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Abstract

We are always looking for the cause of these failures to justify results that aren’t always predictable. Alternatively, everyone pivots and blames
occlusion as the root cause of the innumerous failures and pathologies such as Temporomandibular Disorders (TMD), Non-Carious Cervical Lesions
(NCCLs) and dental implant failures. In this literature review relevant published studies were searched for in PubMed, from 2015 to 2020. It was
concluded that DTM and NCCLs are multifactorial diseases, of which occlusion is not a causative factor; in addition to the biological failures of dental

implants. However, regarding the mechanical failures of dental implants, occlusion can be considered a causative factor.
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Introduction

In dentistry, there isn't a field so discussed, debated,
interpreted, “conceptualized”, loved, and hated as occlusion.
Occlusion has been linked to adjectives; such as complex, difficult,
boring, and confusing. It is also possible that there isn’t another
field in dentistry with so many philosophies, as occlusion. There
were times where it was of much interest, and times of little
interest; times where it was much taught, and times where it
was less taught. Further, there isn’t a field in dentistry that has
received more blame for failures or unsuccessful restorative
work,from full-arch rehabilitations to single-unit restorations,
than occlusion.

This disorientation could have been caused by factors, such
as the growing diversity of concepts in occlusion transforming
practical procedures into theoretical concepts; changes in the
definitions of important occlusal-related terms; insufficient
education about occlusal principles; as well as, diversity in
concepts used in the same college by different professors. The
coexistence of various and conflicting occlusion philosophies
and disagreement regarding basic occlusion terminologies have

created confusion around this topic[1]. Another issue is the
variability in methods used to teach occlusion in dental schools.
Occlusion can be taught within multiple disciplines rather than
as a stand-alone subject. The risk with this fragmented approach
is that occlusion may be taught from a “biased viewpoint of
one discipline or more confusingly, been given dogmatically by
multiple departments with conflicting philosophies”[2-4].

The glossary of prosthodonticterms defines occlusion as
the “act or process of closure, being closed or shut off, and the
static relationship between the incising or masticating surfaces
of the maxillary or mandibular teeth or tooth analogs”[5]. Dental
occlusion is considered the core of Dentistry[1]. Nevertheless,
occlusion is a concept that requires reflective critical thinking
and problem-solving skillsto understand its concepts, rather
than the “psychomotor skills of operative dentistry”. This lack
of coordination may adversely affect students’ perception of
occlusion if students are not exposed to the topic in an integrated
conceptual manner.The variability in teaching delivery methods
may be mitigated if occlusion is taught within a single department
that wouldreceive input from other clinical and basic science
faculty. This research reaffirms the need for a dedicated key
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faculty to oversee the coordinated delivery of this subject[4].

is considered one of the main factors for
temporomandibulardisorders (TMD), Non-Carious Cervical
Lesions (NCCLs), conventional restorative and dental implant

Occlusion

failures. However, can occlusion be blamed for these failures
ifour teeth only occlude momentarily during swallowing
and occasionally during mastication?Besides, most of the
timeour teeth should be separatedwhile in the mandibular
rest position[6].Some occlusal alterations, such as; absence of
anterior guidance, absence of canine guidance, vertical trespass,
premature contact in Centric Relation (CR),partial edentulism,
altered Occlusal Vertical Dimension (OVD), are capable of causing
restorative failures or tooth fractures?After all, is occlusion guilty
or innocent?

Hence, itis worthwhile to recall Becker and Kaiser’s[7]patient-
friendly statement that “it is presumptuous to state nature’s
intent for an ideal occlusion, and therefore it is recommended
to avoid occlusal therapy for individuals who appear to be
functioning in health, even if their occlusal scheme does not fit a
concept of optimum occlusion.” The rare occurrence of a so-called
“perfect” or “ideal” occlusion in natural dentitions indicates that
“nature does not require such perfection”’[8]. About 70% of
North American youths have some form of malocclusion, mostly
crowding of teeth within an Angle class I occlusion[9]. Because
of the large prevalence of “mal”occlusions, most of which are not
bad at all[10],it has recently been suggested to eliminate the term
“malocclusion’ from the dental literature.

It is important to note that a particular occlusal scheme is
not a predictor of disease and that there is a significant overlap
of occlusal features between individuals with and without
jaw disorders[11]. Due to great controversies in the theme of
occlusion, the purpose of this reviewwas to answer the following
clinical question: Is occlusion guilty orinnocent of TMD, NCCLs,and
failure of conventional and Implant-Supported Prostheses (ISP)?

