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Abstract

Occlusion plays a critical role in restorative dentistry, significantly impacting the success and longevity of dental restorations. Proper occlusal
alignment ensures functional harmony, patient comfort, and the longevity of both natural teeth and restorations. This review explores the
fundamental concepts of occlusion in restorative dentistry, including the principles of occlusal analysis, diagnosis, and treatment planning. It
highlights the importance of achieving balanced occlusion in various restorative procedures such as adhesive restorations, crowns, implant etc.
Additionally, it discusses common occlusal issues encountered in restorative dentistry, including malocclusion, bruxism, and temporomandibular
disorders (TMD), and outlines strategies for their management. Emphasis is placed on the integration of digital technology in occlusal
assessment and the role of interdisciplinary collaboration in achieving optimal outcomes. By thoroughly examining contemporary practices and
emerging trends, this review seeks to shed light on the significance of occlusion in improving the overall standard of restorative dental care.
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INTRODUCTION

In dentistry, occlusion is defined as the contact of the opposing
dental arches when they are in contacts (static) and during
various jaw movements (dynamic occlusion) (1). Occlusion
refers to the relationship between upper and lower teeth. It has
evolved from a simple point of contact to a complex
understanding of how teeth, jaws, and muscles work together.
In modern dentistry, occlusion is vital for diagnosis, treatment
planning, and restorative procedures. Dentists cannot alter any
tooth without impacting the final occlusion (2). Edward
Angle's 19th-century malocclusion classification, still in use,
began the study of occlusion (3). A contemporary perspective
on occlusion considers the interconnectedness of teeth, the
temporomandibular joint (TMJ), jaw muscles, and nerves,
along with the relationship between the maxilla and mandible
when they are functionally engaged during mandibular
activity. This entire system is termed the "Masticatory or
Stomatognathic System." The interactions and mutual
dependencies of these elements establish the foundation of
occlusion, ensuring that each mandibular movement is
coordinated to optimize function while minimizing potential
harm to any of the structures.

Fig. 1. Model showing ideal occlusal relation between maxilla and
mandible
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Occlusion plays a vital role in restorative and prosthetic
treatments, impacting TMDs which affect jaw joints and
chewing muscles, causing pain and movement problems. A
balanced neuromuscular system, with synchronized teeth,
jaws, joints, and muscles, is crucial. Clinicians must ensure
muscle balance post-surgery to prevent occlusal diseases and
severe TMDs. Proper occlusion prevents issues like bite
misalignment, uneven force distribution, tooth sensitivity, and
TMDs. Restorative dentistry aims to restore teeth's original
form and function, ensuring balanced occlusion to prevent
clenching, bruxism, and temporomandibular dysfunction (4).
Occlusion treatment should be customized to the specific needs
of the masticatory system instead of following universal
guidelines. This personalized approach improves treatment
quality and success rates.

Balanced Occlusion

It refers to the simultaneous, bilateral contact of maxillary and
mandibular teeth in both anterior and posterior areas during
centric and eccentric positions. In natural teeth with fixed
bases, balancing side contacts are harmful as they cause
premature contacts, leading to occlusal wear, PDL breakdown,
and TMJ issues. This concept is now outdated for natural teeth.
However, principles such as condylar and incisal guidance,
cusp height, curve of Spee, and plane of occlusion remain
useful for restoring natural teeth.

Morphologic Occlusion

Orthodontists follow Morphologic occlusion, which involves
ideal tooth-to-tooth contact. The mesiobuccal cusp of the upper
first molar should align with the mesiobuccal groove of the
lower first molar. This ideal alignment ensures stable teeth and
prevents periodontal issues (5)

Ideal Occlusion

Orthodontists describe the "Ideal" Occlusion based on the
works of Angle (1900) and Andrews (1972, 1989),
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emphasizing specific anatomical relationships of the teeth and
dental arches, focusing on static relations. An ideal occlusion
is characterized by stable jaw relationships during centric,
unrestricted glide with maintained occlusal contact between
central relation and occlusion, smooth gliding occurs during
excursive movements and occlusal guidance limited to the
working side(5).

