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ABSTRACT
DIMENSIONAL CHANGES OF FACIAL SOFT TISSUE ASSOCIATE
WITH RAPID PALATAL EXPANSION

Peter C Longo, DDS

Marquette University, 2014

Introduction: Orthodontic treatment demands excellent outcomésith
function and esthetics. Despite the popularityapid palatal expansion in orthodontic
treatment, few studies have examined its conseggent facial soft tissue using direct
anthropometric measurements. The primary goalisfstudy was to determine facial
soft tissue changes immediately following rapidapell expansion.

Materialsand Methods: Twenty-eight patients (age range, 8-17 yearshditg
Marquette Dental School Orthodontic Post-GraduditgacOvere enrolled in the study.
Facial soft tissue measurements were taken wittaticplipers at two separate time
points (TO: initial exam and T1: thirty days followg expansion); measurements were
recorded with patients sitting in the orthodontiaic in centric occlusion, with Frankfurt
Horizontal plane parallel to the floor, and obsegva relaxed-lip posture. One examiner
took 18 measurements at two different time poilsgnd T1), and was blinded from the
initial reading when the second round of measureésneare taken. Descriptive statistics
were performed and a paired t-test was used to ammpeasurements taken at the two
time points. Regressions models were also conduectddtermine the influence of age
on the results.

Results: Pearson’s correlation coefficient, was found to b€0.998. This
indicates nearly a one-to-one correspondence imgesurements taken at the two time
points by the same examindBetween the two time points, there was a stasiyic
significant difference in intraorbital width, alaasal width-widest nostrils, mouth width
and soft tissue nasion at the tip of nose (p <I).0@natomical structures closest to the
facial midline appear to be most affected. Stiaafliy significant increase included
mouth width, nasal width, orbital width and thedémof the soft tissue nose from nasion
to the tip of the nose. All points that showechgfigant differences were directly related
to rapid palatal expansion and were independeagefas determined via regression
modeling.

Conclusions: This study demonstrated that from a frontal pesspe, rapid
palatal expansion results in statistically sigraficfacial soft tissue changes. Further
assessment is needed to determine if these vakeies elinical significance.
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CHAPTER 1
INTRODUCTION

Rapid palatal expansion (RPE) is a common treatmeaiality for orthodontic
patients (Proffit 2012). Indications for RPE treant include narrow transverse
maxillary width, unilateral or bilateral posteriorossbite, and severe maxillary crowding
(Proffit 2012, Haas 1961). Several different desigxist for rapid palatal expanders,
including both banded and bonded appliances, argktivith or without acrylic
coverage. Regardless of design, the majority pfiapces employ much the same
mechanism of action. The primary goal of expansdn orthopedically create a
separation of the midpalatal suture, thereby moteegh into a broader arch form. The
older the patient the more likely the midpalatalusel is fused. Consequently, the use of
an expander in these patients more likely resaolteental movement, including tipping of
teeth in a buccal direction (Krebs 1959, Haas 19%dstz 1970, Harberson 1978, Adkins

et al. 1990, McNamara 1993, Hesse 1997, McNam&i8)20

Orthodontists utilize rapid palatal expanders avide age range of patients,
although Proffit (2012) and others recommend ths& primarily before the completion
of the adolescent growth spurt. Consequentlyyderhtment of children in the primary
or mixed dentition stages often involves palatgasion, as practitioners aim to
capitalize on the patency of sutures in young p&ieYet, the determination of suture
patency can be difficult as suture closure can saygificantly amongst patients. A
recent study by Angelieri, et al, has focused enutilization of CBCT to identify the
stage of suture maturation (Angelieri et al. 201Bhis provides the practitioner with a

means of determining the potential success of gladaipansion. However, the benefits



of this method must be critically weighed agaihst potential disadvantage of radiation
exposure. Additionally, true separation of the ithay sutures is not necessarily a
prerequisite to successful treatment in all pasieas$ the resultant increase in transverse

width, or “expansion” outcome can still be achiewvathout orthopedic change.

Anatomically, the midpalatal suture is located lo@ midline of the maxilla, or
the roof of the oral cavity. Subsequently, thisfris shared with the bony floor of the
nasal cavity. Indeed, the conclusion can be drdnahchanges in the transverse
dimension of the oral cavity may have the concurediect of altering the nose. Several
studies support this conclusion (Derichsweiler 135®1 Haas 1961). Several studies
evaluating facial esthetics show that symmetryhefrhidface, and the nose in particular,
constitutes a great role in overall pleasant fampdearance (Naini 2006). The
orthodontist places a great deal of emphasis dalfasthetics and thus must be aware of
any potential facial changes produced by utilizatbd a palatal expander. Expected
changes in the nasal complex, and the overallffextteon the facial soft tissue drape,
must be considered and conveyed by professionalatients prior to initiation of
treatment. The importance of identifying and tmeatit planning for changes in facial

soft tissues have been reinforced within curretitagtontic literature (Sarver 2003).

Previous studies examined facial changes produgealatal expansion via
lateral cephalometric radiographs. Such studigs Baown that palatal expansion
impacts facial soft tissues. Kilic et al (200&)uhd a significant decrease in the soft
tissue facial angle and increases in both the Heaargd profile convexity. They
hypothesized that these changes were due to agfeavard displacement of soft

tissues overlying the maxilla that overcame theatieg effect of the flattening of the



nose. More recent studies have advanced on these ftianddy utilizing novel
technologies. Several three-dimensional imagindatibes now exist, the most common
of which is the cone beam computed tomography (OB Jarett, et al, (2008) used
CBCT imaging to study immediate transverse chaongearring from rapid palatal
expansion. They showed that palatal expansiorteesin significant widening of the
nasal structures as well as narrowing of the mayilsinus. Habeeb, Boucher, and
Chung’s (2013) CBCT studies revealed similar resadt Kilic’s earlier study that rapid
palatal expansion results in significant forwardvetment of the maxilla. Again,
however, as discussed earlier, routine CBCT imamfiuglves exposure to relatively
large doses of radiation, and is not commonly dsedoft tissue analysis. Therefore a
more practical means of determining soft tissuangha would be beneficial for both

patients and practitioners.

Beginning in the 1980s, orthodontic treatment gbalse gradually placed a
greater emphasis on refinement and enhancemeatiaf §oft tissues. As a result of this
paradigm shift, parameters and guidelines have pemosed to guide the orthodontist
in improving facial esthetics (Arnett 1993). Yeteaiew of the literature reveals little
information regarding changes in the facial saf$ues from palatal expansion.
Therefore, a study documenting soft tissue chapgetuced by rapid palatal expansion
would be valuable. Payne (2013) and Mollov et28l1Q) showed that several soft tissue
landmarks are both accurate and reliable, andftirerprovide the orthodontist with an
economic and relatively easy method of analyzirtgepss in everyday practice. The
main goal of this study is to determine the extdriaicial soft tissue changes following

rapid palatal expansion.



CHAPTERIII
LITERATURE REVIEW

The Role of Facial Estheticsin Orthodontics

Orthodontic treatment has the capability to alésidl shape and form, and thus
facial esthetics. Consequently, facial esthetiagga foundational role in orthodontics
and should be addressed as early as the initathtient planning. A review of facial
esthetic guidelines is necessary for orthodonéigesmpting to maximize treatment
outcomes. However, a review of literature revélads several different methodologies
have been used for evaluation of facial esthefidserefore, a brief history underlining
the evolution of facial esthetics and its intertielaship with orthodontic treatment

decisions is beneficial.

Charles Tweed argued that a treatment approaclsddceplely on achieving ideal
arch form and occlusal relationships often resultgabor facial esthetics, with a loss of
the balance and harmony of the face (Tweed 19%bgrefore, from examining
treatment “successes” and “failures”; he concluithed the most optimal facial esthetics
are a result of upright mandibular incisor positeandetermined by a 90 degree incisor
mandibular plane angle. This allowed for a deatel muscular balance that provided
pleasing facial results. Incisor position appgamninently in several discussions on
facial esthetics throughout orthodontic history. @arly study of facial profile esthetics
showed that an establishment of balance betweempier and lower incisor position
resulted in optimal facial esthetics. The relateavexity of the face in profile guides
these final positions, with a more convex face néogia more upright final incisor

position, and vice versa (Riedel 1950).



Increased availability of cephalometric radiologd ko its widespread utilization
by practitioners as a means of guiding and intéiydéreatment outcomes. As a result
of its popularity, analyses were developed as bttolelp guide the orthodontist in
determining successes or failures. An early cephatric study demonstrated the
importance of a balance between several faciabdanthl structures and listed several
“norms” for achieving ideal facial esthetics. aample, once a balance between the
maxilla and mandible (ANB=2) is achieved, the upgred lower incisors can therefore be
related to the skeletal landmarks to achieve hayngBteiner 1953). Some of the earliest
landmark studies on cephalometric facial analyssvcompleted by William B Downs,
who concluded that although individuals displayidenarray of skeletal and dental types,
certain characteristics are common amongst thasewigtrating more ideal facial
esthetics. Such requirements for ideal facialeggth include a functionally balanced
occlusion, profile balance, and primarily an ovielbalance of dental and skeletal bases

(Downs 1956).

An overriding theme in several of these earliethedpmetric studies was that
optimal facial esthetics is a consequence of attgiproper facial balance. For example,
Merrifield concluded that lower face balance wagmefat importance and should not
simply be subjectively determined by practitionele offered that critical evaluation of
a patients’ Z angle and soft tissue profile linemoges ambiguity and provides proper
determination of balance. Furthermore, he stdtatla more esthetically pleasing profile
is attained by completing treatment with a chinifias equal to or more protrusive than
the upper lip thickness (Merrifield 1966). As cafmetric studies advanced, an

increasing degree of attention was directed towsofistissue changes. Clearly, soft



tissue, and not simply dental and skeletal balamoeypies a central role in facial

esthetics.

