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Abstract: The need to increase the Vertical Dimension of Occlusion (VDO) to restore lost dental function or optimise specific dental
treatments is a common occurrence in daily dental practice. The common belief that the Vertical Dimension at Rest (VDR) is fixed hinders
the development of restorations with a VDO that encroaches on or surpasses the interocclusal rest space (IRS), thereby preventing potential
tissue damage to the masticatory apparatus. Recent studies have shown that the mandible rest position falls within a range termed as the
“comfort zone”. The range of this zone may vary from one person to another and within the same person over time due to factors such as age
or health status. In this review, we have concluded that a permanent increase in the VDO, once indicated, is a safe procedure for dentulous
patients. However, it is important to minimise the extent of the increase to simplify the prosthodontics treatment process. An inter-incisal
increase exceeding 5 mm is seldom needed. Moreover, it is important to consider the functional, aesthetic, and biological elements
associated with VDO. The biological and functional environment closely related to the VDO had great adaptive capacities, which have for
a historically been underestimated. Patient adaptation has been observed in dentate patients, edentulous patients, and even cases involving
implant-supported prostheses. Muscle relaxation and changes in muscle length are likely the primary adaptation mechanisms, rather than the
restoration of the original VDO through dentoalveolar maturation. Intervention with a fixed restoration is more predictable and results in
a higher and more rapid level of adaptation. Finally, the increase should include the entire arch to prevent relapse of the VDO to its previous
value, and changes in VDO should be assessed by utilising temporary diagnostic restorations for a period before implementing definitive
prostheses, in order to evaluate the adaptive muscle response.
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Introduction

When faced with complex prosthetic projects requiring an increase in the VDO within their treatment plans, practitioners
often grapple with how to proceed, the type of techniques to use, the safety of such actions, and the extent to which VDO
can be increased. This subject has been surrounded by controversies for over 50 years, with numerous aspects remaining
unexplored. Moreover, there is the belief that an increase in the VDO causes disorders of the masticatory apparatus,
prompting many practitioners to opt for delegating the management of such patients. In this article, our aim is to simplify
this subject matter. We endeavour to consolidate studies and research that have dissected each viewpoint, providing the
practitioner with different opinions and theories, along with the appropriate explanations in one comprehensive docu-
ment. The purpose is to clarify all ambiguous areas, identify situations requiring an increase in VDO, present the
essential aspects for implementing this modification, and encourage practitioners to engage in this kind of therapy
confidently and safely.

Definitions VDO, VDR

The VDO is a dental procedure used for dentate individuals, determined by the measuring the distance between two
arbitrarily selected points, one on the maxilla and another on the mandible, when the teeth are in contact.'”” Conversely,
VDR refers to the height of the lower part of the face measured between two reference points when the mandible is in
a physiological rest position.”*
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In the rest position, the mandible is in a neutral position and is suspended, while the head remained unsupported and
aligned with bust. The opening and closing muscles are in a state of equilibrium, and the condyles are in a neutral,
unstrained position in the glenoid fossa.’

The physiologic rest position is consistently assumed subconsciously and may also be voluntarily assumed.” It is
determined by three potential mechanisms:

e Postural tonicity of muscles: Many researchers have indicated that muscle tone plays a significant role in establish-
ing the mandibular resting position. The temporal muscle primarily contributes to this resting position due to its
status as the most powerful elevator of the mandible and having the largest number of spindles.'®'*

e Reflex mechanism: The reflex mechanism involves the mesencephalic nucleus and the sensory nucleus of the fifth
cranial nerve, which receives information from proprioceptors and exteroceptors regarding the position and move-
ment of the mandible. Depending on the feedback information, the motor nucleus of the fifth nerve will position the
mandible in the resting position.'>'¢

e Gravity-elasticity: It refers to the passive visco-elasticity of perioral soft tissues, including muscles and ligaments,

which keeps the mandible against gravitational forces.'®!’

The Variability of VDR

The mandibular physiologic rest position (MPRP) has been considered by some researchers to be naturally established
and remain constant throughout life regardless of the presence or absence of the teeth. It is viewed with the same
constancy as facial height.”'®'

According to Thompson, the mandible assumes its positional relationship with the base of the skull around the third
month of life. This position does not subsequently change and corresponds to the mandibular resting position. It is not
affected by the presence or absence of teeth, and it determines the height of the face.”

