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ABSTRACT

When a theoretical basis for manifestly succesdimical outcomes cannot be
fortified by traditional orthodontic tooth movemg@TM) biology which focuses solely on
the periodontal ligament as the operant organ amgaethesis should be built upon the old
concepts by synthesizing new biological data witfihis paper presents a modest synthesis
of contemporary theories in cell biology to explastensible osteogenic activity and alveolar
phenotype alterations by ultra-low orthopedic fotdestological appearance of biopsy
specimens demonstrate a “reactive” woven bonenpatdeamatically illustrated under
polarized light, where the alveolar developmentliappe put labial forces on the palatal
alveolus via acrylic panels and 300 grams of fanceiced by coiled nickel titanium springs.
“Internal control” biopsy specimens taken from ngated alveoli show normal lamellar
pattern in histological sections.

The behavior of the bone cannot be explained totath a periodontal pressure-
tension model. Molecular biological concepts arellthah Paradigm of Bone Physiology are
recruited to explain how ultra-light forces appliedthe palatal alveolus might stimulate
“compensatory periosteal apposition” on the lablaéolus, thus developing a new alveolar
phenotype through bony developmental “drift”



INTRODUCTION

When a theoretical basis for manifestly successimical outcomes cannot be fortified by
traditional orthodontic tooth movement (OTM) biojogrhich focuses solely on the periodontal
ligament as the operant organ a new hypothesiddghelbuilt upon the old. It is forces acting
beyond the ligament which may be significant deteamts of the alveolus and the consequent
dentofacial form which lives, thrives and dies bg grace of dental root positions. (1)

Specifically, an osteogenic threshold of ~1,500-8,80crostrain according to
Professors Frost (2) and Jee (3) may stimulatesappmaal bone modeling reflecting the
morphogenetic threshold range of therapeutic “ogkiforce which elicits what should be
called an “optimal response”. It is this concetttBurch (4) paraphrasing Reitan alluded to
with their term “compensatory periosteal appositidrherefore, at the risk of overstating the
theory of “alveolus development”, this paper présenmodest synthesis of contemporary
theories in cell biology to explain ostensible ogienic activity and alveolar phenotype
alterations by ultra-low orthopedic force.

Dentofacial orthopedic physiology of the alveola®s not deny the relevance
of periodontal ligament phenomena but merely dm®ond the ligamend analyze the
alveolar response to orthopedic force from a “whmae” perspective. This “whole bone” --
or “all-bone” according to Melsen (5) -- paradigsrain important complement to the classic
pressure-tension model because it lends a consystgth medical orthopedic and
contemporary osteology literature. As Baumrindh{&$ so eloquently proposed in the past,
the periodontal ligament is best characterizedasa pressure-tension sling, but rather as a
contained viscoelastic gel where forces are disteid equally in all directions and this has
some merit for bone as well.

A clear contrast is made however amoagid palatal expansiofRPE) of the
maxilla, orthodonticdentalarch expansion amathopedic developmenf the bony alveolus
with direct continuous modulated force applicatiinvound healing recapitulates regional
ontogeny, a molecular level event, then tissue beagngineered in a similar manner
whether the wound is surgical or simply microfraetthealing” of the alveolar osteon
(Haversian system) from excessive force (e.g. BB according to Frost).

Thus, the alveolus is proposed herein as a sepamiigenic entity or “organ”,
capable of a singularly active biological respotwsading, irrespective of the subjacent
skeleton (maxilla and mandibular corpus) or thessaied dental matrix. In prior
publications the term “maxillary expansion” haseofbeen used in all three contexts without
clear differentiation. (7). This is unfortunate ydtiquitous in the literature and it would be
most fortunate indeed for students and other neéephg craniofacial orthopedics if more
nuanced distinctions could be articulated. The eptxherein discussed are not totally new.
Melsen spoke eloquently of them in her discussiaa\eeolar bone physiology citing
literature as old as 20 to 40 years ago (8, 9) whave been echoed in modern tissue
engineering dialogues as late as 2006. (10)



The Mechanobiology of the Alveolus

A novel “bottom-up” approach has evolved from bialical engineering and it is
wise to review the perspectives of sister sciebedsre we pronounce certitude on any field
of natural scholarship. In this regard the vanMeulen & Huskies’ (11) definition of
“mechanobiology” is interesting. In a defining akdi they propose a different approach for
studying the effects of force on tissue and hunsis.c

Applied to the dentofacial orthopedic realm, mediaology proffers the integration
of these sciences into a kind of “new biology” fbe orthodontic specialty. As old as it is
new, this “new biology” is articulated well withthe intelligent and compelling perspectives
posited by Singh’s Spatial Matrix Hypothesis (12djieir point out, through the use of finite
element analysis, that the tissue constantly regeeto homeostasis.