Review of Palatal Expansion

The utilization of palatal expanders by orthodststbegan with the father of
orthodontics, Edward Angle, and their utilizaticastbeen extensively detailed within
orthodontic literature (Angle 1860). Much of thelest work on expanders and their
indications was conducted by Dr. Andrew Haas. ria of his earliest publications, Haas
advocated for the use of palatal expanders indiwvécal situations, and although not
entirely true today, several elements of this kErfublished over 40 years ago are still
highly relevant (Haas 1970). Interestingly, as $ipainted out, the use of palatal
expansion as indicated for Class Il malocclusisnsommon, and other prominent
authors, such as McNamara, have relayed similagflieof palatal expansion for Class
lll correction (McNamara 1987). Indeed, the usexgjanders as a treatment modality is
still commonly used today primarily to aid with therrection of crossbites, crowding,

and transverse maxillary deficiencies (Proffit 2p12

Despite this relatively common use of expansioa asatment method, multiple
modalities and appliance designs exist. These htiedacan be categorized by three
primary types of expansion: rapid maxillary expansislow maxillary expansion, and
surgically assisted maxillary expansion (Agarwal dathur 2010). Furthermore, four
types of expanders exist when categorized by daiiv@rotocol. These four groups are

screw-type, spring-type, magnetic, and Shape MeAboy (SMA) activation.



The screw-type expander category consists of exgyand which manual rotation
via a wrench or “key” by either the clinician ortjgat results in widening of the jack-
screw. This design has a well understood andrisity common mechanical concept
of expansion via turning of a screw-jack. Simphg amount of screw rotation directly
corresponds to the amount of expansion. An adgartéthis category includes the
flexibility provided to the practitioner to presioe a certain amount of expansion over a
certain period of time. Also, appliances can bapaed to fit a variety of palate sizes and
shapes, seemingly limited only by the size andgsteent of the jackscrew component.
However, several drawbacks to the jackscrew apgdiao exist. Foremost among these
is that upon activation of the screw, a suddendraqerease in force is produced which
has been shown to possibly result in less physiolexpansion of the palatal suture.
Also, this method of expansion places a large nesipdity on the patient to comply with
expansion protocols, which is a significant disadgage of this design. Within this
category of appliances is the most commonly usedgppliance design, named for its

trademarked Hyrax jackscrew (Romanyk et al 2010).

Spring-type expanders are defined as any applidnatduntions via mechanical
deformation of a body. This deformation subsegyeaesults in elastic restoration forces
that are exerted on the palate and thus resuétsgansion. This design offers certain
advantages, such as less dependency upon thetpatreanually activate the expander
at a regular interval. Furthermore, theoreticdlpplies a constant force over a period
of time and avoids sudden increases in force asigegbe screw appliances. This
predictable amount of force likely results in gegatomfort for the patient following

initial delivery. The amount of force producednsgersely proportional to the amount of



expansion. Therefore, the more expansion produeetess force for further expansion
remains and the orthodontist may have to removeedadtivate the appliance if more
expansion is needed following treatment. Patiafdty is also another concern, as the
appliance is delivered “active”. Perhaps the grgtadlrawback of this design is that
although springs provide predictable transversee®rany deformation of the appliance

may result in unwanted force in all other planespice (Romanyk et al 2010).

Magnetic expanders also exist, and have beerredféts as Magnetic Expansion
Devices (MED). The goal of magnetic expansion devis to provide continuous forces
of a lesser magnitude than traditional expansiaticds. The magnets are applied so that
their directionality opposes each other, thus angat repulsive and expansive force
(Romanyk et al 2010). Theoretically, this woulduk in a more biologically friendly
and less traumatic stimulation of maxillary sutgrewth, similar to spring type
appliances. A study by Darendeliler showed thatgist degree of skeletal expansion
occurred in banded appliances with four magnetsetfof two magnets were placed
apically to the central and lateral incisors arelgbcond set placed between the second
bicuspid and first molar. Although the sample sizes small, they did show that MEDs
provide a relatively effective method of palataparsion, which did not rely on patient
compliance (Darendeliler 1994). Advantages anddliantages of MEDs are similar to
those of the spring type of appliances. Howevee, significant advantage of MEDs is
that they are less prone to deformation and thus hess risk to produce undesirable and
unpredictable forces in dimensions other thanrdesiverse. Similar to the spring type,
magnetic forces decrease with increasing exparsidrtherefore also require

adjustments like its spring counterparts. Thidbfgm can be avoided by placement of



magnets of greater strength; however this may tresldss patient comfort and less

physiologic suture opening (Romanyk et al 2010).

Finally, the fourth category of expanders, shagenary alloy appliances, utilize
the properties of nickel titanium wires and areé¢f@re dependent upon the properties of
the shape memory alloy incorporated into the defacexpansion. Orthodontists have
become increasingly familiar with the propertieNofTi wires and therefore it is prudent
to assume their incorporation into expansion devisa natural progression. However,
the drawbacks of a conventional spring applianitleegist with these appliances. Of
primary concern is that any deformation of the e may result in uncontrolled
forces transverse to the direction of expansiomreMecently, promising hybrid devices
have been constructed to include both Ni-Ti wineg expansion jackscrews; however
these appliances re-introduce the major disadvardafgatient compliance (Romanyk et

al 2010).

As previously mentioned, palatal expanders cam la¢scategorized based on rate
of expansion into three broad categories: rapalysand surgically assisted. Rapid
palatal expansion (RPE) typically involves two siper day of a jackscrew expander
appliance, commonly a rate of 0.5 mm expansiordpgr Indications for rapid palatal
expansion include transverse discrepancies of@ré@n 4mm with dental
compensation via buccally tipped maxillary molalisyuption of sutures to aid Class Il
correction, and moderate maxillary crowding. RBEantraindicated when there is
recession of the alveolar bone on maxillary motargremolars, presence of anterior
open bite, high mandibular plane angle, convexilgrahd doubtful patient compliance

(Agarwal and Mathur 2010). Furthermore, RPE ist@ndicated in mature patients
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beyond the growth spurts, however many practit®neay still choose this treatment
modality on older patients. Clinically, patientg amstructed to turn the expander once in
the morning and once in the evening, or only ondaya commonly for a period of two

to three weeks followed by a retention period deast three months. This rapid rate of
activation and relatively large force applicatisrthought to maximize orthopedic
skeletal expansion while minimizing dental moversd@tgarwal and Mathur 2010).
RPEs can be designed as banded or bonded appliancdesan be tooth-borne, tissue-
borne, or tooth and tissue borne. Some examplesgpa palatal expanders are the Hyrax

expander, Issacson expander, and Haas expandamw@gmd Mathur 2010).

Slow palatal expansion (SPE) is a process by wiigbl, relatively continuous
force levels commonly in the range of 450-900 gramnesapplied. It is thought that the
lighter forces result in less resistance from sltstructures, thus allowing more bone
formation and activity in the intermaxillary sututmit possibly less suture opening.
Furthermore, post-expansion stability and retenti@y be greater with SPE. Appliance
designs vary greatly for SPE, with some examplasghle Quadhelix, the Coffin
appliance, magnet expanders, W-arches, and s@tisig The hyrax expander can also be
used for SPE, with a maximum of 1 mm expansionnssk applied. Finally, surgically
assisted palatal expansion occurs when expansaidesd with surgical intervention.
Surgical expansion involves either surgically dssisapid palatal expansion (SARPE) or
segmental maxillary surgery such as a Lefort ostagt Indeed, this procedure allows
for expansion beyond skeletal maturation but islyighvasive and complex (Agarwal

and Mathur 2010).
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Effects of Palatal Expansion

When palatal expanders are used, widening of thellary arch may occur via
either orthodontic or orthopedic movements, ormluaation of both. Generally, the
initial increase in width occurs as teeth compeass stretch the periodontal tissue. This
is an orthodontic movement as the teeth are tipgtedally due to sudden force
application, and studies have shown that this gairsually completed within one week
(Cotton 1978) (Hicks 1978). Compressive foraastionue as long as the expander is
active. These forces result in resorption of thedal alveolar plate at the interface of the
tooth root and periodontal attachment, resultinfyunther orthodontic tooth movement.
This movement is bodily movement of the teeth mteider arch form. Orthopedic
expansion of the maxilla occurs via separatiorhefrhidpalatal suture. This separation
occurs when forces applied exceed the bioelasigileestrength of the elements within
the suture, or the interdigitation of the bony gf@s. As long as the transverse force of
expansion is greater than this tensile strengtthdéun separation of the suture occurs.

Once the expander is locked, the suture reorgafiBads1982).

Palatal expansion, similarly to several treatmeaodatities in orthodontics, can
produce profound changes in a patient’s overalafappearance. Cephalometric studies
have historically been used to describe these @sarig one of the earliest studies
conducted by Haas, he found that cephalometrig/aisalevealed an increased internasal
width following expansion, concluding that theréasincidental widening of the nose
and lowering of its floor”. Of course, these stglfocused solely on skeletal changes via
radiographic appearance. He also found that tlvasea widening of the mandibular

arch, and postulated that this may be attribute¢drigue pressure from inferior
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displacement by the expansion appliance (Haas 19%iife (1972) examined
pretreatment and post treatment records of thaitiepts undergoing palatal expansion.
He noted clockwise movement of the mandible folloggvexpansion treatment. Also of
note, however, was that he noticed significant widg of the internasal width on
posteroanterior cephalograms. Chung and Font exahpre and post-treatment records
on twenty children who were treated with Haas tgpeanders. The authors also found
statistically significant downward and forward desgement of the maxilla, and
clockwise rotation of the mandible following expemmstreatment. Furthermore,
significant facial changes beyond the maxilla arahdible were noted. Anterior facial
height and the width of both the maxilla and theah@avity increased significantly

(Chung and Font 2004).

