ESTABLISHING A
STABLE OCCLUSAL SCHEME
Neil L. Starr, DDS

Success in creating a stable occlusal scheme begins
by establishing the functional
requirements of the dentition and
then by defining the roles each tooth will play
when treatment is complete.

10

E STABLISHING

A

P

S TABLE O CCLUSAL S CHEME • Starr

PHILOSOPHY AND BACKGROUND

My teachers and mentors—Morton Amsterdam, Arnold Weisgold, Leonard Abrams, and D.
Walter Cohen—have played a pivotal role in my dental education, not by teaching me dental
techniques or clinical procedures, but by teaching me about the stomatognathic system and all
of its functional components in a way that provides me with an understanding of how to
approach dental treatment in a logical and systematic fashion.
Now that I assume the role of a clinical dental educator myself, I have tried to instill this
mindset into the dental psyche of my students. One always begins with a diagnosis based on a
comprehensive clinical and radiographic examination, uncovering the specific tooth-by-tooth
breakdowns: caries, periodontal disease, occlusal trauma, apical pathology, missing teeth, collapsed teeth, drifting teeth, etc. To collate this information into a meaningful whole, one
should direct attention to the functional requirements of the dentition and understand the
roles of all of the teeth.
Let us break it down. Group all of the teeth into two categories, the anterior group (Fig 10-1)
and the posterior group (Fig 10-2). Now ask yourself: Are the posterior teeth healthy individually and collectively? Are they servicing the dentition by creating stable posterior tooth interdigitation to support the occlusal vertical dimension and facial height? Or do they fall short?
Are the anterior teeth healthy and stable? Are they servicing the dentition by providing adequate anterior guidance? Or do they fall short?
These questions, in concert with tooth-by-tooth assessment, should be addressed early on for
every dentition. I can absolutely assure you that doing so will allow the overall treatment plan
to evolve in a more meaningful way—one that allows you to plan for long-term success.
Remember the mindset: Separate the dentition into its anterior and posterior parts. Evaluate them independently first and then in relation to each other. The outcome will prove to be
very rewarding.

Principle 1
Success in creating a stable occlusal scheme begins by establishing the functional requirements
of the dentition and then by defining the roles each tooth will play when treatment is complete.

Principle 2
In establishing a stable occlusal scheme, it is essential to separate the dentition into its anterior
and posterior components and then to evaluate each individually and in relation to each other.
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Fig 10-1 By disarticulating the posterior teeth when the mandible
moves out of maximum occlusion, the anterior teeth provide
important mechanical, proprioceptive, and protective action. This
is how the dentition can be spared from horizontal overload and
excessive wear.

a

b

c

Fig 10-2 Zirconia-based crowns for the second premolar and first molar; occlusogingival and buccolingual contact areas create a stable posterior occlusion (a,c). Occlusal stability is achieved when the buccal-occlusal line angle of the mandibular arch is positively related to and cradled by the central fossa
line of the maxillary arch and the maxillary palatal-occlusal line as it relates to the mandibular central fossa line (b). The posterior teeth protect the maxillary canines and incisors from horizontally directed forces in maximum occlusion and stabilize the mandible during bracing.

This chapter focuses on the principles involved in diagnosing and managing situations
where occlusal stability is lacking and the long-term well-being of the dentition is in question.
In 1952, Posselt2 showed us that incisal guidance surpasses the temporomandibular joint
and condylar guidance in its influence on the functional occlusion of the dentition. Since then,
long-term survival of dentitions ravaged by severe periodontitis and retrograde pernicious wear
attests to the success of the occlusal principles employed in these therapeutic restorations.3 If
these therapeutic occlusal principles have demonstrated long-term success in restoring advanced cases, they can be of even greater value in managing less involved clinical situations.
When designing a treatment plan for any dental situation, from relatively simple to very
complex, my protocol is to break it down into its component parts. The parts must be analyzed
separately from a diagnostic perspective, and then treatment strategies can be selected from an
array of options that may best serve the functional and esthetic needs.
This chapter offers an approach to managing any occlusal dilemma. Of necessity, we start by
diagnosing the occlusal problem(s). First and foremost, the diagnostic study begins by analyzing the periodontal support of each individual tooth, then the tooth’s occlusal functional role,
and then the esthetic balance associated with the restorative functional outcome.
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Fig 10-3 Tooth forms of natural teeth (a,b) and high-strength zirconia all-ceramic crowns complementing the patient’s full lips (c,d).
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Fig 10-4 Tooth forms of natural teeth (a), natural teeth after clinical crown extension (b) and high-strength zirconia all-ceramic crowns complementing
the patient’s thin lips (c), which pose a significant esthetic challenge.

D

DIAGNOSTIC EVALUATION OF
THE OCCLUSION

Part I: Face and lips
Facial form strongly influences tooth form. This statement is by no means sacrosanct, but generally a long thin face would be better suited to a narrow, tapering tooth form; a round face, a
rounder tooth form; a square face, a square tooth form, and so forth. Lips that are full in form
(Fig 10-3) can handle larger tooth forms, and lips that are very thin require a tooth form that
is narrower and tapering. The thickness of the gingival tissues and the amount of gingival display will influence the smile differently for the patient who has thick or thin lips. The patient
with thin lips (Fig 10-4) and much gingival display will often have short clinical crown forms,
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Fig 10-5 Therapeutic occlusal scheme created with ceramic restorations for a Class II, division 1 malocclusion (a). Stable centric holding areas have been
established on the maxillary canines and incisors (b), with a shallow angle of disocclusion (c).

creating disproportionality. The patient with thick lips and much gingival display can manage
better with a shorter, wider tooth form, but the overall length of the face will strongly influence
the final tooth length.

