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1   |   INTRODUCTION

In modern dentistry, the esthetic outcome has to be con-
sidered an inherent element of every restorative and pros-
thetic treatment. Achieving a pleasant aspect is definitely 
as important as restoring a proper function or preserving 
an optimal biology. In the most simple clinical cases in-
volving the esthetics of frontal teeth, there is no need to 
bring any change to the patient occlusal vertical dimen-
sion (OVD): The occlusion is already properly balanced 
and there is enough interocclusal space to esthetically im-
prove the patient smile.1 In other cases, on the contrary, 
the presence of generalized tooth wear and/or significant 
occlusal irregularities (ie, malocclusions) frequently in-
volving both anterior and posterior teeth, might compli-
cate or prevent the introduction of esthetic improvements 
if the OVD is left unchanged.2–4 Despite the existence of 
a broad consensus regarding a limited OVD increase as a 
clinically safe procedure, there is still considerable debate 
in the literature concerning the proper procedures to suc-
cessfully and reliably increase the OVD.5–9

Most authors seem to indicate that increasing the OVD 
of asymptomatic patients does not lead to the develop-
ment of temporomandibular disorder (TMD) symptoms.10 
According to Abduo,6 since any restorative material can be 
applied on the occlusal surface in a space of 2 mm,11,12 a 
4 mm interarch space (and an OVD increase within 5 mm 
interincisally) should be always considered adequate for 
a comprehensive rehabilitation and safe from the clinical 
perspective, on the condition that the patient does not 
have TMJ problems. However, it should be noted that the 
studies investigating the relationship between increasing 
OVD and TMD symptoms were all conducted on relatively 
small changes in OVD, likely within the freeway space.13,14 
Larger OVD changes have not been well studied.10 Some 
articles have challenged the hypothesis of the negative 
implications of increasing OVD even beyond the limit of 
the interocclusal rest space.15,16 In general, their outcomes 
keep on reflecting the safety, patient adaptation, and pre-
dictability of increasing the OVD in relation to TMJ and 
masticatory muscle health, but, as observed by Abduo in 
2012, the available studies about this specific topic suffer 
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Abstract
A safe method to increase the occlusal vertical dimension (OVD) in patients with 
mild temporomandibular symptoms (such as tenderness upon palpation) is de-
scribed. After a temporomandibular joint magnetic resonance (MR), an OVD 
increase was sought, pursuing pure rotational movement without condyle dis-
placement. Prior to definitive rehabilitation, an additional MR confirmed steady 
and healthy condyle-disc-fossa relationships.
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from a lack of randomization and control group; in ad-
dition, significant variation exists in relation to the sub-
jective methods to assess patient adaptation and all the 
available studies had a limited number of participants, so 
that it could be assumed that they are not completely rep-
resentative of the whole population.6

Even if the currently available evidence suggests a low 
causal effect of the occlusion on the genesis and the de-
velopment of TMD problems, that does not make it fair 
to suppose the total absence of any relationship.17 Among 
the findings of the Study of Health in Pomerania (one of 
the largest cross-sectional investigations about occlusal 
parameters and TMD signs and symptoms carried out be-
tween October 1997 and May 2001 in Western Pomerania, 
Germany, and including 4310 individuals between 20 and 
81 years of age), a robust association (odds ratio >2) be-
tween some occlusal factors and TMDs was observed, al-
though a causal relationship could not be demonstrated 
because of a lack of time sequence.18 Moreover, according 
to Türp & Schindler,19 acute occlusal interventions, such as 
an occlusal splint placement or an irreversible prosthetic 
treatment, differ from a long-standing occlusal situation, 
where an existing occlusion with working, non-working, 
retrusive and protrusive altered contacts may have been 
emerging over a period of several years. In a randomized 
double-blind trial, an acute occlusal change increased the 
risk of developing TMD signs (such as tenderness upon 
palpation),20 especially on patients with a former success-
fully treated TMD history.21 The inherent adaptive capac-
ity of the masticatory system may decrease over time and 
get significantly compromised.22 Under these circum-
stances, an acute occlusal alteration might unexpectedly 
act like a “stumbling block,”23 making it worth any pos-
sible attempt of preserving the present occlusal balance.