Specifically, mechanobiology studies most fundarainhow bone is regulated by
signals to cells generated by variable degreeslaadtions of loading. The questions which
mechanobiology investigates are most compatible @onstructs defined by Frost and Jee in
the activity of bone’s basic multicellular unit (BM. In a phrase mechanobiology picks up,
in a traditional reductionist progression, wheredts tissue level nephron-equivalent left
off.

CASE EXAMPLES

Case examples and histological data demonstratedoaintended to prove
universality of a “whole bone” thesis, but rathiee tontraryyiz. building on a rich
theoretical heritage (13, 14) , and medical corgepbsteogenesis (15, 16) to falsify
presumptive concepts of universal alveolar immuitgbi (17)

Clinical Example #1: Patient E.R.

A non-compliant 18 year old Hispanic-American maesented with hemorrhagic
hyperplastic gingivitis and incipient periodontititer a protracted period of inadequate oral
hygiene. Approximately 15 months earlier a fixet/émlar development appliance”(ADA)*
was placed to treat a posterior cross bite asntexiar arch length deficiency was addressed
by an 0.018 nickel titanium round wire in labiaDP2” slot brackets. This archwire was
replaced with a 0.018” stainless steel archwirenouactivation was made in the anterior or
posterior sextants. The ADA was not periodicallineated after insertion because it is self-
activating and self-limiting. Two transverse nickidnium springs, each embedded in and
connecting separate acrylic panels deliver 150 grajpnece for a total appliance force of 300
grams. (Fig. 1).The bands on first molars and birstispids are for retention only. The active
force solely lies on the palatal alveolus. No ancbvadjustment or palatal appliance
adjustments were made for one year.

Fifteen months after the appliances were placegweze all removed and the patient
was treated with periodontal flap surgery to regarniodontal and gingival health. During
the surgery a biopsy specimen was taken from thiallalveolar crest of the maxillary right
first bicuspid. (Figs 2, 3) and sent to a univgrsital pathologist for blinded microscopic
examination. An image of the specimen was thenestdyl to fractal analysis, a
biomathematical parameter diagnostic of bone mnge(iL8)

* Max 2000° DynaFlex Orthodontic Laboratory, St. Louis, MOAJS



Histological Analysis: Patient E.R.

The specimen demonstrates young bone with H & ild steFigure 4.The same
histological specimen, examined under polarizelt lcdemonstrates both a “woven
confirmation and fractal patterns (Fig 5, Fig 6)tbmnportant because they suggest
immature bone modeling in response to therapy;qsteg bone presumably bone” or
“reactive bone” pattern. The appearance of “wovene and would demonstrate a mature
“lamellar” pattern.

Mechanical loading is thought to an increase fitatitaension at a bone interface which
reflects mechanisms of cell- mediated remodelirggpmably within regional deformations of
1,500-3,000 microstrairf19, 20) These changes in fractal dimension apjoclae proportional
to loading and are thought to provide a new paranfet force determination in orthodontic
tooth movement.

Clinical Example #2: Patient K.L.

A marginally compliant 13 year old Caucasian fenmkesented with a posterior
cross bite. The patient was hypersensitive to digod associated with strong mechanical
manipulation of her dentition so rapid palatal exgpdan was declined in favor of slow palatal
alveolar development. Approximately 2 months ptmbiopsy an ADA identical in design to
that used with clinical Example #1 (patient E.Rgswlaced to treat a posterior cross bite.
No labial archwires were employed. (Figs.7-A and)7-

Histological Analysis: Patient K.L.

After securing full informed consent, 2 months aitesertion of the maxillary appliance,
sections of the interdental bony septa were tagemfcroscopic examination. The specimens
were obtained with a hand instrument upon reflgctéitabial full thickness (mucoperiosteal)
flap and examined “blind” by a university oral am@xillofacial pathologist. With a healthy
respect for scientific skepticism, an additionaitérnal control” specimen was taken from
interseptal bone between the patient’s ipsilaterahdibular first bicuspid and canine. (See: Fig
5A-C) The specimens displayedhkigures 6-A and 6-Blemonstrate standard hematoxylin and
eosin stained histological sections (with and withaolarized light respectively) of interseptal
alveolar bone. The histologic pattern of woven (iatane modeling) bone is almost identical to
that secured from patient E.R. In this case #2 (Lhlkwever the sample was taken from the
interseptal bone between teeth numbers 5 and @atients right maxillary first bicuspid and
canine, an area that was influenced directly byptilatal alveolus’ acrylic panels.