Materials & Methods
Search strategy

Relevant published studies were searched forin PubMed, from
2015 to 2020 using the following keywords: 1) TMD: occlusion
is guilty or innocent?“TMD”+”occlusion”resulting in 42 results;
2) Non-carious cervical lesions (NCCLs) and Occlusion: guilty
or innocent?; 3) “Non-carious cervical lesions”+ “occlusion” = 9
articles; “ Non-carious cervical lesions “; 4) “occlusion”resulting
in 9 articles; Non-carious cervical lesions and occlusion resulting
in 10 articles; and, “Non-carious cervical lesion causes” resulting
in 26 articles; 5) Failure in implant dentistry: occlusion is guilty
or innocent?; 6) “dental implants “+ “occlusion”resulting in158
articles; “occlusion and dental implants failure”resulting in 53
articles ; “dental prosthesis failures”+ “occlusion”resulting in 63
articles.
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Results

Articles published in English in the last 5 years were used
in this literature review. Full-text, Randomized Controlled
Trials (RCTs), retrospective studies, prospective studies, cross-
sectional, case series, and case reports involving human subjects
and in vitrostudies were searched. Articles included in this review
addressed occlusion and malocclusion as possible causative
factors for the researched pathologies. Articles that addressed
treatment strategies were not included in this literature review.

Regarding occlusion being a causative factor for TMD, 42
articles were found, and after the criteria analysis was conducted,
23 articles remained.Regarding NNCLs and occlusion: guilty
or innocent, 26 articles were found, however only 11 analyzed
occlusion as a possible causative factor. Regarding failure in
implant dentistry as innocent or guilty,there were 158 articles in
total, but only 13 were used in this literature review.

Temporomandibular disorder: is occlusion guilty
or innocent?

The relationship between dental occlusion and TMD is still
a controversial topic in dentistry. TMD research focused on
single-factor explanations of TMD, such as the TM], muscles, or
dental occlusion; howeverits findings showed little supporting
evidence[12]. TMD is not caused by a single factor but by
several factors, including psychological factors, occlusal factors,
traumas, and factors related to joint pathology, deep pain input,
and parafunction, can either cause TMD, increase the risk of
TMD, impair healing, or enhance the progression of pre-existing
TMD[13]. The etiology of TMD has been considered one of the
most controversial issues in clinical dentistry.

Although occlusion is often considered one of the causative
factors of TMD, the relationship between TMD and malocclusion
is an extremely critical issue in Dentistry. Which types of
malocclusion could be related to TMD? A study suggested that
Angle’s class Il and class III malocclusion are associated with
TMD[14]. Nevertheless, a study showed that patients that needed
to undergoorthodontics and orthognathic surgery to correct their
malocclusion hada significant incidence of TMDs when compared
to a control population. However, after treatment, the incidence
of TMDs did not differ from that of a control population. The
reasons for these findings are not clear[15].

Whicharethe occlusal alterationsalready considered causative
factors for TMD? Occlusal anomalies such as anterior open bite,
unilateral posterior crossbite, horizontal trespass, absence of 5
or more posterior teeth, and distance from Centric Relation (CR)
to maximum intercuspation (MI) discrepancy beinggreater than
2 mm[16-19]. Another study found significantly high occlusion
time, right lateral disclusion time, left lateral disclusion time,
and protrusion disclusion time in participants with pain-related
TMD, with headaches, and in thosepresenting intra-articular joint
disorders as compared to the control group[20]. To reduce the
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incidence of deflective occlusal contacts, reflex contraction of
masticatory muscles can occur, leading to altered mandibular
position and to the prolongation of occlusion time[21]. The
reason disclusion time in various excursive movements increases
in participants with TMD remains unknown.

Next, does the increase in the OVD lead to TMD? Does
decreasing the OVD lead to TMD? Can the stomatognathic
system adapt to changes in OVD? In conclusion, much of the
concepts regarding OVD and TMD are unfounded by scientific
evidence. Traditional beliefs have been based on case reports and
anecdotal opinions rather than on well-controlled clinical trials.
The available evidence is weak and seems to indicate that the
stomatognathic system can adapt rapidly to moderate changes in
OVD. Nevertheless, it should be taken into consideration that in
some patients it may show mild transient symptoms, but these
are most often self-limiting and without major consequences. In
conclusion, there is no indication that permanent alteration of
the OVD will produce long-lasting TMD symptoms[22]. Another
study evaluated the correlation between a reduced dental arch
and TMD. They concluded that the lack of posterior tooth support
does not cause the progression of TMD[23].