Part II: Planes of occlusion
Occlusion is all about creating matching planes for the maxillary and mandibular arches with
level and even relationships. The goal is to attempt to recreate a Class I occlusion.
When teeth are missing, adjacent or opposing teeth can extrude or drift and collapse, affecting the planes of occlusion and possibly setting up a host of tooth-to-tooth interferences,
either on the retruded arc of closure or in lateral or lateroprotrusive excursions.

Part III: The incisal relationship
• Overbite: The maxillary anterior group should demonstrate 0.5 to 3.0 mm of overbite.
• Overjet: The maxillary anterior group should demonstrate 0.5 to 3.0 mm overjet.
• Angle of disocclusion (Fig 10-5): Use the shallowest one possible for disarticulating the posterior teeth during excursive movements of the mandible.

Part IV: Strength of the periodontium
Occlusal trauma is injury to the attachment apparatus resulting from tooth-to-tooth contact,
oral musculature activities, or foreign object–to-tooth contacts. Occlusal trauma results from
the failure of the supporting structure to resist and/or adapt to these forces.4 Clinically, the
most common finding is tooth mobility. Radiographically, widened periodontal ligament
spaces of the involved teeth are often seen.
It is incumbent upon every clinician to assess the stability and strength of the periodontium
of each tooth in both arches. The strength can be determined by analyzing the root length of
each tooth circumscribed in bone and its associated mobility pattern.
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Fig 10-6 Tooth preparation (a). Splinted zirconium framework (b). The maxillary right molars, first premolar, and canine are all splinted
together because the individual tooth roots are short, weak, and demonstrate continued mobility after periodontal therapy and occlusal
adjustment (c). Radiographs of splinted tooth roots (d). The collective stability created a stronger entity better able to resist occlusal forces.

A tooth with significant alveolar support (75% or more) and minimal mobility would be considered a fairly stable unit. A tooth with significant alveolar support (75% or more) and marked
mobility (1 degree or greater) could be considered fairly stable if tooth-to-tooth or tooth-toobject habit patterns are deemed responsible for creating excessive forces being applied to the
involved tooth (primary occlusal traumatism). Once the excessive force is modified or the angle of
contact and disocclusion is shallowed or both, the tooth’s mobility may be reduced significantly,
returning the tooth to a position of strength and stability.
A tooth with less than 60% alveolar support without mobility may continue to function well
on its own. However, the same tooth with marked mobility and no significant force application
beyond the norm may no longer be able to support normal function on its own. This situation
(secondary occlusal traumatism) may require either splinting to stronger adjacent teeth (Fig 10-6)
or removal of the tooth in its entirety in favor of endosseous implant placement with associated
crown restoration.
Of course there are variations to this approach. The tooth with significantly less alveolar support
(ie, less than 50%) might still demonstrate minimal mobility, as is often seen in the mandibular anterior region. These lower incisors are positioned furthest from the power musculature, so they receive
the lowest amount of direct muscular force and generally receive forces along their long axes.3
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Part V: Occlusal dynamics
Posterior bite collapse is the result of the loss of one or more posterior teeth together with drifting of
adjacent teeth, extrusion of opposing teeth, the creation of uneven marginal ridge relations and
adjacent cementoenamel junction levels, and concomitant unlevel bony crests. These events create
an environment where the self-protective capacity of the teeth is compromised, resulting in the
development of angular bony crests, frequently a precursor to infrabony pocket formation and posterior interproximal caries. The occlusal vertical dimension is supported by the posterior occlusion;
however, with posterior tooth loss, the forces of occlusion are on the remaining anterior teeth. This
will have a significant impact on their long-term function and viability.5
When posterior bite collapse has occurred, the restoration of form and function is more difficult. Posterior occlusion must be re-established, the occlusal vertical dimension restored, and
the anterior incisal guidance developed in concert with the posterior cusp height. This should
allow for disarticulation of the posterior teeth during excursive movements of the mandible.
Given the abundance of research data and good clinical documentation,6–15 important questions relative to occlusal etiology and the effects of trauma on the progression of existing periodontal disease may be answered. Ultimately, this will establish an approach to occlusal therapy
that is based more on outcome. For example, when the patient is periodontally susceptible and the
teeth in the same arch are seriously compromised or missing, the remaining anterior teeth may be
stressed unfavorably, demonstrating varying degrees of mobility. Placing posterior implants with
fixed/splinted crown and bridgework is the preferred treatment for this patient type.5 Restoration
of the posterior occlusion at the correct occlusal vertical dimension can significantly decrease or
eliminate the mobility patterns in the anterior teeth and thereby help to stabilize them.