Figures 7-A and 7-Blemonstrate a contrasting pattern in the intezoatrol specimens
taken from the mandibular alveolus between teethbmrs22 and 23 (the patient’'s mandibular
right canine and first bicuspiayhich were not subjected to orthodontic or orttthpe
stimulation. This internal control is typical ofetlpattern in patients’ alveolar bone presenting in
steady state equilibrium suggesting that the maylalveolus woven bone pattern was not due
to inflammation or normal function but rather bytgtive alveolar “bending” to the labial
alveolus as the bone is physiologically yet theutipally bent (strained).

The reader is encouraged to analyze similar speanmehis or her own patients to
confirm the qualitative nature of bone transiti@tause this phenomenon is surprisingly
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consistent with the ADA in most of our cases. Witilese interesting specimens suggest
the possibility of labial osteogenesis with palati&keolus stimulation we do not claim
universality. We modestly propose a hypothesisstoefined by meaningful professional
dialogue in the tradition of the Western dialec@nly time will reveal how prescient our
nascent theories will ultimately prove to be aspresent these findings in an attempt to falsify
the notion of universal alveolar immutability; P@pis falsification principle is a more profound
epistemological criterion for truth and a rigordast of veracity greater than the more standard
method of independent corroboration.(21)

DISCUSSION

Since no active adjustments are necessary withirgspaded alveolus development
appliance (ADA) it worked in Cases E.R. and K.Ladsnd of “osteogenic machine”,
altering the palatal and labial alveolus form bgat@lly without producing any expected
bony or soft tissue dehiscence. Indeed the only af®ony dehiscence appeared where the
labial archwire may have mechanically “pulled” tioets labially in Case E.R. (Fig 3). This
clinical picture suggests that continuous ultrditpads directly on the palatal alveolus may
have modeled labial bone as a tooth-alveolus conipi@ves” labially through remodeling
“drift”. (22) Some theorists speculate that theealus is immutable and “expansion” of the
dental arch inevitably produces bony dehiscencésmastrations and gingival marginal
recession, ("stripping”, “runners”). The case oREostensibly suggests that bone may model
to preclude these complications if two conditiors met: (1), the movement occurs without

active periodontitis and (2) the internal strailtsfavithin a threshold modeling range.

The creation of woven bone is Fig 3 is interesbegause woven bone is
characteristic of bone modeling following an injuRpor example, after a fracture (and callus
formation) bone responds first by depositiong “wow®ne”. Woven bone is a disorganized
structure with a high proportion of osteocytes. W&dhan fully mature bone, it exhibits a
small quantity of randomly oriented collagen fihdyst forms quickly at the site of injury.
Later in the mturing process woven bone developanellar bone, which exhibits a highly
organized pattern of concentric sheets and avelgtiow proportion of osteocytes. (See: Fig
7, Pt. K.L)

Lamellar bone is stronger than woven bone andasadterized by a greater number
of collagen fibers running in opposite directiom&lternating layers, much like plywood.
This contribues a quality to the bone that is reédy more resistent to torsional and
tensional stresses. What is interesting in theaenples, easilty repeated by the reader by
taking biopsies of the alveolus during and after ADA appliances have been removed and
the alveolus reverts to a steady-ste equilibriurfrehodeling” To our knowledge this is the
first time a woven bone pattern suggesting therapewdeling has been demonstrated with
this kind of appliance.

The ADACase examples also illustrate a paradoxical bubitapt event where bone
modeling occurred even in a field of infection. Tleasons that infection has not complicated
the remodeling are that the force magnitude wasdog@unidirectional, not oscillating
(“jiggling”) as is generally evident in cases otcgsal trauma. In Case E.R. the infection
qualitatively defined gingivitis, not periodontitighe distinction between these entities is
critical for the uninitiated clinician but oftengislematic to diagnose. (23)hus, instead of
mechanically moving teeth through the alveoluapipears that palatal acrylic panels
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biologically “moved” the whole alveolus bone, bgoeption/osteogenesis “drift”. This type
of modeling of the labial portion contrasts shanpith mechanically movements of roots
beyond the alveolar envelope, a procedure thaitivadlly has been associated with putative
bony dehiscence and gingival recession.

Conventional “Wisdom” and Innovation

Conventional wisdom based on works by Engelking &aghrisson, (24) and others (25)
intimate that the labial alveolus is immutable #dzlal movement “causes” bony dehiscence, (the
implicit epistemological ambiguity of causalitytigically unclarified). However, contrasting data
and comments by Lindskog-Stokland et. al. (26),9de{27) and others (28, 29, 38uggest that
the alveolar “envelope” or limits of alveolar hougimay be more malleable than previously
believed and can be virtually defined by the posif the roots. Thus, the concept of dental roots
as a functional matrix for bone is often validategblicitly in the works of many independent
authorities. Indeed the explanation of biologicagamanisms of alveolus bone modeling has been
cited as one mechanism to explain the effects wkestunctional appliances.

