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Fundamentals of occlusion and restorative 
dentistry. Part I: basic principles
A bstract

This article presents the basic principles o f dental occlusion and an overview o f this subject 

area, which is im portant for dental professionals.

Clinical relevance: A sound knowledge of dental occlusion is important in order to  improve dental 

treatm ent outcome and achieve a long-lasting restoration.

introduction
One of the goals of restorative treatment is maintenance and/or re

establishment of a good dental occlusion when the treatment is completed.1'2 

Therefore, restorative treatment should be aimed at the achievement of 

smooth unhindered mandibular movements during function. The outcome 

should not result in an occlusal interference, nor should it lead to generation of 

excessive force on the teeth, the periodontal apparatus or the 

temporomandibular joints (TMJs).3'4 All members of the masticatory system 

should work in harmony and accommodate the changes in occlusal morphology 

of the finished restoration well.4 Therefore, dentists must have a sound 

knowledge of dental occlusion and masticatory systems.

This article provides clarification of the basic principles of dental occlusion, as 

well as an overview of this subject area, which is vital for every dental student 

and dentist. To avoid confusion, the terms and definitions of the Glossary of 

Prosthodonticss are used.

Occlusion

Occlusion is the static relationship between the incising or masticating surfaces 

of the maxillary or mandibular teeth or tooth.5 It is a static position, as the 

mandible is not moving. On the other hand, the dynamic relationship of the 

mandible to the maxilla is known as an articulation, and indicates the contact 

relationship between the incising or masticating surfaces of the teeth during 

function and mandibular movements.4'6

Temporomandibular joint
To understand how the mandible moves, it is important to know the anatomy 

of the TMJ. Basically, the TMJ consists of the glenoid fossa, the condyle and 

the articular disc, which is located between the condyle and the fossa, and 

divides the jo int into lower and upper compartments (Figure 1). The upper 

compartment is located between the inferior surface of the glenoid fossa and 

the superior surface of the articular disc, in this compartment only translational 

movements occur.7 The lower compartment exists between the superior surface 

of the condyle and the inferior surface of the articular disc. In this compartment 

only rotational movements occur. A synovial membrane lines the joint capsule 

and produces the synovial fluid that fills these two compartments.8 

The articular disc is composed of avascular fibrous connective tissue.7 It has 

three well-defined regions: the anterior; intermediate; and, posterior bands 4,8 

The disc has a very low coefficient of friction and is stabilised between the 

condyle and the articular eminence by its thick rim, which has special 

viscoelastic properties.9 An important masticatory muscle is the lateral 

pterygoid muscle, which has two heads: the superior, and, inferior. The superior 

head is attached to the articular disc and the inferior head is attached to the 

neck of the condyle.10 Nonetheless, it has been reported that the superior head 

of the lateral pterygoid muscle is attached to the anterior medial portion of the 

capsule, with varying degrees of attachment to the lateral aspect of the 

capsule.10 Parts of the superior head of the lateral pterygoid muscle were also 

reported to attach to the mandibular condyle. However, no direct insertion of
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FIGURE 7: Structures o f the temporomandibular 
jo int.

Working condyle Non-working condyle

FIGURE 2: Working and non-working condyles. FIGURE 3: Centric relation and maximum 
intercuspal position o f the mandible on the 
mandibular border movements in the sagittal 
plane.

the superior head of the lateral pterygoid muscle into the disc was found.10 

The posterior band of the disc is attached to two layers: a superior (elastic); 

and, an inferior (inelastic) layer. The two layers are collectively known as a 

bilaminar (retrodiscal) zone. The superior layer, being elastic, allows the disc 

to  maintain its relationship with the condyle during translational mandibular 

movements. The inferior layer is inelastic; therefore, it maintains a normal 

relationship between the disc and the condyle. In the bilaminar zone blood 

and nerve supply are present. The jo in t is also composed of ligaments such as 

the stylomandibular and temporomandibular ligament. The jo in t is also 

surrounded by a capsule. The various structures o f the TMJ are displayed in 

Figure 1.

Types of mandibular movements
The mandible can perform two types of movements: translational and 

rotational. In general, translational movements occur when all parts o f a body 

move in the same direction at the same speed. In the TMJ, the condyle and disc 

move together along the articular eminence as in the mandibular protrusive 

movements. This movement takes place in the upper jo in t compartment. 

Rotational movement occurs when the condyle rotates around an imaginary 

axis. These rotational movements occur in the lower jo in t compartment. 

Rotational mandibular movements are described around three imaginary axes: 

horizontal (also known as the terminal hinge axis; THA); vertical; and, sagittal. 

The THA is an imaginary axis, which passes through the two condyles. In centric 

relation (CR), the mandible can only execute hinge opening and closing. These 

rotational movements occur in the sagittal plane and in the range of 20-25mm 

when measured between the upper and lower incisors.

