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Abstract
Background: Few terms and concepts have been so extensively debated in dentistry 
as the words ‘centric relation’ (CR). Debates involve its biological, diagnostic and ther-
apeutic usefulness.
Methods: A review of the literature on the current concepts on CR as a diagnostic or 
therapeutic aid in dentistry was provided. Clinical trials assessing the superiority of 
one CR recording method over the others to identify patients with temporomandibu-
lar disorders (diagnostic use) or to manage patients with prosthodontic or orthodontic 
needs (therapeutic use) were tentatively included.
Results: Due to the absence of literature addressing either of the above targets, a 
comprehensive overview was provided. The diagnostic use of CR as a reference posi-
tion to identify the correct position of the temporomandibular joint condyle within 
the glenoid fossa is not supported and lacks anatomical support. From a therapeutic 
standpoint, the use of CR can be pragmatically useful in prosthodontics as a maxillo-
mandibular reference position when occlusal re-organization is warranted and/or 
when the position of maximum intercuspation is no longer available.
Conclusions: The derived occlusal goals from a diagnostic misuse of CR are gener-
ally the result of circular reasoning, that is a technique is based on the recording of a 
certain condylar position that is believed to be ‘ideal’ and the treatment is considered 
successful when such position is shown by the specific instrument that was manufac-
tured for that purpose. The term ‘Centric Relation’ might be replaced with the term 
‘Maxillo-Mandibular Utility Position’.
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1  |  INTRODUC TION

Since its introduction, few terms and concepts have been so ex-
tensively debated in dentistry as the words ‘centric relation’ (CR). 
Generations of dentists have been educated and trained with the 
concept that a centric relation-defined relationship between the 
temporomandibular joint (TMJ) condyle and the glenoid fossa is 
needed for a proper homeostasis of the stomatognathic system. 
Stemming from this concept, CR has been therefore used, for de-
cades, for diagnostic and therapeutic goals in several fields of den-
tistry. An analysis of the evidence, rationale and utility underlying 
these uses of CR is at the basis of this review.

2  |  MATERIAL S AND METHODS

A systematic search in the PubMed database was performed on 25 
March 2023, with the aim to identify all pertinent articles on the 
topics of the use of centric relation for diagnostic and/or therapeutic 
purposes in dentistry. The search queries provided that the keyword 
term ‘centric relation’ was combined with either the keyword term 
‘diagnosis’ or ‘treatment’. Limit was set to clinical trials, and inclusion 
in the review was tentatively reserved to investigations assessing 
the superiority of one centric relation recording method over the 
others to identify patients with temporomandibular disorders (diag-
nostic use) or to manage patients with prosthodontic or orthodontic 
needs (therapeutic use).

3  |  RESULTS

The query ‘centric relation’ and ‘diagnosis’ provided 746 citations, 
while the query ‘centric relation’ and ‘treatment’ identified 760 cita-
tions. Examination of the titles and abstracts (TiAb) led to the ex-
clusion of all papers, none of which had a study design aiming to 
address either of the above targets.

Based on the absence of high level of evidence on the topics of 
this review, a comprehensive summary of current concepts about 
the use of CR for diagnostic and therapeutic aims is thus provided.

Early gnathological precepts converged towards a positional 
definition of CR, which was initially believed to be the uppermost 
retruded condylar position. This definition was then progressively 
modified based on the paradigm evolution, and, for an historical ap-
praisal, readers are referred to the various editions of Glossary of 
Prosthodontic Terms (GPT), from GPT-1, published in 1956,1 through 
GPT-9, published in 2017.2 Currently, CR is defined as ‘the maxil-
lomandibular relationship, independent of tooth contact, in which 
the condyles articulate in the anterior– superior position against the 
posterior slopes of the articular eminences. In this position, the man-
dible is restricted to a purely rotary movement. In this unstrained, 
physiologic, maxillomandibular relationship, the patient can make 
vertical, lateral or protrusive movements. It is a clinically useful, re-
peatable reference position for mounting casts’.2

A number of CR recording methods have also been proposed 
over the last decades.3 Several strategies include, among others, 
purported muscle deprogramming devices (e.g. anterior Jig, bite 
plane and leaf gauge), manipulation techniques (e.g. chin-point guid-
ance, bimanual manipulation, Roth Power Centric and Dawson's ma-
noeuvre), occlusal stimulation strategies (e.g. cotton rolls), artificial 
peripheral muscular relaxation with transcutaneous electrical nerve 
stimulation (TENS) (e.g. neuromuscular dentistry) and others (e.g. 
free closure, swallowing). Most techniques date back to the third 
quarter of the past century, and some descriptive and comparative 
studies have been published since then.4–11 Obtaining an overall 
comparative summary of findings is however complicated, especially 
considering the changing nature of CR definition itself.12,13

In general terms, from a condylar position standpoint, instru-
mentally achieved muscle relaxation techniques (e.g. TENS) obtain 
a more anterior position than the habitual position.6 A deprogram-
mation achieved with an appliance seems to put the condyle in a 
retruded position with respect to free closure.5 In general, all tech-
niques based on appliance conditioning are characterized by initial 
tooth contacts located posteriorly and obtain the largest occlusal 
discrepancy when compared to free closure of the mandible,7,10 but 
some authors also found a more anteriore position than maximum 
intercuspidation.11 The free closure position seems to be the most 
reproducible one.5