Supporters of this position claim that MPRP is related to variation in the tonicity of the musculature that suspends the
mandible, rather than muscle length. Since the muscle tonus is fairly constant for each individual, the MRP is also in an
equally constant position and does not change after the extraction of teeth.”'*> The same authors think that excessive
working of mandibular muscles, related to certain pathological conditions, may result in a small variation of the normal
interocclusal distance. However, this variability is considered negligible.”'*16-*

Other authors like Tallgren and Atwood, in their longitudinal studies, and Saurabh have shown a decrease in VDR in
adults after the extraction of their natural teeth.”?* > This can be explained by the destruction of proprioceptive nerve
endings in the periodontal tissue, which may change the orientation of the mandible, thereby resulting in a decrease in
vertical dimension at rest.”*

An increase in VDR was also observed by Olsen and Saurabh after the insertion of a complete denture prosthesis.>*

The authors concluded that VDR is not in a stable position and varies after the extraction of natural teeth and
prosthodontic rehabilitation.

The VDR, like other physiological manifestations in living organisms such as blood pressure or temperature, has
a range that changes with health, disease, emotional state, age, medication, etc. It is not rigidly stable. Its constancy does

not mean fixity, but rather that the range of variation or variability is negligible.'”-****-*’

Indications of Increasing VDO
Increasing VDO is often indicated in complex prosthodontic treatments. This approach is used in the following
situations:

e Correction of anterior tooth relationship: Increasing VDO alleviates the broad area of anterior tooth contacts and
provides a shallower and less constrained angle of disclusion in patients who suffer from vertical and horizontal
overlap.®2® It also enables the re-establishment of lost anterior tooth guidance in patients with severe wear of their

anterior dentition.>>%3¢
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¢ Improvement of maxillary lip support: Increasing the VDO allows the establishment of an incisal overjet that can
augment support of the maxillary lips.’

e Minimisation of tooth preparation: Increasing VDO provides greater interocclusal space for restorative materials
and may lessen the need for surgical crown-lengthening (CLS) procedures and endodontic treatments, resulting in
reduced pulpal trauma. A combination of VDO and CLS may also be useful. Increasing VDO also avoids the need
for occlusal tooth preparation to eliminate interference.®**°

e Restoring lost vertical dimension of occlusion: Deficiencies in the VDO can result from uncompensated occlusal
dental wear, hypoplasia of the mandible or a deficient dentoalveolar mass. VDO loss can significantly alter patient
function, comfort and aesthetics.®>>' Occlusal dental wear, which is a natural physiological process, can be
developed more rapidly or aggravated by pathological conditions such as attrition, trauma, chemical erosion and
bruxism. It results in a reduction of tooth length with or without a reduction of the VDO.

A patient’s original VDO can be preserved by a dentoalveolar compensatory mechanism involving the slow extrusion of
worn teeth and a super eruption of opposing teeth.>**>* However, aggressive bruxers often grind tooth structures at
a greater rate than passive extrusion can compensate for.?

According to Murphy, tooth attrition and compensatory mechanisms do not have a direct cause-and-effect relation-
ship. The first varies with power used in mastication, and the second varies with skeletal growth pattern.*”

Loss of VDO can also occur when many teeth are lost due to caries or periodontal disease. The remaining teeth and
supporting tissues cannot withstand the physiological occlusal forces and begin to tip over, resulting in a collapsed bite.>*’

Several researchers have indicated that increasing VDO does not improve facial aesthetics in dentate individuals since
it is limited to a maximum of 5 mm inter-incisally, which is not enough to induce a facial change.*>-¢

But Mohindra reported that the increase in VDO can have great effects on the aesthetics of the whole face.

The muscle fibres stretch due to this increase, leading to increased protein activity and the release of growth factors,
resulting in muscle hypertrophy and increased bone density. This increased cellular activity seems to lead to increased
vascularisation in tissues and also prevents apoptosis.'’ The improvement in the jawline is related to the improvement
in the chin and tightening of the facial skin. The improvement in the cheeks is probably due to improvement in muscle
tone and mass, and in the long term, there may be some re-modelling of the bone.'” The height of the smile window
increases and its width decreases, increasing the vermilion show. The restoration of the lower facial height seems to
enhance the proportions of the nose.*” Improvement in eye appearance may be due to increased fat metabolism that takes
place when the facial muscles work harder.'

What is certain is that tooth display might improve by lowering the maxillary occlusal plane after increasing VDO,
and pseudo-prognathism of the mandible may be reduced. These two manoeuvres have a visible aesthetic impact.*~°

However, an improvement in facial aesthetics was observed in edentulous subjects after complete prosthetic
rehabilitation constructed at an increased VDO.' This finding can be related to the significant loss in VDO for edentulous
patients without compensation, in comparison to dentate individuals, and improvement of facial aesthetics after increas-
ing VDO in edentulous individuals is probably due to the horizontal support of the facial tissues by the dentures.’