The vertical axis passes through the working condyle during lateral excursion of 

the mandible. The sagittal axis is an anteroposterior axis, which passes through 

the working condyle during the lateral excursion o f the mandible. In this case 

the non-working condyle is seen rotating downwards and medially.

lateral excursion, it may also move laterally as well as backwards, upwards and 

downwards (Figure 2). However, the translatory part of lateral movement of 

the mandible in which the non-working condyle moves is straight and medial 

as it leaves the CR.5 This movement is known as an immediate side shift. This 

side shift describes a lateral translation o f the mandible towards the working 

side in which the non-working condyle moves medially before its forward 

movement occurs. This was previously called the Bennett movement. It is 

important to highlight that this immediate side shift represents the lateral 

movement o f the whole mandible sideways towards the working side, and it 

precedes the rotational movement of the working condyle.51112 The amount of 

the immediate side shift may differ among patients and bilaterally within 

patients.13

There is also another side shift called a progressive side shift. This represents a 

translatory portion o f mandibular movement as viewed in a specific body plane 

and occurs at a rate or amount that is directly proportional to  the forward 

movement of the non-working condyle.5 Both movements (immediate and 

progressive) represent the lateral translation movement o f the mandible and 

have an effect on the occlusal morphology o f teeth, and consequently on 

mandibular movements.11*13

It is important to mention that the immediate and progressive side shifts 

describe the lateral translation o f the mandible towards the working side in 

relation to the movement o f the non-working condyle. Furthermore, both 

movements have a role to  play in mandibular lateral excursive movements.

Mandibular positions
Two mandibular positions are important from a restorative point o f view, i.e., 

maximum intercuspal position (MIP) and CR.15 MIP is also known as maximal 

intercuspation, intercuspal position, habitual occlusion, habitual centric, centric 

occlusion and acquired centric. CR is also called centric maxillomandibular 

relationship (CMMR) and retruded axis position.4,6

Working and non-working side
During mandibular lateral excursions, the side o f the mouth to  which the 

mandible has moved is known as the working side, while the side of the mouth 

from which the mandible has moved away is known as the non-working side. The 

condyle of the working side is denoted as the working or rotating condyle, and 

the condyle of the non-working side is called a non-working or orbiting condyle. 

While the working condyle rotates around the vertical axis during mandibular

Maximum intercuspal position

MIP is defined as the complete intercuspation of the opposing teeth 

independent o f condylar position in the glenoid fossa, also referred to  as the 

best f it  o f the teeth regardless o f the condylar position.5 It is a too th- 

determined position, in which the mandible occupies its most cranial position 

as it is stopped definitively by the tooth contact.17*20 In MIP the condyle-disc 

assembly is usually anterior and inferior and/or medial or lateral, or a

202 Journal of the Irish Dental Association | Aug/Sept 2015 : Vol 61 (4)
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FIGURE 4: Two clinical pictures in which the centric relation is used to restore the form and function.

FIGURE 5: Movements o f the lower incisors when viewed in the sagittal, 
frontal or horizontal plane.

combination of the above, compared to their position in CR. The average 

distance between CR and MIP in 90% of the population is 0.5-2mm.20'21 In this 

position, a maximum occlusal force can be applied and the maximum number 

of occlusal contacts is found. Therefore, it is the position of maximum stability 

of the mandible. MIP provides a steady position for the mandible during 

swallowing and severe physical exertion.6,16,22 In a subject with normal 

physiological occlusion the MIP is a precise, readily identifiable position when 

an adequate number of posterior teeth is present. It is the most commonly used 

reference position in the clinic.1'’ 18,23

Centric relation

CR is a position of the condyles when they articulate with the thinnest avascular 

portion of their respective discs and the condyle-disc assembly is in the 

anterior-superior position against the articular eminences.5,6 This position is 

independent of tooth contact. The CR is actually not a mandibular position but 

an axis around which the mandible can rotate. It is restricted to a purely 

rotational movement about the THA.6,19 The CR is clinically identifiable, 

recordable and reproducible in patients with no pain or derangement in the 

TMJ.6,20 The position of the condyle in CR is usually taken as a starting point 

when the MIP is not satisfactory, or when occlusal rehabilitation is needed 

(Figures 3 and 4} and is also used in edentulous patients when complete 

dentures are planned.

In order to record the CR clinically, several methods are used. These include

FIGURE 6: Schematic (A) and clinical pictures (B and C) represent the mandible 
when it  is at the first tooth contact position (B) and when the mandible is 
pushed into the MIP (C). The red arrow indicates the FTC between the mesial 
inclined o f the disto-buccal cusp o f the upper first molar and the distal incline 
o f the disto-buccal cusp o f the lower first molar in the CR. The black arrow 
shows forward and upward mandibular movements as the mandible is pushed 
by the FTC i f  the patient is asked to close his/her mandible.

bimanual mandibular manipulation with or without a jig, chin point guidance 

with or without a jig, and Gothic arch tracing. The bimanual manipulation 

method has been found to be more consistent than the other two methods.14 

The CR and MIP of the mandible on the mandibular border movements in the 

sagittal plane are shown in Figure 3.