The interpretation and comparison of studies on CR recording 
techniques are complicated by the assumption that, while CR is, by 
definition, a joint position independent of tooth contacts, the differ-
ences between the various recording techniques are easier to visu-
alize at the occlusal than at the joint level. In this sense, it is worth 
mentioning that most assumptions on CR-induced condylar position 
have been drawn from analysis of indirect measurements (e.g. pan-
tographic recordings and condylar axis position).5,7 Direct imaging 
techniques, though, showed that the differences in the position of 
the condyle within the glenoid fossa during different occlusal regis-
tration techniques, even if evaluated by magnetic resonance, which 
is not the standard of reference technique for the visualization of 
bone tissues, are only in the order of tenths of millimetres.14,15 In 
addition to the differences and inconsistencies related to tooth 
and condylar position among the different techniques, electromyo-
graphic activity elicited by shifting the condyles via occlusal stim-
ulation is unclear,7,16 which detracts from a full comprehension of 
stomatognathic physiology.17,18 Furthermore, factors such as facial 
morphology, asymmetry and the presence of pain are important 
confounders to take into consideration.19–25 Importantly, already in 
the eighties there were claims that the prerequiste for using CR was 
the presence of a ‘healthy’ TMJ.26

4  |  DISCUSSION

Taken together, findings on the various recording techniques are 
thus unsupportive of the superiority of one method over the others 
in terms of biological value or clinical usefulness.
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Nonetheless, the concept of using CR as a diagnostic or treatment 
target continues to strongly influence approaches to the evaluation of 
patients' needs and subsequent treatment planning27 and investiga-
tions are still performed on comparative CR recording techniques.28,29 
Some earlier investigations also showed a non-homogeneous teach-
ing of CR concepts and techniques among dental faculties,30,31 which 
lends credence to the interesting hypothesis that the training era and 
bias related with the belonging to a certain ‘philosophy’ may influence 
the interpretation of the concept of CR.27 A glimpse of this scenario 
is best summarized by two surveys assessing clinicians' knowledge 
and definition of CR. The authors reported that, in general terms, a 
fair agreement about the ideal requirements of a definition was not 
reached between the interviewed professionals.27,32

A comprehensive review by Rinchuse and Kandasamy33 further 
summarized the drawbacks of CR-stated uses, since the first gnatho-
logical assumptions of its usefulness to fabricate dentures that led to 
the official introduction in the GPT in the fifties to the more recent 
debates about its biological, diagnostic and therapeutic usefulness.

From a therapeutic standpoint, the use of CR can be prag-
matically useful as a maxillo-mandibular reference position when 
maximum intercuspidation is lost (e.g. many teeth preparation and 
edentulism) and/or occlusal re-organization is warranted (e.g. restor-
ing a worn dentition, planning a mandibular advancement during or-
thognathic surgery, any situation where the current occlusal position 
is not conducive or advantageous to a planned extensive restorative 
intervention). From a diagnostic standpoint instead, CR has been 
proposed as a necessary step to evaluate the correctness of occlusal 
contacts in relation to the TMJ from which treatment needs can ac-
tually be generated. These two different uses of the same concept, 
partially superimposed and apparently similar, rely on two extremely 
different intellectual and biologic approaches. In the first case, the 
term ‘centric relation’ indicates a pragmatic use of a utility maxillo-
mandibular reference position, while in the second case, the evalu-
ation of CR position becomes the diagnostic concepts underpinning 
the rationale for evaluating the stomatognathic system function and 
dysfunction. The potential misuse of CR as a diagnostic concept in 
TMD patients, which is erroneous by definition since the TMJ is re-
quired to be ‘healthy’ for CR to be found, led some authors to a nihil-
ism approach against CR as a whole.34,35 Such a negative judgement 
is comprehensible, but not necessarily productive to move dentistry 
on to a more homogeneous conceptualization of the possible techni-
cal requirements of CR for some selected prosthodontic needs.

Based on that premise, the next sections of this manuscript will 
discuss the evidence and biological soundness of the diagnostic use 
of centric relation and offer a therapeutically-based convenience 
approach.

5  |  CENTRIC REL ATION AND ITS 
DIAGNOSTIC USE

For decades, the topic of CR as a diagnostic concept has attracted 
much debate within different communities of dental practitioners. 