In many cases, the patient might show mild TMD symp-
tom, even not related to an altered preoperative condyle-
fossa relationship; nevertheless, the occlusion needs to be 
changed and improved, eventually increasing the OVD, 
in order to esthetically and successfully manage the re-
quested restorative task. Based on the above consider-
ations, those cases of mere malocclusion seem quite risky, 
as they hide the clinical hazard of lifting up the vertical 
dimension (modifying the mandibular position and intro-
ducing an acute occlusal change) with the imperative duty 
of preserving the valuable temporomandibular balance 
that the patient might have found, despite the long-lasting 
occlusal alterations.24,25 An objective and predictable 
method, able to safely guide the clinician throughout such 
a tricky procedure, seems definitely required.

Over the last years, the introduction of increasingly so-
phisticated temporomandibular joint imaging techniques 
has been representing an important breakthrough in the 
direction of a better understanding of TMJ physiology 

and a correct definition of the proper condyle-fossa re-
lationship.26 Magnetic resonance (MR) and cone beam 
computed tomography (CBCT) are nowadays considered 
suitable diagnostic choices for the assessment of the nor-
mal appearance of TMJ in healthy patients27 and have 
been successfully used to achieve a visual representation 
of different pathologic conditions affecting the temporo-
mandibular joint.28 While CBCT has been recommended 
for the evaluation of osseous joint components, cortical 
bone integrity, and subcortical osseous abnormalities, MR 
has been acknowledged as the ideal diagnostic tool for 
the assessment of disc-condyle relation, soft-tissues de-
formity, internal derangement, and presence of abnormal 
fluids. MR imaging represents therefore a reliable choice 
to examine TMJ morphology without the radiation expo-
sure concerns of the CBCT.

The present clinical report describes a safe clinical 
workflow put in place to esthetically restore the smile of a 
patient affected by extensive dental erosions and occlusal 
abnormalities. An MR imaging-based diagnostic approach 
was used to assess a healthy preoperative condyle-disc-
fossa relationship and to keep it unchanged throughout 
the whole treatment.

2   |   CASE PRESENTATION

A 60 years-old man presented with a chief complaint con-
cerning the unpleasant esthetic of his smile. The patient's 
medical history was unremarkable and he was taking no 
medication. The intraoral examination revealed exten-
sive erosive tooth wear involving anterior and posterior 
teeth on both upper and lower arches, signs of cervical 
abrasion/erosion, and missing of 2.5, 2.6, 2.7 elements 
(Figure  1A,B). Old composite fillings were present on 
teeth 1.5, 1.6, 2.3, 4.6, and 4.7, but all elements were vital. 
Despite the evident occlusal problems, the patient did not 
report any spontaneous symptoms of TMD. The clinical 
examination revealed the presence of a mild palpation-
induced pain to the masticatory muscles (lateral pterygoid 
and masseter) and to TMJ. The treatment plan con-
sisted of a full-mouth adhesive and additive rehabilita-
tion, aiming to improve the esthetics with minimal tooth 
preparation, after having established a new and increased 
OVD.

The first stage of the treatment dealt with the maxillary 
sinus augmentation and implants placement, in order to 
allow the rehabilitation of the upper left edentulous area. 
A lateral window sinus lift was initially performed using 
a granular bone substitute (Endobon Xenograft Granules, 
Zimmer Biomet Dental, Palm Beach Gardens) and 
platelet-rich plasma (PRP). After 6  months, two fixtures 
with a 13 mm length and a 4 mm diameter (Universal II 
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CM Implacil De Bortoli; Implacil De Bortoli) were placed 
in the edentulous area following a submerged protocol.

During the submerged healing of the fixtures, all the 
subsequent prosthetic steps were carefully planned. The 
mild pain, preoperatively observed on palpation of mas-
ticatory muscles and TMJs, suggested the need of better 
investigating the actual TMJ status, in order to exclude 
the chance of additional dysfunctions affecting TMJ and 
the associated structures. The presence of physiological 
and healthy preoperative TMJ conditions was objectified 
by MR imaging sequences taken in maximum intercuspi-
dation using a 3 Tesla MRI system (Philips Ingenia 3.0 T; 
Philips Medical Systems, The Netherlands) with 6-channel 
dS Flex M surface coil. T1-weighted sagittal sequences 
with a 2 mm slice thickness were obtained for each TMJ. 
Both condyles appeared well centered within the glenoid 
cavities, in an anterior-superior position against the slope 

of the articular eminences (Figure  1C), in this specific 
position, the condylar movement is considered to be re-
stricted to pure rotation about the transverse horizontal 
axis.29 Based on the objective MR evaluation and due to 
the absence of severe and spontaneous TMD signs/symp-
toms (with the exception of mild pain on palpation), the 
current preoperative condyle-disc-fossa relationship was 
assumed as properly balanced and care was taken to pre-
serve it unchanged throughout the treatment, trying to 
confine the required OVD increase within the limit of 
pure condylar rotation.