Border movements of the mandible (Figures 3, 5 and 6)

Extreme or border movements of the mandible are described as an envelope of 

motion or Posselt's envelope of motion.17,20,24 These movements can be 

demonstrated by tracing the movements of the lower incisors when viewed in 

the sagittal, frontal or horizontal plane (Figure 5j.

Journal of the Irish Dental Association | Aug/Sept 2015 : Vol 61 (4) 203
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FIGURE 7: The greater the angle o f the articular eminence, the greater the steepness o f the FIGURE 8A: Immediate side shift,
cuspal angle and the deeper the fossa.

The cranial extent o f Posselt's envelope o f motion is controlled by the teeth, 

while the mandibular movements along all other borders and within the 

envelope are mainly controlled by the TMJ. The border movements can be 

described as follows:

1. The mandible initially opens with a hinge movement about the THA, with 

the condyles in the CR. The red arc in Figure 5 represents this rotational 

movement. This creates an incisal separation o f 20-25mm.

2. If the mandible is guided to  move along the arc o f rotation in the CR, it 

usually slides on the upper too th /tee th , which then bring the mandible 

into the MIP. The tooth contact in this position is known as first tooth 

contact (FTC) or slide or retruded contact (RC) (Figures 5 and 6). The FTC 

guides the mandible along the deflective path (black slope in Figures 3 

and 5) into the MIP. This movement usually has both vertical and 

horizonta l components, and is typ ica lly  less than 1mm in the 

anteroposterior direction. Clinically, this contact may be identified when 

the patient is relaxed and the clinician guides the mandible into the CR and 

then the patient is asked to close.

It is also important to mention that the patient usually avoids the FTC and 

closes the mandible straight to  the MIP along the habitual path (yellow arc 

in Figures 3 and 5).

3. The upper limit of the envelope of motion consists o f edge-to-edge 

relationship, incisal guidance, MIP and FTC.

4. On further opening, the condyles translate downwards and forwards along 

the articular eminences o f the glenoid fossa to  a point of maximum 

opening. This movement represents the mid-sagittal depression during the 

clinical examination. The transitional arc is represented by a dashed line in 

Figures 3 and 5.

Table 1: Examples of anterior and posterior determinants 

and their effects

Determinant Condition Effect: degree of 
the cuspal angle

Condylar guidance Steeper More steep

Immediate side shift Greater immediate side shift Less steep

Anterior guidance Greater vertical overlap (overbite) 

Greater horizontal overlap (overjet)

More steep 

Less steep

Curve of Spee More acute curve Less steep

5. When the mandible moves from the maximum mouth opening in the 

upward and protrusive direction (blue arc in Figure 5) until the lower teeth 

make contact with the upper teeth, this arc o f movement is known as a 

protrusive arc. It represents the extreme movement of the mandible in a 

protrusive direction.

Determinants of occlusion
Occlusion and mandibular movements are controlled by three determinants 

(factors): the TMJ, known as the posterior determinant; the teeth, known as 

the anterior determinant; and, the overall neuro-masticatory system (Table 1). 

Clinicians have no control over the posterior determinants (TMJs), as these are 

unchangeable, but they can change the anterior determinant (teeth) to  good 

or bad.14 The neuro-masticatory system is required to  deal with what we have 

restoratively created.

A. The posterior determinant: TMJ

The influence of the TMJ on mandibular movements can be expressed by the 

inclination o f the articular eminence (condylar inclination), the morphology of the 

medial wall o f the glenoid fossa and the shape o f the condyle. These three factors 

influence the mandibular movements, as they dictate the direction, duration and 

timing o f mandibular movements and consequently affect occlusal morphology 

such as steepness of the cuspal angle and the direction of ridges and grooves.12 

For instance, the shape and angle o f the articular eminence of the glenoid fossa 

affect the movement of the mandible and teeth by the path that the condyles 

must travel when the mandible moves. The range of angulation o f articular 

eminence at the midpoint inclined plane is between 17 and 77 .

The posterior determinant can be divided into vertical factors that affect the 

steepness of the cuspal angle and horizontal factors that affect the ridge and 

groove directions o f the occlusal morphology. Only a few examples o f these 

factors are discussed in this article:

1. Condylar inclination denotes the angle at which the condyle descends 

along the articular eminences in the sagittal plane. For example, the 

greater the angle of the articular eminence, the greater the steepness of 

the cuspal angle and the deeper the fossa (Figure 7). When the mandible 

protrudes, the posterior part o f the mandible drops down in a greater angle 

than if the angle o f the articular eminence is less steep. Therefore, the 

prospective restoration with a steep cuspal angle is permissible as the teeth 

are less likely to clash.

204 Journal o f the Irish Dental Association | Aug/Sept 2015 : Vol 61 (4)
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FIGURE 8B: Steep cuspal angle. FIGURE 9A-C: Incisal guidance.