Specifically, referring to a subset of functionahtbfacial orthopedic appliances
Norton suggests that some “...create a space or wagio which teeth moved and the
alveolar process followed...” (3)he phenomenon of “phenotypic plasticity”, as depeld
by Pigliucci (32), when applied to the genetic egsion of a single generation organism
explains this well. This plasticity is a well acteg concept in the field of developmental
biology and is manifest only by various environnatiolr epigenetic perturbations. (33, 34,
35, 36) and may be engineered (3Whether surgical or non surgical these examplasearg
for the malleability of even adult bone in genenatl against alveolar immutability in
particular.

This control is evident in the effect of the springded ADA, presented here grossly
and microscopically. Yet the domain of non-surgedakolar bone engineering is not the
monopoly of dentofacial orthopedists. The histatagjactions of the ADA mimics the
principles applied in the innovative philosophyRybfessor Ponseti’s treatmenttalipes
equinovarugclub foot) in that it attempts to redirect a patgic growth trajectory toward a
physiologic coursg38). Since facial morphotype evolves even throughoutthdad (39)

The ADA appliance may be a more benign alternat\v&urgically assisted rapid palatal
expansion (SARPE) and certainly, considering re¢atnorbidity, orthognathic surgery.

The presumed immutability of the alveolus has Wastorically problematic in that it
can reduce treatment options to extraction or grtathic surgery, conventional protocols
which juxtapose “parts” instead of engineering pbiggyic “dynamics”. In this regard any
concept which emphasizes, or worse on occasion dibggly defends, mechanical solutions
as “inviolable art” can eclipse emerging biologioaperatives. This is a needless and
unfortunate limitation because many patients disdaajor surgical alternatives categorically
and even preemptively. Moreover, the studies dfd_ét. al. (40) indicate that routine
extraction therapy to camouflage dysmorphic sketdéanents is neither a panacea nor
guarantor of stability.

A further understanding of the molecular basisaoeolus physiology may take us
closer to predictable modification of form by swaji non-surgical or pharmaceutical means.
For now, these cases prove the principle that irabilitty of alveolar bone is not universal
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and alveolar surgery or continuous ultra-low fomtagnitude may indeed be an appropriate
starting point from which orthognathic surgery atraction may be deferred as a reasonable
second choice, a “fall back” or “fail-safe” tactihich insures that inevitable error will fall
on the side of tissue maintenance. This is justifiecause since the time of Wolff and Roux
bone has been considered a dynamic tissue adaiptomm to its environment (form follows
function).

For the modern dentofacial orthoddnhoss elaborates through his perennial
missives on the functional matrix hypothesis (FMkBt “dental roots are the functional
matrix of the alveolar bone”.* While some have dssed the importance of this FMH
perspective as merely an ontologisele qua norior the large bones of the craniofacial
complex, it certainly makes good sense to apgly ihe human alveolus as well. A fully
integrated, comprehensive, and intellectual contéfcial growth and development is
incomplete without it. For after all, if theorymserely a convenient intellectual construct to
predict or explain an observed phenomenon, its stagglication here certainly goes
beyond simplistic explanations based on ligamestblogy and supplements other
ontogeny theories. Even the few critiques thafftimetional matrix theory has evoked admit
that, despite its metaphysical vagaries, as a yhisarot necessarily antithetical to other
morphogenetic mechanisms, and can serve well asdashbut logically essential
Weltanschauungmong others. (41)

More recently, some molecular bioltgsre suggesting that, on cellular and
biochemical levels, osteogenic morphogenesis shmeilkcbnsidered as a transcriptional
event. Altered extracellular matrices, cellulamfioand internal cytoskeletal elements when
bone is clinically stressed can manifest withirogtimal range. Thus,
gross anatomical form follows function and intradelr function follows form.

The Utah Paradigm in Dentofacial Orthopedics

The Utah Paradigm of bone physiologgis® a critical element in a “whole bone”
approach to alveolar bone modeling. It proposesahigsue-level entity (termed the
“mechanostat”) is a definitive but neglected fuontal determinate of bone physiology in
steady state homeostasis or remodeling. A basitigelllhlar unit (BMU) is a collection of
regional osteons that act as the bone analogueaféphron and Frost’'s “nephron
equivalent” is completely compatible with conceptgontemporary cellular biology.

In this regard, the natural, guided, and even tbeeéd” eruption of fractured teeth
can be easily seen as “growth sites” respondingipely to drift and guidance, yet
negatively with premature loss and serial extracts prudent clinicians we may never
categorically rule out the need for tooth extrattior gaining arch length. However, we are
wise to recall Pascal’'s Wager (see addendum)utinjous bicuspid extraction ablates not
only the tooth but all the future bone developreent lip support that might have developed.