Figure 2.

Functional occlusion

In the 1970s, the "Dynamic Individual Occlusion" concept
emerged, focusing on the health and function of each person's
masticatory system rather than a specific occlusal
configuration. This type of occlusion may deviate from the
ideal but is well adapted to the individual's environment
without causing pathology or dysfunction.

Figure 3. The sequence of functional occlusion (A) Centric
occlusion. (B) Anterior guidance. (C) Canine guidance

Pathologic occlusion

It refers to a condition where significant disharmony between
the teeth and TMJ causes symptoms requiring intervention. If
the adaptive capacity of physiologic occlusion decreases, it can
become pathologic (5).

Fundamentals concepts of occlusion

When performing restorative dental procedures, it's crucial to
keep in mind five key principles. These fundamentals aid in
understanding the stability of occlusion over time and
identifying any instability. The goal is to assess and plan
occlusion to reduce strain on the chewing system, including
muscles, teeth, periodontal tissues, the TMJ, and dental
restorations.

These principles of occlusion include

e Retruded Axis Position (RAP) or Centric Relation (CR)
[Retruded Contact Position (RCP) = Inter Cuspal Position
(ICP) around RAP]

Mutually protected occlusion

The importance of anterior guidance

Non-working side interferences

Posterior stability

Three of these concepts include anterior tooth contact:
mutually protected occlusion, anterior guidance, and no

nonworking or balancing side contacts. Losing anterior tooth
contact can be very harmful to the patient.

RCP =ICP around RAP

Retruded Axis Position (RAP) refers to the position where the
condyles are positioned at the most posterior, superior, and
central point in the glenoid fossa. Despite debates, RAP is
considered a reproducible area with relaxed muscles. It
indicates the mandible's position to the maxilla, crucial before
restorative dentistry. RAP is stable with relaxed muscles and a
bone brace, ideal for advanced restorative work (6). In
Retruded Contact Position (RCP), the upper and lower teeth
first touch with the condyles in Retruded Axis Position (RAP).
Around 10% of patients close into Intercuspal Position (ICP)
while in RAP, whereas 90% achieve maximum intercuspation
slightly forward. Tooth contact and proprioceptive feedback
guide the mandible from RCP to ICP (7). Centric relation (CR)
refers to the maxilla-mandibular relationship where the
condyles are in the most anterior-superior position in the
glenoid fossae. In CR, only rotational movement of the
condyles is possible. Unlike intercuspal position, CR is a
mandibular position independent of tooth contact.

Mutually protected occlusion and anterior guidance

In maximum intercuspation, the back teeth safeguard the front
teeth. During forward movement, the front teeth meet at the
incisal edges, shielding the canines and back teeth from
contact. In side-to-side movement, the upper and lower canines
touch, protecting both the front and back teeth, without any
contact between them (8). Posterior teeth handle vertical
forces, protecting anterior teeth. Anterior teeth manage
horizontal forces, protecting posterior teeth. Anterior teeth are
not built to withstand vertical loads (9).

The importance of anterior guidance

The unique relationship between anterior teeth and the TMJ
fulcrum protects posterior teeth during function. Anterior
guidance reduces muscle activity in excursive positions,
aligning with tooth function and the muscular system, thus
harmonizing with the "Envelope of Function." It forms from
the contact between mandibular and maxillary anterior teeth
surfaces, without interfering with mandible movements. Proper
anterior guidance is crucial for designing occlusal schemes and
solving occlusal issues.

Non-working side contacts (interferences)

During lateral movement, the non-working side typically has
no tooth contact. The initial contact on the non-working side is
referred to as non-working side interference. When restoring
opposing teeth, it's crucial to avoid creating occlusal
disharmony, which can cause TMJ issues like clicking or
muscle pain. For example, extracting a lower left second
premolar can cause the first molar to incline, changing
occlusion and causing interference (10).