2. Mandibular side shift and the steepness of the cuspal angle

The mandible may bodily shift sideways during its lateral movements as 

mentioned earlier. If there is a bodily shift, there will be a downwards, 

forwards or medial component. During lateral excursion movement, the 

non-working condyle moves downward, inward and forward. The inward 

movement of the non-working condyle is affected by two anatomical 

factors: (1) the morphology of the medial wall of glenoid fossa and its 

proximity to the medial pole of the non-working condyle; and, (2) the 

inner horizontal part of the temporomandibular ligament that is attached 

to the lateral pole of the working condyle. These two factors dictate if 

there will be a lateral mandibular side shift (immediate or progressive).12 

For example, if the temporo-mandibular ligament attached to the working 

condyle is tight and the medial wall of the glenoid fossa is close to the 

medial pole of the non-working condyle, no immediate side shift will occur 

and therefore a steep cuspal angle is allowed (Figure 8B). Flowever, if the 

temporomandibular ligament is loose and a space exists between the non- 

working condyle and the medial wall of the glenoid fossa, an immediate 

side shift will occur (Figure 8A). When teeth are restored, the presence of 

an immediate side shift allows a lesser steepness of the cuspal angle, 

shorter cusps and a shallower fossa, and also requires grooves to let the 

opposing cusp escape. A progressive side shift allows for a steeper cuspal 

angle, greater cusp height and consequently a deeper fossa (Figure 8B). 
It is important to mention that both the direction and timing of the side shift 

also affect the steepness of the cuspal angles. Additional to its rotating 

movement, the working condyle can also move superiorly, interiorly, posteriorly 

and anteriorly. All these movements influence the occlusal morphology of the 

teeth.

Also, downward movements of the non-working condyle in relation to the 

horizontal plane affect the occlusal morphology of posterior teeth, as the 

greater the angle of the path, the greater the steepness of the cuspal angles 
and the deeper the fossa.

B. The anterior determinant: teeth

The anterior determinant indicates factors within dentition that influence the 

occlusal morphology and the mandibular movements. The posterior teeth 

provide end-stop (vertical stop) of the mandible, while the anterior teeth guide 

the mandible into the MIP and also in the right and left excursion, and in 

protrusive movements. Flowever, in a patient with an anterior open bite, the

influence of anterior teeth is lost and the posterior teeth may guide the 

mandible during the lateral excursions and protrusive movements. It is 

important to note that the anterior determinant represents both anterior and 

posterior teeth and their effect on the mandibular movements, and not only 

anterior teeth. Examples of elements of the anterior determinant:

1. Incisal guidance (vertical and horizontal overlap of anterior teeth).
2. Occlusal plane.

3. Curve of Spee.

4. Curve of Wilson.

1. Incisal guidance (Figure 8)

Incisal guidance indicates the effect of the contacting surfaces of the maxillary 

and mandibular anterior teeth on the mandibular movements. This guidance 

forms an angle with the horizontal plane. It is represented by the vertical 

(overbite) and horizontal overlap (overjet) of the anterior teeth. When the 

mandible moves from the MIP to an edge-to-edge relationship, their path is 

determined by the palatal surfaces of the maxillary anterior teeth (Figures 3, 5 

and 9). The angle and length of the movement is determined by the incisor 

relationship. For instance, in Class II division 2 occlusions, the movement is 

almost vertical, as the lower incisors are locked palatal to the upper incisors and 

cannot easily slide forward (Figure 9B). Consequently, when the vertical 

overlap is increased the cusps of the posterior teeth can be longer and vice 

versa. Flowever, when horizontal overlap is considered, the greater this overlap 

the shorter the cusp height will be in order to avoid cusp collision. On the other 

hand, when this horizontal overlap is reduced, the cusp height increases.

The anterior teeth are suitable to guide the mandible in protrusive and lateral 

excursions. Firstly, the anterior teeth (including canines) usually have a vertical 

overlap, which allows them to disengage the posterior teeth when the mandible 

moves from the MIP. Secondly, the heights of cusps of the posterior teeth 

decrease posteriorly, which also facilitates their disengagement when the 

mandible moves from the MIP. Thirdly, the mandible is a type III lever (like a 

nut cracker); hence, the occlusal force on these teeth will be less than that 

imposed on the posterior teeth. Fourthly, the proprioceptors' threshold and 

reflex reaction reduces the load on anterior teeth.6'14 Then, anterior teeth are 

suitable to protect the posterior teeth during excursion movements of the 

mandible without a negative effect being imposed on them.

The incisal guidance is of paramount importance for function, aesthetics and 

phonetics. Therefore, when the incisal guidance is satisfactory, it should be
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FIGURE 9E: Incisal guidance.

FIGURE 11: The long axis o f each mandibular posterior tooth is aligned 
parallel to the arc o f closure; therefore, maximum resistance to occlusal force 
is achieved.

arc o f closure; therefore, maximum resistance to  occlusal force is 

achieved, as most of the periodontal ligaments are involved in dissipation 

of imposed occlusal force (Figure 11). 
b. Posterior disdusion is more easily obtained when the mandibular occlusal 

plane is fla t or convex. Even when the incisal guidance is flat, the forward 

movement o f the condyle on the articular eminence is at an angle that is 

steeper than the posterior part o f the occlusal plane, which will lead to 

posterior disdusion.