The problem for the injudicious clinician is thhtg pernicious sequella may not be
evident for decades, a prevalence which only lemigial twin studies over decades can
explicate clearly. If alveolar development can cgibn a strong foundation in basic
osteology then the orthodontist is liberated franctures of traditional thought which
accepts pernicious side effects by default.

* Moss ML, personal communication, 2005.



9

New ways of thinking (“NewThink”) of course ofteause some consternation and
even fundamental existential angst among those aoabie with thestatusquo (42). But
change is integral to the very fabric of sciencel the reconciliation of clinical expediency
with new-science conjecture is an intellectual inapige that may be too rare in the art of
orthodontic treatment.

Often the developed alveolus is somewhat shockirggdiinician who is used to
seeing small smiles in small children. Indeed, whaveolus development can help define
eruption trajectories the treated adolescent oneintkeed notice a smile that is seemingly
disproportionately large for the immature face. ldger, Figures 9A and 9B demonstrates
how a smile that defines the face of youth alsodgthetically well with the more mature
adult face. Regardless of historical guidelinesekeve that the emerging esthetic standard
for a so-called “full” smile must be recognized gustified scientifically. It seems that the
histological documentation of supporting bone mmdemay justify the admonition of that
facial orthopedists should “...create an adult smitéch the adolescent can grow into, not
an adolescent smile the adult grows out of.”

This philosophy suggests that if the alveolus cawihopedically engineered to an
alternate phenotype by biological engineering,aadtof mechanical manipulation, it is
preferred to extracting teeth where a remainingditien is mechanically fit into a manifestly
inadequate alveolus, deformed by the original n@imsion.

Treatment Timing

It is important to understand that the scientitierbture contains compelling and
ample justification for redirecting growth trajedts in prepubescent humans. Therefore, the
best time to treat the growing child with this detfiting “machine” is measured in dental
age not chronology. Generally, optimal effectselrgted from these kinds of ADA during
the transitional or mixed dentition. At this timkgmotype changes dramatically. PAOO
surgery, in contrast, presents no age constramte surgeryper sereverts healing tissue to
a kind of “neonatal” state of morphogenetic deveiept.

Arch development from the palatal aspect may bel@yed simultaneously with
conventional labial therapy. However, singular asthe ADA sans labial archwires reduces
the risk of bracket breakage, pernicious increaspathogenic bacterial biofilm (dental
plaque) load and addresses orthopedic problemsti¢irestead of camouflaging dysmorphic
alveolar form with altered tooth positions.

Genetic Expression and Phenotypic Plasticity

It is important to note that phenotype is not a-ttiene manifestation of genotype.
While genotype has often been defined as a “bla€pior tissue form, this allusion is
simplistic to the point of gross misrepresentaaod leads to frankly erroneous thinking. In
fact the genotype is more akin to an “instructioanemal” directing tissue development to a
myriad of forms depending on the degree of phenofiasticity inherent in the biological
system and epigenetic influences, be they patholdggrapeutic, or neutral. In this sense,
the case examples of the orthodontist’s gentle maaotipulation of bone resemble the
rationale medical orthopedist, Dr. Ignacio Ponsehis attempts to obviate surgery for
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talipes equinovarus In the therapeutic realm, the “biological messagent by the
dentofacial orthopedist can be seen as a more esnagieration of the alveolus, similar to
that seen with the periodontist’s attempts to ateeolus form by equilibration when
traumatic occlusions causes a pathognomonic alvéwdarrglass” cribriform plate profile.
Pigliucci (31) defines phenotypic plasticity as tpeoperty of a given genotype to produce
different phenotypes in response to distinct emritental conditions”.

In the case of example #&.R. the “pull” of the labial arch wire is purely
orthodontic. This “environmental condition” (perbation) is quantitatively and qualitatively
distinct from the alveolar orthopedic “push” of taerylic panels in the ADA. Thus, itis
quite logical and consistent with epigenetic pihes that different perturbations would
necessarily elicit different phenotypic clinicaltoomes because pathoses and clinical
therapy both qualify as determinate environmengalysbations; the latter is just more
predictable.

CONCLUSIONS

When the patient says, “I prefer non-extractioredse or she is making a statistical
forecast. That is to say, the patient is sayingfiect, “I forecast in a field of future
uncertainty, that | will experience greater “utifi{subjective sense of worth,
value or satisfaction) if teeth are not extracted.the absence of logical or empirical
scientific certitude that extractions are absolutgntraindicated (a rare event we propose),
the preference should be integrated as a terneidehisional algorithm, an equation that
progresses robustly with each patient visit.

Moreover, we respectfully submit, the patient iphicitly employing a variant of
Pascal’'s Wager by “hedging the bet” and we profosthe sake of logical consistency and
meaningful collegial dialoguthat such a reasonable choice, when given to gatiempowers
them with a positive approach and a tacit commitnb@iparticipatory management, including a
reasonable assumption of risk that is rightfullgrgd. After all, the role of science is to solve
problems for individuals, not statistical conodamples, corporations, arithmetic means or
professional organizations. We are here for patighey are not here for us.

