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Appendix 3. Principles of Treatment

Individual

Conscious C Lips i
Clean mouth / tongue
Emergency treatment only

Evaluation of oral health — candida
v Dry mouth — saliva substitute

Denture treatment — new / reline / remake
Palliative care — tissue conditioner
Patient Family/carer
seeks care seeks care
Dental problems > None

Assessment of dependency

F Frail
independent dependent

Level of cognitive impairment

Able to benefit Unable to benefit
from treatment from » No

\

Level of co-operation

No restraint General [l m==o—oc——cc—c———c—c——cooo >

o
chemical
restraint

| ‘

Level of physical impairment.
v v

[~ Able to maintain
hygiene or with help

Unable to maintain
hygiene

Yes o Areteethof value? ——— No ——» No treatment
Can person use denlures?_/'

Risk / benefit of treatment ” High / low ” No treatment
Low / high
v consent v
by by consent __________________ >
individual significant other Consent not possible

Rational dental care

L, Rehabilitative ‘/

& constructive,
comprehensive care

Maintenance No treatment
& monitoring

Limited treatment

Emergency care
Pain and infection
control only

© 2006 The Authors Journal compilation © 2006 Blackwell Munksgaard Ltd, Gerodontology 2006; 23 (Suppl. 1): 3-
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What Matters

aAsk and document goals of care during
treatment planning with the patient
and/or their families.

« Incorporate patients’ needs and

; sldentify patients who are at rist
limitations in personalized treatment plan el b dat iy fo
3 m rampant | caries), an
sAssess patients for capacity to make oral L hmﬁ}a ;
health decisions and identify resources for
shared decision-making including family .
members or caregivers  Spa éﬁé_’, o
Dentistr AFHS
Mentation Mﬁaﬁ&éﬁ&h Mobility
sMini-Cog and depression screening =Eliminate transportation, mobility
=ldentify clinical s&“:sinns with referral hacitEis "':;;:;NH: inf peedel
5. +Sereen sensory changes ta enhance
eRefer patients to medical specialist Es :
(weight loss, swallowing difficulties), mum and hd“ﬂu-mﬂ?m
psychological counseling (depressi <Evaluate patients who are at risk for
dementia) or cognitive rehahilition falling and implement patient-specific
strategies to prevent falls
AM-n 771D 5 0'wIN
KEY COMPONENTS OF Incorporate the 4Ms in the
AFHS DENTAL CARE: dental treatment plan
Medical and Cognitive status and Patient
3, ASSESS dental history  physical limitations values
: ¢ Personalized care Record the assessment
ZACTON plan of aMs in dental EHR
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» three dimensions. For example, establishment of the

inter-jaw relationshipis crucialin removable denture
rehabilitation, as well as in fixed full arch prostheses.
Extensive selective grinding also calls for a decision
regarding the mandibular position. Indeed, in recent
decades reestablishment of correct intermaxillary
relation has beendiscussed atlengthin the prosthetic
as well asin the orthodontic literature**.

Among the terms used to describe the mandibular
position, the most accepted is Centric Relation (CR).
The term emerged in the search for a reproducible
mandibular position® that would enable prosthetic
rehabilitation in edentulous patients®, and later was
adoptedfor partially edentulous as wellas dentulous
(dentate) cases. CR is considered a joint position
that is obtained in the clinical setting by actively
positioning the mandible, and it can be consistent
with a continuous range of vertical dimensions (VD).
Typically, clinical manipulation putatively requires
theclinicianto manipulatethe mandibleinanarcing
movementwith the leftand righttemporomandibular
joints “in CR”. In dentate cases during the initial
contact of teeth, termed Retruded Contact Position,
thismanipulationviathe CRarcof closureis posterior
andinferiorto MIP.Regardless, during treatment, the
aim is to position the condyle head in the anterior-
superior position against the slope of the articular
eminence.

The term CR, which brought with it a great number
of theories, terms and dogmas, is taught in
various dental schools, leaving many perplexed’.
The confusion is well demonstrated in the previous
8th edition Glossary of Prosthodontic Terms
(GPT-8)%, in which seven CR definitions appear. Some
of the terms contradict one another, completely or
partially. All seven definitions relate to the position
of the head of the condyle in the glenoid fossa during
the so-called CR position. Some of the definitions
clinically relate to the condylerotation orto its point of
exittoward lateral movements. Even after perusal, the
termremainsvague and non-uniform. The vagueness
is magnified as this term is the basis for rehabilitative

settings, towhich many other prosthetic termsrelate.
These include: retruded and most retruded position,
anteriorsuperior position, posterior unstrained position,
uppermost position and rearmost position.
Moreover, assessmentofthe level of consensusregarding
CR shows that numerous definitions are being used
and clinicians tend to select the definition they were
taughtindentalschool, withoutadopting newerones’.
Recently GPT 10' was published and under the term
Centric Relation there is only one definition, a partial
combination of the seven previous ones from GPT 8,
but it is still insufficiently clear®.

As mentioned above, the discussion regarding CR
is long-standing. Inter-maxillary registration is first
referred toin 1756, when Phillip Pfaff'® addressed this
registration as “taking a bite.” Francis Scott Weir spoke
ofthesignificance of CRin 1926 atthe New Jersey State
Dental Society Conference!. This concept, conceived
asacrucialissuefor properoral rehabilitation, ended
with the conclusion that "Incorrect CRis responsible
formorefailuresthan any other cause" and”...correct
centric relation is the most important step in full
denture construction." Years later, incorrect CR was
discussedinrelation to dentate subjectsand related to
bone loss, pain and occlusal pathology. A quote from
Granger,datingto 1952*2 reflects the attitude of some
dentists during this period: "There is no single factor
in all dentistry equal in importance to CR." However,
itis not clear what the precise definition of CR was at
the time.