The curvature o f the curve o f Spee can be described according to the length of 

the radius o f the curve. The length of the radius of this curve has an effect on 

the occlusal plane and on the cusp heights of posterior teeth. When the radius 

of the curve is long (less concave/less acute), the occlusal plane is flatter than 

when the radius is short (more concave/more acute).12 The amount of 

separation (disdusion) between the mandibular and maxillary posterior teeth is 

dependent on the length of the radius of the curve of Spee such as when the 

radius is short, the separation is greater and the posterior cuspal angles are 

steeper than when the radius is longer.

The curve of Spee may be pathologically altered by rotation, tipping and over- 

eruption o f teeth. For example, an over-erupted tooth, after extraction of 

opposing too th /teeth , may lead to occlusal interferences and disturbance in 

the occlusal plane and curve o f Spee (Figure 12). Corrections o f such

FIGURE 9D: Incisal guidance.

FIGURE 10: Curve o f Spee.

maintained whenever possible, or should be copied in the new restoration when 

the involved anterior teeth are being restored. This can be achieved by 

customising the incisal guidance and copying the palatal surface of these teeth 

in an impression from which the technician can transfer the palatal surface of 

the teeth to  the restorations, or by using a custom-made incisal guidance 

(Figures 9D and 9E).

2. Plane o f occlusion

This is defined as the average plane established by the incisal and occlusal 

surfaces o f the teeth.3 * 5 * * * Therefore, it is an imaginary plane that touches the 

incisal edges of anterior teeth and the cusp tips of the posterior teeth.12 The 

cusp angles of posterior teeth are influenced by the relationship between the 

occlusal plane and the articular guidance. Consequently, when the angle o f the 

occlusal plane is parallel or almost parallel to  the condylar guidance, the cusp 

height must be short and vice versa.

3. Curve o f Spee (Figures 10 and 11)
This is the antero-posterior curve that touches the tips o f the canine and the

functional cusps of the mandibular posterior teeth. It then extends distally

through the ramus and passes through the condyle.25,26 The design and

location o f the curve will serve two important purposes:

a. The long axis o f each mandibular posterior tooth is aligned parallel to  the
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FIGURE 12: An over-erupted tooth, after extraction o f opposing tooth/teeth, may lead to occlusal interferences and disturbance in the occlusal plane and curve 
o f Spee.

FIGURE 13: Curve o f Wilson. FIGURE 14: Tilted maxillary palatal cusp is below the curve o f Wilson. 
Correction is necessary before restorative treatment can be carried out.

disruption may be required before restorative interventions can be carried out. 

The corrections include enamelo-plasty, when a minimum correction is 

required, or orthodontic tooth intrusion, elective endodontic treatment, or 

extraction o f a causative too th /tee th  in severe cases.

4. Curve o f Wilson (Figure 13]

This is the bucco-lingual (mediolateral) curve that contacts the buccal and lingual 

cusp tip  on each side o f the arch. It results from inward inclination o f the 

mandibular posterior teeth and outward inclination of the upper posterior teeth.25 

The curve o f Wilson is important to the masticatory system in two ways. Firstly, 

an optimum resistance to  masticatory forces is achieved as teeth are aligned 

parallel to  the direction o f the medial pterygoid muscles, which are one of the 

major elevator muscles of the mandible. Secondly, the level o f the lingual cusps 

of the mandibular teeth allows the tongue to  bring food to  the occlusal table 

and the elevated buccal cusps prevent food from going past the occlusal table. 

Also, the lower level of the maxillary palatal cusps prevents food from going 

past the occlusal table.25

A disturbance in the curve o f Wilson may create an occlusal interference. For 

example, when a maxillary palatal cusp is tilted so it becomes below the curve 

o f Wilson, a non-working side interference may be created and its correction is 

necessary before restorative treatment can be carried out, as displayed in

Figure 14.

Canine guidance

The Glossary o f Prosthodontic Terms5 defines canine guidance as a form of 

mutually protected occlusion in which the vertical and horizontal overlap o f the 

canine teeth disengage the posterior teeth in the excursive movements o f the 

mandible. Accordingly, when the mandible moves to one side, the overlap o f 

canines results in separation (disclusion) o f posterior teeth on the working 

side.21,27,28 The mandible is guided by the canines during its lateral excursions 

with posterior teeth disclusion (Figure 15). In lateral mandibular excursions, 

the vertical and horizontal overlap relationships of the canines should be 

enough to disclude all other teeth. Canine guidance is more commonly seen in 

young patients whose canines are not worn.29 It may also be created by adding 

restorative material (such as composite) when a posterior fixed prosthesis or 

implant-retained fixed prosthesis is planned in order to  protect it.

Canine teeth are suitable to guide the mandible during its excursive movement 

for many reasons, as previously mentioned. Furthermore, canines have a 

favourable root anatomy and a lower crown-root ratio. They are also supported 

by sense and compact bone, which tolerate occlusal forces better than 

cancellous bone. In addition to  this, they have a strategic position in the jaws.