Historically, the concept of CR was drawn from the assumption that 
a certain position of the TMJ condyle within the glenoid fossa was 
needed to warrant a proper function of the stomatognathic system.36 
As a result, the impact of CR as a diagnostic concept in dentistry is 
not negligible. For instance, a discrepancy between the interarch 
tooth contacts in CR and maximal intercuspation (MI), also termed 
‘CR-MI slide’, has been considered, for generations of dentists, a risk 
factor for TMDs.37–39 Based on that, occlusal adjustments have been 
proposed as a therapy or even a prevention for TMJ disorders, not 
even considering that the detection and extent of a CR-MI slide is 
strongly influenced by the CR recording technique. Actually, the lack 
of validation and therefore anecdotal nature of this assumption is 
further indirectly confirmed by the absence of good quality evidence 
on the effectiveness of occlusal adjustments for treating and pre-
venting TMJ dysfunctions.40–42 Interestingly, controversies about 
the role of CR-MI slide as a risk factor for TMJ disorders have been 
paradoxically diminished thanks to the evolution of CR definition.43 
Thus, despite some early cross-sectional findings of a possible higher 
prevalence of CR-MI discrepancies in patients with TMDs,44,45 cur-
rent evidence on TMDs has discarded the role of features of dental 
occlusion as a clinically meaningful target.46–48 Interestingy, CR-MI 
slides may more likely be considered as a possible consequence of 
the presence of clinical symptoms (e.g. degenerative joint diseases, 
muscle fatigue and joint pain) rather than their cause.24,49 Thus, from 
a biological viewpoint, the clinical relevance of any CR-MI slide in 
the natural dentition is questionable, and the old beliefs about the 
importance of condylar position and the subsequent teeth contacts 
in MI, which are still alive in some dental communities, should be 
definitively abandoned.41

From an anatomical standpoint, the evolution of CR definition 
has progressively changed the concept from its original ‘centricity’ 
within the glenoid fossa, towards an antero-superior position and 
loading.1–3,50 In this sense, anatomical studies on the distribution of 
TMJ cartilage layers have confirmed the antero-superior direction of 
force vectors, with a component of condyle rotation and translation 
with respect to the disc and articular eminence, respectively.51–53 On 
the contrary, the statement that CR is the only position in which the 
mandible is restricted to a purely rotatory movement2 is likely bio-
logically unfounded. Indeed, such CR definition is still based on the 
old concept that the initial phase of mandibular movement provides 
a pure rotation of the condyle.54 Such hypothesis has been repeat-
edly challenged over the past decades and already dismantled ana-
tomically in the seventies, since the mandible, as a body, has always 
a rotating movement around a fulcrum that is located somewhere 
along the ramus.55–57 It is thus recommendable that the CR defini-
tion is adjusted accordingly.

The search for a pure rotational movement at the TMJ level is, 
at best, a biologically unfounded statement; at worst, it leads to an 
erroneous clinical assumption that further underlies and contributes 
to the marketing of unneeded dedicated diagnostic hardware and 
software. The objective of such a search for a condylar hinge axis is 
purely mechanical, based on the purported need to trace an axis that 
can be duplicated in an individual articulator used in combination 
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with an individual face bow and be used to identify the so-called 
centric occlusion. Such an approach may have a pragmatical ad-
vantage according to some authors, but does not have any proven 
clinical superiority with respect to more simple techniques for occlu-
sal reorganization, especially considering that planning an occlusal 
change by starting from MIP in the articulators (either analogic or 
virtual) carries an inevitable error of the method (i.e. the articulator 
is not the mouth) that is actually not measurable. Thus, it is likely that 
the neuroplastic skills of the stomatognathic system are responsible 
for the clinical adaptation to restorations organized according to dif-
ferent CR principles.

On the contrary, unfortunately, all these arbitrary speculations 
led to overtreatment. Neuromuscular dentistry, functional occlu-
sion and neuro-occlusal rehabilitation philosophies are just exam-
ples of theories that claim the need for a certain maxillo-mandibular 
relationship as a requirement to manage and/or prevent TMDs. 
Currently, none of the purported diagnostic instruments (e.g. chair 
side surface electromyography, condylography, kinesiography and 
postural platforms) have been able to correctly identify, with ade-
quate levels of sensitivity and specificity, health from disease.23,58–60

Another anatomical issue that needs attention is the position of 
the disc. Studies on the position of the TMJ disc have repeatedly 
shown that there is a high degree of biological variability, both in 
patients and healthy volunteers.61–63 It has also been shown that, 
independent on the presence of clinical symptoms, there is a high 
frequency of similar findings between the two TMJs in terms of the 
presence disc displacements and internal derangements.64 Thus, a 
better appraisal of the complex relationship between anatomy, im-
aging and clinical findings should be recommended when consider-
ing what is physiological and what is not.65

Therefore, over the years, a shift from the rigidly diagnostic con-
cept of a positionally predetermined CR to a more modern concept 
of biological variability within the framework of TMJ physiology and 
anatomy has occurred. This shift should basically dismantle the use 
of the CR concept in patients with TMDs because they lack the pre-
requisite assumption of a healthy joint. Nonetheless, the use of the 
term centric relation still seems to focus on the positional aspects 
of the condyle-glenoid fossa relationship and neglects the fact that 
a relational homeostasis can be warranted almost independently of 
the condylar position within the fossa thanks to the constant neu-
romuscular, bone and cartilage tissue adaptations. While anatomi-
cal and physiological variability appear compatible with TMJ health, 
formative didactic and clinical experiences and the predominance 
of technical therapeutic protocols in many aspects of dentistry may 
partly elucidate the persistence of CR as a biologically valid and 
diagnostically important tool in some clinicians' mind, and explain 
the difficulty that some communities of professionals have to aban-
don the so-called Third Pathway to manage TMDs, viz., treatment 
strategies based on the correction of dental occlusion and condylar 
position.41