Thus, since any patient is not an als@rithmetic mean, it is individual patient needs
and expressed life-style preferences that modihega scientific indications for care derived
from epidemiologic or clinical research. The artl ience which we cite as justification are
merely tools to achieve benefit for the essencetmmde are tangential facilitating devices.

The relationship between alternatives is a vamditascal's Wager wherein the
patient, selecting a non-extraction alternativeeioample, falsifies the notion that extraction
therapy will deliver a superior future utility “paff” (maximum esthetic form and function)
and minimizes the chances of irreversible “damagbis “criterion of preference” by an
enlightened patient in the 2Century is just as important to the informed consé the
patient as cephalometric tracings of statisticahmso It is also satisfying on a practical level
because, by including the patient in the “committdestakeholders, it technically employs
patient preference as a so-called “Bayesian praowell known and acceptable component

* Ponseti |, personal communication, 2007
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of health care quality derived from the mathematicdecision theory, where progressive
data accumulations make forecasting more robust .

The histological data, easily replicated by evatiyate practitioner, suggest that
ultra-light, self limiting force of an embedded ket-titanium spring appliance can ostensibly
activate the bone a “mechanostat” mechanism--asloleed by the Frost-Jee collaboration
and described for dentofacial orthopedics so welMelsen(op. cit.). Perhaps soon the
exact biochemistry will disclose that it activaggshitectural transcription factors, as
explained by molecular biologists in variable comte The appearance of woven bone in
clinical demonstration cases E.R. and K.L. histmalsections and analysis of the fractal
pattern therein suggest that modeling of the abrenbne can indeed occur where the sample
was taken. This serendipitous but consistent obsiervgives serious pause to claims about
the behavior of bone around teeth which are movttdontically.

Specifically the immutability of the dental alvesland the tendency of dental arch
“expansion,” to cause gingival recession must lbensidered in light of this scientific
rationale and clinical demonstration. Further, aegring the alveolus by ultra-light force
directed to the alveolus, periodontal surgicallgifeated OTM, or in situ pharmacologic
management (43js a clinical reality that suggests routine bicdsgxtraction to avoid
putative but often illusory “periodontal problems”to lend stability to long term clinical
outcomes may be questioned. Moreover, we suggasstrditional biologic rationales for
bicuspid extraction (beyond “increased efficiencyhere they exist should be subjected to
the same caliber of scientific scrutiny that isdied upon new or novel variations of
traditional themes.

“Arch expansion” is a dangerously vague term, aabag flattening of the Curve of
Wilson, separating the maxillary palatal and pterygxillary sutures, flaring incisors
labially to original positions, tipping or bodilyewing molars buccally. Whether one is
physiologically attempting to “recapture” originathenotype with an ADA appliance or
simply create more bony “arch length” through naalekeolus morphotype development, the
ambiguities of “expansion” will always haunt us. ®dlher that be vexatious to the
intellectual or merely frustrating to the practgidlinician, this seems axiomatic:
“expansion” may “cause” bony dehiscence sometifmesnot forseeably in any individual,
and clearly not always. (44)

The practical asset which the spring appliancass “orthopedic machine”
mechanism, self limiting and mildly self adjusting,elicit “alveolus development” and
obviate bony dehiscence and periodic adjustment gss8ociated with other RPE appliances.
The problems with grossly mechanistic appliances/ddrom their reliance upon
mechanical ratcheting instead of biological engimege In that respect the philosophies
implicit in both PAOO surgery and ADA appliancestacols and design of the orthopedic
appliances, if we may condescend to popular conbeany parlance, are clearly “not your
father’s orthodontics”. Thus, the rationale forittainical efficacy should at least dispel any
fear or loathing that theory in the orthodonticaphy is moribund or dead. The ADA, like
the Wilcko-Ferguson collaboration, may well emeagesingularly most progressive
synthesis in this first decade of "The Centuryhef Biologist”.

For the sake of intellectual integrity it shoulddiated that this discussion neither
condemns bicuspid extraction as an acceptable rypdal contradicts the claim that some
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patients may wish the expedient care it facilitabesddition, although one may claim that
side effects of injudicious bicuspid extraction anpredictable, too small to be perceived or
even in the worst case, reversible later in lifés the very unpredictability itself that argues
for a prudent non-extraction preference. Howevergspect to the rigorous scientific
criterion of truth proposed by Popper one or twaregles that contradict a scientific theory's
claim (a so-called counterfactual) can weaken enalisprove the theory as a legitimate
universal law. Our examples appear to be counteerdigeto the claim of universal alveolus
immutability.