Posterior stability

When restoring a posterior tooth, its occlusal structure should
align with that of the adjacent teeth. For maxillary posterior
teeth, adjust the buccal incline of palatal cusps; for mandibular
posterior teeth, adjust the palatal incline of buccal cusps (11).
Posterior teeth's occlusal stability is crucial for the masticatory
system to function effectively (12).
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Molar disocclusion

When individuals with normal occlusions repeatedly move
their mandible laterally, their movement paths vary because of
the flexibility of the articular disc. Deviation averages: 0.2 mm
in centric relation, 0.3 mm in working movements, and 0.8 mm
in protrusive and nonworking movements (13). To prevent
occlusal interferences and non-axial forces on molars during
eccentric movements, molar disocclusion should match or
exceed the observed mandibular deviations.

Condylar guidance

Important elements of condylar guidance that influence
posterior teeth occlusion include the inclination of the
protrusive condylar path and the lateral movement of the
mandible. The protrusive condylar path inclination differs
among individuals, averaging 30.4 degrees relative to the
horizontal reference plane (43 mm above the edge of the upper
central incisor). A steeper protrusive inclination permits longer
cusp height, whereas a shallower inclination necessitates
shorter cusp height (14).

Importance of occlusion in restorative dentistry

Dental restorations play a crucial role in occlusion and are
essential in restorative dentistry. They often involve the
occlusal surfaces of teeth. Restorative procedures can alter
occlusion, potentially causing issues. Dentists aim to avoid
these complications for successful outcomes. Effective
occlusion management ensures the longevity of restorations
and prostheses, patient comfort, occlusal stability, and absence
of complications (15).

Forces acting on dentition

One important aspect of physics in dentistry involves
analyzing the forces applied to teeth and dental restorations.
Teeth experience different forces during normal activities.
Biomechanics studies how these forces interact with the shape
and structure of teeth, their supporting structures, and the
mechanical properties of tooth components and restorative
materials. According to dental literature, biting forces on teeth
have been measured, with maximum forces ranging from 200
to 2440 Newtons (45 to 550 pounds).

Biomechanical Unit
The standard biomechanical unit involves the

1. Restorative material
2. Tooth structure, and
3. Interface between the restoration and tooth

The importance of considering three structures in the
biomechanical unit is to detect stresses that may cause
unwanted fractures or debonding. The restorative material may
be strong enough to resist fracture, but the interface or tooth
structure may not be.

Principles of biomechanics

Stress transfer and the resulting deformations of structures are
principally governed by:

1. The elastic limit of the materials
2. The ratio of the elastic moduli involved
3. Thickness of the structures

Approaches to occlusal schemes in restorative dentistry

Restorations should be created and positioned to seamlessly
integrate with the stomatognathic system, ensuring no occlusal
interferences. Ideally, there should be stable posterior
occlusion with smooth protrusive and lateral mandibular
movements, although this isn't always possible. Thus,
occlusion should be evaluated before any restorative
procedures that could modify it. After the assessment, the
appropriate occlusal scheme approach for the restorations must
be determined (11)

These can be:

1. Conformative approach
2. Reorganised approach

Conformative approach

In this method, the occlusal arrangement is determined by the
patient's current intercuspal position, and the new restorations
are crafted to fit the existing jaw relationships. Ideally,
analyzing the occlusion is necessary to ensure it meets a
specific standard. However, this standard isn't always clearly
defined, particularly concerning occlusal contacts and the
nature and stability of those contacts.

The approach includes two situations:

e Occlusion is left unchanged before tooth preparation, but
minor adjustments can be made to restorations, like
removing non-working side contacts.

e Occlusion is modified by making localized adjustments to
the teeth's occluding surfaces before tooth preparation. This
includes removing deflective contacts on the tooth to be
restored, shortening the opposing cusps, and eliminating
non-working side interferences (16,17)

Situations where conformative approach can be used:

1. The patient's occlusion is ideal: centric occlusion is within
1 mm of centric relation, anterior guidance is at the front,
and there are no posterior interferences.