The historical evolvement of the CR literature can be
dividedintothree periods. Thefirst,dating to before the
1960s,in which the main concernwas the methodology
used to register CR for dentures. The second, which
lasted until the 1990s, in which the issue was the
registration of theinter-occlusalrelationship between
theteeth. Thethird, continuingto date, dealing mainly
withvariousimaging methods aimed at detecting the
condylar posture.

Overall, in the history of modern prosthetic practice,

there has been some controversy among clinicians vy
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Abstract

Background: Reproduction of the three-dimensional
relationship between the maxillaand the mandibleis
essential in prosthetic dentistry. In the past century
the Centric Relation (CR) position has been the most
putative and acknowledged concept.

M&M: The present article describes and reviews
the available scientific evidence for the usage of CR
position, while questioning its selection for inter-
maxillary registration.

Results: From theevidence presentedintheliterature
fromthelast100years, thereisnorealscientificevidence
forthe use of centric relation as a maxillo-mandibular
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relation. Patient and practitioner perspectives are
discussed fromapractical pointofview and a paradigm
shift is suggested. A patient driven relation (PDR) is
described as an alternative approach.

Conclusion: CR has no advantage over the MIP
(maximal intercuspal position) or habitual position
when relating the maxilla to the mandible. Alternatives
forinter-occlusal jaw registration in CR are proposed.
We therefore suggest the term patient driven relation
PDR, asthe conceptof usein caseswhere anew maxilla
- mandibular relation is needed.

Keywords: Centric relation; condyle position, maxillo-
mandibular relationship

Introduction

Establishment of the three-dimensional relationship
between the maxilla and the mandible is essential
in many prosthetic cases, as mandibular positioning
determines tooth location and occlusal contacts. If
teeth are present, the maxillo-mandibularrelationship,
i.e.thecompleteintercuspation ofthe opposing teeth,
is called the maximal intercuspal position (MIP) or
habitual position’. In the absence of teeth or tooth
contact between the opposing jaws the clinician

must decide how to relate the jaws to one otherin all p



p between CR and MIP%*:%, The error range may be

attributedtoan errorintheregistration oradaptability
of the temporomandibular joint (TMJ) which, like
other joints in the body, has physiologic tolerance. It
requires freedom of movement in various directions
and has the ability to adapt to different situations. It
could beargued thatthe mechanisticapproach of the
historical gnathologists is not a suitable one for the
TMJ. Measurements of the mandibular position are
influenced by the patient’s position and the technique
used®. True repeatability cannot be achieved and more
importantisnotnecessaryinsuchanon-rigid system.

True hinge axis position
in the CR position

It was assumed that as the applied articulators have
only a rotatory movement, the clinician’s use of the
CRis advantageous owing to its similar movementin
this position. However, studies show that there is no
pure rotatory movementaround afixed intercondylar
axis during jaw opening in CR or MIP?%442 This can
be accounted for by the fact that the condyles are not
rounded, and thattheiranatomyis notageometrically
regular shape or contour®. In addition, there is a
difference between the left and right side, resulting
in a complex three-dimensional movement.

Stability of CR position

There is a major lack of information regarding the
stability of CR as a position. Celenza followed 33
patients, for12years,and found thatonly one patient-
maintained stability in the CR position*. Utz et al*>
examined the occlusion of newly placed full dentures
and showed changes in occlusion. Three weeks after
insertion of the new dentures, an average 0.5 + 0.4
mm (0-2.9 mm) difference was found in all three axes
(sagittal, coronal and horizontal) compared with that
on the day of delivery. One year from insertion of the
denturesadifference 0f 0.62+0.04 mm (0.04-1.76 mm)
wasmeasured in thesagittal plane. Dervis* showed an
increased distance between the CR position and the
maximum intercuspal position 3 years after denture
placement. Changes in occlusion may be expected

and thus there is no scientific evidence that CRis a
stable position.

Is there scientific evidence for the position
of the condyles in Centric Relation?

One of the most important parts of the definition of
centric relation is the position of the condyles in the
glenoid fossae.According to the CRdefinition, the relation
between the condyle and thefossa underwentchanges
overtime (GPT 8). The definitions and studies relating
to thisissue before the advent of 3D imaging devices,
made assumptions regarding the best position of the
condyle in the fossa and how it was to be achieved.
Severalstudies that examined the condyle position
inthe glenoid fossa with the use of cephalometric
images*’ computerized tomography (CT)**° and
magnetic resonance imaging (MRI)***3, did not
show any statistically significant difference when
the condyle was in the MIP or CR position. The
investigations revealed frequent differences in
position betweentherightand left condylesand there
was no consistency between subjects. Moreover, the
condyle position recorded with different imaging
systems not only does not match the suggested
definitions for CR in the GPT, but refutes them in
some cases. The inconsistent findings or inability
to record or define a position with the various
imaging systems is because the condyles and the
glenoid fossa, are not a geometrically regular shape
or contour. Also the analysis of the data from the
imaging systems depends on system resolution,
variability in angulation, difficulty in defining clear
reference point for measurements etc. It is most
likely that the CR definitions were based on clinical
sensing and on registration based on articulators
comparing the two positions, i.e. the early GPT
definitions were written without essentially seeing
where the condyle was positioned.

Discussion

From the evidence presented above, the concept of
CRisinadequately supported by the literature-asa

maxillo-mandibularrelation. The new definition of ¥
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regarding the CR concept®*!¢. The purpose of this
article is to review critically the available literature,
reevaluate CR as a clinical landmark in daily practice
and to propose alternatives for inter-occlusal jaw
registration.

Literature Review

Is there scientific evidence for the
proposed reasons supporting the use of
the term Centric Relation?