A

APPLICATION OF THE PRINCIPLES

Anterior occlusion

When the anterior group of teeth is considered stable on a tooth-by-tooth basis, usually the
canines alone can provide the anterior guidance necessary to disarticulate the posterior teeth
during functional movements of the mandible.16
When the anterior group of teeth is less stable, disarticulation of the posterior teeth is provided by creating occlusal contacts on the maxillary canines and the inner inclines of the buccal cusps of the maxillary premolars, and sometimes molars, on the working side. These
guiding inclines should become shallower as the movement unfolds from the canine distally
and with the arc of movement on the working side getting shorter from the canine distally.
When the anterior group is less stable and the decision has been made to splint the canines
along with one or more of the anterior teeth to provide collective stability, canine guidance may
again serve to disarticulate the posterior occlusion (Fig 10-7)
When the maxillary canine root is replaced with an endosseous implant, the alveolar process is
generally strong enough to support canine guidance. One should treat the canine crown form as
a slightly weaker sister to the natural root form and attempt again to create the shallowest angle
of disocclusion capable of disarticulating the posterior teeth. A shallower angle of disocclusion
has been shown by electromyography studies17 to inhibit muscle activity in the hope of preventing overload to the implant body. One must take advantage of the provisional crown supported
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Fig 10-7 In this patient, the remaining maxillary anterior teeth have been compromised by periodontal disease with significant alveolar
bone loss (a). Splinting them allows the canine to continue to provide the anterior guidance necessary to disarticulate the posterior occlusion during excursive mandibular movements.

by the implant and study its role in function before completing the definitive restoration (Fig
10-8). Should there be any doubt about the overall strength provided by the single implant unit,
one could consider splinting the implant crowns to each other when present and then have more
confidence, relying again on the canine guidance alone (Fig 10-9). Alternatively, with only one
canine implant of questionable strength, one should attempt to create a group-function occlusion, distributing the lateral load over the canine and a number of adjacent teeth.

Posterior occlusion
Posterior occlusion is considered stable when all posterior teeth have a healthy attachment apparatus and line up adjacent to each other shoulder to shoulder; this means that contact areas are
strong and reasonably tight; marginal ridges of adjacent teeth line up at essentially the same vertical height; and the opposing occlusal surfaces create small areas of contact with cusps contacting fossae and marginal ridges.1 The contact areas need not be tripodal, and not every tooth must
have every functional cusp contacting its opposing tooth. The goal is a generalized, even series of
contacts for the working cusps of all posterior teeth in maximum intercuspation.18
The retruded contact (RC) position is an unstrained position on the terminal arc of closure
wherein the mandible hinges open and closed. It is awkward to define in that it does not relate
to the posterior teeth in contact, but to a point of contact on the retruded path of closure of
the mandible, when the teeth first make contact.2
The intercuspal (IC) position is a position of contact most often anterior to the retruded contact position when the posterior teeth come together in contact. A patient may be perfectly
comfortable in one position or another and should not necessarily be manipulated to assume
one position over the other. Without symptomatology, the IC position may be assumed to be
physiologic and therefore not in need of therapeutic correction.
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Fig 10-8 The provisional acrylic implant crown functions together with the
patient’s natural posterior teeth in a lateral excursive movement.
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Fig 10-9 The maxillary left canine and first premolar were erupted to augment the alveolus for implant placement (a,b). These canine and
premolar roots were too weak to resist normal occlusal forces and were removed in favor of endosseous implant placement at those sites.
The canine implant crown and the first premolar implant crown are splinted together to provide greater confidence in planning for longevity
than with canine guidance alone (c,d). Note the importance of maintaining a shallow angle of disocclusion. (Orthodontic eruption and
implant surgery by Dr Karl A. Rose, Chevy Chase, MD.)
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A physiologic occlusion is one that need not be ideal to be acceptable in that not every cusp contacts an opposing marginal ridge or fossa; the planes of occlusion may not align ideally.3 For
example, in the right posterior sextant the occlusion may have a steep curve of Spee while the
left posterior sextant may have a flatter, more level plane of occlusion.
In analyzing the occlusion for a given patient, the diagnostician may note a posterior tooth
in premature contact on the working or the nonworking side. One should never assume the
contact to be an interference unless it redirects the mandible as it closes, inducing unusual tooth
wear; myofascial pain dysfunction and/or muscular and ligamentous pain; or severe mobility
in one or more teeth or in the culprit tooth itself. So the underlying message is: It is not a problem unless there is a manifestation of pathology.
In my opinion, a pathologic occlusion is one that manifests disease.18 This may take various
forms:
• Isolated or generalized tooth wear (Figs 10-10 to 10-12): occlusal, abrasive, abfractive, erosive, horizontal, or vertical
• Occlusal traumatism expressed by mobility patterns (Fig 10-13)
• Temporomandibular joint dysfunction with muscle and ligamentous pain
• Periodontal disease with loss of alveolar support for one or more teeth
• Caries

Therapeutic occlusion
Therapeutic occlusion is one that the dentist prescribes for the patient to restore a dentition that
has been deemed pathologic.18 It is implied that caries, periodontal disease, wear, and temporomandibular joint dysfunction symptomatology must be managed, arrested, and resolved. It is
the ravages of these entities that a therapeutic occlusion must be designed to manage for longterm stability. These problems and the treatment options to manage them include:
• Control of caries: Treatment options are direct-filling restorations, veneers, onlays, or crowns
• Periodontal disease: Treatment options are based on the remaining attachment apparatus and
hence on the decision to keep the periodontally compromised teeth individual or to splint
them to each other for collective stability
• Temporomandibular joint discomfort: Removing nonworking- and working-side interferences
and sometimes RC-to-IC discrepancies that potentially trigger muscle spasms is in order
• Occlusal wear resulting in the destruction of the anterior and, eventually, posterior tooth form (Fig 10-14):
Rehabilitation of the posterior occlusion and anterior occlusion and guidance is essential to
regain occlusal stability.
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Fig 10-10 Abrasive tooth wear is largely a mechanical wear that may manifest vertical wear patterns (a,b) or horizontal wear patterns (c,d).