Similar results were published by Gabriel de SHeg who studied the results of
rapid palatal expansion on thirty children, agdgd %0 years and 11 months. Haas type
expanders were used on all patients, and paremespeescribed 1 turn daily for 1 to 2
weeks. From their results, they concluded thantbgilla always dislocates in a
downward and backward manner with respect to thetgdglane, thus significantly
altering N-ANS, PNS-PNS’, A-A’, and SN-PP. Funtim@re, B point is posteriorly
displaced following expansion due to clockwise tiotaof the mandible in response to
palatal expansion changes. Finally, facial heighgee increased significantly, which
was attributed to the vertical displacement ofrttaxilla and maxillary molars (Gabriel
de Silva Fo 1991). Similar results were found layv@&r who reported anterior and
inferior movement of the maxilla following expansitreatment; however he did note

that utilization of a bonded expander device lihitieis effect (Sarver 1989). This
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information should be critically evaluated by théhodontist, as these studies support

that expansion treatment changes extend beyordktital arches.

The advancement of cone beam computed tomograpBICT) radiology has
allowed orthodontists and researchers to exploaagbs produced by palatal expansion
more precisely. Habeeb evaluated pre and postiezatCBCT radiographs of twenty
eight patients who were treated with bonded Hapamder appliances. The investigator
found that both ANS and PNS moved significantly deward from expansion treatment.
In addition, they found that while the maxilla wageriorly displaced, the maxillary
central incisors moved posteriorly from their iaitposition (Habeeb 2013). A similar
CBCT study was conducted using thirty patients,mege of 13.8 +/- 1.7 years, who
underwent palatal expansion with a banded HyraXapge design. High-resolution
CBCT images were taken before and after expansibith the authors claimed allowed
for more accuracy than previous studies. Theydahat rapid maxillary expansion
resulted in a statistically significant increasenasal width (p<.0001). On average, nasal
width increased by 1.89 mm, or 37.2% of the megraergion of the hyrax appliance
(Garrett 2008). It may be important to note th& tihange was due primarily to
expansion, independent of aging (Garret 2008).il&irfindings occurred in a CBCT
study on fourteen children who underwent rapid gaakexpansion. All patients were
treated with a four-banded Hyrax appliance desighiastructed to activate the
appliance 1 turn/day for 28 days or until compl=derection of pre-existing crossbites.
CBCT scans were taken prior to initiation of treatrthand again 3 to 4 months following
expansion. From their data, the authors agreedpvéhious studies that RPE indeed

may cause significant expansion of the maxillatfr@nrmore, they concluded that there is
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a significant increase in the cross-sectional aféhe upper airway following rapid
maxillary expansion (Chang et al. 2013). Therefozeent CBCT studies show

agreement with earlier hard tissue studies on esipareffects.

Soft Tissue Effects of Palatal Expansion

Although the studies listed above discuss treatmettomes that altered facial
characteristics of orthodontic patients, it is imtpat to our work to also investigate
studies which examine effects of expansion ontgsties. Mota dos Santos evaluated
twenty patients who underwent rapid palatal expansiateral cephalograms were
taken prior to expansion treatment, immediateljofeing expansion treatment, and
finally after a period of retention. Any conclusgon long-term soft tissue changes
based on their data were inconclusive. The auttidraote statistically significant
changes in the following cephalometric measurem&atbs , H Line—Prn, E Line—Li, E
Line-Ls , ANS-Me€. They concluded these changes were primarilytoldlee presence
of the expander appliance. However, they conclubdatfollowing a retention period of
six months, minimal soft tissue changes are se@wimg expansion (Mota dos Santos

2012).

A similar study was conducted which consisted®patients with bilateral
posterior crossbite. All patients underwent rgpathtal expansion using bonded Hyrax
expanders, the same appliance used in the prestadg. Cephalometric radiographs
were again taken at three separate time point, f@ritreatment, following completion of
expansion, and retention (mean 5.95 +/- 0.35 mynthAb radiographs were taken by a

single operator, with caution taken to ensureilp®pose. Holdaway soft tissue
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measurements were analyzed from the radiographs.ré&sults were slightly different
than those of Mota dos Santo’s study, as softei¢scial angle decreased (P < 0.05), and
H angle and skeletal profile convexity significgnticreased (P < 0.001) following
expansion. Also, the authors noted that while spetegse did occur, both H angle and
profile convexity remained significantly alteredlfaving retention periods. (Kilic 2008).
In summary, the literature database supports thiemthat rapid palatal expansion
produces soft tissue changes, however the questilbremains on the most reliable and

efficient method of measuring such changes.

Soft Tissue M easur ement

The method of soft tissue evaluation is criticallte overall quality of study
results. Therefore, a determination of the mostieate method is necessary prior to data
collection. It has been determined that intra-er@mmeasurements display a higher
degree of consistency, accuracy and reliabilityr timéer-examiner measurements
(Mollov 2012). Furthermore, certain soft tissueidlandmarks are more accurately
identifiable than others. Of all measurementsahasdth (al-al, R=0.992), middle third
of the face (N’- Sn, R=0.989), and upper lip léngiere the most accurately measured

(Mollov 2012).

Much of Farkas’ work on soft tissue anthropometig Bhown that direct
anthropometric measurements on children vary ificdity of acquiring accurate data.
Major factors of influence are age, duration ofrakaation, and cooperation (Farkas
1996). However, much of Farkas’ difficulties caorechildren under the age of five.

No individuals below the age of five were includedur project, thus the challenge did
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not affect our data acquisition. The majority lné imeasurements in this study were
centrally located on the face. Payne (2013) detmates! that nose and mouth landmarks
were amongst the most reliable from frontal phaapbs. However, photographic
examination is time consuming and is only necesaamn adjunct to the initial clinical
exam. Yet direct examination and photographic eration are comparable enough that
it can be determined that equally reliable anthropmic measurements can be taken on

patients at rest position or via photographic exeatidon.

Current State of the Problem

Despite the relatively large volume of literatuessdribing palatal expansion, few
studies have reported the effect of rapid maxilEgansion using only facial soft tissue
landmarks. This is likely due to the difficulty obntrolling large number of variables,
including soft tissue thickness, weight fluctuaspand accounting for natural growth of
patients. Many of the present studies availabielreavily on radiographic evaluation,
rather than photographic or direct patient evatuiatiThus, a void in knowledge is
available on a commonly used technique, palatahesipn, and its direct soft tissue
clinical effects on a patient. Therefore, a sangbl28 Marquette University School of
Dentistry patients were measured before rapid gladapansion and again following
palatal expansion using a digital caliper. In@ighteen soft tissue measurements were
obtained for evaluation. Included amongst thesarauth width, base of the nose, alar
of the nose, intraorbital width and other measurgse/hich are of utmost importance to
final esthetic treatment outcomes. The outcontlisfstudy will aid orthodontic
practitioners, as well as patients, in better usideding what facial soft tissue changes,

as well as degree of change, may occur as a qudtiatal expansion.
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The purpose of this study was to evaluate facifiltssue changes following
rapid palatal expansion using only soft tissue taaks measured by a digital caliper, at

two different time points.
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CHAPTER 111
MATERIALSAND METHODS
This study was approved by the Institutional Revigoard (protocol # HR-2083).
Twenty eight subjects (14 males and 14 femalesh ages ranging from 7 years, 1
month to 15 years, 5 months, who were enrolledatiems at the Marquette University
School of Dentistry Orthodontic Clinic, were incidlin this study. Subjects were
excluded from the study if they (1) had historyaoly congenital abnormality, (2) had
undergone medical/pharmacological treatment thafidvaffect the facial complex, (3)
had facial hair that would mask landmarks to batidied, or (4) were unable to follow
verbal instructions to allow measurements to bertakVeight fluctuations were not

accounted for in this study.

The RPE appliance designs used in this study dexsts banded Hyrax
expanders (24 subjects), banded Haas expandeen(Bn bonded Hyrax expander (1
subject). Study participants turned the expandevanage of 25 turns, or 6.25 mm of
total expansion. This consisted of a range of 84uBns, depending on the amount of
expansion needed to obtain a relationship of theltagy lingual cusp in occlusal
contact with the mandibular buccal cusp. Of thes@gects, 22 were prescribed 1 turn of
expansion every day, 3 prescribed 1 turn everyrathg, 2 prescribed 1 turn every third

day, and 1 failed to report amount of turns pear. da

The study did not create any restrictions to norondgdodontic care. Patient
treatment plans were determined by the residenatirdding faculty members,

independently of the study investigators.
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M easur ement

At orthodontic records or at treatment planningapiments, the principal
investigator recorded the initial facial measureta¢m0). Patients over 15 years of age
consented to participate in the study and patiemter 15 assented to participate with

written authorization from their legal guardians.

Facial soft tissue measurements were taken inicerdclusion. The subjects
were seated in the orthodontic chair with Frankkatizontal plane parallel to the floor.
Their lips were then manipulated into a relaxedslysture, which was attained initially
by asking patients to pronounce the word “EMMA” dadhold their teeth together in
order to guide the mandible into maximum interctigpa while keeping their eyes
opened. Measurements were recorded for all ppatits in the form created for this
study. (Fig. 1) A relaxed lip position was confirtnigy the investigator, and if patients
needed assistance to relaxed lip position the trgagsr gently stroked the lips
(Burstone, 1967). Measurements were not recandébrelaxed lip position was
attained, and patients were not included in thdysiuunable to achieve this position.
Relaxed-lip posture was used because it is a rahpreproducible position

independent of teeth and supporting alveolar pse®es

All eighteen facial soft tissue measurements waker by the same investigator.
A description on how to identify the facial landrkaican be seen on Table 1, Figure 1,
and Figure 2. Facial measurements were taken asiig inch (203.2 mm), sliding
digital Mitutoyo caliper (Aurora, IL). The measurent error for all Mitutoyo calipers

was identical to the company’s description (0.01)mrhe investigator was trained and
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calibrated for using the Mitutoyo caliper. Ten sdi§ were re-measured two-weeks to

one month later, prior to treatment initiation (R&Enentation) solely to determine the

investigator’s intra-examiner reliability.