To the thoughtful facial orthopedist and moderreredogmatically strict clinical
empiricist steeped in modern biologic theory howewdnat is demonstrably obvious in the
case presented, and arguably valid deductively tltmremerging science, is that any
universal claim of alveolar immutability must beieasly rethought, in terms of
contemporary periodontal regenerative science isedd engineering, viz. the demonstrated
clinical phenomena falsify the idea of universakealus immutability.

The philosophy implicitly expressed by these watdss not contradict bicuspid
extraction but complements it with a scientificisaend epistemological argument
supporting a cogent non-extraction alternative askadging that for some patients a fixed
alveolus deformity can no more define normal thahart leg can be the standard to
pathologize the other longer leg. The argumentttigtremediable hearing loss in children
should be maintained as a legitimate physiolograwa also echoes the immutable alveolus
contention. Yet there are clinicians who, subsogtib such apostasies will defend alveolus
immutability despite and infinite number of couréetuals. In a sadly droll sort of way,
intransigent doctrinaire clinicians and dogmatiotpcols are their own worst enemies. Yet
for the thinking clinician one need only quote \Mdiths James, “If you wish to upset the law
that all crows are black...it is enough if you prares single crow to be whiteThis article
has presented two.

On a practical level bicuspid extraction will probabe around for some time.
However, to the extent that an individual patienisirbe fully informed of all alternatives,
the malleability of the alveolus irrespective of sikeletal bases falsifies any claim of that
bicuspid may be either universally necessary diceift. With the presentation of these
cases the burden to disprove universality nowMigls academics and intellectual clinicians,
who, through further research may confirm, refialsify or reject the legitimacy of these
conjectures. Only time will tell how prescient taggoposals will prove to be. Future
research, both in vitro and in vivo should concatetion defining the exact amount of
microstrain range that stimulates compensatoryptzal appositional osteogenesis of the
alveolus.

We know from craniofacial biology that the micrasitr of cranial sutures of
approximately 500-1,000 microstrain will elicit eeince of bone modeling, a much lower
range than that usually found for long bones. Ther® reason to believe that the alveolus
should behave exactly like a suture yet despiteriteal importance in orthodontics it has
been largely uninvestigated usipgnciples of the Utah paradigm as suggested irb 18§6Epker
and Frost. Investigations are ongoing at the Usityeof California at Los Angeles (UCLA) on
exactly this topic. Modern cell cultures demonstiatFigure 8 that bone cells can individually teac
to strain (45, 46) but exactly how these dynamétate to the clinical alveolus are ultimately defin
is still somewhat enigmatic.
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Nonetheless, the fact remaitinical evidence of phenotypic changes and labial
alveolus modeling has been associated with ultyatlforces with a novel alveolar
development appliance, a, clinical phenomenon sbesi with a “whole bone” approach to
dentofacial orthopedics.

~ Quo Vadis? ~
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LEGENDS

Fig 1: Max 2008 an alveolar development appliance (ADA) appliedaslight pressure to
the palatal alveolus. (Orthodontist: Neal C. MurpBYWRU, UCLA) (Max 2008 is a
registered trademark of Dr. Michael O. Williams,[fpart Mississippi..

Fig 2A and 2B: Case #1 E.R. Periodontal surgergaksvbuccal bone where, conjecturally,
palatal alveolus forces were transferred to buccgical plate, flexing the bone to stimulate
osteogenesis in areas of periosteal compresside. iNarked dehiscence where labial arch
wire “pulled” teeth beyond phenotypic range

Fig 3A: (above) Routine H&E histological sectiarbaccal aspect of tooth #5, labial to Max
2000° palatal alveolus development appliance. Note atesefa “lamellar” pattern which is
characteristic of mature bone.

Fig 3B: (below) is a polarized light section of speen. Note “woven bone” pattern
characteristic of immature bone.

Fig 4: Fractal Analysis demonstrating bone remadgel{Collegial gratitude is extended to
James Borke, PhD, Medical College of Georgia ferdansultation and the fractal analysis.)
Fractal geometric patterns are characteristic {foot” of remodeling and provide
biomathematical of the reductionist histologicalrptwlogical pattern. Biology is
characterized by a reductionist analysis of smaltel smaller “stuff” (gross anatomy to
histology, a kind of microscopic anatomy). How teauff” functions through time is a
mathematical function and the “geometric footpriot'cell proliferation creates a pattern
referred to as a “fractal”, a pattern common taigiative systems. Analogously, a point
moving in time on one coordinate defines a linkn@adefines a plane and a plane moving
through time on a perpendicular coordinate defanesbe or rectangular solid.

Fig 5A: (Pt. K.L.) demonstrates the clinical apeae of a 13 year old marginally compliant
female who elected the slow alveolar development.