Fig 10-11 Erosive wear patterns on mandibular molars. The patient
was diagnosed with gastro-esophageal reflux disease (GERD).

a

b

Fig 10-12 Abfractive wear patterns present hallmark cervical
grooving. A result of flexure of the tooth, this cervical grooving is
commonly diagnosed at the juncture of anatomic crown with
anatomic root.

c

Fig 10-13 Occlusal traumatism demonstrates varying degrees of tooth mobility. This maxillary central incisor has been subjected to severe secondary occlusal
traumatism, related to severe alveolar bone destruction (a,b). Note how easy it is to displace the tooth facially by simply pressing on the incisal of the tooth with
a periodontal probe (c).
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When the wear patterns result in very rapid loss of tooth structure, it may be necessary to
restore the vertical dimension of occlusion as well.
In designing a therapeutic occlusion, there are generally three steps that will help the clinician assess the adequacy of the occlusal design in rehabilitating a compromised dentition:
1. A diagnostic mockup (Fig 10-15) performed chairside helps the dentist and patient determine the correct incisal edge relationship, the correct midline relationship, the ideal tooth
height and width, and the fullness of the tooth form relating to arch perimeter with the surrounding lip and cheek support at rest and with the view of the full smile. This clinical procedure must be documented photographically and with study casts comparing them to their
respective originals.
2. A diagnostic waxup (Fig 10-16) performed at the laboratory bench is the next level of
occlusal design to be constructed. It is based on the information taken from the diagnostic
mockup and reconstructed on mounted casts, carefully designing accurate posterior planes
of occlusion, anterior guidance, or parts of either scheme as deemed necessary.
3. Fabrication of provisional restorations (Fig 10-17) based on the diagnostic waxup fashioned
intraorally to provide the therapeutic occlusal design that restores posterior form and function and anterior form and function.
So it should be increasingly clear that the dentition can be divided into posterior occlusion
and anterior occlusion. This raises the question: Which part should be set up first? Some
schools of thought assert that the anterior incisal plane should be set up first, others that the
posterior occlusion should be set up first and then the anterior incisal relationship can be idealized from that existing posterior plane of occlusion.
I believe it can be approached either way, provided that the final occlusal vertical dimension
has not infringed on the freeway space. For this very reason, the presence of posterior teeth—
even if the posterior occlusion has collapsed—can be a valuable assist in re-establishing a stable
plane of posterior occlusion at a level closer to the original vertical dimension. The anterior
group of teeth can then be positioned within the patient’s smile to create an incisal plane that
is in concert with a stable posterior occlusion, ensuring a successful therapeutic arrangement.3
We know the occlusal designs of Class I; Class II, division 1; Class II, division 2; and Class III dentitions, how they differ dentally and how they appear skeletally. So, what about setting up a therapeutic occlusal plan? Ideally our therapeutic goal is to take a pathologic occlusion and restore it as
close as possible to the Class I occlusion model. How might this unfold biomechanically?
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Figs 10-14a to 10-14c Occlusal wear resulting in the gradual destruction of anterior tooth form to such a degree that the posterior teeth demonstrate wear
as well.

b

a

c

Fig 10-15 Pretreatment (a). Diagnostic composite mockup (b). The mockup can demonstrate correction of incisal edge relationships; midline relationships; ideal tooth height, width, and overall form; and gingival display with the patient’s smile (c).

a

b

Figs 10-16a and 10-16b The diagnostic waxup is based on the information from the diagnostic mockup. This may be an end point or
merely the starting point for building accurate posterior planes of occlusion, anterior guidance, or parts of either scheme, at an acceptable occlusal vertical dimension as deemed necessary.

a

b

Figs 10-17a and 10-17b Fabrication of provisional acrylic restorations intraorally based on the diagnostic waxup. Note the re-establishment
of more overbite in association with more overjet both posteriorly and anteriorly in developing a therapeutic occlusion for this patient’s
dentition.
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Fig 10-18 Orthodontic correction with no restorative involvement. The orthodontic transformation from a deep
anterior bite arrangement to a more therapeutic Class I ideal. Pretreatment intraoral view (a). Pretreatment profile view (b). Posttreatment intraoral view (c). Posttreatment profile view (d). (Orthodontic therapy by Dr Scott
Berman, Vienna, VA.)