The term Centric Relation was used in dentistry long
beforescientific articles were published onthe subject.
All the scientific articles published since 1930 tried
to justify the use of CR as the preferable position for
intermaxillary relation. The reasons can be divided
according to the clinical benefits accruing to patient
and dentist.

From the patient’s perspective, the clinical benefits
proposed intheliteratureinclude chewing,swallowing
and comfort. From the dentist’s aspect, the clinical
benefits derived from using CR include: repeatable
position, the true hinge axis found in CR and the
stability of this position.

Patient’s perspective of CR: chewing,
swallowing and comfort

Differentopinionsappearintheliterature asto whether
CRisassumed duringchewingand swallowing. Some
maintain that CR is a habitual position assumed
physiologically during swallowing'" ¢, Moreover,
swallowing was described as a method of locating
the CR for the construction of dentures®. On the
other hand, others claim that there is no correlation
between deglutitionand CR®. The CRduringswallowing
depicted amoreanterior position ofthe mandible when
physiologic recording was performed, compared with
that obtained in graphic recordings and with other
passive methods? 2,

With the aid of a contact sensor, Pameijer® found that
swallowing contacts, in dentate subjects, are more likely
inMIPthanin CR, ataratioof182:5. He later showed that
even when occlusal adjustment is made to eliminate
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interference, the CRis not achieved, concluding that
CRisprobably notafunctional position®. From all the
above thereislack of evidence supporting the notion
that swallowing and chewing are in CR.

Patient's comfort

The patient’s comfort is one of the most important
aspects of jaw relationship. Itisthe patient who needs
tofunctionin this position and if itis not comfortable
for him, the position is not relevant. Consequently, it
was of interest to evaluate the patient's preference
between MIP and CR. Glickman etal (1974)? performed
a study in which two complete fixed partial dentures
were constructed, one with the occlusion in CR, the
other in MIP. The prostheses were tested by using
telemetry during function and it was found that MIP
was preferred even after experiencing prostheses built
inthe CRfor 3 weeks. Another study supporting these
findings showed thatthe CRpositionisuncomfortable
and unstable during mandibular jaw movement?.
Inspection of the comfort and function reported by
edentulous patients with complete dentures revealed
a significant association between accuracy of jaw
relation, (i.e. where MIP = CR) 3 months after denture
placement and satisfaction from the denture during
eating and wearing?’. Despite these initial findings,
threeyearslaterno correlation between denture usage
and occlusal relationships was found.

It may be concluded thatasthe CRis notacomfortable
position from the patient's perspective, it should not
be used as a position for the intermaxillary relation.

Practitioner’s perspective of CR:

Repeatability

Themainadvantageintheuseofthe CRposition statedin
theclassicalliteratureisthat CRisarepeatable position.
Although it was advocated for its repeatability’, when
measured the distance between CRand MIP showed an
average 0.2-1mm?34 with a standard deviation of 0.1
t0 0.4 mm?*** These deviations may seemsmalland
negligible, but it should be borne in mind that these

slight deviations may result in the entire difference p



p in the mouth is by positioning a flat surface, usually

on the upper jaw/teeth, and a pin seated on the
lower jaw that touches the upper plate in the desired
vertical dimension. The patient is asked to perform
movements, without the dentist’s guidance, to the
right and left, as well as protrusion and retrusion.
The resultis aV-shaped drawing on the plate. The tip
of the V- shaped marking represents the point where

'Figure 1

the patient starts and ends his lateral movements
(Figure 1). This point, representing the PDR, can then
be transferred to the articulator.

Second, the maxillary-mandibular relation can be
registered also by tooth tapping. Therationaleforusing
this method is that in doing so the patient closes his
jaws at exactly the same point® %%, In studies that
examined tooth contact during tapping in relation to
habitual position, the two-position coincided when
therewasan opening of lessthan 4mm while tapping®.
The patient is asked to open his mouth slightly and
closeitquickly severaltimes, similarly to the practice of
checkingthe height ofa newly performed restoration.
The two methods can record the relation of the jaws
without operator guidance. The condyle will thus be
positioned in the glenoid fossa after an equilibrium

between allthe elementsaroundthejoint (e.g. muscle,
ligaments, cartilage) has been reached, resultingina
specifically convenient position for the patient.

Conclusion

The concept of Centric Relation started as a clinical
theory for a true clinical need. Over the years it was
adopted asafactwith noscientificevidenceto support
it. What was left for discussion was how to register
it. From the discussion above, it is evident that the
grounds for supporting the use of the CR as a clinical
landmark has no clinical rationale, neither from the
patient's or the practitioner's perspective.

The patient does not function in this position, it is
not comfortable, repeatability, pure rotation and
stability do not exist. The physiologic position during
occlusionin 90% of the populationis MIP not CR. So
why advocate the use of CR position for rehabilitation
of occlusion? CR has no advantage over the MIP or
habitual position when relating the maxilla to the
mandible. We therefore suggest the concept patient
driven relation PDR, as the concept of use.
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centricrelationin GPT 10is: "A maxillo-mandibular

relationship, independent of tooth contact, in
which the condyles articulate in the anterior-
superior position against the posterior slopes of the
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is restricted to a purely rotary movement; from
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asitis notaround. The condyle is not a round object
neitheristhefossaaconcave symmetricalarea. There
is no pure rotation and again the left and the right
sides are different.

As for the unstrained and physiologic position, it is
not a physiologic one. The definition of physiologic is
"The normal functions of living organisms and their
parts."**. According to the literature?®**,in 90% of the
population there is a natural difference between CR
and MIP,so that the physiological closureisanteriorto
CR. This position cannot be physiologic or unstrained
by definition, especially if the patient has to be guided
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What about the repeatability of this position? It
is clear that the joints are not a rigid mechanical
device and require freedom of movementin various
directions in order to be able to adapt to different
situations. It could be argued that the mechanistic
approach of the historical gnathologists is not a
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suitable concept for the TMJ.