The absence of any biological rationale and the lack of a refer-
ence technical protocol to define/assess CR have, therefore, their 
most important impact in the everyday clinical practice of patients 

with TMDs and their purported prevention. Indeed, the presump-
tion of ‘superiority’ associated with the use of CR as a reference po-
sition is often only supported with dogmatic and anecdotal theories 
that are inherently associated with an overdiagnosis and subsequent 
overtreatment (and even over prevention) of TMDs. The potential 
clinical side effects, patient cost and morbidity and potentially un-
ethical basis of such conducts have been repeatedly discussed in the 
literature.66–69

The dental and medical professions seem to be characterized by 
a long temporal gap in the science transfer process, that is, evidence 
and suggestions coming from research are rarely promptly intro-
duced in clinical practice and academic teaching curriculae, leading 
to the persistence of traditionally held, yet not evidence-based, con-
cepts that often delays the introduction of new diagnostic and ther-
apeutic paradigms.43 For instance, the recent evolution of bruxism 
construct and definition which is including orofacial pain and sleep 
medicine has not been fully appreciated in dentistry yet.70–73

With this in mind, though, there is no doubt that the dental prac-
titioner needs guidance and clinical protocols over how and when to 
adopt a new maxillo-mandibular reference position when occlusal 
re-organization is needed during the course of orthodontic, prost-
hodontic and surgical therapy.

With this in mind and, as recently highlighted in some articles,34,35 
the current CR definition appears still flawed or at least inaccurate. 
The above-described anatomical and conceptual concerns hamper 
the process of understanding that technical prosthodontic, ortho-
dontic and surgical needs should be separated from any biological 
considerations. Neuroplasticity of the system often allows adapta-
tion and provides paradoxical support to many claims that are just 
examples of logic in the absence of science. Such bias self-perpetuate 
because of the favourable environment in which dentists work, that 
is, a stomatognathic system with good neuroplastic and adaptation 
properties74–76 and a set of benign, often self-limiting musculoskele-
tal conditions (i.e. temporomandibular disorders).69,77,78

Indeed, alongside claims to abandon the dogmatic use of CR,35 
there have also been proposals to modify, from a technical useful-
ness viewpoint, the definition of centric relation.79–81 Thus, while it 
seems reasonable to suggest that there is a general agreement on 
the fact that CR is still viewed too dogmatically, criticism in the form 
of nihilism should be abandoned in favour of constructive reason-
ing and critical thinking to find the best possible strategy to move 
towards evidence-based dentistry. Based on that, the biological 
reasons for abandoning the current CR concept on one hand have 
been previously explained, and the technical reasons for maintaining 
a modified CR concept for technical reasons on the other hand will 
be reviewed below.

6  |  CENTRIC REL ATION FROM A 
TECHNIC AL PERSPEC TIVE

In practical terms, occlusal re-organization, the only condition 
where an existing maximum intercuspal position is not going to 
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be the maxillomandibular reference position at the end of a den-
tal treatment, is less frequent than advocated. A maxillomandibu-
lar reference position independent from tooth contact may be an 
advantageous option for treatment in a limited number of condi-
tions, and it is likely a real necessity of treatment in even fewer 
conditions. A non-dental maxillo-mandibular position (i.e. ‘CR’) is 
obviously a reference position during the treatment of edentulous 
patients. It may also facilitate the dental office-to-dental laboratory 
communication in the case of patients with multiple teeth prepara-
tions without a stable MI. It can be also used for any patients whose 
treatment requires occlusal alignment, such as in cases with poor 
interarch space, tooth malposition, worn dentition or when a dif-
ferent occlusal relationship is needed to address patient's aesthetic 
complaints. While this is not an inclusive list of indications, it is also 
true that, in most cases, similar treatment results can be achieved 
and maintained by using the existing MI and modify it, if needed, 
by minimal progressive changes.82 It should be clear, as a conse-
quence, that any of these choices is therefore arbitrary and can be 
adopted in the context of a pragmatic, cost-effective and least inva-
sive treatment approach.

Exceptions to this general rule may be represented by complex 
orthognathic surgery treatments, where the change in the interarch/
interdental position after the treatment is immediate.83–85 Similarly 
to what previously mentioned, a survey among orthodontists and 
maxillofacial surgeons reported lack of consistency among practi-
tioners regarding a definition of centric relation as it relates to or-
thognathic surgery. In particular, a high level of inconsistency exists 
between specialties and within practitioners in each specialty.86

To a certain extent, the debate on the need to abandon the use 
of the term CR may seem a non-fruitful discussion with poor clinical 
relevance, based on the above considerations that different tech-
niques may exist to record CR and that imaging findings suggest 
the existence of minimal positional differences between such tech-
niques.14 Further confusion arises if one considers the prevalence of 
joint symptoms and signs of degenerative joint disease in patients 
who require prosthodontics treatments. Epidemiological findings 
suggest that up to one-third of the general population may show 
mild signs that would fit with an axis I Research Diagnostic Criteria 
for TMD diagnosis.87 Clinicians should be aware of this fact when 
adopting any peculiar technique that leads to purported condylar 
repositioning and subsequent occlusal re-organization.