One approach is to have the patient undergo orthodontic therapy in an attempt to create the
ideal Class I occlusion (Fig 10-18). This is most effectively achieved when the individual teeth
are generally healthy but mismatched. Following the orthodontic correction, little or no
restorative treatment is necessary to realize the therapeutic occlusal goals.
In the case of Class II and Class III malocclusions, orthodontics paired with orthognathic
treatment can do more to achieve the Class I ideal (Fig 10-19). Again, however, this works best
when the restorative treatment needs of the case are minimal.
When the restorative treatment needs are more extensive, involving tooth preparation and
crown or veneer fabrication, the orthodontic and orthognathic treatment for developing a
therapeutic occlusion may be substantially altered. Cusps can be modified or warped in shape
and form to create stable occlusal and incisal relationships (Fig 10-20) without the undesirable
feature of postorthodontic relapse that often accompanies extensive tooth root movements in
adult dentitions.
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Fig 10-19 Orthodontic and orthognathic correction with no restorative involvement. A malocclusion was converted to a Class I dental
relationship with the assistance of orthognathic mandibular therapy. Pretreatment (a). Posttreatment (b). (Orthodontic therapy by Dr
Elias Misri, Chevy Chase, MD; orthognathic surgery by Dr Jeffrey Posnick, Chevy Chase, MD.)
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c

Fig 10-20 The tooth–arch size disproportion necessitated restorative therapy, modifying/warping cuspal forms in creating a stable occlusion at the existing occlusovertical dimension. Pretreatment (a,b). Posttreatment at existing occlusal vertical dimension (c).

There are cases that involve orthodontics, orthognathics, and extensive restorative therapy, and
there may be no better approach to treating the patient’s needs. This is most commonly seen when
the patient desires a cosmetic facial profile enhancement as well as a dentofacial correction.
Many patients with existing Class I; Class II, division 1 and division 2; and Class III occlusions that require therapeutic correction may benefit from orthodontic treatment but choose
not to pursue it. For this reason, the clinician should be prepared to seek an alternative solution and must understand how to set up the occlusion restoratively, to provide a stable anterior
and posterior occlusal design.
The Class I occlusion presents with mandibular anterior teeth contacting the opposing maxillary anterior teeth or any part of the palatal surface from the middle to the incisal one-fifth
(Class I—overbite/overjet).
Class II, division 1 occlusion presents with a marked anteroposterior discrepancy, wherein
the teeth may not make anterior contact. This requires the mandibular anterior teeth to be
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Fig 10-21 Class II, division 1 malocclusion characterized by the position of the mandibular teeth within the perimeter of the maxillary arch with insufficient contact, resulting in a deep overbite. Pretreatment lateral view of deep bite relationship (a). Lateral view of provisional restoration of anterior and
posterior contact by flaring the mandibular incisors to gain contact with the cingula of the maxillary anterior teeth (b). Broadening of the palatal contour
of the maxillary right and left canines to create a stable occlusal centric contact area without excessive flaring of the mandibular anterior teeth (c).

flared facially to make contact with the cingula of the maxillary anterior teeth. If the mandibular incisor position cannot be changed, the maxillary anterior teeth may be built out palatally,
creating a platform to establish a centric holding area for the mandibular incisor to make contact and from which to provide lateral guidance (Fig 10-21).
When the anteroposterior discrepancy of the anterior teeth is so severe that the teeth miss
each other, whereby the mandibular incisal edges are nearly in contact with the palatal tissues,
the best solution for creating occlusal stability may be orthodontic and/or orthognathic therapy. Depending on the extent of the individual tooth compromise (ie, caries, periodontitis,
tooth loss, etc), restoration following or built into various stages of these treatments may be
invaluable (Fig 10-22).
The Class II, division 2 malocclusion usually presents with a significant anterior deep bite relationship that tends to wear excessively and results in deepening of the anterior overbite over time
(Fig 10-23). The incisal wear tends to erase the anterior tooth morphology, resulting in posterior
faceting and abrasive wear. So, as the overbite of the anterior group deepens without any alteration of the posterior occlusal stability (due to the mismatch of the maxillary and mandibular
anterior teeth), the two choices for re-establishing anterior guidance are:
a. Orthodontically intruding maxillary anterior teeth and re-establishing contact by restoring
their palatal surfaces. The intrusion will result in the re-establishment of a more level, parabolic gingival topography, providing more vertical length to the tooth form for restoration
if necessary.
b. Periodontal surgical clinical crown lengthening (Fig 10-24) to re-establish the gingival parabolic architecture before restoring the maxillary anterior teeth to form and function.
In addition, the mandibular anterior teeth may have demonstrated significant wear and may
also require restoration. This presents an opportunity to modify their anatomic form and
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Fig 10-22 Severely compromised mandibular incisors overerupted beyond their plane of occlusion, contacting the palatal tissues palatal
to the cingula of the maxillary anterior teeth (a,b). Anterior deep bite relationship in a Class II, division 1 malocclusion (c). Fabrication of
a provisional mandibular acrylic restoration to create anterior contact and posterior occlusal stability (d).

a

b

Figs 10-23a and 10-23b Lateral views of a Class II, division 2 malocclusion with excessive occlusal and incisal wear.

a

b

c

Fig 10-24 View of maxillary anterior teeth before (a) and after (b) surgical crown lengthening. Restoration of maxillary anterior teeth with provisional
acrylic restorations (c). (Surgery by Dr Karl A. Rose, Chevy Chase, MD.)
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Fig 10-25 Restoration of mandibular anterior teeth. (Compare to Figs 10-23a and 10-23b.) Pretreatment demonstrating loss of occlusal
vertical dimension (a). Posttreatment demonstrating restoration of the occlusal vertical dimension (b).

a

b

Fig 10-26 Pretreatment facial view demonstrating loss of occlusal vertical dimension (a). Posttreatment facial view demonstrating restoration
of the occlusal vertical dimension (b).