Forthe CRrelationto beapositionthatcanbeapplied
in clinical practice, allthe reasons discussed above
need to co-exist. For example, if the repeatability
of this position is a major reason for its use, what
is the advantage of its application if the patient
does not feel comfortable or does not function in
this position?

What are the alternatives to the
maxillomandibular relationship record?

Theneedtorecordtherelationship between the maxilla
and mandible in cases of full-mouth rehabilitation,
partial or full denture fabrication, is a real need
that cannot be ignored and should be resolved. The
maxillo-mandibularrelationshipis decided by setting
the preferred vertical dimension and the position of
the mandible. The two determine the position of the
condyleinthe glenoid fossaand therelation between
the different components in the joint. The goal is to
placethe condylesinthe patient’scomfortzone, aiming
foraspecific position of the condylein the fossais less
importantasits position cannot be seen orverified. The
anatomy of the ligaments and muscles should serve
to guide the condyle to its preferred place. Another
important consideration is the patient's comfort in
this position. To achieve this, an active recording of
the maxilla-mandibularrelationshipis necessary. This
means that the recording should be performed when
the patient, not guided by the dentist, actively moves
his mandible into a comfortable position, the patient
driven relation (PDR).

Two clinical methods can be suggested to achieve
the double goal of a convenient TMJ position and
the patient's comfort. The first is to draw a Gothic
arch specific for the patient, the second is tooth
tapping. The two techniques will guide the mandible
anteriortothe CR position as classically defined®>°.
The Gothicarchmethod, allows tracing ofthe mandibular
movementinthehorizontal plane. Sinceitsintroduction
in 1866 by Balkwill*® and later modification by Gysi*’,
many different ways to perform the registration have

been published®“. One way to trace the Gothic arch p



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

of achieving centric relation. J Prosthet Dent.

1997,77(3):280-4.

Serrano PT, Nicholls JI, Yuodelis RA. Centric relation
change during therapy with corrective occlusion
prostheses. J Prosthet Dent. 1984;51(1):97-105. Epub
1984/01/01.

Simon RL, Nicholls JI. Variability of passively recorded
centric relation. J Prosthet Dent. 1980;44(1):21-6.

Watanabe Y. Use of personal computers for Gothic
arch tracing: analysis and evaluation of horizontal
mandibular positions with edentulous prosthesis. J
Prosthet Dent. 1999:82(5):562-72.

Ferrario VF, Sforza C, Miani A, Jr, Serrao G,
Tartaglia G. Open-close movements in the human
temporomandibular joint: does a pure rotation
around the intercondylar hinge axis exist? Journal of
oral rehabilitation. 1996;23(6):401-8.

Hellsing G, Hellsing E, Eliasson S. The hinge axis
concept: a radiographic study of its relevance. J
Prosthet Dent. 1995:73(1):60-4.

Lindauer SJ, Sabol G, Isaacson RJ, Davidovitch M.
Condylar movement and mandibular rotation during
jaw opening. American journal of orthodontics and
dentofacial orthopedics : official publication of the
American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics.
1995;107(6):573-7.

Shruthi  H PB, Shishir RS. Morphological and
Radiological Variations of Mandibular Condyles in
Health and Diseases: A Systematic Review. Dentistry.
2013;3(1).

Celenza FV. The centric position: replacement and
character. J Prosthet Dent. 1973;30(4 Pt 2):591-8.

Utz KH. Studies of changes in occlusion after the
insertion of complete dentures. Part I. Journal of oral
rehabilitation. 1996;23(5):321-9.

Utz KH. Studies of changes in occlusion after the
insertion of complete dentures (part Il). Journal of oral
rehabilitation. 1997;24(5):376-84.

Braun S, Marcotte MR, Freudenthaler JW, Honigle K. An
evaluation of condyle position in centric relation obtained
by manipulation of the mandible with and without leaf
gauge deprogramming. American journal of orthodontics
and dentofacial orthopedics : official publication of the
American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics.
1997;111(1):34-7.

Ferreira Ade F, Henriques JC, Almeida GA, Machado
AR, Machado NA, Fernandes Neto AJ. Comparative

49.

50.

5T.

52.

53.

54.

55.

56.

57.

58.

59.

analysis between mandibular positions in centric
relation and maximum intercuspation by cone beam
computed tomography (CONE-BEAM). Journal of
applied oral science : revista FOB. 2009;17 Suppl:27-34.

Henriques JC, Fernandes Neto AJ, Almeida Gde A,
Machado NA, Lelis ER. Cone-beam tomography
assessment of condylar position discrepancy between
centric relation and maximal intercuspation. Brazilian
oral research. 2012;26(1):29-35.

Lelis ER, Guimaraes Henriques JC, Tavares M, de
Mendonca MR, Fernandes Neto AJ, Almeida Gde A.
Cone-beam tomography assessment of the condylar
position in asymptomatic and symptomatic young
individuals. J Prosthet Dent. 2015;114(3):420-5.

Alexander SR, Moore RN, DuBois LM. Mandibular
condyle position: comparison of articulator mountings
and magnetic resonance imaging. American journal
of orthodontics and dentofacial orthopedics

official publication of the American Association
of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 1993;104(3):230-9.

Kandasamy S, Boeddinghaus R, Kruger E. Condylar
position assessed by magnetic resonance imaging
after various bite position registrations. American
journal of orthodontics and dentofacial orthopedics:
official publication of the American Association
of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 2013;144(4):512-7.

VenturelliFA, Zuim PR, AntenucciRM, Garcia AR. Analysis
of mandibular position using different methods of
location. Acta odontologica latinoamericana : AOL.
2009;22(3):155-62.