2. The patient's occlusion is perfect: centric occlusion is
within 1 mm of centric relation, with anterior guidance and
no posterior interferences.

3. There is an absence of any TMD. If the patient has an
existing TMD, then a decision has to be taken if it needs to
be treated first, since it is possible that the treatment of this
condition could result in changes to the patient’s occlusion.

(18)
Consequences of not conforming to correct occlusion

Premature contacts on restorations or teeth can cause fractures.
Patients might adjust their mandibular posture, leading to
anterior tooth wear. Altered occlusion can crack previously
sound teeth. High restorations cause discomfort, toothache,
headaches, muscle soreness, and TMJ pain. Inaccuracies in
impressions, occlusal records, and lab mounting lead to ill-
fitting restorations. Poorly made provisional restorations result
in drifting and overeruption, causing high and ill-fitting
restorations.
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Reorganised approach

This method is used if the current occlusal scheme is
unsatisfactory for the restorative plan, specific problems
require occlusion reorganization, or extensive treatment
changes the occlusal scheme (19). Various alternative occlusal
schemes are detailed in the literature, including balanced
occlusion (bilaterally balanced occlusion) and unilaterally
balanced occlusion. The first is suggested for complete denture
prosthodontics to ensure denture stability during dynamic
movements.

Occlusal considerations in adhesive restorations

A conformative approach is typically adopted in cases
involving adhesive or bonded restorations unless extensive
occlusal corrections or full-mouth rehabilitation using adhesive
restorations are required (20). Using this approach preserves
the patient’s existing occlusal status while ensuring that the
restoration blends into the dentition. The interface between the
restoration and the healthy tooth structure should be designed
in such a way that any contact with the working cusp should be
avoided to reduce the stress concentration. Material properties
like hardness and fracture toughness are key in choosing the
restoration type based on the patient's ability to withstand
forces. Porcelain offers great esthetics but can fracture under
heavy occlusal loads, while metals and high-strength ceramics
like zirconia provide better durability. Choosing materials with
sufficient strength helps prevent restoration failure in high-
stress areas (20). When working with zirconia, extend the
substructure to the incisal edge or cusp for added support. This
helps to evenly distribute occlusal loads and reduces the risk of
veneer chipping or delamination. For restorations on the
palatal surfaces of upper front teeth, a custom-made incisal
guide might be required to ensure precise guidance during
functional movements and minimize interferences (21).

Effects of occlusion on restoration longevity

Several factors affect the longevity of dental restorations, such
as the restoration size, tooth position, patient's caries index,
material choice, moisture control, and various patient- and
clinician-related aspects. (22) Among all the above-mentioned
factors occlusion is one of the most significant one which is
often overlooked. Restorations that match the existing
dentition tend to last longer than those with high occlusion or
interferences during excursive movements, which experience
unfavorable forces (23). It's crucial to align restorations with
the patient's natural occlusal pattern to minimize stress and
avoid premature failure. Conversely, restorations with
improper  occlusal contacts can cause localized
stressconcentration, leading to microcracks formation or
debonding of the restoration. Material selection plays a crucial
role in determining how restorations withstand occlusal loads.
Amalgam has long been favored for patients with
parafunctional habits or heavy occlusal forces, as well as in
cases where the occlusal load falls directly on the restoration
(24). Due to advancements in material science, composite resin
has become a viable choice for posterior restorations, offering
durable bonds and the capacity to withstand occlusal forces. A
meta-analysis by Heintze and Rousson found a 5% failure rate
from fractures and about 12% noticeable wear over 10 years
(25,26). When the occlusal load surpasses the material's
capacity, the restoration may crack or fracture. Multi-surface
restorations, like class II or class IV, are especially prone to

fractures due to their larger surfaces and intricate occlusal
relationships (27,28). When restoring multiple surfaces, it's
important to consider material selection and ensure proper
occlusal balance to minimize stress at contact points.