build the incisal edges out more facially to capture contact with the new clinical form of the
maxillary anterior teeth (Fig 10-25). In this way, the maxillary palatal form does not need to
be built too broad or thick that it might interfere with phonetics.
A third strategy involves the perceived loss of vertical dimension of occlusion:
c. Of necessity, the treatment strategy must involve restoration of the posterior occlusion in
addition to re-establishing anterior contact and guidance. Thus, at a minimum, one full
arch must be restored. In the process of restoring lost vertical dimension, the mandible will
move down and back, creating more space anteriorly to develop incisal form and function.
If the maxillary anterior teeth have overerupted, they may need to be shortened incisally to
fit or provide an esthetically pleasing smile line (Fig 10-26). The decision to reposition this
incisal plane may necessitate orthodontic intrusion or surgical crown lengthening or a combination of both, as reviewed in (b) above.
The Class III malocclusion often presents with anterior crossbite or a lack of anterior tooth contact, and the posterior occlusion may be in crossbite or in an edge-to-edge occlusion (Fig 10-27).
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Fig 10-27 Class III malocclusion wherein the lingual cusps of the mandibular posterior teeth and the buccal cusps of the maxillary posterior
teeth reverse roles and become the functional cusps (a). The anterior group is in crossbite, unable to provide anterior guidance. Restoration of
a Class III malocclusion to a Class I occlusion with an anterior edge-to-edge relationship, restoring anterior guidance (b).
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b

c

Fig 10-28 When the anterior crossbite is within 1 to 3 mm of an otherwise Class I relationship (a pseudo-Class III occlusion), restoration alone may be all that
is indicated. Crossbite at maxillary right canine and lateral incisor, with worn edge-to-edge relationship throughout the remaining anterior teeth (a,b). Correction
of anterior tooth form to simulate a Class I occlusion using ceramic veneers from first premolar to first premolar, inclusive (c).

When the anterior group are not contacting because of the crossbite situation, there is a tendency
for these maxillary and mandibular teeth to overerupt. Without anterior guidance, the posterior
teeth must assume function at all times, and consequently the functioning cusps of the teeth tend
to wear faster, exacerbating the anterior crossbite relationship.
The goal is to attempt, at a minimum, to develop a Class I anterior relationship, so that the
posterior occlusion can be spared this functional overload. Orthodontics alone at a very early
stage may resolve this malocclusion dilemma. When the anterior crossbite is within 1 to 3 mm of
an otherwise ideal Class I relationship, restoration alone (if there is sufficient perceived restorative need, ie, caries, worn incisal edges, etc) may be indicated (Fig 10-28).
When neither orthodontics nor restoration will be sufficient to manage the severity of the
anterior crossbite, then orthognathic treatment in concert with orthodontic mechanotherapy
will present the best solution. Of course, the reader should understand that within these limits of treatment, there is one combination of treatments that may be selected to support the
occlusal goal.
In the final section, a comprehensive case presentation is offered for the reader to treatment
plan, applying the strategic principles introduced in this chapter.
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CASE PRESENTATION
Treating clinicians
Prosthodontist: Neil L. Starr, DDS
Periodontist: Karl A. Rose, DDS
Oral and maxillofacial plastic surgeon: Jeffrey Posnick, DDS, MD

CLINICAL TREATMENT PLANNING
Age at initial presentation: 47 years
Initial presentation: March 2003
Active treatment completed: April 2006

Introduction and background
The patient is a 47-year-old physician. She has lost several
mandibular posterior teeth and believes that her chewing function is compromised. She is unhappy with the overall appearance of her teeth, especially her mandibular incisors.

TMJ and mandibular range of motion
• Full range of motion
• Maximum opening of approximately 45 mm

Intraoral findings
Dental
• “Direct-filling” repair at the level of the buccal furcation of
tooth no. 31

Periodontal

Medical history
Noncontributory.

Dental history
• Multiple clinical crowns on maxillary posterior teeth
• Extraction of several mandibular teeth without replacement
• Recent loss of mandibular left premolar, which served as
abutment for fixed partial denture
• Loss of tooth no. 18 without replacement

Diagnostic findings
Extraoral and facial findings
•
•
•
•

Mandibular deficiency with deep mentolabial sulcus
Lack of lip competence
Difficulty with speech/articulation
Difficulty with chewing and lip posture
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• Thin scalloped tissue biotype demonstrated at teeth nos.
6 to 14
• Marked facial recession, especially of the anterior teeth
• Mucogingival defects (ie, inadequate zones of attached
gingiva), teeth nos. 6, 11, 23, 24, and 25
• Moderate to severe alveolar bone loss around mandibular
anterior teeth nos. 23, 24, 25, and 26
• Furcal invasion, tooth no. 18, buccal

Occlusal notes
• Severe Class II, division 1 malocclusion with dual plane of
mandibular occlusion, deep anterior bite, and marked overjet
• Constriction of maxillary arch perimeter posteriorly with
palatal inclination of the maxillary molars, premolars, and
canines
• No posterior occlusal contact distal to tooth no. 22

PRETREATMENT

Right lateral view.

Frontal view.

Maxillary occlusal view.

Profile view.

Mandibular occlusal view.

Profile view.

Lateral view of face.

Left lateral view.