A second set of measurements (T1) was then peefbwhen RPE treatment was

completed and the rapid palatal expander was locked
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Figure 1. Soft tissue measurements. (These drawings appeefedett GW, Bergman
RT. Facial keys to orthodontic diagnosis andttreent planning. Part Il. Am J
Orthod Dentofac Orthoped 1993; 103(5):395e4EkWwer, 1993, and in N.

Mollov et al., Journal of the World FederatidrQythodontists 1 (2012)
el57eel6l Elsevier 2012.)



Figure 2. Examples of facial soft tissue measurements heiogrded with caliper.
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Table 1. Description of the points utilized for the soft tissue measur ements.

trichion (tr)

The point on the hairline in the midline of the forehead. Note: for this project, no
participants with visible hair loss or abnormally high hairline were selected for
participation

soft tissue nasion
(Na’)

The soft tissue covering the point located in the midline of both the nasal root and
the nasofrontal suture

endocanthion
(en)(Left or Right)

The point at the inner commissure of the eye fissure

zygion (zy)(L or R)

The most lateral point of each zygomatic arch; identified by trial measurements.

pronasale(prn)

The most protruded point of the apex nasion

alare (al)(L or R)

The most lateral point on each alar contour

subnasale (sn) (L
or R)

The midpoint of the columnella base at the apex of the angle where the lower
border of nasal septum and the surface of the upper lip meet

subalare (sbal)(L
or R)

The point at the lower limit of each alar base, where the alar base disappears into
the skin of the upper lip

labiale superius

(Is)

The midpoint of the upper vermillion line

labiale inferius (li)

The midpoint of the lower vermillion line

cheilion (ch)(L or
R)

The point located at each labial commissure

stomion (sto)
(Upper and Lower)

The imaginary point at the crossing of the vertical facial midline and the horizontal
labial fissure between the upper/lower lip and the oral cavity as seen from a frontal
view. Note: in this project the study participants were asked to relax their lips, hence
the visible border of each lip was used as the horizontal landmark

soft tissue B point
(B)

The deepest curvature of the soft tissue between the lower lip and the chin point

gnathion (gn’)

The lowest median landmark of the lower border of the mandible

menton (me)

The lowest, or most inferior, point on the mandible from a frontal view
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Statistical Analysis

To determine intra-examiner reliability, we caldeldPearson’s correlation
coefficient, and found it to be r = 0.998. Thisioates nearly a one-to-one

correspondence in the measurements taken at thentegoints by the same examiner.

For comparative measurements, we first consideesdriptive statistics of the
age of the patients and of each of the measurerteden. A paired t-test was used to
compare the measurements taken at the two timésp&@mce conducting multiple t-tests
naturally inflates the Type | error, or the prob@pof finding a significant result simply
due to chance, we reduced the significance leweh 0.05 to 0.01. (In other words, a

result is only significant if the p-value is foutwbe less than 0.01).
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CHAPTER IV
RESULTS

Reliability of M easurements

Pearson’s correlation coefficient was calculated fmond to be r = 0.998. Th
indicates nearly a one-tane correspondence in the measurements taken adhene
points by the examiner. The measurements can Inerséee scatterplot below (Figu

3).
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Soft Tissue M easurements

We first consider descriptive statistics of the afjthe patients and of each of the
measurements taken. At the initial time of measergn(r-0), the patient age range was
between 7 years, 1 month to 15 years, 5 months. midan age of the patients was 12
years, 2 months, with a standard deviation of 24ry. The average age of the female
patients (n=14) was 11 years, 10 months. The geeage of the male patients (n=14)

was 12 years, 8 months.

The eighteen soft tissue measurements were dividedwo subgroups of
horizontal and vertical measurements (Table 2 afuer3). For the horizontal group,
the results (Table 3) showed that intraorbital tjdtasal width at the widest point of the
nostrils (p<.0001), and mouth width (p=0.0035) wa&gnificantly different following
rapid palatal expansion. For the vertical groufft, s€sue nasion to pronasale, showed a

significant difference (p=0.0008).

The majority of measurements showed increased vétliewing palatal
expansion, but most of them were not statisticsitiyificant (Table 3). The following
measurements showed a non-statistical decreasd:vmdsh at base of nose (sbalR —
sball), stomion lower — soft tissue B point (stL'};Boft tissue B point — gnathion (B’ —
gn’), and subnasale — gnathion (sn — gn’)). Onézbatal, zygomatic width, and one

vertical measurement, subnasale-gnathion, showedsélno variation (p>0.9).

Of the horizontal group, three of the five measwrta demonstrated positive
change. Of these three, the alar nasal widtheaivitlest point of the nostrils exhibited

the greatest difference after palatal expansiopaeding a mean distance of 1.1mm.
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Negative change between TO and T1 was noted famggc width and alar nasal width
at the base of the nose, with alar nasal widthebgase of the nose undergoing the

greatest change.

Of the vertical group, seven measurements exhlipitsitive changes, or
increases (greatest change: soft tissue nasidr tigpt of the nose), five measurements
exhibited negative change, or decreases (greatd#stissue B point to Menton), and one

measurement exhibited no change (subnasale to ipp@rmillion border).

Table 2. Soft tissue measur ements.

Facial Landmark

1. Zygomatic Width (zyR — zyL)
Horizontal 2. Intraorbital Width (enR — enL)
M easurements 3. Nasal width at widest nostrils (alR - alL)
(mm) 4. Nasal width at Base of Nose (sbalR - shall)
5. Mouth Width (chR - chL)
6. Subnasale - right commissure (sh e chR)
7. Subnasale - left commissure (sn e chL)
8. Hairline - nasion (tr — Na’)
9. Nasion — Pronasale (Na' — prn)
Vertical 10. Nasion — SubNasale (Na’ — sn)
M easurements 11. Pronasale — upper lip (prn - Is)
(mm) 12. SubNasale - upper lip (sn- Is)

13. Mouth height (Is - li)

14. Interlabial Gap (stU — stL) - if lips are incompete
15. Lower lip thickness (stL - |i)

16. Stomion lower — soft tissue B point (stL —B”)

17. Soft tissue B point — gnathion (B’ — gn’)

18. Subnasale — gnathion (sn — gn’)
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Table 3. The paired t-test results (significant values<0.01).

Measurement Time | N | Mean | SD statl;'stic p-value | Significance
Age 28 | 119 | 3.1
Zygomatic width (zyR — zyL) (1) ;: Eg? :i 0.08 0.9337
Intraorbital width (enR —enlL) (1) ;: ;;2 ;3 -5.07 <.0001 *AAX
Nasal width at widest nostrils (alR - alL) (1) ;: ;22 ;: -7.09 <.0001 Hoxk
Nasal width at ss:ﬁ_)of Nose (sbalR - (1) ;: 132 ;((5) 504 0.0513
Mouth Width (chR - chl) (1) ;: jgg if) -3.21 0.0035 *oA kK
Subnasale - right commissure (sn e chR) (1) ;: ;Zg ;g -2.47 0.0200
Subnasale - left commissure (sn e chl) (1) ;: ;22 ;i -1.11 0.2784
Hairline - nasion (tr — Na’) (1) ;: :gg :g -1.38 0.1774
Nasion — Pronasale (Na’ — prn) (1) 22 3(2)3 ii -3.79 0.0008 koK
0 28 | 46.0 | 4.6
Nasion — SubNasale (Na’ —sn) 1 58 | 268 |22 -1.89 0.0691
Pronasale — upper lip (prn - Is) (1) 22 2?233 ;g 1.08 0.2891
SubNasale - upper lip (sn- Is) (1) 22 i;i 22 0.20 0.8459
Mouth height (Is - Ii) (1) 22 2;; ii -1.09 0.2851
Interlabial Gap (stU — stL) (1) 22 j; ig -0.86 0.3991
Lower lip thickness (stL - li) (1) 22 igi 13 1.10 0.217
Stomion lower — s:)é’f)tlssue B point (stL (1) ;Z 12i ;2 039 0.6989
Soft tissue B point — gnathion (B’ — gn’) (1) ;: ;Zg ;3 1.62 0.1170
Subnasale — gnathion (sn —gn’) (1) ;: :;3 :g 0.08 0.9407
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Regression models were performed for each of glgeen measurements. These
were performed to determine the influence of agthemrmeasurements. One of the
eighteen measurements, alar nasal width at thedfdke nose, was determined to be
significantly influenced by age. For this valuee parameter estimate was -0.290 and the
t value -2.07, giving a significant p value (p<0.@5 Pr>|t|=0.048. The R-Square value
was 0.142 with an adjusted R-Square value of 0.ib@&;ating the proportion of the
variability in the data accounted for by the mod&h R-Square value of 1 indicates a

perfect fit, with a value of 0 indicating a poat. fThis is shown in table 4 below.

Table 4. Regression model for alar nasal width at the base of the nose.