Oxford Dictionary. Available from:
https://en.oxforddictionaries.com

Hellmann D, Becker G, Giannakopoulos NN, Eberhard
L, Fingerhut C, Rammelsberg P, et al. Precision of jaw-
closing movements for different jaw gaps. European
journal of oral sciences. 2014;122(1):49-56.

Fereday RC. Francis Balkwill and the physiology of
mastication. British dental journal. 1994;176(10):386-
93.

Gysi A. The problem of articulation. Dental Cosmus.
1910;52.

Nishigawa K, Suzuki Y, Ishikawa T, Bando E. Effect of
occlusal contact stability on the jaw closing point
during tapping movements. Journal of prosthodontic
research. 2012;56(2):130-5.

Yamamoto T, Nishigawa K, Bando E, Hosoki M. Effect
of different head positions on the jaw closing point

2024 110XT | 33°DD|I"7'2 | NON DIP'WT7 Y7KIWM TN |IN'Y 34



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

35 2024 72nXT | 33'D0|I'72 | NON DIP'WT Y7KIWN TN |IN'Y

vertical dimension to the health of the masticatory
system. J Prosthet Dent. 1991,65(4):547-53.

Jasinevicius TR, Yellowitz JA, Vaughan GG, Brooks ES,
Baughan LW, Cline N, et al. Centric relation definitions
taught in 7 dental schools: results of faculty and
student surveys. Journal of prosthodontics: official
journal of the American College of Prosthodontists.
2000;9(2):87-94.

The glossary of prosthodontic terms. J Prosthet Dent.
2005;94(1):10-92.

Wiens JP, Goldstein GR, Andrawis M, Choi M, Priebe JW.
Defining centric relation. J Prosthet Dent. 2018.

Wikipedia. Phillip Pfaff Available from: https:.//
de.wikipedia.org/wiki/Philipp_Pfaff

Weir FS. The importance of centric relation and
balanced occlusion for maintaining stability in full
dentures. Dental Cosmus. 1927;69:45-52.

Granger ER. Centric Relation. J. Prosthet Dent.
1952;2:160.

MossML. Afunctional cranial analysis of centric relation.
Dental clinics of North America. 1975:19(3):431-42.

Rinchuse DJ, Kandasamy S. Centric relation: A historical
and contemporary orthodontic perspective. J Am
Dent Assoc. 2006;137(4):494-501.

Sheppard IM. The bracing position, centric occlusion,
and centric relation. journal of prosthetic dentistry.
1959;9(1).

Silvermam mm. Centric occlusion and jaw relations
and fallacies of current concepts. journal of prosthetic
dentistry. 1957;7(6).

Niswonger ME. The rest position of the mandible and
centric relation. J Am Dent Assoc. 1934;21:1572-82.

Sheppard IM, Jacobson HG, Zaino C, Poppel MH.
Dynamics of occlusion.J Am Dent Assoc. 1959;58(3):77-
84.

Shanahan TE. Physiologic vertical dimension and
centric relation. 1956. J Prosthet Dent. 2004;91(3):206-
9.

Pameijer JH, Brion M, Glickman |, Roeber FW. Intraoral
occlusal telemetry. V. Effect of occlusal adjustment
upon tooth contacts during chewing and swallowing.
J Prosthet Dent. 1970;24(5):492-7.

Walker RC. A comparison of jaw relation recording
methods. J Prosthet Dent. 1962;12(4):685-94.

Alvarez MC, Turbino ML, Barros C, Pagnano VO, Bezzon
OL. Comparative study of intermaxillary relationships
of manual and swallowing methods. Brazilian dental
journal. 2009;20(1):78-83.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ingervall B, Bratt CM, Carlsson GE, Helkimo M, Lantz
B. Positions and movements of mandible and hyoid
bone during swallowing. A cineradiographic study
of swallowing with and without anaesthesia of
the temporomandibular joints. Acta odontologica
Scandinavica. 1971;29(5):549-62.

Pameijer JH, Brion M, Glickman |, Roeber FW.
Intraoral occlusal telemetry. IV. Tooth contact during
swallowing. J Prosthet Dent. 1970;24(4):396-400.

Glickman I, Haddad AW, Martignoni M, Mehta N,
Roeber FW, Clark RE. Telemetric comparison of centric
relation and centric occlusion reconstructions. J
Prosthet Dent. 1974:31(5):527-36.

McMillan DR, McMillan AS. A comparison of habitual
jaw movements and articulator function. Acta
odontologica Scandinavica. 1986;44(5):291-9.

Dervis E. The influence of the accuracy of the
intermaxillary relations on the use of complete
dentures: a clinical evaluation. Journal of oral
rehabilitation. 2004;31(1):35-41.

Agerberg G, Sandstrom R. Frequency of occlusal
interferences: a clinical study in teenagers and young
adults. J Prosthet Dent. 1988:59(2):212-7.

Cordray FE. Three-dimensional analysis of models
articulated in the seated condylar position from
a deprogrammed  asymptomatic  population:
a prospective study. Part 1. American journal
of orthodontics and dentofacial orthopedics

official publication of the American Association
of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 2006;129(5):619-30.

Grasso JE, Sharry J. The duplicability of arrow-point
tracings in dentulous subjects. J Prosthet Dent.
1968;20(2):106-15.

Posselt U. Range of movement of the mandible. J Am
Dent Assoc. 1958;56(1):10-3. Epub 1958/01/01.

Rieder CE. The prevalence and magnitude of
mandibular displacement in a survey population. J
Prosthet Dent. 1978:;39(3):324-9.

Wilson J, Nairn RI. Occlusal contacts in mandibular
retrusion. The International journal of prosthodontics.
1989;2(2):143-7.