Smile
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Radiographic findings

Diagnosis and prognosis

• Moderate alveolar bone loss around the root of tooth no. 14
• Severe alveolar bone loss at the mandibular incisors
• Wide hypercementosis–like region at the apex of the distal
root of tooth no. 30

• AAP Type III
• Class II, division 1 malocclusion
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3/2003

Periapical radiographs.

Summary of concerns
1. The patient has dental and skeletal discrepancies. She
wants both a functional and an esthetic improvement.
One of our main concerns is the ability to create dental/
occlusal stability, ie, the anterior contact relationships.
2. Another concern is the lack of gingiva in the thin mandibular anterior region and the timing of mucogingival procedures needed to create a more stable gingival complex.

3. Because of the lip incompetence, an oral and maxillofacial
evaluation was performed and the patient was introduced to
the idea that maxillofacial orthognathic surgery, including
mandibular advancement and an oblique osteotomy of the
chin, could offer her both functional improvement and
enhanced profile esthetics.

As a learning exercise, you may now outline goals/objectives of treatment and a treatment plan.
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PROPOSED TREATMENT PLAN
Review of treatment goals
1. The most important realization was that the patient’s
dentition was unstable: She had lost facial height, and the
vertical dimension of occlusion had deepened with her
severe Class II, division 1 malocclusal relationship associated with missing mandibular posterior teeth bilaterally.
2. The patient demonstrated a thin tissue biotype evidenced by marked facial recession of both the maxillary
and mandibular anterior teeth.
3. The patient had a degree of lip incompetence with a
deep mentolabial sulcus, consistent and coincident with
her Class II, division 1 malocclusion.

Phase I: Initial therapy
1. Full-mouth scaling and root planing, combined with
oral hygiene instruction
2. Mucogingival treatment: Gingival grafting at the buccal of tooth no. 18 and at the facial of teeth nos. 24, 25,
and 26
3. Fabrication of mandibular provisional full-arch acrylic
restorations for nos. 18–P–P–22–P–P–P–P–27–P–30–31
with horizontal sectioning of teeth nos. 23, 24, 25, and
26 (Tooth no. 18 had drifted into the no. 19 site.) (P
denotes pontic; dash represents a connector joint.)

Phase II: Implant placement
4. Fabrication of a surgical template with implant axis orientations and inclinations for mandibular arch
5. Extraction of teeth nos. 23, 24, 25, and 26 with reduction of the thin residual ridge and leveling of the ridge
crest, followed by endosseous implant placement into
former tooth site nos. 20, 21, 24, 25, and 29

Phase IV: Orthognathic surgical correction
7. Placement of brackets and archwires on all maxillary
teeth to facilitate the necessary jaw fixation
8. Surgery to advance the mandible on the study casts
9. Fabrication of a new mandibular provisional restoration
with facially embedded brackets and archwires in anticipation of the newly advanced mandibular position
10. Sagittal split osteotomy of the mandible with chin
osteotomy

Phase V: Re-evaluation
11. Periodontal and restorative re-evaluation of patient’s biologic and biomechanical response to therapy, including
stability of implants and remaining teeth; esthetics; phonetics; emergence profiles of all crowns; and prognosis of
all remaining mandibular and maxillary teeth, especially
teeth nos. 14 and 31. Evaluation of buccolingual landmark relationships of the mandible to the maxilla
12. Diagnostic composite mockup of maxillary teeth nos. 4
to 13 inclusive, to evaluate incisal plane, smile profile,
and maxillary gingival topography

Phase VI: Periodontal surgical crown
lengthening
13. Crown lengthening to improve the maxillary gingival
topography and allow for shortening of the incisal edges
of all maxillary anterior teeth

Phase VII: Fabrication of full-arch maxillary
provisional acrylic restorations
14. Fabrication of provisional restorations for teeth nos. 2
to 15 inclusive

Phase III: Implant uncovering
6. Uncovering of implants after approximately 4 to 6
months of interfacial bony healing. Selection of implant
abutments. Fabrication of transitional implant and
tooth-supported fixed provisional acrylic restorations
from nos. 19 to 31 inclusive
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Phase VIII: Restorative treatment
15. For maxillary arch: Fabricate tooth-supported splinted
crowns, nos. 2 to 3, 4 to 6, 11 to 13, 14 to 15; single
crowns, nos. 7, 8, 9, and 10

16. For mandibular arch: Fabricate tooth-supported splinted
crowns, nos. 30 to 31; implant-supported splinted crowns,
nos. 20 to 21 and P–24–25–P; single crowns for teeth nos.
22 and 27; single implant crowns, site nos. 19 and 29

Phase IX: Maintenance
17. Maintenance frequency to be determined by restorative
dentist and surgeon upon completion of treatment