Analleged causal relationship between “malocclusion” and
TMDs has been proposed.Therefore, diseased individuals should
have a higher frequency of the purported causal factor than its
absence as being the basic pre-requisite to broaden the depth of an
assessment of causal hypothesis[24]. Studies support the absence
of consistent, clinically relevant associations between TMD and
the various features of dental occlusion[12, 23, 25-33]. Based
on these results, irreversible occlusal changes of prosthodontic
or orthodonticrehabilitation cannot be recommended for the
management or even the prevention of such TMD.

This literature review showed that occlusion is innocent
as a possible causative factor of TMD. Such observation should
ideally lead to an end of the so-called “gnathological era”’[24]
of aetiological thinking in the TMD field, in which normal
variability in the interindividual features of dental occlusion has
been considered a pathological sign. Dental clinicians are thus
encouraged to move forward and abandon the old-fashioned
gnathological paradigm.

Non-carious cervical lesions (NCCLs): isocclusion guilty
or innocent?

NCCLs are the result of a pathological condition characterized
by the loss of tooth structure at the Cementoenamel Junction
(CEJ) that is unrelated to dental caries.The prevalence of NCCLs
increases with age, most certainly because older people are
exposed to the etiological factors for longer periods when
comparedto the younger ones[34,35]. The worldwide prevalence
of NCCLs among adults is 46.7%[35].

Of all possible etiological factors for NCCLs, occlusal stress
forces have received maximum attention over the years.

Copyright:
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Nevertheless, the correlation between heavy occlusal forces and
the progression of NCCLs is controversial, in that some studies
state that stress concentration in the cervical areas of the tooth
contributes to their occurrence[36-38], however, it is never a
single factor responsible for the occurrence and progression of
NCCLs[34,39]. Another study that evaluated only the progression
of the NCLLs, concluded that perhaps factors other than occlusal
forces are more important in initiating NCCLs; nevertheless,
occlusal forces are responsible for their progression[40]. The
present conclusion concurs with studies that show that occlusal
wear, or wear facetswithout NCCLs,did not indicatea direct
association with occlusal discrepancies[40,41].

Why, despite many efforts to demonstrate that occlusal
forces are the main cause of NCCLs, its etiology remains poorly
understood or controversial? Because NCCLs may have several
etiological factors[36,39,42,43]. Some causative agents are
associated with NCCLs, such as;the use of a hard toothbrush
bristles,the horizontal brushing technique[41,44]; dynamic
occlusal parameters, left lateral disocclusion time, right lateral
disocclusion time,[44]in addition to a thinner buccal plate and
excessive lateral load during mandibular excursive movements,
favoring the pre-molars to be the teeth with higher prevalence to
NCCLs. These may lead to higher flexion of the tooth to the buccal
direction, amplifying deformations in the cervical region[34].
However, the few clinical studies available were not able to
confirm a positive association between occlusal loading and
NCCLs[34,41].

It can be concluded that NCCL can be considered a disease,
a lesion, or simply dental wear without specific etiology, or with
multiple etiologies.It is almost impossible to blame occlusion as
the etiological factor or even as an adjuvant in the development
of this lesion. We all apply forces, may they be function or
parafunction, the problem is labeling the disease with a specific
etiology based on computerized studies, known worldwide as
abfraction[45]. It is understood that occlusion is innocent for
those reasons.

Failures in implant dentistry: is occlusion guilty or
innocent?

Dental implants show a high success rate[46]. However, it is
known that the conventional or dental implant restorative work
fails in the short-, medium- and long-term. We need to understand
why this happens and determine the etiology. We, clinicians, are
not prepared for failures.

In the case of dental implants, failures can be divided into
early and late[47]. The early failures occur before the implant
is submitted to loading, and the late failures occur after the
prosthesis is delivered. The late failure is frequently associated
with traumatic occlusion[48]. Historically this condition is
identified as “occlusal overloading”, to indicate that these forces
surpass the adaptive capacity of the oral tissues.This definition
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was recently reviewed as a “traumatic occlusal force” by the
consensus report on the classification of periodontal and peri-
implant diseases and conditions[49].Can “traumatic occlusal
forces” lead to peri-implantitis or peri-implant bone loss? Can
“traumatic occlusal forces” lead to mechanical failures? How
do we standardize the forces and define what is considered
“traumatic occlusal forces” and how do we evaluate those in the
clinical setting, since the opportunity to test such an intentional
and standardized “traumatic occlusal force” in humans remains
inappropriate and unethical?