R-Square 0.1417
Adj R-Sq | 0.1086

Parameter Estimates

Parameter | Standard
Variable [Label |DF| Estimate Error |t Value| Pr > |t|

Intercept  Intercept 1 2.93473 1.73972 1.69, 0.1036
age age 1 -0.28958 0.13980 -2.07| 0.0484
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CHAPTER YV
DISCUSSION
Modern dentistry, and especially orthodontics, @taan ever-increasing demand
to balance treatment goals between function arigtéss. Consequently, in order to
appropriately incorporate rapid palatal expansimo a comprehensive orthodontic plan,
a greater understanding of the effects of rapidtphkxpansion on soft tissues
comprising the face is necessary. Therefore stiuidy was designed to evaluate facial

soft tissue changes following rapid palatal expamsi

Studies involving direct measurements of soft tssquire careful attention to
both the number of investigators and the timingneasurement. In this particular study,
data for both reliability testing and palatal expian measurements was gathered at a
minimum of two weeks apart. This two week time pénivas chosen in order to
minimize the possibility of memory recall of preuomeasurements that would
introduce bias in location of landmarks. This imtdris supported several times within
the literature (Fernandez-Riveiro 2002, 2003, Aviilosevic 2008, 2011, Schimmel

2010, Lee 2010, Mollov 2012, Payne 2013).

Furthermore, the question of whether one or séwrastigators should be
recording measurements must be addressed. Itasanthy challenging to construct
research projects that require measurements direfcthcial soft tissues. It has been
stated that a major reason for this is that se$ue contours, as compared to hard tissue
elements, have softer contours that are less digiark 1986, Arnett 1999). Thus, itis
necessary that the examiner maximizes the religloifimeasurement taking, in order to

counter the decreased reliability involved withntigcation of soft tissue landmarks.
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One such strategy is to have all measurementsdedday only a single investigator.
Consequently, a single examiner, who was calibristednthropometric measurements
using the Mitutoyo calipers, recorded all measum@san this study. A recent study
compared inter- and intra-examiner reliability wkagtempting to localize soft tissue
landmarks on sagittal and frontal photographs. dutbor concluded that localization of
all landmarks had significantly greater intra-exaemireliability compared to inter-
examiner reliability (Payne 2013). Consequentlgan be determined that when a single
individual is recording all measurements that greabnsistency results. It is thought
that this is from identification bias and repetitj@ompared to the rather inconsistent
analysis of a landmark by different examiners. Tisupported by several other facial
soft tissue studies that also utilized only a sregtaminer for landmark identification
(Phillips 1984, Fernandez-Riveiro 2002, Ghoddo@§i7Z2 Anic-Milosevic 2008, Ferring

2008 and Lee 2010).

When evaluating facial soft tissues, a decisiostrbe made to investigate via
direct anthropometric measurements or photograpbs.our study, direct
anthropometric measurements were made for tweght patients. In a study by Franke-
Gromberg (2010), the authors compared direct apthmetric measurements with
measurements made from two-dimensional photograpBY classic facial anatomic
landmarks. The results showed only minor diffeemnisetween the two modalities, and it
was determined that the two methods are similaalidyhowever reliability depends on
the investigators ability. Aksu et al. (2010) ats@mined the differences between 2D-
photography measurements and direct anthropommetasurements taken with a digital

caliper. Caliper measurements were made for 10f@stsbhwho were placed in centric
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relation, natural head position, relaxed lip postaind in a sitting position. A total of 16
distances were measured, 8 frontal and 8 sagifta¢se results were then compared with
measurements taken from frontal and lateral phafgts and it was determined that
direct measurements are more reliable than phqtbgréor frontal assessment.
Comparison of three-dimensional photographs witaalianthropometric caliper
measurements reveals different conclusions. Ayiretchl (2011) compared the
precision of anthropometric measurements when ualmgled 3D images, unlabeled 3D
images, and direct caliper methods and found thigier recordings were least precise.
Most variation between the three measurements ouaxiffor landmarks with less
distinct edges, as well as structures around tre éduch of this variation was attributed
to shadows cast on landmarks by the ear. Measutsrtaken directly with a caliper
provide the advantage that the investigator is ttblargely eliminate issues related to

facial hair, shadowing, and edge delineation.

It is important to note that certain soft tissaedmarks are easier to accurately
identify. Payne (2013) revealed that when idemtyanthropometric landmarks from a
frontal perspective, trichion, soft tissue glabetight soft tissue gonion, and right tragus
were most difficult to accurately locate. Convérspronasale, subnasale, philtrum
point, stomion inferius, labrale inferius, supranads soft tissue pogonion, and right
cheilion are more accurately delineated. Thereforestigators should be aware of the
established difficulty to properly identify certdiacial landmarks when designing
studies. Furthermore, similar difficulties in landrk identification have been noted
throughout previous studies (Phillips 1984, Lagra\2010, Mollov 2012). During rapid

palatal expansion treatment, it can be assumedhtislihe structures will undergo
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proportionately greater change due to proximittheomidpalatal suture. When
evaluating landmarks from frontal images, mouth maoske landmarks are significantly
more reliable for use in soft tissue analysis tladeral landmarks such as gonion and
trichion (Payne 2013). These results were congistéh those of Farkas (1980), as he
found increasing reliability with lip and mouthsttures, likely due to the relatively
defined edge landmarks. This supports signifigahies identified in this study in the

mouth and lip areas, as well as those along thémaidith similarly defined landmarks.

Several of the parameters used in this study Wased on anthropometric
guidelines published by Farkas (1981). In hisissid-arkas argued that the majority of
measurement errors come from three sources. Wigifhproper measuring technique
was eliminated by using a trained and calibratednder. The second, problems with the
measuring equipment, was minimized by using ari¢8 (203.2 mm), sliding digital
Mitutoyo caliper (Aurora, IL). The measurement efiar all Mitutoyo calipers was
identical to the company’s description (0.01 mriaurthermore, all measurements were
made in the same manner and within the same dligéting. The third primary source
of error according to Farkas is improper identtiiea of facial landmarks. This was
again minimized by using only a single examineheathan multiple examiners. Also,
Pearson’s correlation coefficient for this examinais calculated at a near perfect r value
of 0.998, indicating a nearly 1-1 reliability fact@nother possible method for reducing
identification error issues is marking the landnsaok the face with some form of
identifier. This method has been used in prevgiudies (Shaner 1998), however it was
not utilized in this current study as the evaluatas already trained and clinical time

management was required.
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The eighteen facial soft tissue points measuregkisnstudy were developed from
previous anthropometric guidelines establisheddrk#s (1981) and later adapted by
Mollov (2012). The most substantial alterationizn the two measurement guidelines
is based on lip posture. Farkas had originallyngef stomion as the intersection of the
facial midline and the horizontal labial fissuretloé gently closed lips. In this study, a
relaxed lip posture was achieved prior to measungsneesulting in an interlabial gap
that excluded use of this definition. Thereforegllv adapted this definition to identify
stomion upper and stomion lower, respectivelyhastitersection of the facial midline
with “the lower-most point of the upper lip” anch& upper-most point of the lower lip.”

This definition was used for identification of stmm in this study.

From the results, the first change of statiststghificance resulting from palatal
expansion was the intraorbital width. In this stude defined intraorbital width as the
distance between the two innermost points of th& ¢enR-enL). However, despite
statistical significance, the mean increase wag b8 mm per patient. Such a minor
amount on overall intraorbital width is likely nclinically significant. A literature
search failed to reveal data regarding soft tisgsb#al effects following RPE.
Alterations in orbital dimensions, particularly uahbetric changes, have been seen in
other studies investigating palatal expansionuri®izza (2011) studied thirty patients
who underwent rapid palatal expansion using a Hgsaansion device. The authors
looked specifically at volumetric orbital dimenssoas well as nasal aperture width, as
both were calculated using multidetector compugeritomography (MDCT). All
measurements were taken by a single trained airmtatald technician. From their

results, they discovered that both orbital volume aasal aperture width increased
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significantly following expansion treatment. Sgmally, orbital volume increased from
a mean of 18.81 +1.23 mL to 19.53 + 1.26 mL, arghhaperture width increased from
36.02 £ 1.24 mm to 37.11 £ 1.01mm following expansiSuch information is
particularly important to orthodontists hoping ttheeve optimal facial esthetics
following expansion. Faure et al. (2002) performaestudy in which frontal photographs
were manipulated and judged by a panel for ovesdhetics using the Visual Analog
Scale (VAS). The panel included dental students ware trained to focus on the smile
and overall facial proportions. Photographs aftytgix different individuals were
shown, three sets of each, with one set havingaaotdar distance increased by 20%.
The results demonstrated that increased inter-odigtance was deemed less esthetically
pleasing overall. The authors note that 20% irsgdavidth may have affected the
results, and that a smaller increase of only 10% Ina&e yielded differing results. As
stated earlier, an increase of 1.3 mm is likelyaptarent when judging overall facial
esthetics. Despite this, the proportions and sytmnoé the face may be effected by this
increased width and so clinicians should still cdesthe overall proportions of an

individual patient prior to performing palatal exigéon.