7  |  CONCLUSIONS

Current evidence supports, if so chosen by the treating clinician, the 
use of CR as one of the pragmatic approaches to address the need 
for occlusal re-organization. This use of a new maxillomandibular po-
sition for clinical treatment is part of dentistry, and its judicious use 
is definitely not a problem per se.

Such treatment goals, however, are not to be confused with 
using CR as a diagnostic method. While this use may appear logic 
and consequential to an inexpert observer, is supported neither by 

science nor sound biological background. The derived occlusal goals 
are therefore generally the result of circular reasoning, that is a tech-
nique is based on the recording of a certain condylar position that 
is believed to be ‘ideal’ and the treatment is considered successful 
when such position is shown by the specific instrument that was 
manufactured for that purpose. It is not a secret that instruments 
are abused in some practitioners' communities to record proxy out-
comes of mandibular movement, muscle activity and/or condylar 
position and misused to judge those parameters as something that 
indicates disease.

With these premises, we would like to suggest the replacement 
of the term ‘Centric Relation’ with the term ‘Maxillo-Mandibular 
Utility Position’, defined as the maxillomandibular relationship ad-
opted for some occlusal reorganization treatments.

AUTHOR CONTRIBUTIONS
DM and MF conceptualized the article, wrote the first draft and fi-
nalized the manuscript; CE, CEP and FC critically revised the article 
and approved the final version.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare they do not have any conflicts of interest.

PEER RE VIE W
The peer review history for this article is available at https://
www.webof​scien​ce.com/api/gatew​ay/wos/peer-revie​w/10.1111/
joor.13553.

DATA AVAIL ABILIT Y S TATEMENT
No original data are presented in this manuscript.

ORCID
Daniele Manfredini   https://orcid.org/0000-0002-4352-3085 

R E FE R E N C E S
	 1.	 The glossary of prosthodontic terms. J Prosthet Dent. 1956;6:1-34.
	 2.	 The glossary of prosthodontic terms: 9th edition. J Prosthet Dent. 

2017;117(5):e1-e105.
	 3.	 Keshvad A, Winstanley RB. An appraisal of the literature on centric 

relation. Part I. J Oral Rehabil. 2000;27:823-833.
	 4.	 Lucia VO. A technique for recording centric relation. J Prosthet 

Dent. 1964;14:492-505.
	 5.	 Calagna LJ, Silverman SI, Garfinkel L. Influence of neuromuscu-

lar conditioning on centric relation registrations. J Prosthet Dent. 
1973;30(4 Pt 2):598-604.

	 6.	 Azarbal M. Comparison of Myo-Monitor centric position to centric 
relation and centric occlusion. J Prosthet Dent. 1977;38:331-337.

	 7.	 Williamson EH, Steinke RM, Morse PK, Swift TR. Centric relation: a 
comparison of muscle-determined position and operator guidance. 
Am J Orthod. 1980;77(2):133-145.

	 8.	 Abdel-Hakim AM. The swallowing position as a centric relation re-
cord. J Prosthet Dent. 1982;47:12-15.

	 9.	 Alexander SR, Moore RN, DuBois LM. Mandibular condyle position: 
comparison of articulator mountings and magnetic resonance imag-
ing. Am J Orthod Dentofacial Orthop. 1993;104(3):230-239.

	10.	 Wood DP, Elliott RW. Reproducibility of the centric relation bite 
registration technique. Angle Orthod. 1994;64:211-221.

 13652842, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joor.13553 by C

ochraneItalia, W
iley O

nline L
ibrary on [29/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/joor.13553
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/joor.13553
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/joor.13553
https://orcid.org/0000-0002-4352-3085
https://orcid.org/0000-0002-4352-3085


1360  |    MANFREDINI et al.

	11.	 Karl PJ, Foley TF. The use of a deprogramming appliance to obtain 
centric relation records. Angle Orthod. 1999;69:117-125.

	12.	 Keshvad A, Winstanley RB. An appraisal of the literature on centric 
relation. Part II. J Oral Rehabil. 2000;27:1013-1023.

	13.	 Keshvad A, Winstanley RB. An appraisal of the literature on centric 
relation. Part III. J Oral Rehabil. 2001;28:55-63.

	14.	 Kandasamy S, Boeddinghaus R, Kruger E. Condylar posi-
tion assessed by magnetic resonance imaging after various 
bite position registrations. Am J Orthod Dentofacial Orthop. 
2013;144(4):512-517.

	15.	 Celenza F. The theory and clinical management of centric positions: 
II. Centric relation and centric relation occlusion. Int J Periodontics 
Restorative Dent. 1984;4(6):62-86.

	16.	 Lucia VO. Centric relation—theory and practice. J Prosthet Dent. 
1960;10:849-856.

	17.	 Ferrario VF, Sforza C, Colombo A, Ciusa V. An electromyographic 
investigation of masticatory muscles symmetry in normo-occlusion 
subjects. J Oral Rehabil. 2000;27(1):33-40.

	18.	 Vozzi F, Favero L, Peretta R, Guarda-Nardini L, Cocilovo F, 
Manfredini D. Indexes of jaw muscle function in asymptomatic 
individuals with different occlusal features. Clin Exp Dent Res. 
2018;28:263-267.