Occlusal trauma and its effects on restorations

Occlusal trauma, or trauma from occlusion, refers to injury to
the attachment apparatus that results from excessive occlusal
force (29). Periodontal health is affected by the forces exerted
on teeth. Moderate occlusal forces can enhance it by
thickening the lamina dura and reorganizing the bony
trabeculae. Conversely, excessive forces can cause tissue
damage, resulting in increased tooth mobility, widened
periodontal ligament spaces, and bone resorption. Before
initiating restorative treatment, it's essential to conduct a
comprehensive clinical examination to ensure functional
harmony in the masticatory system. This examination should
evaluate the stability of the joint position, tooth alignment, the
direction and intensity of occlusal forces, and any indications
of occlusal overload (30). Identification of any pre-existing
occlusal overload can prevent the possible complications, such
as restoration fracture, debonding or even periodontal
destruction.

Occlusal recording and reconstruction

Several articulators exist for occlusal recording and
reconstruction. The Denar semi-adjustable articulator with a
face-bow is commonly used for complex restorative
treatments.

Occlusion indicating materials and techniques used in the past
and present:

Various occlusal recording materials.

11. Black Silicone.
12, High Spot Indicator

1. Alginate Impression Material 6. Transparent acetate sheets.
7. Wax.

3. Polyether rubber impression bites. 8. Wax Articulation Paper,

4. Silicon Putty. 9. Silk Strips

10. Foils

2. Mylar paper strip.

13. Occlusal Sprays

14. Photo occlusion

5. Typewriter Ribbon 15. Occlusal Sonography

16. T-Scan 17. Pressure Sensitive Films

Comparison of Tools and Devices for Occlusal Analysis: Features
and Limitations (31)

Device / Tool Key features Limitations

Occlusal Identifies occlusal issues by | Sound variation

Sonography listening to the sounds | depending on closure
produced during closure. force limits accuracy.

T scan Utilizes a color spectrum from | Film thickness of 0.1
blue to red to depict occlusal | mm, thicker than
forces, helping to diagnose | articulating paper and
occlusal  trauma, identify | shimstock, limiting
premature contact, and achieve | precision.
occlusal balance during
treatments.

OccluSense A 60-micron thick wireless | It doesn't have scientific
sensor with app-based data | proof for reliability,
visualization that requires daily | repeatability, and
function tests to ensure proper | accuracy, unlike T-
operation. Scan's  36-year track

record.

Articulating Articulating paper, available in | Articulating paper

Paper  Strips | various thicknesses, leaves dye | thickness (40 microns)

and Shimstock | marks to indicate occlusal | exceeds patients’
force. Shimstock, at 8-12 | occlusal tactile
microns thick, offers a more | sensitivity (8-10
precise way to detect occlusal | microns), leading to
high points. inaccuracies.
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Digital Occlusal analysis

Various digital technologies have been introduced overtime
that have made assessment and rehabilitation of occlusion very
convenient. With the advances in computer technology, digital
dental models are now being widely used for diagnosis and
treatment planning for occlusal adjustments. Assessment with
the help of these technologies, reduces the chance of errors,
provides proper diagnosis of the problem, and helps in
appropriate treatment planning.

These technologies include

e Intra-oral scanners

e Computerized occlusal analysis T- Scan
e Computerized Electromyography system
e Virtual articulators

Occlusal Interferences

Undesirable contacts between opposing teeth, known as
occlusal interferences, can lead to mandibular displacement on
either the working or non-working side during lateral
movements. It is important to identify these interferences
before performing any restorative treatment.

There are various types of Occlusal interferences:

Centric interferences
Working interferences
Non-working interferences
Protrusive interferences

In a reorganized approach for restorative rehabilitation, lateral
guidance should come from the canines, without occlusal
interferences on the working or non-working side. Non-
working side contacts without pathology signs are not
necessarily interferences. Such contacts might be present in
patients with malocclusions or non-ideal natural occlusal
schemes. Excursive and protrusive contacts, marked with
articulating paper, should be smooth and continuous. Any
irregular or broken appearance may indicate interference on
the tooth or elsewhere in the oral cavity.

