cementoenamel junction. maxdBary basal bone, and zygomatic
arch lewel, mspectively (p < 0051 The buccal bome thickmes and height of the
alveolar cwst had decreased by Q6-1.1 mm and 1.7-22 mm, respectivele with
the premolan and molas exhibiting buccal tipping of L 1I"-2.9" Condusions:
Our results indicate that MARPE & an effective method for the correction of
maxflary tramsve se deficiency without surgery in young adults

[Korean J Orthod 201 7:47(2):77-86)

Key words: Cone-beam computed tomogaphy. Minkscew -assisted rapid palatal
oexpansion, Adults, Expansion
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