	19.	 Lund JP, Donga R, Widmer CG, Stohler CS. The pain-adaptation 
model: a discussion of the relationship between chronic mus-
culoskeletal pain and motor activity. Can J Physiol Pharmacol. 
1991;69(5):683-694.

	20.	 Lelis ÉR, Guimarães Henriques JC, Tavares M, de Mendonça MR, 
Fernandes Neto AJ, Almeida GA. Cone-beam tomography assess-
ment of the condylar position in asymptomatic and symptomatic 
young individuals. J Prosthet Dent. 2015;114(3):420-425.

	21.	 Ferrario VF, Sforza C, Sartori M, Ciusa V. The mechanical advantage 
of the masseter muscle in subjects with different vertical and sagit-
tal facial morphology. Clin Orthod Res. 1999;2(3):162-170.

	22.	 Murray GM, Peck CC. Orofacial pain and jaw muscle activity: a new 
model. J Orofac Pain. 2007;21(4):263-278. discussion 279-88.

	23.	 Manfredini D, Cocilovo F, Favero L, Ferronato G, Tonello S, Guarda-
Nardini L. Surface electromyography of jaw muscles and kinesio-
graphic recordings: diagnostic accuracy for myofascial pain. J Oral 
Rehabil. 2011;38(11):791-799.

	24.	 Manfredini D, Cocilovo F, Stellini E, Favero L, Guarda-Nardini L. 
Surface electromyography findings in unilateral myofascial pain 
patients: comparison of painful vs. non painful sides. Pain Med. 
2013;14(12):1848-1853.

	25.	 Manfredini D, Segù M, Arveda N, et al. Temporomandibular joint 
disorders in patients with different facial morphology. A systematic 
review of the literature. J Oral Maxillofac Surg. 2016;74(1):29-46.

	26.	 Celenza FV. The condylar position: in sickness and in health 
(Oh when do we part?). Int J Periodontics Restorative Dent. 
1985;5(2):38-51.

	27.	 Wiens JP, Goldstein GR, Andrawis M, Choi M, Priebe JW. Defining 
centric relation. J Prosthet Dent. 2018;120(1):114-122.

	28.	 Radu M, Radu D, Abboud M. Digital recording of a conventionally 
determined centric relation: a technique using an intraoral scanner. 
J Prosthet Dent. 2020;123(2):228-231.

	29.	 Kattadiyil MT, Alzaid AA, Campbell SD. What materials and repro-
ducible techniques may Be used in recording centric relation? Best 
evidence consensus statement. J Prosthodont. 2021;30(S1):34-42.

	30.	 Jasinevicius TR, Yellowitz JA, Vaughan GG, et al. Centric relation 
definitions taught in 7 dental schools: results of faculty and student 
surveys. J Prosthodont. 2000;9(2):87-94.

	31.	 Baker PS, Parker MH, Ivanhoe JR, Gardner FM. Maxillomandibular 
relationship philosophies for prosthodontic treatment: a survey of 
dental educators. J Prosthet Dent. 2005;93(1):86-90.

	32.	 Goldstein G, Andrawis M, Choi M, Wiens J, Janal MN. A survey to 
determine agreement regarding the definition of centric relation. J 
Prosthet Dent. 2017;117(3):426-429.

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

	34.	 Kandasamy S, Greene CS, Obrez A. An evidence-based evaluation 
of the concept of centric relation in the 21st century. Quintessence 
Int. 2018;49(9):755-760.

	35.	 Zonnenberg AJJ, Türp JC, Greene CS. Centric relation criti-
cally revisited-what are the clinical implications? J Oral Rehabil. 
2021;48:1050-1055. doi:10.1111/joor.13215

	36.	 Becker CM, Kaiser DA, Schwalm C. Mandibular centricity: centric 
relation. J Prosthet Dent. 2000;83(2):158-160.

	37.	 Weinberg LA. Anterior condylar displacement: its diagnosis and 
treatment. J Prosthet Dent. 1975;34(2):195-207.

	38.	 Timm TA, Herremans EL, Ash MM Jr. Occlusion and orthodontics. 
Am J Orthod. 1976;70(2):138-145.

	39.	 Kirveskari P. Assessment of occlusal stability by measuring contact 
time and centric slide. J Oral Rehabil. 1999;26(10):763-766.

	40.	 Manfredini D. Occlusal equilibration for the management of tem-
poromandibular disorders. Oral Maxillofac Surg Clin North Am. 
2018;30(3):257-264.

	41.	 Greene CS, Manfredini D. Treating temporomandibular disorders 
in the 21st century: can we finally eliminate the “Third Pathway”? J 
Oral Facial Pain Headache. 2020;34(3):206-216.

	42.	 Manfredini D, Lombardo L, Siciliani G. Temporomandibular disor-
ders and dental occlusion. A systematic review of association stud-
ies: end of an era? J Oral Rehabil. 2017;44(11):908-923.

	43.	 Rinchuse DJ, Kandasamy S. Myths of orthodontic gnathology. Am J 
Orthod Dentofacial Orthop. 2009;136(3):322-330.

	44.	 Pullinger AG, Seligman DA. Quantification and validation of pre-
dictive values of occlusal variables in temporomandibular disorders 
using a multifactorial analysis. J Prosthet Dent. 2000;83(1):66-75.