Croup function

Croup function is defined as multiple contact relations between the maxillary 

and mandibular teeth in lateral movements on the working side whereby
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FIGURE 75: The canine guidance occlusion. FIGURE 16: The group function occlusion.

simultaneous contact on several teeth acts as a group to distribute occlusal 

forces.5 When the mandible moves to one side, two or more pairs of opposing 

teeth guide the mandible (Figure 16).21'27'28'30 Ideally, contacts should be 

between canines, premolars and the mesiobuccal cusp of the first molar. The 

group function occlusion can be seen in patients whose canines were worn 

away or are missing, thus allowing the posterior teeth to come in contact during 

lateral movements of the mandible.21,27'2830 It may also be found in Class III 

malocclusion when the anterior teeth are in an edge-to-edge position, or have 

a reverse horizontal overlap.

Croup function occlusion may be planned when the anterior teeth have lost a 

considerable amount of their periodontal support. It is often necessary to allow 

the posterior teeth to share the occlusal forces and to guide the mandible with 

the anterior teeth. The advantage of group function occlusion is that the 

occlusal forces are shared among several teeth. However, the occlusal forces 

are not along the long axis of the involved teeth and, therefore, only part of 

the periodontal ligaments are involved in dissipation of occlusal forces.

Group function is indicated in cases of anterior open bite, when the alignment 

of the anterior teeth (canines) does not allow disclusion of posterior teeth on 

the working and non-working side, as well as when the crown-root ratio is 

significantly increased, as in patients with clinical attachment loss. 

Furthermore, it is indicated in Class I malocclusion, in which the horizontal 

overlap (overjet) increases to a degree in which canine guidance cannot be 

obtained. Therefore, these factors are to be considered when the choice 

between canine and group function is being made.

It is also important to remember that another type of occlusion, known as 

balanced occlusion, is described in the literature. It indicates simultaneous 

occlusal contacts of the upper and lower teeth on the right and left side of the 

jaw, in the anterior and posterior regions when the mandible is in MIP, and

Table 2: Records used to register the static and dynamic occlusion

Static records

Dynamic records

Centric relation
Maximal intercuspal position
Lateral and protrusive positions

Immediate side shift 
Progressive side shift 
Condylar guidance 
Condylar path 
Incisal guidance

during excursive movements. It is a prosthetic term used to stabilise the 

denture during function. It is not applicable for normal dentitions and therefore 

should be avoided.

Recording of factors that affect occlusal morphology

Several materials are used in registration of the static and dynamic occlusion. 

To be suitable to record the occlusion precisely, they should not interfere with 

the mandibular movement. They should be accurate enough to record 

sufficient details that enable the cast to be oriented correctly. They also need 

to be sufficeintly rigid not to become distorted during handling and the 

mounting procedure. The most commonly used materials are wax or silicone 

impression materials.

The recording materials are not required when the MIP is satisfactory. Witness 

marks are used to enable the clinician/technician to relate the lower cast to the 

upper cast in a simillar relationship to that of the mouth. It should be 

understood that the casts do not represent the actual picture of the mouth, as 

some variations do exist. The teeth may be displaced when the patient closes 

his/her mouth as periodontal ligaments are resilient and easily disturbed. This 

phenomenon is not present in casts. However, when the MIP is not 

reproducible by the best fit, interocclusal recording materials such as wax, 

silicone or acrylic may be used to relate the casts in the MIP when a sufficient 

number of teeth are present. This makes the identification of the MIP possible. 

Incisal guidance can be customised and used in the construction of the palatal 

surfaces of the maxillary anterior teeth when they are involved in the 

preparation of the prospective restorations (Figures 9D and 9E). Table 2 

displays the static and dynamic occlusal factors than can be recorded clinically 

and transferred to the articulators.

Conclusion

Basic knowledge of occlusion is needed for a better dental treatment outcome. 

Therefore, clinical examination, which consists of examination of the TMJ, 

teeth and soft tissue as well as the periodontium, should be carried out before 

commencement of dental treatment. Furthermore, several factors that 

influence mandibular movements during function should be considered, as they 

may be negatively changed and consequently lead to unintended outcomes.
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Cytokine expression in peri-implant crevicular fluid in 
relation to bacterial presence

Renvert, S., Widen, C., Persson, C.R.

Aim: The aim was to assess clinical inflammatory parameters, cytokine levels, 

and bacterial counts in samples from implant crevicular fluid in cases with 

untreated peri-implantitis.

Material and methods: Several bacterial species known to up-regulate pro- 

inflammatory cytokines have been associated with peri-implantitis. The 

Luminex magnet bead technology was used to study cytokines in crevicular 

fluid. The checkerboard DNA-DNA hybridisation method was used to study 

bacterial counts in samples from 41 implants (41 individuals).