Wilson J, Nairn Rl. Condylar repositioning in mandibular
retrusion. J Prosthet Dent. 2000;84(6):612-6.

Hobo S, Iwata T. Reproducibility of mandibular
centricity in three dimensions. J Prosthet Dent.
1985;53(5):649-54.

McKee JR. Comparing condylar position repeatability

for standardized versus nonstandardized methods P



NIMWINX NINTP 73 7V 701 . JIWXIN 71900 1P ON
N'OIN1TY 177N, 7900 OV N'9IN1ITI 113 N1T71970
0'719'0,"n917N 719'0,(CBT) "N1ININN 71970, 0"KNXY
010 013710122 WIN'W X1 OV

aropna .2

,NA0W7N "MW 7W N11'00IINI7'VII TN OT'0P1N2
NIWAI D170 NYIINN AW IK NIV [NTANWNINNN
NPNW ,NIN0Y71 O0M9 'aXJI 71737 M712'W N1'17p
N137Wnn Nian .O0"701T ONIThW 117W131 0MI'W
O1'J [JW ,TN1'NA NA1WN OT'0P112N 7W N1IY7pn
NANNW NYI90I NIIN2 NITAN NI'K NVIINN
JINMIAX'TNW 0121 0°N109N'02 NM17N X7X,71970
1211NN YN70 7W AXXIN ON NIN071 09 12aXJ
72107 7179w YN'7 ,n0W70 "MW T 7V 7V01N00n
0w 7WNTANNN NPNWN,T0131.0"11J3 0'AXJ7
NN |TaIX7 72107 2717V OU'0pPI112AN 1Py
7W NPIONONXAI TIPIN NYTIT71 NIIW NIANTA (W
NN7wWI37 O0Na7 717V OvopPina L3 1NJ .0M'wn
T'NNNN YN70 7W2 070317 ONITHW 7W OTIN
.On"7v 7v91nn

VUXaNN X7X,N1PN 7321200 137K 07021121 71900
0'2XJ 7W 0MPNA.NIYN WATTA Y70 P1I 004 TWX3I
NNNIYN77M10 TONNKNN 7713 [IWXIN 71900 17,0117
O0"MpnNa . JWwnn 7u1 0'PIgnn 7V 0MMwn 7W YN7n
070N, 0703 TOMITNW [17W'J7 01120701120 O0NAW
SJIVINKT.ONTNNX TIXN710M1TNWA 7Y 1an7 017137
W ,0"Mwn 7W NTNIVAWN NPNW NWNINN 1WX3I
TIPINN NX 'TNNT1 {013 P V1INT7 13 719702 71X
.N0W7n N3N 7W 1'pnn

ARILA

2D TON

MMP-NpwI " T

0'ADN D'TDA 071V

,'7017T0 719702 21WN 1IN 73 ON 0100 O'TON
YINQ O0")'W X911 2172 2N WIN'W 002 NWYJl
NIXANAO'TO [1"7'N NWI17W3 O'WXI1AN NIW 731.071V21
.O0"77TA1 O0'J71n 090NN 7KW1 01,7272 N"Man
11 71272 0P ,O0'TON OV 13210 7W N1MJnn NiNnY
O1WN O7TON 107 VA1IJAN'X191N N1NY021 0719
NNITNANT7 XTNINKNNNI0N . 0N WIN'WA NIMINNYI
NIX19INNI7XW7 NIYNNN71 01NN NITINNNNIAION

.00 O'T01 WIN'W'7 il

01D D'TD] YID'W7 Ni'liNN

(TMD) nD'w'70 NJWN2 NI"TIPYN NVIoA .1
7w nx12p — TMD (Temporomandibular Disorders)
NITPINNIVIZNIANKI 02VNN,0M707P017101N 0"2XN
.ONIX 022101 O0"J2N21N07N0 'P19N1,N0W 70 ""MwA
T2 AXI7 N1 O'N'JWN 0NN TNX XIn TMD
1N0119 2014 NJw21 77017 AXJ "INX NIND7N1 090
X O'p7nnn, DC/TMD-n N1VI9n 11NAX7 OI1M0M)
NIWIINTMMW NPNN NIVITN NIMPW NIXR P W17wW7

.TMD up1 7V WX 12X3J1,'P9Nn1pPnn
W0 ,AKI 07713 TMD 7w 0'X19310 O'N109NT0N
0110 .N070 'p19na (0'pP77P) 0wy nV1INANI72In

AXIN NWINN XN OMI'W XI117 n"I97 13700

010N O'TON YWKI NWAnnd 7713 TMD-2 71900

DIP'WA NINDNN,'T MY ANDAD - QMP-NPw w1 T
N9’ ,0"2N1 NINIDIN NMIPN ,NON

2024 110XT | 33°DD|I"7'2 | NON DIP'WT7 Y7KIWM TN |IN'Y 36



N1IPONNPON 7Y NIWPNN,I7K OMPNNANTTNIVNALN
NV NMPIVN NTTNTYAN NTTYNWNA-TNT N9
O0"pNNn .O091Wn 0MPNNN "2 1210 N1IAN0NNN
0'72100,0'7910N 7W NJIW NIX12p 07712 0TX J1
NIT'NXN 101N .O7'0{1121 TMD 7w n131an Nyginn
JPNNN TNINA,OMPNIN OUINWNA PNNN NXIapa
NNMWN7 nWpW 737 7210 ,TIV1 1IN2JW O'TON 1102
NJjpON7 vn7 13 71NN, O0IIWA 0PN NIKXIN 2
111"JN 17X 0NN NY01I WA [0 N1'0N .N11NA
0"717VW 021 0'NIA 0JW?, 07X J22 0MpPNN2MAITAW
N11INN,0"7910NN NN [IIN 123 NINXINN DX NIONT
J12X790 VPO 17'9XT1,719'07 N1713'09N0