The second statistically significant value in tsisdy was increased alar nasal
width at the widest point of the nostrils. A meaarease of 1.1 mm was seen following
RPE treatment. This is likely not clinically si§inant, as that represents less than a 3%
increase of the overall width between these twafdandmarks (33.8 mm prior to
expansion). This point was defined in our assessagethe widest portion of the nose in
the nostril area (alR-alL). This result coincigdgth much of the literature present on

rapid palatal expansion. A recent meta-analysithereffects of rapid palatal expansion
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on facial structures revealed that the overallafte nasal cavity dimension is “apparent
and indicates an enlargement between 17% and 33P& odtal screw expansion”
(Bazargani et al. 2013). However, this number asemndicative of the overall
volumetric changes in the nasal cavity rather staotly nasal width. Cross and
McDonald (2000) looked at the effects of rapid palaxpansion on dental, skeletal, and
nasal structures on twenty five patients and coegpttrem to a control group of 25
individuals. Their results were similar to tho$eoar study in that they found a
statistically significant mean increase of 1.06 fx0.001) in the maximum nasal width.
One drawback to these studies is that both dehlevialuation of hard tissue changes
following palatal expansion, while our study focdgeimarily on soft tissues.
Conversely, a study performed by Johnson et al@Rfbcused solely on soft tissue
changes following palatal expansion, specificaligal widths. In this study, they
examined 79 patients who underwent treatment willyrax appliance. Direct facial
measurements were taken using a caliper (similrscstudy) before and following
treatment. They measured alar base width andegrakar cartilage width. Their results
revealed a statistically significant increase ar dlase width regardless of gender or
pubertal status, and a significant increase intgredar cartilage width in post-pubertal
females and pre-pubertal males. Additionally, th#nars concluded that the
demonstrated changes, although statistically saamf, were not clinically relevant due
to all mean differences falling below 1.5mm. Thessults agreed with those of another
soft tissue study which examined the effects oidr-apaxillary expansion on nasal
morphology (da Silva Filho 2011). They evaluatemhtal and profile facial photographs

of 60 patients treated with Haas expanders anddffoorsignificant changes in nasal
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width in the middle third or at the base of theamoMoreover, Johnson (2010) also
concluded that pubertal status does not play aimdlee overall effect of rapid palatal
expansion on nasal soft tissues. This conclusionbeaunexpected, as several other
studies have found that more significant and swfakgansverse expansion occurs if
completed prior to the pubertal growth spurt (Came2002, Landsberger 1910, Krebs
1964, Baccetti et al. 2001 and Lagravere et al5p08owever, it does agree with the
CBCT study performed by Garrett (2008) who showed there is significant increase in
nasal width but age had no direct effect on theagha. In our study, age was recorded
for participants however no data was gathered teroene pubertal growth status.
Regression models from the data gathered showéddkzonly may have played a
significant role in one of the eighteen measuremsdriture studies may want to examine
facial soft tissue change variation amongst prepsd-pubertal groups to determine the

effects of intrinsic growth.

The third soft tissue measurement that was shovinave statistically
significance was mouth width. In this study, mowildth was defined as the straight line
distance between the right and left commissureR @utd chL). Our results showed that
mouth width increased a mean amount of 2.1 mm, mgakithe most affected
measurement of the horizontal group. This incr@aag, but is not likely to be, clinically
significant. It does surpass the 1.5 mm guidelmeuwtlined by Johnson (2010), yet the
increase represents an overall increase in widtessfthan 5%. This may not be
identifiable in overall facial esthetics. Howevas, discussed earlier, landmarks
involving the lips and mouth are the most reliadohel tend to undergo the most

significant change. It can be concluded therefioa¢ this result is expected, and largely
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due to the proximity of the mouth to the maxillagpliance. The drape of the mouth is
largely determined by position of the underlyinglskal and dental structures. Chang
(2013) compared cone beam computed tomographic T¢B€ans of fourteen patients
treated with rapid palatal expansion. These hgglolution, three-dimensional scans
were analyzed for effects on the maxillary archd eanfirmed previous studies that
width increases are expected following expansi®pecifically, they identified a
statistically significant increase at both the rlary first molar and first premolar, with

greater change more anteriorly at the level ofpiteenolar.

This information aids the practitioner, as morentltic changes occur to the
maxillary dentition closer to the oral apertureilid{(2008) discusses how a complex
relationship exists between hard tissues andissfig¢s. Definitive statements on the
changes of soft tissue mouth width are difficulttmclude, however, as there is a void in
literature on soft tissue mouth width changes foilmg palatal expansion. It can be
concluded that soft tissue mouth width will likehcrease due to expansion of

underlying skeletal and dental structures; howevere evidence is certainly needed.

Finally, the fourth measure of statistical sigrafice in this study related to the
length of the nose, or soft tissue nasion to tithefnose. This point was defined as the
distance between Na’ and ToN, and showed the gtecttange of all eighteen landmarks
over the two time points (mean=2.3mm). The 2.3 chiange represents a 6% overall
increase, which is likely not clinically significaThis was the only vertical
measurement that demonstrated statistical signifiea Despite a clinically significant
overall change, the length of the nose has beenrstmincrease over time as a function

of age, largely due to the loss of elasticity witthe fibers of the nasal drape (Sforza
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2010). Combined with RPE treatment, the resulthigfstudy show that these age-

related effects may be accelerated by expansion.

These findings contradict those of Kilic (2008 His study, he examined 18
patients who underwent rapid palatal expansion tathded jackscrew appliances and
evaluated them for Holdaway soft tissue changes.attthor concluded that there was
overall no effect of rapid maxillary expansion arsa prominence. However, different
results were yielded by a similar study by Kararatal (2002). Twenty patients
undergoing rapid palatal expansion with a jacksappliance were evaluated and it was
determined that the nasal tip became more promarahthe length increased following

expansion.

Similar downward and forward movement of the néipahas been noted
following expansion in other studies (Subtelny, 196anda et al., 1990). This change,
similar to mouth width, can likely be attributedtte facial soft tissues following the
underlying hard dental and skeletal structures.th&smaxilla relocates in a more
downward, forward position, and the skeletal comptegates clockwise, the soft tissue

of the nose may also lengthen.

Study Weaknesses and Future Direction

Future studies involving soft tissue changes follm\RPE treatment are
necessary to properly address and determine dlimigertance. This study provides
only a framework from which to build upon. Sevdnalitations existed in this study
which must be addressed. First, no control groap mcorporated. A control group

with matched age and genders without any orthoddrgatment would have provided
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information for comparison on changes seen witheetga growth, aging, and other
time-related alterations. Without a control, osiyperficial comparisons with previously
established norms can be communicated. Secondipforonation was gathered on the
immediate effects of placement of the rapid palexgander appliance on the soft tissue.
RPE designs vary in width and bulk, and may causgatement of soft tissue as well as
reposturing of musculature as patients adapt tapipdiance. Without this information, it
cannot be determined what changes are attributaldghopedic and dental expansion
versus secondary effects of appliance placemamth&more, the appliances used were
different and the expansion protocol was not stedided. Thirdly, height and weight
measurements were not recorded for participanitss imformation would have provided
a method of control for soft tissue changes dutitduations of patient weight. Lastly,
no retention records were taken. RPE treatmenbéas shown to have variable relapse
following removal of the expansion device. Thet$isbue changes noted in this study
may have diminished following a retention perioag & would have been beneficial to
have measurements taken at a time point six or morghs following completion of
active expansion treatment. Due to these limitatidew definitive conclusions can be

drawn from this study.
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CHAPTER VI
CONCLUSIONS
1. In a horizontal dimension, statistically sigo&nt increases in intraorbital
width, nasal width at the widest nostrils, and rhowtdth can be expected immediately

following rapid palatal expansion.

2. In a vertical dimension, a statistically sigogint increase in nasal length
between nasion and the tip of the nose can be tsgpenmediately following rapid

palatal expansion.

3. Despite statistically significant changes pragtiby RPE, none of the

demonstrated changes are likely to be of clinigaliicance.
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1. Zygomatic Width.

zylL.

2. Mouth Width.
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Defined as the straight-line distance between zyR and

zyR/zyL are defined as the most
prominent points of the
cheekbone (zygoma) on either the
right or left side. Palpate the area
in order to select the point.

Hold the caliper horizontally. Use
the longer side to measure the
distance.

Defined as the straight line distance between chR and chL

chR / chL are the commissures of
the mouth, or the end points of
the mouth in the transverse plane.
Locate the points by determining
where the upper and lower lip
vermillions intersect with the skin
of the face.

Hold the caliper horizontally. Use
the longer side to measure the
distance.
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3. Alar Width. Defined as widest portion of the nose in the nostril area. (alR-

alL)

= =

ek Mot el &

-

- g Ll -

alR/alL are the points of the alae
that yield the widest portion of the
nose in the nostril area. Locate
the points by determining the
most lateral points of the nostrils.
Connect the two points to obtain
the measurement.

Hold the caliper horizontally. Use
the longer side to measure the
distance.

4. Alar Base Width. Defined as the straight-line distance between the base

of the two alae.(sbalR-sball)

=R ol -

sbalR/sball are the points where
the nostrils connect with the skin
of the upper lip. Locate the points
by determining the intersection of
the nostrils with the upper lip.

Hold the caliper horizontally. Use
the longer side to measure the
distance.

5. Intra-orbital width. Defined as the distance between the two innermost

points of the orbits (enR-enL)

- R nl -

sbalk ’I‘: shall.

v
chR o s oL
o ST
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enR/enL are the innermost points
of the right and left orbits. Locate
the points by determining the
intersection of the orbits with skin
of the face.

Hold the caliper horizontally. Use
the longer side to measure the
distance. The tips of the longer
side should be pointing upward
and NOT toward the face. Do not
touch the points directly. Get as
close to the points as possible and
project the location of enR/enL.



6. Hairline (tr) — Soft Tissue Nasion (Na’).
between the hairline and Nasion.

\ enk Na' enL o *
= gR L -
P
shalk. 0 sball
—

ChR. e = chL

7. Nasion (Na’)- SubNasale (sn).
and SubNasale.

= R L =

8. SubNasale (sn) — Soft Tissue Gnathion (gn’).
between SubNasale and menton.

3 =
w e Mot el & *
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50

Defined as the distance

tris located at the intersection of
the hair and the skin of the
forehead. Na’ is the soft tissue
point representing the bony
intersection between the frontal
and nasal bones. Locate Na’ by
palpating the innermost point
between the forehead and nose.

Hold the caliper vertically. Use the
short side to measure the
distance.

Defined as the distance between Nasion

Na’ is defined as in (6). sn is
defined as the intersection of the
columnella with the philtrum.

Hold the caliper vertically. Use the
longer side to measure the
distance.