Fig 5B: demonstrates the area of biopsy for Figi&eand 6B which demonstrated woven.
“reactive” bone.

Fig 5C: demonstrates the biopsy site of the “iraeoontrol” biopsy.

Fig 6A: (above) (Pt. K.L.) Demonstrates the hisgidal pattern of the biopsy specimen in Fig
5A.There is no evidence of an organized pattermatly seen with mature bone. This standard
H&E stained specimen suggests the woven, or “regicpattern of physiologic bone remodeling in
response as described by Frost's minimal effedixesn,

Fig 6B: (below). Displays a woven bone image, vpitttarized light, of interseptal alveolar
bone biopsy between teeth # 5 and 6. This appeardemonstrates a pattern typical of that
where that ultralow stress delivered to the palatzolus (Cf. palate per se). The woven
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bone pattern is similar to that seen in Fig 3 E2R.) and that secured in most patients
treated with this appliance.

Fig 7A (above) (Pt. K.L.) Demonstrates a contpga@men taken from the mandibular
alveolus between teeth numbers 22 and 23 not dedjéz stimulation. This internal control
demonstrating steady state lamellar bone conttaske typical histological pattern of
“reactive, woven” bone modeling pattern as draneatim Figure 6A and 6B.

Fig 7B (below) Internal control specimen shows jwablarized light, a normal mature
lamellar bone pattern. “Reactive” woven bone do®@IMPPEAR in this polarized section
because it is in a “steady state” of osteoclassieablastic dynamic equilibrium with a

highly organized Haversion systems (osteones) cterstic of relatively unstressed bone.
This contrasts with the “reactive and woven bongjemrance in the same patient in Figures
6A and 6B, where the Max-2000 appliances appliecefto the palatal alveolus, through the
spongiosa to the labial cortex, which appears trepts subjected to ultra-light force induced
alveolus development. (Pt. K.L.)

Fig 8(A—E) Transmission cantilever (dotted lineAijnshows strain-induced
mechanotransduction within the osteoblast, trarsfieio adjacent cells. (A) The cell is
contacted. (B) The cell ( asterisk)reacts to meidaistimulation after lifting the cantilever
with an increased calcium concentration (C) Theiaat signal spreads to the whole cell,
and (D) signals pass on to five neighboring cetidi¢ated by crosses) Bar = 2th. (E)
Localization of green calcium markers within stedrosteoblastic cells and at cell-cell
contact points (arrows) after a 72-h culture perfedctin is shown in red. Bar = 10m.
(After Charras GT, et. al. 2002.

Fig 9 A & B show the same smile, a bimaxillary posion, by some standards too large for the
adolescent. Yet, maturity makes it estheticallyrappate for the adult face. Note split image
comparison in Fig 9C.

Fig 9C This figure illustrates the idea that th@radictability of human facial development can a&gu
for “larger smiles” in adolescents.
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Fig 2A Case #1 E.R. Noncompliant 18 y.o. HispanatenArch wire is passive.

(Periodontal Surgeon: Dr. Neal C. Murphy)

Fig 2A and 2B
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Source: Dr. Neal C. Murphy, CWRU, UCLA

Figure 3A and 3B.
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Source: Dr. Neal C. Murphy, CWRU, UCLA
Figure 5A the Max 2000 alveolar
development appliance 2 months
after insertion

Source: Dr. Neal C. Murphy, CWRU, UCLA
Figure 5CSite of “control biopsy”
indicated by probe

Source: Dr. Neal C. Murphy, CWRU, UCLA
Figure 5BoW indicates site of

Figs 5A, 5B and 5C

septal “reactive bone” k8gp
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Source: Dr. Neal C. Murphy, CWRU, UCLA

Fig 6A and 6B
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Source: Dr. Neal C. Murphy, CWRU, UCLA

Fig 7A and 7B
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(After Charras GT, et .al., 2002)

Fig 8 (A-E)
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Fig 9 (A-C)
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Addendum Elaborating on the appropriation of Pasad&hger.

This general use of the classic theological wageegd by the mathematician-logician/philosopher
Blaise Pascal suggests the when one is faced witthatomous choice in a field of future

uncertainty an analysis of the consequences isapsraéis important as the odds. In his day the choice
was to believe or not to believe in the existernic@a@d and the consequences of making a wrong
decision. Pascal concluded that considering theamurences of choosing incorrectly (eternal
damnation) the logical choice is to believe. Irstbaper’s context of logical reasoning to solve
clinical conundrums it refers to the choice of agting or not extracting bicuspid teeth in a fiefd
uncertainty of a future individual facial growthtfgan. When considering the reversibility of a non-
extraction treatment plan and the consequencesvobrag choice, (flattened profile) it seems prudent
to remember the logic behind Pascal’s wager, (“imegthe bet” in modern vernacular) by electing a

non-extraction protocol.