Selective grinding

Defined as "modification of the occlusal forms of the teeth by
grinding according to a plan. The modification of the occlusal
forms of teeth by grinding at selected places marked by spots
made by articulating paper, or marked by parts of the teeth
cutting through a thin layer of wax placed over the teeth".

Occlusal dysfunction

The dictionary defines disease as an impairment of the normal
state of a living body, affecting its vital functions and showing
signs and symptoms. Negative effects of occlusion are often
called "problems" or "conditions," but based on this definition,
"disease" is a more fitting term, leading to "occlusal disease."
Occlusal disease results from a mix of inherent defects or
malocclusion, environmental factors or maladjusted
restorations, and abnormal masticatory activities. These lead to
degeneration and dysfunction of the masticatory system,
shown by signs and symptoms. Both conditions must coexist
for occlusal disease to occur. As a perfectly balanced bite is

rare, and parafunctional activities can be worsened by stress
and certain drugs, occlusal disease is common and chronic.

Basic mechanism for tooth surface deformation

According to Grippo et al, it is now apparent that deformation
of tooth structure results from three basic physical and
chemical mechanisms that can act alone or in combination (32)

1. Stress results in compression, flexure, and tension. It can
produce microfracture and abfraction as a dental
manifestation.

2. Friction includes abrasion from exogenous material and
attrition, which is endogenous and results from empty
mouth bruxing and parafunction. The end point of both is
wear of tooth surfaces.

3. Corrosion is the result of chemical or electrochemical
degradation.

The interplay of these three fundamental mechanisms typically
results in accelerated structural damage to teeth. Consequently,
the structural deformation of teeth is generally multifactorial.
Nonetheless, occlusal overload frequently emerges as the
primary concern that must be addressed when devising a
treatment plan for severely damaged tooth structures.

Various etiologies for occlusal dysfunction include:

Attrition

Abrasion

Erosion — Endogenous and exogenous
Abfractions

Splayed teeth

TMD

Occlusion and its effect on Temporomandibular disorders
(TMD)

Clinicians and researchers have considered for many years
occlusion as one of the major direct and/or indirect etiological
factors causing temporomandibular disorders (TMDs) (33).
TMD refers to a group of conditions that cause dysfunction
and pain in the masticatory muscles, temporomandibular joints
(TMJs), and the surrounding tissues. The cause-effect
relationship between occlusion and TMD has been based for a
long time on the observation of the anatomic connection
between teeth position and jaw functions, and on the higher
prevalence of TMD in individuals with dental malocclusion
compared with the general population (34). Numerous studies
have examined how occlusion and malocclusion might
contribute to the emergence of TMD signs or symptoms. For
example, a recent online study found that over half of the
current websites linked TMD to occlusal issues or
malocclusion and suggested treating occlusal changes to
relieve TMD (35). However, recent studies contradict this
association between occlusion and TMD, attributed mainly to
the lack of scientifically valid evidence. A literature review
published regarding the association between TMD and
occlusion reported an absence of a disease-specific association,
and concluded that there is no ground to hypothesize a major
role for dental occlusion in the pathophysiology of TMDs (36).
However, recent scientific trend has turned the focus of
etiology of TMD from a biomedical to a more complex
multifactorial ~ biopsychosocial model, which includes
biological, psychological, and social factors (37).
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Conclusion

In conclusion, occlusion plays a critical role in restorative
dentistry, as it directly determines the success and longevity of
dental restorations. Proper occlusal assessment and
management are essential to ensure optimal function, comfort,
and aesthetics for patients. By understanding the complexities
of occlusion and incorporating precise techniques in treatment
planning and execution, dental professionals can achieve more
predictable and favorable outcomes. Continual advancements
in occlusal analysis technologies and materials further enhance
the ability to provide high-quality restorative care, ultimately
contributing to improved patient satisfaction and oral health.
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