Results: Profuse bleeding and suppuration was found in 25/41 (61.0%) and 

17/41 (41.5%) of the implants. The reliability of duplicate cytokine 

processing was high. In the presence of profuse bleeding, higher pg/ml levels 

of IL -ip  (p = 0.016), IL-8 (p = 0.003), TNF-a (p = 0.024), and VECF (p = 

0.004) were found. Higher concentrations of IL-1 (5 were found in the presence 

of suppuration, and if Escherichia coli (p = 0.001) or Staphylococcus 

epidermidis (p = 0.05) could be detected.

Conclusion: Profuse bleeding and/or suppuration in untreated peri- 

implantitis can be associated with higher concentrations of IL-1 p, IL-8, TNF- 

a  and VEGF in peri-implant crevicular fluid. A higher concentration of IL-1 (3 

in peri-implant crevicular fluid was found in samples that were positive for £  

coli or S. epidermidis.

J Clin Periodontal 2015. doi: 10.1111/jcpe.12422. [Epub ahead of print]

Association between developmental defects of enamel 
and dental caries: a systematic review and meta-analysis

Vargas-Ferreira, £., Salas, M.M., Nascimenta, C.C., Tarquinio, S.B., Faggion 

Jr., C.M., Peres, M.A., et al.

Background: Dental caries is the main problem in oral health and it is not well 

established in the literature if enamel defects are a risk factor for its 

development.

Objective: Studies have reported a potential association between 

developmental defects enamel (DDE) and dental caries occurrence. We 

investigated the association between DDE and caries in the permanent 

dentition of children and teenagers.

Data sources: A systematic review was carried out using four databases 

(Pubmed, Web of Science, Embase and Science Direct), which were searched 

from their earliest records until December 31, 2014.

Study selection: Population-based studies assessing differences in dental 

caries experience according to the presence of enamel defects (and their 

types) were included. PRISMA guidelines for reporting systematic reviews 

were followed. Meta-analysis was performed to assess the pooled effect, and 

meta-regression was carried out to identify heterogeneity sources. From the 

2,558 initially identified papers, nine studies fulfilled all inclusion criteria after 

checking the titles, abstracts, references, and complete reading. Seven of 

them were included in the meta-analysis with random model.

Results: A positive association between enamel defects and dental caries was 

identified; meta-analysis showed that individuals with DDE had higher pooled 

odds of having dental caries experience [OR 2.21 (95% Cl, 1.3; 3.54)]. Meta

regression analysis demonstrated that adjustment for socio-demographic 

factors, countries' socioeconomic status, and bias (quality of studies) 

explained the high heterogeneity observed.

Conclusion: A higher chance of dental caries should be expected among 

individuals with enamel defects.

J Dent 2015; 43 (6): 619-628.

Water fluoridation for the prevention of dental caries

Iheozor-Ejiofor, Z , Worthington, H.V., Walsh, T., O'Malley, L., Clarkson, J.E., 

Macey, R., et al.

Background: Dental caries is a major public health problem in most 

industrialised countries, affecting 60% to 90% of school children. Community 

water fluoridation was initiated in the USA in 1945 and is currently practised 

in about 25 countries around the world; health authorities consider it to be a 

key strategy for preventing dental caries. Given the continued interest in this 

topic from health professionals, policy makers and the public, it is important 

to update and maintain a systematic review that reflects contemporary 
evidence.

Objectives: To evaluate the effects of water fluoridation (artificial or natural) 

on the prevention of dental caries. To evaluate the effects of water 

fluoridation (artificial or natural) on dental fluorosis.

Search methods: We searched the following electronic databases: The 

Cochrane Oral Health Group's Trials Register (to February 19, 2015); The 

Cochrane Central Register of Controlled Trials (CENTRAL; Issue 1, 2015); 

MEDLINE via OVID (1946 to February 19, 2015); EMBASE via OVID (1980 to 

February 19, 2015); Proquest (to February 19, 2015); Web of Science 

Conference Proceedings (1990 to February 19, 2015); and, ZETOC 

Conference Proceedings (1993 to February 19, 2015). We searched the US 

National Institutes of Health Trials Registry (ClinicalTrials.gov) and the World 

Health Organisation's WHO International Clinical Trials Registry Platform for 

ongoing trials. There were no restrictions on language of publication or 

publication status in the searches of the electronic databases.

Selection criteria: For caries data, we included only prospective studies with 

a concurrent control that compared at least two populations -  one receiving 

fluoridated water and the other non-fluoridated water -  with outcome(s) 

evaluated at at least two points in time. For the assessment of fluorosis, we 

included any type of study design, with concurrent control, that compared 

populations exposed to different water fluoride concentrations. We included 

populations of all ages that received fluoridated water (naturally or artificially 

fluoridated) or non-fluoridated water.

Data collection and analysis: We used an adaptation of the Cochrane 'Risk 

of bias' tool to assess risk of bias in the included studies. We included the 

following caries indices in the analyses: decayed, missing and filled teeth 

(dmft (deciduous dentition) and DMFT (permanent dentition)); and, 

proportion caries free in both dentitions. For dmft and DMFT analyses we 

calculated the difference in mean change scores between the fluoridated and
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control groups. For the proportion caries free we calculated the difference in 

the proportion caries free between the fluoridated and control groups. For 

fluorosis data we calculated the log odds and presented them as probabilities 
for interpretation.