ACTIVE CLINICAL TREATMENT
Phase I: Initial therapy
To address our three major issues, let us first look at the unstable occlusion. The patient presents with a Class II, division 1
malocclusion, whereby the mandibular incisors are positioned
behind the maxillary incisors. This has resulted in overeruption
of the mandibular incisors, creating a dual plane of occlusion
with an exaggerated overbite relationship anteriorly, and, as
the occlusion has deepened, some of the occlusal vertical
dimension has been lost.
In an effort to stabilize the occlusion at an acceptable
occlusal vertical dimension, a diagnostic waxup was performed, replacing the missing posterior teeth, to re-establish a
stable posterior occlusion. The mandibular anterior teeth
needed to be flared facially, thereby re-establishing anterior
contact; this is a method of meeting the anterior functional
requirements without orthodontic treatment. Although not
ideal, it is a great solution to create stability during active therapy. The waxup was then processed to an acrylic shell that
would be converted to a provisional acrylic restoration.
The mandibular anterior teeth demonstrated significant
facial recession. Prior to preparation of these teeth and fabrication of provisional acrylic restorations, it was preferable
to rebuild a soft tissue complex of attached gingiva circumscribing the anterior teeth.
The sequence of treatment therefore involved gingival
grafting of the mandibular anterior region, followed by fabrication of the provisional acrylic restorations for the

Tooth preparations with temporary implant
abutments.

mandibular arch. When the provisional restorations were
being fabricated, the severely compromised mandibular incisors were removed with confidence that the gingival complex
and bone could be retained facial to the residual ridge in
anticipation of future endosseous implant placements.

Phases II and III: Implant placement and
implant uncovering
Dental implants were placed in the mandible at site nos. 20,
21, 24, 25, and 29, according to the surgical template (based
on the diagnostic waxup).
It was important to place the implants directly over the
residual alveolus and not inclined facially. By creating this
ideal axis orientation, a new provisional acrylic restoration
would then be fabricated, incorporating the endosseous
implant support at former tooth site nos. 20, 21, 24, 25, and
29. The mandibular anterior crowns could then be appropriately oriented over the alveolar ridge.
After orthognathic surgical healing (see Phase IV), tooth
no. 19 was extracted with simultaneous socket preservation
and augmentation procedures. After approximately 4 months
of healing, an endosseous implant was placed in former
tooth site no. 19 (tooth no. 18 had drifted into the no. 19
site). The definitive metal-ceramic implant crown in the no.
19 site was finished in concert with the other mandibular
restorations.

Provisional acrylic mandibular restoration.

Provisional acrylic mandibular restoration.
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Cephalometric radiographs.

Lateral view of provisional acrylic mandibular
restoration.

Lateral view of second provisional acrylic mandibular
restoration.

Lateral view of interarch relationships
following orthognathic therapy.
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Pretreatment view of maxillary anterior teeth.

Composite mockup of maxillary anterior
teeth with black marker to block out
excessive incisal length.

Phase IV: Orthognathic surgical correction
The oral and maxillofacial surgeon first performed surgery on
the mounted study casts. He made his measurements after advancing the mandible only. In anticipation of this advancement, the second provisional restoration was fabricated, based
on the ideal positioning of the mandibular incisors over the
anterior ridge. It was then cemented in place the evening
before the sagittal split osteotomy surgery. The surgeon then
performed the mandibular osteotomy and advanced the mandible to the most favorable and ideal maxillomandibular,
anteroposterior relationship. He also completed a genioplasty,
dramatically enhancing her facial profile.

Phases V to VII: Re-evaluation and
endodontic treatment
• Diagnostic composite mockup
• Crown-lengthening surgery
After 5 months of postsurgical healing and maturation, treatment of the maxillary arch was initiated by addressing the
excessive length of the maxillary anterior clinical crowns, which
were shortened relative to the patient’s lip line. A diagnostic

Maxillary and mandibular provisional
acrylic restorations.

composite mockup helped define the new incisor length. Fortunately, the patient had very good root length. By shortening
the clinical crowns, the crown-to-root ratios were effectively
improved with the new maxillary provisional acrylic restorations. Due to extensive gingival recession with significant root
exposure of maxillary teeth nos. 5 to 12, axial tooth preparation was needed. This resulted in pulpal exposures that necessitated endodontic therapy. Endodontic treatment also was
performed on teeth nos. 22, 27, and 31.

Phase VIII: Restorative treatment
Finally, the selection of restorative materials for this case
should not be overlooked. The crown forms—both single units
and multiple splinted crowns for teeth and implants—were
fabricated with high-strength zirconium ceramic substrates.
These crown forms offered the patient a predictable functional and esthetic outcome for the maxillary and mandibular
arches. Tooth-supported splinted crowns were placed for
teeth nos. 2 to 3, 4 to 6, 11 to 13, and 14 to 15. Single crowns
were placed for teeth nos. 7, 8, 9, and 10. It is important to
note that the goal was to create an occlusal relationship as
close as possible to a Class I normal dentition.
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POSTTREATMENT
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Phase IX: Maintenance therapy
Following active restorative treatment, regular dental hygiene
visits were recommended, as well as the use of a maxillary
occlusal guard to protect the ceramic restorations.

Commentary
This case presentation represents interdisciplinary dental therapeutics at a highly evolved level. We have focused on those
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principles involved in diagnosing and managing caries, periodontitis, tooth loss, and occlusal instability. Additionally, the
esthetic and functional limitations have been factored into the
diagnosis so that orthognathic intervention became a significant part of the treatment plan. Applying the occlusal concepts
of establishing a stable posterior occlusion at an acceptable
occlusal vertical dimension and re-establishing appropriate
anterior guidance, we have been able to optimize the clinical
outcome with a very favorable prognosis.

Definitive prostheses.

Radiographic full-mouth series.

Pretreatment lateral view of face.

Frontal view of face.

Posttreatment lateral facial view.
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