It seems that the evidence of overloadingdental
implantsleading to hard and/or soft tissue defects is very
scarce[50,51].There is evidence from observational studies that
patients exhibiting poor plaque control and not attending regular
periodontal maintenance visits are at higher risk of developing
peri-implantitis, but overload alone, as the etiologyof bone loss
in humans, remains nuclear[52]. Nevertheless, another study
suggested that even when implant-prosthetic characteristics
play a protective role; e.g. the use of screw-retained instead of
a cement-retained prosthesis, there is a higher marginal bone
loss observed under inappropriate occlusal patterns, such as
inadequate anterior and canine guidances or inadequate occlusal
contacts[53]. These findings are in agreement with previous
clinical study[54],which reported significant differences in the
marginalbonelossaroundimplants ofindividuals withinadequate
anterior guidance, non-working side contacts, and lateral group
function involving teeth and implants. It is important to note
that due to the lack of periodontal mechanoreceptor feedback,
the control of the muscles of mastication is reduced and does
not decrease the load applied to implant-supported restorations,
resulting in greater stress on peri-implant crestal bone[53]. Other
types of occlusal trauma, such as large cantilevers, parafunctional
habits/bruxism, steep cusp inclines, poor distribution of force;
may cause complications
that range from biomechanical failures (screw loosening
or screw fracture, porcelain chipping, cemented prosthesis

e.g, limited contacts, interferences,

debonding[55-57],to marginal bone loss or complete loss of the
osseointegration of the implant[58]. A complete vertical trespass,
a significant horizontal trespass or retroclination, increases the
occlusalcomplexity, leading to the potential for adverse horizontal
forces on abutment components.Thus, the clinician should keep
implant occlusion in mind when placing or restoring an implant
to protect the implant and surrounding peri-implant bone[58].

Another failure that can be caused by occlusion is implant
fracture, which is rare[59].To reduce the rate of implant failure,
cantilever structures should be avoided, and large diameter
implants should be used in the molar and premolar sites when
possible. It is necessary to decrease the prosthetic buccolingual
width of the crown, lower the inclination of the cusps, and place
occlusal contact pointsclose to thelong axis of the implant fixture.
Finally, passive adjustment of the prosthesis through the proper
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path of insertion should be made[56]. In the present investigation,
these data were recorded but not further reviewed. Rather, the
effect of bruxism, the absence of a nightguard, and porcelain
veneering material was analyzed and eventually associated
with increased risk for chipping of the prosthetic material of the
implant-supported fixed complete denture protheses[55].

It is important to understand that occlusion is a dynamic
process. Even if we conduct an adequate occlusal adjustment,
it may not be maintainable indefinitely. Even in adulthood, the
3-dimensional positioning of natural teeth in the dental arches
is constantly changing as a consequence of continued slow tooth
eruption and mesialization, which ranges from approximately
0.1 to 0.2 mm annually[60].Dental implants cannot mimic the
positional changes of the natural teeth because of the absence of
the periodontal ligament. Due to the need for a light occlusion
on dental implants, to compensate for the lack of periodontal
ligament, the continuous eruption of the opposing teeth may
play an important role in the subsequent changes in occlusal
force distribution and occlusal trauma on the ISP. A study showed
thatthe occlusion of ISPchanged over the 3-year follow-up period,
which was mainly reflected in the increasing occlusal force and
occlusal contact time of the ISPs. The occlusion of ISPsshould be
carefully monitored during follow-up examinations, and occlusal
adjustment should be considered when necessary[57]

It can be concluded from the studies evaluated in this
section, that there isn’t evidence that occlusion is guilty of the
peri-implant hard and/or soft tissue defects, beingtherefore,
innocent. There is, however, evidence that traumatic occlusion
can lead to mechanical failures, such as; prosthetic screw
loosening, prothetic screw fractures, porcelain chipping, crown
debonding, and even implant fractures, being occlusion in these
cases considered guilty.

Conclusion

Itis known thatrestorative work, from single-unit restorations
to full arch reconstructions, may fail in the short-, medium- or
long-term. Therefore, we are always looking for the cause of these
failures to justify results that aren’t always predictable. Dentists
are not prepared for failures and always assume the cause of
any problem must have been the result of their negligence,
which the patient reinforces. Alternatively, everyone pivots and
blames occlusion as the root cause of the innumerous failures or
pathologies, such as TMD, NCCLs, and dental implants. It needs to
be understood that DTM and NCCLs are multifactorial diseases,
and that occlusion as a causative factor is considered innocent
of these accusations. Regarding the biological failures of dental
implants, occlusion is considered innocent. However, regarding
the mechanical failures, occlusion can be considered guilty.
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