Defined as the distance

sn is defined as in (7). Me is
defined as the most inferior point
of the mandible in the midline. In
order to determine gn’ locate the
intersection of the most inferior
point of the chin/mandible and
midline. Use the philtrum as an
indicator for the midline.

Hold the caliper vertically. Use the
short side to measure the
distance.



9. Nasion (Na’) — Tip of Nose (prn).

and ToN.
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10. Stomion Lower (StL) — Soft tissue B point (B’).
between the uppermost point of the lower lip and the innermost point

Defined as the distance between Na’

Na’ is defined as in (6). prn is the
most anterior point of the nose in
the alar area. Palpate the nose in
order to determine prn.

Hold the caliper vertically. Use the
short side to measure the
distance.

between the lower lip and the chin.

StL is the uppermost point of the
lower lip that you can locate. Locate
B’ by examining the area below the
lower lip and the chin and
determining the innermost point.
Measure the distance between the
two

Hold the caliper vertically. Have the
tips of the caliper point toward the
participant. Use the short side to
measure the distance. NOTE: in order
to not touch the participant’s chest
have the tail of the caliper point
upward.

11. Soft Tissue B Point (B’) — Menton (Me). Defined as the distance

_between B’ and Me.

B’ is defined as in (10). Me is
defined as in (8). Measure the
distance between the two points.

Hold the caliper vertically. Have
the tips of the caliper point toward
the participant. Use the short side
to measure the distance. NOTE: in
order to not touch the
participant’s chest have the tail of
the caliper point upward.

51

Defined as the distance
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12. SubNasale — Right Commisure (chR). Defined as the distance between
SubNasale and the right outermost point of the mouth

sn is defined as in (7). chR is
defined as the intersection of the
upper lip vermillion, lower lip
vermillion and right side of the
skin of the face. Measure the
distance between the two points.

Hold the caliper at an
angle/diagonally. Use the short
side to measure the distance.

13. Subnasale — Left Commissure (ch L). Defined as the distance between
SubNasale and the left outermost point of the mouth

sn is defined as in (7). chL is
defined as the intersection of the
upper lip vermillion, lower lip

. . vermillion and left side of the skin

of the face. Measure the distance
between the two points.

Hold the caliper at an
angle/diagonally. Use the short
side to measure the distance.

14. Tip of Nose (prn) — Upper Vermillion Border (Is). Defined as the
distance between the tip of the nose and the line passing through the
intersection points of the philtrum with the upper vermillion border

prn is defined as in (9). Is is
defined as the imaginary line
connecting the intersection of the

« philtrum columns with the upper
vermillion border.

it Hold the caliper vertically. Use the
(s short side to measure the

— distance. Have the tail of the

caliper point upward.



15. Mouth Height. Defined as the distance between the upper vermillion
border (Is) and the lower vermillion border (li).

=R =l -

16. Upper lip length. Defined as the distance between subnasale and Is.
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17. Lower Lip Thickness.

and labius inferius.
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Is is defined as in (14). li is the
horizontal lowermost line that
passes through the intersection of
the lower lip with the skin of the
face. Measure the distance
between the two

Hold the caliper vertically. Use the
longer side to measure the
distance. Have the tail of the
caliper point upward.

sn is defined as in (7). Is is defined
as in (14). Measure the distance
between the two.

Hold the caliper vertically. Use the
longer side to measure the
distance. Have the tail of the
caliper point upward.

Defined as the distance between stomion lower

stL is defined as in (10). li is
defined as in (15). Measure the
distance between the two points.

Hold the caliper vertically. Use the
longer side to measure the
distance. Have the tail of the
caliper point upward.
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18. Interlabial gap. Defined as any space present between Stomion Upper
(stU) and Stomion Lower (stL) when the participant is in repose.

=
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alR = - #

shalk ’]"‘ sball.
K

ChR e T chL

StL is defined as in (10). StU is the
lowermost point the you can
locate on the upper lip. Measure
the distance between the two.

Hold the caliper vertically. Use the
longer side to measure the
distance. Have the tail of the
caliper point upward.
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Regression on the difference - Zygomatic widtl
The REG Procedure
Wodel: MODEL
LF.:"I:':_!"i:.'-i-’I'-';f' nif Variable: m Iffl-l_lfr.
E!ﬁ'nmhernfﬂham:ﬁnni Read | 28
Number of Observations Used | 28
Analysis of Vanance
Soum of| Mean
Source DF| Squares| Square| F Value| Pr=F
MAModel 1 7.00002 1 700002 £.231 063640
Error 26179372183 30.527 76
Corrected Total | I7| 80072184
Root MSE 3.52519 [R-Square | 0.0087
Dﬂpﬁnﬂ_ﬂt MAean 0.086413 ME—&E .0294
Coeff Var 639278580
Parameter Estimates
Parameter| Standard
Vartable |Label |(DF| Estimate Error| t Value| Pr = [t
Intercept |Intercept| 1 190474 633318  046| 063503
age ags | {24370 0. 50802 .48 0.8360
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Regression on the difference - intraorbital width

The REG Procedure
Model: MODEL]
Dependent Variable: mddiff

Number of Observations Read | 2°
Number of Observations Used | 22
Analvsis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
MAModel L[ 3915141591314 348|0.0733
Error 26(44.20596|1.70023
Corrected Total [ 27| 30.12110
Root MSE 1.20393 | R-Square |0.1180
Dependent Mean 1.30300 AdjR-5q 0.0841
Coeff Var 99.91788
Parameter Estimates
Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |t
Imtercept |Intsrcept| 1 403463 145461 2711 0.0117
age ag= 1 -0.22402( 0.12010 -1.87| 0.0733
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Regression on the difference - alar nasal width at widest nostrils

The REG Procedure
Model: MODEL]
Dependent Variable: m5diff

MNumber of Observations Read | 25
Number of Observations Used | 232

"
Analvsis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1| 1.7332311.73523 2.80| 0.1065
Error 26| 16.13486|0.62057
Corrected Total | 27| 17.87010

E.oot MSE 0.78776 | R-Square (0.0971
Dependent Mean | 1.09036 AdjR-Sq |0.0624
Coeff Var 71224822

Parameter Estimates

Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |t

Intercept |Intercept| 1|  2.57962| 090197  2.86( 0.0083
age ags

1 -0.12133( 0.07236 -1.67 0.1063
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Regression on the difference - alar nasal width at base of nose
The REG Procedure

Model: MODEL1
Dependent Variable: modiff

Number of Observations Read | 2%
Number of Observations Used | 22
KR
Analvsis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1| 9.88425 |9 88415 4.29( 0.0454
Error 26| 39.89405)2.30362
Corrected Total | 27| 69.77830
Root MSE L1777 [ R-Square | 0.1417
Dependent Mean -0.61964 Adj R-5q 0.1086
Coeff Var -244 942323
Parameter Estimates
Parameter| Standard
Variable |Label |(DF| Estimate Error| t Value| Pr = |{|
Intercept Intercept| 1 293473 1.73972 1.69| 0.1036
age aga 1 028938 0.13980 -2.07 0.0484




60

Regression on the difference - mouth width

The REG Procedure
Model: MODEL1
Dependent Variable: m7diff

MNumber of Observations Read | 23
Number of Observations Used | 22

Analvsis of Variance

Sum of| Mean
SOUrce DF| Sguares| Square| F Value| Pr=F
MAModel 1| 251298 2.31298 0.22| 0.6433
Error 26| 2197.57360)11.44514
Corrected Total | 27| 300.0863%

Root MSE 138307 |R-Square | 0.0084
Dependent Mean | 2.01929 |Adj R-Sq | -0.0298
Coeff Var 16753778

Parameter Estimates

Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = ||

Intercept |Intsrcept| 1 181148 387780  0.98| 03347
1| -o.14s01| o311e1|  -047| 06433

age ags
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Regression on the difference - right comissure fo subnasale

The RE(G Procedure
Model: MODEL]1
Dependent Variable: m8diff

Number of Observatiops Read | 28
Number of Observations Used | 2°
Analysis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
AModel 1| 0.03397|0.03397 0.01(0.9209
Error 26| 87.78880|3.37649
Corrected Total | 27| 87.82277
Root MSE 1.83752 |R-Square | 0.0004
Dependent Mean 0.84286 Adj R-5g -0.0381
Coeff Var 218.01125
Parameter Estimates
Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |t|
Intercept Intercapt| 1 103124 2.10624 0.50| 0.621%
age ags 1 0.01698| 0.16923 -0.10| 09209
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Regression on the difference - left comissure fo subnasale

The REG Procedure
Model: MODEL1
Dependent Variable: mOdiff

MNumber of Observations Read | 25
Number of Observations Used | 2%

Analvsis of Variance

Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Model 1| 0.01190({0.011%0 0.00( 0.9499
Error 26| 76.92347(2.95860
Corrected Total | 17| 76.93337

Root MSE 1.72006 |R-Square | 0.0002
Dependent Mean | 0.35256 [Adj R-Sq | -0.0383
Coeff Var 487 46546

Parameter Estimates

Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = [t

Intercept |[ntercept| 1 047618 1.97160 0.24| 0.8110
age ag= 1 001005 0.15843 -0.06| 0.9499
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Regression on the difference - hairline-soft tissue nasion

The REG Procedure
Model: MODEL1
Dependent Variable: m10diff

Number of Observations Read | 2%
Number of Observations Used | 15
Analvsis of Variance
Sum of( Mean
Source DF| Squares| Square| F Value| Pr=F
Alodel 1| 1.67273| 1.67273 0.12( 0.7293
Error 26(333.90999)13 68885
Corrected Total | 27| 337.38272
Root MSE 169984 |R-Square | 0.0047
Dependent Mean 095230 Adj R-5q -0.0336
Coeff Var 388.43507
Parameter Estimates
Parameter| Standard
Variable ([Label |DF| Estimate Error| t Value| Pr = |t|
Intercept |Intercept| 1| -0.50969( 4.24091| -0.12( 0.9033
age ags 1 0.11913| 0.34079 033 0.7293
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Regression on the difference - soft tissue nasion-tip of nose