13 2004 NJW2 0INKNA 1N01Y 1'gNn1w1 Forssell
11NN AXI NNNYNA NI O77'WT 010N O0'ToN
79N2 NIPNW 1XJ NNNYNL 1WXN 1070 "MW
7127 TIN-1N19N0N

100'000 AW1N X1 NNT (number needed to treat)
7177773 0027907 WATIW O'7910NN 1Y0NNXK VNN
NNT-n .TNX 79100 7XX 0'N109N'01 50% 7W navn
71907 4.3 Xx1n noniwi Forssell 7w ohpnnaawinw
JP19N NPNN AXJA 719707 6-1 MW 11PNN AKJ]
O0'"TONW 773191201711, 0™MpPNNN OMIANKANINNT
.070pP1N221-TMD 1 '719'021 7'V 73 ON 07100

0'X191n 0"1ADN O'TDN

NU2IXA TPNNI X,07A0 070 7W O0'21 010 0N
J1N901 01"7PN O0MpPNNA 03NN N1 0'XI19I0
700 10T — Flat Plane Stabilization Appliance
N071 JWnn 7W X700 M0'J2 [MIXNNN N Y1930
N077 OXNIN XIN 217 .N'WP 7PKN XN NNK
NI2X NAWN N17713 NIMpPrun 110N .ain7un
NIN1JN 7W T'NX NIT'Y JJWNN 7V N30 ,N'Pagn
NNNYN2YTONW NN ,N070 "MW NVIIN1 010N
O'X7N O0'WANN7713 N1 TO2AN"MA0N NNJ0N.OT'0pPI1NA
.TON 7w "Ma0n P7nn 0V N'TAIn N071 0'wn 7w
O0"J'WN "2 NTI90 NYXANND NITN0Y7 NIVIIN 77nN2
NT1JN1 IX O0'2'J2 VAN NIYXAKA O'NWY7 NIMINKD
XIN N1 TO .NIMINK O"I'W 190N N'77130 N'NXIAP
XI'N X1N 0NAW 0MPNA1,IY7P WIN'WANIM Y1910

JTIND 7INI JWN7 PUI7 13°00 — NIINPYN 97
OTpn Nt TO — Anterior Repositioning Appliance
NIANP OMW7 AN N'NTP NTNY7 27127TINN DK
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NX ‘7210 — N1MA0 011 NI'NIY 01 — NINKNN V1X1A
O'P1TN O0MI'WA X W 0NAW 0PN 12 Win'wn
N1 D122 17W K720 ,90112 .N12371N NINKNNA 1K
.UAX NII0I NWPN TONN NI N2 NN PNWI XN
J17W N1913N0 1197002 711X W NKT Y
NIINONTNIIINNT A JIT'XA D170 O'KNNN TON NN
.MPNINI7NI 070NN TNX 73

0211 0'wpP D'TD NI7'W! NNIIYN
01'DPINA1 719'D]

TNT1AX72WwNI 1985 NIWA 00 NI W [I0PIX 7WAPNNN
71710132 719'02 0371 0'WP OVT0 7W NI7'W'N NN
NV IPNNN 7w INITINT (1717 OT'0P1N2) OT0PINA
.(Crossover Study) 121X-017p NL'W1 WIN'WAN
7321,0°T0N 210 JW1 n0INN qNNWN 73 ,AT 1pNna
NIN'AN NX NNIWN 1T n0'W .INXY7 N1jpaJ wnwn
NUNWNN NIYVIWAN DK NNXNXN X'TNW JIANIKXINN
.07W O'9NNWwn M

1JWn OV 0°'KM2 O0'PT2) TWY-TNX 19NNWN 1NN
1TW,"NXY N11"T'97 01021120 0721073 1IN2IKW ,X7N
1TNXIN NITINOP7X .NONT NJ1INI 1INAX NIIN'N NN
NI7WINNX TITN7 " TI gnNWwn 73 7w 00nn MW7
EMG niyxnxa n7'7n 717nna 7Mwn 7w n'7nwnn
(Mzarnnup7X)

N77 M7'72 nnwNI qNNWN 73 70 nMMwa N7'won
7W N1'7'721 NN TO2 WIN'W 7W N17771,T01 WIN'W
TWN7nWp 102 WNNWN 79100 73 .AWpPN TOA WINW
NWNN7WN9'0W NI1PN 1Y [ININK71,N17'7 nyvaw
7W NVIWNN NX 71017 113 (washout period) n1'717
NN 102 WIN'W7 1aVWw 97 ,nWwpn ToNn

NJINW 7XX ,NWPN TOA WIN'WAW XN NIXKXINN
7W N17'991 0T ANKYI 0791000 TWY-TNX 71NN
,J0N 702 WIN'wA ,NKT NNIVY7 .NJ'W1 100NN "MW
TINN AWN TIVA, N17'U92 0T NN TNX 79100 )
JMMwn NI7'yga a7y 1IN 0791000 T1WYU-TRX
7V INIMTW O'9NNWNAN TWY-TNX 7NN NW'W 70112
7V N1IT717N0 PNNNN7'NNA0O"0NIVIN'OXI ONXY
O™"MW NI9MVI P90 AXI 1MW AXI 7W 0'N0N
.00 TO2 WIN'WA N2pul

"MWYN 077 TO2 WIN'WW ANA IP1INN NIPON
NPNAIN NMIXANNIN,N7'0PNN 21 7V nWP 7MpKN
173 N7 MWY 1371 NY7770 nTMMiwn N17'99n DK
NINN7 'J X7 21wn 777 Oropnnaa 719'oa 7't
,JOPN2 [0 APNNA 12T NITNIVAWNAN NIJPONN