Main results: A total of 155 studies met the inclusion criteria; 107 studies 

provided sufficient data for quantitative synthesis. The results from the caries 

severity data indicate that the initiation of water fluoridation results in 

reductions in dmft of 1.81 (95% Cl, 1.31 to 2.31; nine studies at high risk of 

bias, 44,268 participants), and in DMFT of 1.16 (95% Cl, 0.72 to 1.61; 10 

studies at high risk of bias, 78,764 participants). This translates to a 35% 

reduction in dmft and a 26% reduction in DMFT compared to the median 

control group mean values. There were also increases in the percentage of 

caries-free children of 15% (95% Cl, 11% to 19%; 10 studies, 39,966 

participants) in deciduous dentition, and 14% (95% Cl, 5% to 23%; eight 

studies, 53,538 participants) in permanent dentition. The majority of studies 

(71%) were conducted prior to 1975 and the widespread introduction of the 

use of fluoride toothpaste. There is insufficient information to determine 

whether initiation of a water fluoridation programme results in a change in 

disparities in caries across socioeconomic status (SES) levels. There is 

insufficient information to determine the effect of stopping water fluoridation 

programmes on caries levels. No studies that aimed to determine the 

effectiveness of water fluoridation for preventing caries in adults met the 

review's inclusion criteria. With regard to dental fluorosis, we estimated that 

for a fluoride level of 0.7ppm, the percentage of participants with fluorosis of 

aesthetic concern was approximately 12% (95% Cl, 8% to 17%; 40 studies, 

59,630 participants). This increases to 40% (95% Cl, 35% to 44%) when

considering fluorosis of any level (detected under highly controlled, clinical 

conditions; 90 studies, 180,530 participants). Over 97% of the studies were at 

high risk of bias and there was substantial between-study variation.

Authors' conclusions: There is very little contemporary evidence, meeting 

the review's inclusion criteria, that has evaluated the effectiveness of water 

fluoridation for the prevention o f caries. The available data come 

predominantly from studies conducted prior to 1975, and indicate that water 

fluoridation is effective at reducing caries levels in both deciduous and 

permanent dentition in children. Our confidence in the size of the effect 

estimates is limited by the observational nature of the study designs, the high 

risk of bias within the studies and, importantly, the applicability of the 

evidence to current lifestyles. The decision to implement a water fluoridation 

programme relies upon an understanding of the population's oral health 

behaviour (e.g., use of fluoride toothpaste), the availability and uptake of 

other caries prevention strategies, their diet and consumption of tap water, 

and the movement/migration of the population. There is insufficient evidence 

to determine whether water fluoridation results in a change in disparities in 

caries levels across SES. We did not identify any evidence, meeting the 

review1 s inclusion criteria, to determine the effectiveness of water fluoridation 

for preventing caries in adults. There is insufficient information to determine 

the effect on caries levels of stopping water fluoridation programmes. There is 

a significant association between dental fluorosis (of aesthetic concern or all 

levels of dental fluorosis) and fluoride level. The evidence is limited due to 

high risk of bias within the studies and substantial between-study variation.

Cochrane Database Syst Rev 2015; 6: CD010856. [Epub ahead of print]

Quiz answers

(questions on page 167)

■  Assessment must include a thorough medical history. Particular attention 

should be paid to the patient's age, medication and the possibility of 

pregnancy. Check for a history of granulomatous conditions such as 

Crohn's disease or sarcoidosis. Any report of fatigue, weight loss, malaise, 

sore throat or skin infections should also be noted.

■  Patients should be asked about possible mouth breathing and the wearing 

of any dental prosthesis.

■  Take a history of the complaint, including site and the onset of 

enlargement/swelling, presence of any pain or bleeding, any associated 

factors, or lesions elsewhere on the body.

■  Extra-orally, look for any notable swelling. Palpate lymph nodes and check 

for swelling of the parotid glands.

■  Intra-orally, assess oral hygiene. Evaluate the fit of any dental prosthesis.

■  Examine the teeth. Record mobility and the presence of plaque retentive 

factors. Assess the vitality of teeth adjacent to a gingival swelling.

■  Examine the area of gingival enlargement -  localised or generalised, the 

area of gingiva involved, and proximity to other structures (origin from 

tooth, fitting surface of dental prosthesis, etc.). Record the size, number 

of swellings and the shape (pointed, pedunculate, nodular, etc.). Note the 

appearance and colour of the area, e.g., dry, shiny, pale, red, deep red. 

Note any bleeding or ulceration. Palpate the enlargement for tenderness, 

discharge from pockets, fixation, fluctuance and surface texture. Check for 

petechia or ecchymoses. Measure the probing pocket depths of adjacent 

teeth and assess for possible periodontal abscess.

Often a diagnosis can be made based on presentation. Additional special tests

may include:

► radiography;

► blood investigations; or,

► biopsy.
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