The REG Procedure
Model: MODEL 1
Dependent Variable: m11diff

Number of Observations Read | 28
Number of Observations Used | 22
Analysis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1| 22.42299122 42299 243 0.1293
Error 26| 237.83927| 9.14766
Corrected Total | 27| 260.262I7
Root MSE 1.02451 | R-Square |0.0862
Dependent Mean 2.22607 Adj R-5gq 0.0310
Coeff Var 135.86763
Parameter Estimates
Parameter| Standard
Variable [Label |(DF| Estimate Error| t Value| Pr = ||
Intercept | Intercept| | 757957 346681 2.9 0.0380
age ags 1 043616 0.27838 1.57] 0.1293
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The REG Procedure

Model: MODEL 1
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| -

Dependent Variable: mI2diff
Number of Observations Read | 22
Number of Observations Used | 25
Analysis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
AModel I| 3.84803(3.84803 0.6%9| 0.4153
Error 26| 14597634 5.61447
Corrected Total | 27| [42.82437
i
Koot M5E 1.36%949 |R-Square | 0.0237
Dependent Mean | 0.54256 | AdjR-Sq [ -0.0LL8
Coeff Var 281.12573
Parameter Estimates
Parameter| Standard
Vartable |Label |DF| Estimate Error| t Value| Pr = |t
Intercept | Intercept( 1 306059 2.71600 P13 02701
age 2gs 1 0.18068| 021823 083 Q04133
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Regression on the difference - tip of nose-upper lip

The REG Procedure
Model: MODEL]
Dependent Variable: m13diff

Number of Observations Read | Z¢
Number of Observations Used | Z°
i
Analvsis of Variance
Sum of( Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1 3.01007|3.01007 0.32| 0.4788
Error 26 151.34620( 5.82870
Corrected Total | 27| 13433627
Root MSE 141417 |R-Square | 0.0192
Dependent Mean -0.48893 Adj R-5q -0.0182
Coeff Var -493.78788
Parameter Estimates
Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |{|
Intercept |Intercept| 1 147253 276733 0.53| 0.5992
age ags 1 0.13980( 0.22237 -0.72 04788
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Regression on the difference - subnasale to upper lip vermilion border

The REG Procedure
Model: MODEL]
{73

Dependent Variable: m14dif]

Number of Observations Read | 28
Number of Observations Used | 22

Analvsis of Variance

Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Model 1| 9.387499.38749 2.75| 0.1092
Error 26| B8.72709|3 41258
Corrected Total| 27|98.11459

Root MSE 1.84732 | R-Square |0.0937
Dependent Mean |  -0-07071| Adj R-Sq [0.0603
Coeff Var 261236765

Parameter Estimates

Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |t
1.39319 211747 1.60( 0.1211

Intercept Intarcapt| 1

age aEs 1 -0.28221( 0.17015 -1.66| 0.1092
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Regression on the difference - mouth height

The REG Procedure
Model: MODEL]

Dependent Variable: mI5diff

Number of Observations Read | 2%
Number of Observations Used | Z°
Analvsis of Variance
sum of] Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1{ B.11315| 8.11315 0.36]| 0.4627
Error 26(379.60012) 14 60000
Corrected Total | 27| 387.71317
Root MSE 1.82100 |R-Square | 0.0209
Dependent Mean 0.78107 AdjR-5q -0.0167
Coeff Var 489.19921
Parameter Estimates
Parameter| Standard
Variable |[Label |[DF| Estimate Error| t Value| Pr = |t
Intercept Intercapt| 1 400129 4.37978 0.91| 0.3693
age ags 1 026236 0.35193 073 04627
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Regression on the difference - interlabial gap

The REG Procedure
Model: MODEL]1
Dependent Variable: m16diff

Number of Observations Read | Z5
Number of Observations Used | 25
Anahsis of Variance
sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel L[ 7477431747743 0.94| 0.3422
Error 26(207.71312| 798897
Corrected Total | 27| 213.19037
Eoot AMSE 1.82648 [R-Square | 0.0347
Dependent Mean 043714 Adj R-8q -0.0024
Coeff Var 618.29160
Parameter Estimates
Parameter| Standard
Variable |Label |[DF| Estimate Error| t Value| Pr = |t
Intercept |Imtsrcept| 1 -2.63435 323982 -0.81] 0.4235
age ags 1 023187 0.26034 097 0.3422
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Regression on the difference - lower lip thickness

The REG Procedure

Model: MODEL1
Dependent Variable: m17diff

Number of Observations Read | 18
Number of Observations Used | 22
Analysis of Variance
Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1| 0.09667|0.09667 0.07] 0.7891
Error 26(34.3978211.32299
Corrected Total | 27| 34.4%430
Root MSE 113011 [R-Square | 0.0018
Dependent Mean -0.23464 Adj R-5g -0.0356
Coeff Var 490.19793
Parameter Estimates
Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |t|
Intercept |Intercept| 1| -0.58616| 131842 -0.44( 0.6603
age ags 1 002864 0.10394 0.27| 0.7891
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Regression on the difference - lower vermilion border to soft tissue B point

The REG Procedure
Model: MODEL1

Dependent Variable: mi18diff

Number of Observations Read | 2%
Number of Observations Used | 132

Analvsis of Variance

Sum off Mean
Source DF| Squares| Square| F Value| Pr=F
Aodel 1] 16.81761(16.81761 3.22) 0.0843
Error 26| 135.86647( 5.22563
Corrected Total | 27| 15268409

Root MSE 1.28596 | R-Square |0.1101
Dependent Mean |  -0.17571| Adj R-Sq [0.0759
Coeff Var 130095539

Parameter Estimates

Parameter| Standard
Variable |Label |[DF| Estimate Error| t Value| Pr = |t

Intercept| 1 -4 81203 2.62026 -1.84 | 0.0777
1 0377731 0.21036 179 0.0843

Intercept
|_ge aegs
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Regression on the difference - soft tissue B point to Menton
The REG Procedure

Model: MODEL1
Dependent Variable: m19diff

Number of Observations Read | 25
Number of Observations Used | 28

Analysis of Variance

Sum of| Mean
Source DF| Squares| Square| F Value| Pr=F
Model 1| 413453 413453 0.38| 0.5448
Error 26| 28543394 | 1097823

Corrected Total | 27| 2139.36847

Eoot MSE 3.31334 |R-Square | 0.0143
Dependent Mean -1.00214 Adj R-5g -0.0236
Coeff Var -330.62362

Parameter Estimates

Parameter| Standard
Variable (Label |DF| Estimate Error| t Value| Pr = |t]

Intercapt| 1 -3.300%96| 379788 -0.87] 0.3927
8E2 1 0.1872%9| 0.3051% 0.61( 0.5448

Intercept
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Regression on the difference - subnasale-gnathion

The REG Procedure
Model: MODEL 1
Dependent Variable: m20diff

Number of Observations Read | Z¢
Number of Observations Used | 25
Analysis of Variance
Sum of| Mean
SOurce DF| Squares| Square| F Value| Pr=F
Alodel 1| 8.92247|8.92247 090 0.3515
Error 26| 238.70622]| 9.95024
Corrected Total | 27| 267.66170
Root M5E 3.15440 |R-Square | 0.0235
Dependent hMean -0.04464 AdjR-5q -0.0037
Coeff Var -7065.85600
Parameter Estimates
Parameter| Standard
Variable |Label |DF| Estimate Error| t Value| Pr = |t|
Intercept Intercapt| 1 3.33862| 3.61370 0.92] 0.3643
age age 1 027564 0.29053 093] 0.3513
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OFFICE OF RESEARCH COMPLIANCE

MARQUETTE

November 22, 2010 UNIVERSITY

Dr. Jose Bosio
School of Dentistry

Dear Dr. Bosio:

Your protocol number HR-2083, titled, “Soft Tissue Changes in Response to Orthodontic Treatment” was
expedited on November 18, 2010, by a member of the Marquette University Institutional Review Board.

Your IRB approved adult consent form, parent permission form, and child assent form are enclosed with this
letter. Use the stamped copies of these forms when recruiting research participants. Each research participant
should receive a copy of the stamped consent form for their records. Each participant, or legal guardian, must
also complete the HIPAA authorization form.

Subjects who go through the consent process are considered enrolled participants and are counted toward the
total number of subjects, even if they have no further participation in the study. Please keep this in mind when
conducting your research. This study is currently approved for 2000 subjects.

If you need to increase the number of subjects, add research personnel, or make any other changes to your
protocol you must submit an IRB Protocol Amendment Form, which can be found on the Office of Research
Compliance web site: http://www.marquette.edu/researchcompliance/research/irbforms.shtml. All changes must
be reviewed and approved by the IRB before being initiated, except when necessary to eliminate apparent
immediate hazards to the human subjects. Any public advertising of this project requires prior IRB approval. If
there are any adverse events, please notify the Marquette University IRB immediately.

Your approval is valid until November 17, 2011. Prior to this date, you will be contacted regarding continuing
IRB review.

A Protocol Completion/Termination Report must be submitted once this research project is complete. The form
should be submitted in a timely fashion, and must be received no later than the protocol expiration date.

If you have any questions or concerns, please do not hesitate to contact me. Thank you for your time and
cooperation,

Sincerely,

AmandaJ Ahrndt, j S, MSN, CIM

IRB Manager
cc: Dr. Rebecca Bardwell, IRB Chair

Enclosures (3)

Room 102 560 NortH 16TH STREET RO. Box 1881  MILWAUKEE, Wisconsin 53201-1881  TELEPHONE (414) 288-7570 Fax.(414) 288-6281
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