Conversely, increasing VDO can facilitate the treatment of many orthodontic cases such as reducing crossbites,

allowing the placement of mandibular brackets in deep bite cases, or levelling the curve of Spee.*’~®

Adaptation of the Masticatory System to Increasing VDO

Dentate Patients

Yasumasa Akztgawa et al studied histologic changes in masticatory muscles in Wistar rats. An increase in VDO beyond
the occlusal space caused tissue reaction in the deep masseter muscle, a lesser degree in the superficial masseter and
anterior temporal muscles and no changes in the posterior temporal, medial pterygoid and anterior digastric muscles.
Variable severity of tissue response in different masticatory muscles can be attributed to the amount of stretching of
myofibers due to an increased VDO. Degenerative atrophy of myofibers in the lateral pterygoid muscle occurred within

two days with no sign of inflammation.’
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Another study found that only transient acute inflammation occurred in the deep and superficial masseter muscles and
the lateral pterygoid muscle when increasing the VDO within the extent of the interocclusal space. No degenerative
changes of myofibers were revealed.*’

An increase in the VDO beyond the original rest face height was tested by Gunnar et al in healthy dentulous
individuals. The result was the establishment of a new rest position for the mandible and a new interocclusal space. The
subjects experienced moderate symptoms of discomfort, which decreased toward the end of the experimental period. No
signs of increased muscle activity to restore the original VDO were found.*'

Previous studies have tested the increase in VDO in dentulous patients. Among them, Carlson and Christensen
reported the development of several mild symptoms. These diminished after a few days, and no masticatory muscle
hyperactivity was recorded.*'** This may be an expression of the patient’s adaptive capacities being overcome either by
an excessive or rapid increase or the occurrence of disruption of the occlusal context with dental, joint, and muscular
repercussions.

In a study by Gross et al, VDO was increased (>5 mm) in healthy subjects with severe dental wear. The study
reported speech difficulties and muscle discomfort that subsided after 1-2 weeks. A new interocclusal space was restored
after the increase in VDO, which remained stable during the two-year follow-up.*?

Dahl et al increased the VD (>5 mm) in patients with severe tooth attrition. The study reported that this procedure
caused short and transient discomfort, and no temporo-mandibular disorders (TMDs) symptoms were evident after a long
period of follow-up.*3*4344

Ormianer et al examined the differences in increasing VDO (<=5 mm) in dentate patients, which was followed for
a long period. They reported that all the patients adapted to the new vDO.*

All these experiments confirmed that increasing VDO may affect the different components of the masticatory system
at a histological and morphological level. However, the response is a general compensation and adaptation characterised
by the establishment of a new resting position of the mandible and a new interocclusal space.*’

In their study of healthy dentate patients with angle class I occlusion, Yu-Fu Shen et al demonstrated that an increase
in VDO greater than 3 mm could alter the extent of the mandibular trajectory during swallowing. There is a positive
correlation between the amplitude of mandibular movement during swallowing and the increase in VDO.’

Edentulous Patients
Most clinical techniques for VDO establishment in edentulous patients aim at reproducing a patient’s natural VDO
because that is believed to be most suitable. This premise has not been scientifically studied and remains an unproven
assumption. In this study, VDO increases were found to be higher because the original VDO was often completely lost in
completely edentulous patients.>

In another study, an increase in VDO in patients with prolonged edentulism and wearing old dentures seemed to lower
the pretreatment hyoid bone position. The level of muscle activity appeared to decrease just after the placement of the
new prostheses and returned to a level close to that of pretreatment after a few months of use.”!

Hellsing, in 1987, studied adaptability in edentulous patients after modifying the VDO. He demonstrated that patients
adapt very quickly to a new VDO, creating a new interocclusal distance.**

Christensen, in 1970, increased the VDO in complete dentures. Symptoms developed by complete denture patients
were less frequent compared to dentate individuals, and they were of mild intensity.**

Dentally Implanted Patients

In a multi-centre retrospective clinical study conducted by Fabbri, VDO was increased by <=5 mm in patients with fixed
rehabilitations supported by implants and with no removable dentures as antagonists. The development of prosthetic and
functional complications after increasing VDO was not frequent. Functional complications were more frequent in cases
of restorations completely supported by implants, but they would usually disappear within two weeks. The authors
concluded that when necessary and properly performed, increasing VDO by up to 5 mm can be considered a safe and

viable clinical procedure and that maintaining optimal occlusal stability plays a key role in achieving this objective.”’
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In 2009, Ormianer and Palty increased VDO by <=5 mm in patients with fixed implant-supported restorations. All
patients adapted to the new VDO. Some patients developed tooth clenching or grinding, but the latter usually disappeared
within two months. Mechanical complications, such as porcelain fractures, were more observable when fixed implant-
supported restorations were opposed to other fixed implant-supported restorations.*’