	45.	 Landi N, Manfredini D, Tognini F, Romagnoli M, Bosco M. 
Quantification of the relative risk of multiple occlusal variables for 
muscle disorders of the stomatognathic system. J Prosthet Dent. 
2004;92(2):190-195.

	46.	 Manfredini D, Perinetti G, Guarda-Nardini L. Dental malocclusion is 
not related to temporomandibular joint clicking: a logistic regression 
analysis in a patient population. Angle Orthod. 2014;84(2):310-315.

	47.	 Manfredini D, Lombardo L, Siciliani G. Dental angle class asymmetry and 
temporomandibular disorders. J Orofac Orthop. 2017;78(3):253-258.

	48.	 Manfredini D, Perinetti G, Stellini E, Di Leonardo B, Guarda-Nardini 
L. Prevalence of static and dynamic dental malocclusion features 
in subgroups of temporomandibular disorder patients: implica-
tions for the epidemiology of the TMD-occlusion association. 
Quintessence Int. 2015;46(4):341-349.

	49.	 Manfredini D, Ahlberg J, Wetselaar P, Svensson P, Lobbezoo F. The 
bruxism construct: from cut-off points to a continuum spectrum. J 
Oral Rehabil. 2019;46(11):991-997.

	50.	 Greene CS. “The Ball on the Hill”: a new perspective on TMJ func-
tional anatomy. Orthod Craaniofac Res. 2018;21:170-174.

	51.	 Scapino RP, Obrez A, Greising D. Organization and function of the 
collagen fiber system in the human temporomandibular joint disk 
and its attachments. Cells Tissues Organs. 2006;182(3–4):201-225.

	52.	 Stocum DL, Roberts WE. Part I: Development and physiology of the 
temporomandibular joint. Curr Osteoporos Rep. 2018;16(4):360-368.

	53.	 Tanaka E, Detamore MS, Tanimoto K, Kawai N. Lubrication of the 
temporomandibular joint. Ann Biomed Eng. 2008;36(1):14-29.

	54.	 Trapozzano VR, Lazzari JB. The physiology of the terminal rota-
tional position of the condyles in the temporomandibular joint. J 
Prosthet Dent. 1967;17(2):122-133.

	55.	 Hylander WL. The human mandible: lever or link? Am J Phys 
Anthropol. 1975;43(2):227-242.

	56.	 Moss ML. A functional cranial analysis of centric relation. Dent Clin 
N Am. 1975;19:431-442.

	57.	 Krohn S, Frahm J, Mahler A, et al. Biomechanical analysis of tem-
poromandibular joint dynamics based on real-time magnetic reso-
nance imaging. Int J Comput Dent. 2020;23(3):235-244.

 13652842, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joor.13553 by C

ochraneItalia, W
iley O

nline L
ibrary on [29/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1111/joor.13215


    |  1361MANFREDINI et al.

	58.	 Perinetti G, Contardo L. Posturography as a diagnostic aid in den-
tistry: a systematic review. J Oral Rehabil. 2009;36(12):922-936.

	59.	 Manfredini D, Castroflorio T, Perinetti G, Guarda-Nardini L. 
Dental occlusion, body posture and temporomandibular disorders: 
where we are now and where we are heading for. J Oral Rehabil. 
2012;39(6):463-471.

	60.	 Rocha T, Castro MA, Guarda-Nardini L, Manfredini D. Subjects with 
temporomandibular joint disc displacement do not feature any pe-
culiar changes in body posture. J Oral Rehabil. 2017;44(2):81-88.

	61.	 Tallents RH, Katzberg RW, Murphy W, Proskin H. Magnetic reso-
nance imaging findings in asymptomatic volunteers and symptom-
atic patients with temporomandibular disorders. J Prosthet Dent. 
1996;75(5):529-533.

	62.	 Foucart JM, Carpentier P, Pajoni D, Marguelles-Bonnet R, Pharaboz 
C. MR of 732 TMJs: anterior, rotational, partial and sideways disc 
displacements. Eur J Radiol. 1998;28(1):86-94.

	63.	 Tresoldi M, Dias R, Bracci A, Segù M, Guarda-Nardini L, Manfredini 
D. Magnetic resonance imaging evaluation of closed-mouth 
TMJ disc-condyle relationship in a population of patients seek-
ing for temporomandibular disorders advice. Pain Res Manag. 
2021;2021:5565747.

	64.	 Manfredini D, Bonnini S, Stellini E, Salmaso L, Guarda-Nardini L. 
Comparison of magnetic resonance imaging findings in temporoman-
dibular joints of the two sides. Clin Oral Investig. 2014;18(2):499-506.

	65.	 Manfredini D, Guarda-Nardini L. Agreement between research 
diagnostic criteria for temporomandibular disorders and magnetic 
resonance diagnoses of temporomandibular disc displacement in a 
patient population. Int J Oral Maxillofac Surg. 2008;37(7):612-616.

	66.	 Manfredini D, Bucci MB, Montagna F, Guarda-Nardini L. 
Temporomandibular disorders assessment: medicolegal consider-
ations in the evidence-based era. J Oral Rehabil. 2011;38(2):101-119.