AWINYT7 7179W 12T ,MINKN JWNN 7V 1110 0] 'K
WT 12 WIN'WA 1371, NIMINK 07I'W 7W N NIVHPA
.TO2 WIN'WA JWN N'72101 NYI1IN NN

O"NW j71n0J3NN T0 10T — Anterior Bite Plane (NTI)
MINKD PJWANNXN0IN 1K, NI'NTP OMI'W NIINW TV
NT T01 JWINN WINWA NI'TIINN NI'VAN NNK 773
NTNOIX7IMINKN PJWNN 7W NIVPA7 NNWINA KN
O'WPn 01NN 070 OMI'W - "NTPn PJwnn 7w
TO1 WIN'WN ,O0M7XXI019N 013700 1V .J1Pp'N7
JINM0N NIITNA 10KI TK1,Y7N1N 137K N1

773 1012 OxNiIn Nt 10 — Posterior Bite Plane
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INTN7 W 371,0MX0 X7 00 0M1I'WY7 017 717y
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NXIN NWpP TO 7W NI" 7170 [1NN'N — nWp TO
TON .NIPYTN N1MIA0 NINKNNT OMI'W UXA7 17130
7N2 10 ,N"10N NNJ01 NAI0 NU7W IWINN NWPIN
NIYXNKA,IIXTNN P70 N1 07 W7 OXNINW 'N'I9N
NPITN PIWNT7 NNXNNN.7PK 7W NIYTMIIKN1901N
N1 O'7' 00NV 7W NA'901 1T 73 2V N
TON ,TIVI NNT .O"I'WA 7V O0'7V91N00 NINIJN 7W
,07U2X NN'J0 NI'NAN X721 11921 N1 T'NY nWPN
.NPINWININM

O'N1ITN 027 0'79100 .N1J1N0N 01 OJWT ,NXT OY
NT21VN 7W2 P ,NWPN TO7 7an0n7 wip 7y
7V V'gwn NINIIN 101N .N92 2013 1T 9122 121TNW
O0J1WXIN O0'27W2 TN1'NA ,TO] WIN'WY7 ON1IV™ND
NTAVN NWIIT QWP TON NIJN L1011 .719700 7w
JN72'7 TV QINNAN [NTAN TIXNTINTI7Y NIXK N7UNW
N1N1J NI'NAN "NYNWN 117N 700 707 = 71 TO
O3 X1N1,3N17 D7'NN1N7P 17X N17aN00n .7910N0
7WIN17Y,]131NJ3.0"7910NN NN 112V WINWT7 N1
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,7910N0 7XX O'N109N0N NX N'NYN 71N TON OX
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07791017 0NAW O0"MPNA.71A00 P7N2ININNNI0IN
710 100 (1T NJ1AN) NIND72 110 MW NNJ We
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.00 O'T0 X7 N17IXKN

NIWXNNKATO X7 IWINITAL' WA - NT70M 1" TR nL'WA
NX11WN 027 NN IT A0'WY7 .09 TN 1K 0N
NIN O'TJINN NN TNX . TNY0NN A17IKN 11XMY7
MIVNWN 7720 'K TIV2 .XT9110 7W 0TIV [T XY
N701 TN A0'WA NITNAN7'0I INT7 NP0n [N
T'7nN2 0IIWA O27Wnn 01N 0NV AN'NIN
NTNYNN 021NN ,NT'NN ININN 0N 1113, 117IK0N
17X O .7"1PKN 7W 71W'20N1 110717701K2
1JWN7 TON NNXNN7 WATIN ]NTh DK TIXN7 0717V
NPiITn Nxa

IX{PNN 'XIJ0N NTIAY AT, NT7017 TN N0'WA LT01)]
023N 07WNING 7713 7'7nNNW 1IN NNIVNWN
NX1N 71013 21WN 11NN .NA17IKN N0'W'7 AXNTWNA
X IIX7 17077TN 13NN DX NWYT7 NNWIKD
,TIA'X'7 NJ77 1K pnw™n7 ,0aw'n’7 0'717y 0770 .AnN
N1X2 TON NX ITNW7 NWIKN 133NN 7W n'nwinl
IXA MPNA N7PAal NpITN

O"X1'NN 070N 7W N1"7'209N1P1MA7 MW o1 NNt
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J91WN N1Y720901P1aN 137, 7MpR 7w

N1IINN N1JIINN DX NNWAW "NTIVN 1NN NIKXIN
0'70 710 (Press) N'17IXnN n0'WA 0MXI'NN O T0 7W
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JLI17IXN N0'WA OMXI'NN O'TO7 N1YIINN 0NN
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O'TONW XXNJ,(aging) NTAVNANIPTINN 10" 170N2
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.0JW NN 17 1wK ,Chemical-Cure
NIT'N NN'PY7 :N1A17IKN N0'WA TON 11X "A7W
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TXJJ0N NI NTITNA TIX W OX,ANAIT7 NIT19NAI
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NJAN OV TN Y201N N1YW2A 171300 Ton XN 17W2
nLIP7 0NN Heat-Cure '71XN1,n011"2 01121070
O'WXANN OW N10713'0IK71TN1INNAINN TON..7W1an1
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T'NNN71 TOA WNNWN7 791000 V1IJWA W1 1N1VNn7
.N1J T'NN 1K WIN'WA W ,1N2J10

071NN N'11 N90 NXI917 NP7NNa 7VIW 1pPNna
WwIN'Ww'7 O0'7910Nn 7W ON1IVA NPT ,013 'V N0 TN
19NNWN 1PNNA .AXI7 1WPN PTA312XN 110 Tod
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© Non-carious cervical lesions
associated with toothbrush
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Prosthodontic Approach
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© Impaired function
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