A prolonged period of grinding and clenching (parafunctional activity) for implant-supported prostheses is probably
due to the lack of sensory feedback from the periodontal ligament, which could prevent rapid patient adaptation after an
increase in VDO. Another explanation for the increased duration of symptoms accompanying implant-supported
restorations is that the treated patients were initially edentulous and had significant alveolar bone resorption and
masticatory muscle atrophy. As a result, the VDO may be considerably reduced.® Since implant-supported prostheses
can restore the VDO to near-original values (in comparison with conventional complete dentures), these patients will be
subjected to a greater adaptation burden.’

Clinical Considerations for Increasing VDO

Physiological vertical dimension occurs within a range, commonly known as the comfort zone, rather than a specific
constant level. Consequently, it can be expected that a patient can adapt to an alteration in VDO as long as it remains
within this zone.>*¢

When indicated, a permanent moderate inter-incisal increase in the VDO (<5 mm) in dentulous patients can be
considered a safe and predictable procedure without detrimental consequences, provided that occlusal stability is
established. The stomatognathic system can adapt rapidly to moderate changes under the rotation of the hinged axis,
and any consequential signs and symptoms have been reported to be self-limiting,®30-3%:43-44.4748

A greater increase (>5 mm) in the VDO in dentate patients may not be dangerous, but may lead to a more extensive
masticatory muscle inflammatory reaction and a more complex rehabilitation.

In some studies, rapid changes in VDO in healthy individuals also seem to lead to the development of mild TMD
symptoms. However, these symptoms appear to resolve quickly.**

The adaptation of the stomatognathic system occurs through muscle relaxation and muscle lengthening rather than
a return to the original VDO through dentoalveolar maturation or muscle hyperactivity.>**

When increasing VDO, the use of complete arch coverage (all or most of the teeth) is an essential condition for the
immediate establishment of occlusion with minimal alteration in the dentoalveolar complex. An increase in VDO through
partial arch coverage results in dentoalveolar alteration, muscular changes, and temporomandibular joint (TMJ) dis-
orders. It is now understood that the symptomatology reported in several studies may have been the result of occlusal
instability rather than the increase in VDQ.3#0:41:43:49.50

Another parameter that could influence adaptation to increased VDO is age. Research conducted by Wen and Wang in
teenage and young adult Wistar rats has concluded that increasing VDO in teenagers probably produces more stable
results than in young adults. Thus, young adults require sufficient treatment time and long-term maintenance after
increasing VDO.*’

However, it should be noted that an increase in the VDO should be considered and conducted with caution. Indeed
a significant increase in DVO may cause joint compression in the presence of TMDs, labial incompetence in the presence

of thin or short lips and may aggravate a skeletal class II by accentuating the posterior rotation of the mandible.”'+>

Treatment Options for Increasing VDO
Studies that increased VDO with fixed prostheses indicated less severe symptoms than studies that increased VDO with
a removable appliance. This could be attributed to the advantages of fixed prostheses, such as fixity in the mouth,
mimicking natural tooth morphology, minimising dental crowding, reducing interference with speech and improving
patient comfort.>

Additionally, the fixed nature of the prosthesis enhances patient compliance and acceptance of the treatment.
Therefore, whenever possible, an increase in VDO in TMD-free patients should be performed with fixed restorations
rather than with a removable appliance. Removable appliances could cause patient maladaptation due to factors other
than increased VDQ.**48
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Using a removable splint to increase the VDO in patients without TMDs is not advised, as it may instead lead to
splint wearing. For patients with TMDs, increasing the VDO with removable appliances helps control TMD-associated

symptoms before irreversible procedures are performed.***

Conclusion

Nowadays, it seems more reasonable to accept that the mandibular physiologic rest position occurs within a range known as
the comfort zone. The range of this zone may vary from one person to another and in the same person at different times.
At the end of this review the main ideas to emphasise are

1. The primary adaptation to VDO increase is muscular.

2. 5 mm seems to be the safe value for increasing VDO.

3. Fixed and removable prosthetic treatments are acceptable for increasing VDO, but the fixed solution with
complete covering remains the most suitable.
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