	67.	 Rinchuse DJ, Kandasamy S. Orthodontic dental casts: the case 
against routine articulator mounting. Am J Orthod Dentofacial 
Orthop. 2012;141:9-16.

	68.	 Reid KI, Greene CS. Diagnosis and treatment of temporomandibu-
lar disorders: an ethical analysis of current practices. J Oral Rehabil. 
2013;40(7):546-561.

	69.	 Greene CS, Manfredini D. Transitioning to chronic temporoman-
dibular disorder pain: a combination of patient vulnerabilities and 
iatrogenesis. J Oral Rehabil. 2021;48(9):1077-1088. doi:10.1111/
joor.13180

	70.	 Lobbezoo F, Ahlberg J, Glaros AG, et al. Bruxism defined and 
graded: an international consensus. J Oral Rehabil. 2013;40(1):2-4.

	71.	 Lobbezoo F, Ahlberg J, Raphael KG, et al. International consensus 
on the assessment of bruxism: report of a work in progress. J Oral 
Rehabil. 2018;45(11):837-844.

	72.	 Manfredini D, Ahlberg J, Aarab G, et al. Towards a Standardized 
Tool for the Assessment of Bruxism (STAB)—overview and general 
remarks of a multidimensional bruxism evaluation system. J Oral 
Rehabil. 2020;47(5):549-556.

	73.	 Manfredini D, Ahlberg J, Lobbezoo F. Bruxism definition: past, pres-
ent, and future—what should a prosthodontist know? J Prosthet 
Dent. 2021;128(5):905-912.

	74.	 Stohler CS. Muscle-related temporomandibular disorders. J Orofac 
Pain. 1999;13:273-284.

	75.	 Sessle BJ. The neural basis of temporomandibular joint and masti-
catory muscle pain. J Orofac Pain. 1999;13:238-245.

	76.	 Luraschi J, Korgaonkar MS, Whittle T, Schimmel M, Müller F, 
Klineberg I. Neuroplasticity in the adaptation to prosthodontic 
treatment. J Orofac Pain. 2013;27(3):206-216.

	77.	 Greene CS. The etiology of temporomandibular disorders: implica-
tions for treatment. J Orofac Pain. 2001;15:93-105.

	78.	 Manfredini D, Favero L, Gregorini G, Cocilovo F, Guarda-Nardini 
L. Natural course of temporomandibular disorders with low pain-
related impairment: a 2-to-3-year follow-up study. J Oral Rehabil. 
2013;40(6):436-442.

	79.	 Palaskar JN, Murali R, Bansal S. Centric relation definition: a his-
torical and contemporary prosthodontic perspective. J Indian 
Prosthodont Soc. 2013;13(3):149-154.

	80.	 Wei X, Meng XF, Guo L, Luo X, Han W. Recording the cen-
tric relation in an edentulous patient using the existing com-
plete denture mounted with gothic arch tracer. Case Rep Dent. 
2021;2021:7819818.

	81.	 Azpiazu-Flores FX, Mata-Mata SJ. Overlay occlusion rim technique 
to facilitate the recording of maxillomandibular relationships. J 
Prosthet Dent. 2021;126(5):715-717.

	82.	 Manfredini D, Poggio CE. Prosthodontic planning in patients with 
temporomandibular disorders and/or bruxism: a systematic review. 
J Prosthet Dent. 2017;117(5):606-613.

	83.	 Posnick JC, Ricalde P, Ng P. A modified approach to “model plan-
ning” in orthognathic surgery for patients without a reliable centric 
relation. J Oral Maxillofac Surg. 2006;64(2):347-356.

	84.	 Lee CY, Jang CS, Kim JW, Kim JY, Yang BE. Condylar repositioning 
using centric relation bite in bimaxillary surgery. Korean J Orthod. 
2013;43(2):74-82.

	85.	 Borba AM, Ribeiro-Junior O, Brozoski MA, et al. Accuracy of 
perioperative mandibular positions in orthognathic surgery. Int J 
Oral Maxillofac Surg. 2014;43(8):972-979.

	86.	 Truitt J, Strauss RA, Best A. Centric relation: a survey study to 
determine whether a consensus exists between oral and max-
illofacial surgeons and orthodontists. J Oral Maxillofac Surg. 
2009;67(5):1058-1061.

	87.	 Manfredini D, Guarda-Nardini L, Winocur E, Piccotti F, Ahlberg J, 
Lobbezoo F. Research diagnostic criteria for temporomandibular 
disorders: a systematic review of axis I epidemiologic findings. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2011;112(4):453-462.

How to cite this article: Manfredini D, Ercoli C, Poggio CE, 
Carboncini F, Ferrari M. Centric relation—A biological 
perspective of a technical concept. J Oral Rehabil. 
2023;50:1355-1361. doi:10.1111/joor.13553

 13652842, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joor.13553 by C

ochraneItalia, W
iley O

nline L
ibrary on [29/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1111/joor.13180
https://doi.org//10.1111/joor.13180
https://doi.org/10.1111/joor.13553

	Centric relation—­A biological perspective of a technical concept
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	3|RESULTS
	4|DISCUSSION
	5|CENTRIC RELATION AND ITS DIAGNOSTIC USE
	6|CENTRIC RELATION FROM A TECHNICAL PERSPECTIVE
	7|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