After having placed a standard cheek/lip retractor, the 
patient was asked to slightly and slowly open the mouth 
starting from the maximum intercuspidation, avoiding 
any kind of operator-guided manipulation and without 
any bite registration medium in between upper and lower 
arches. A degree of tooth separation was sought, so as to 

F I G U R E  1   Clinical procedures 
adopted to verify the temporomandibular 
joint condition while increasing 
the vertical dimension of occlusion. 
(A,B) Preoperative intraoral occlusal 
photographs showing generalized erosive 
tooth wear and occlusal abnormalities: 
esthetics appears negatively affected. 
(C) A preoperative temporomandibular 
joint magnetic resonance scan was 
taken, with the patient in maximum 
intercuspation, showing healthy and 
balanced condyle-disc-fossa relationship 
both on left and right side. (D) A second 
temporomandibular joint magnetic 
resonance scan was taken with patient 
dressing the anterior resin jig, with the 
aim of checking the temporomandibular 
joint status in the new mandibular 
position. (E) Temporary resin splints 
cemented on mandibular posterior teeth

(A)

(C)

(D)

(E)

(B)
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guarantee enough interocclusal space for the restorative 
purpose but trying not to overcome the condylar pure ro-
tation limits. Taking into account the restorative needs, 
an OVD increase of 6 mm interincisally was supposed as 
appropriate. An indelible marker was used to mark the 
upper and lower canines and central incisors, in order to 
make any subsequent placement of the mandible in this 
new position easy and repeatable. Two softened 3-layer 
wax wafers (3 mm each) were pushed against the cusps of 
left and right mandibular posterior teeth. The patient was 
then asked to close, while the operator guided the man-
dible using the marker signs on incisors and canines as 
a reference to avoid any undesired excursive movement. 
The wax wafers were removed, chilled, and re-seated in 
order to check fit, stability, and accuracy. Following a face-
bow transfer, preoperative casts were mounted on a semi-
adjustable articulator (SAM 2P; SAM Präzisionstechnik 
GmbH) using the wax wafers as intermaxillary records. 
After having achieved an esthetically satisfactory full-
mouth wax-up thanks to the free interocclusal space pro-
vided by the OVD increase, the wax-up on posterior teeth 
was removed. From the ensuing partial/anterior wax-up, 
upper and lower silicon keys were prepared, extending 
from left to right second premolar, and loaded with a 
tooth-colored self-curing temporary acrylic resin material 
(EnaTemp; Micerium S.p.A.) in the patient's mouth. Since 
premolars had been removed from the wax-up, the silicon 
keys were stable in the mouth thanks to the presence of a 
distal stops. The resulting anterior mock-up allowed for a 
basic but essential intraoral esthetic validation of the pro-
posed restorative project.

The hypothesis that the new mandibular position, in 
the arbitrarily proposed OVD, was actually within the limit 
of condylar pure rotation still required, at that moment, 
an objective support. For this purpose, the mock-up was 
removed. An anterior jig was manufactured intraorally, by 
adapting an amount of self-curing low shrinkage acrylic 
pattern resin (TempRed; Micerium S.p.A.) at the dough 
stage to the upper anterior teeth and asking the patient 
to bite with the posterior wax wafers in place. After resin 
setting, the jig was removed and re-seated to check for an 
easy fit. The patient was then subjected to a second TMJ 
MR evaluation while dressing the anterior resin jig, using 
the same parameters and the same sagittal sequences 
described for the preoperative examination (Figure  1D). 
Comparing pre- and postoperative MRs, the condylar and 
disc positions appeared substantially unchanged in re-
spect to the articular fossa, which confirmed the proposed 
OVD increase could be safely considered within the limits 
of a pure rotation.

Despite that, an additional diagnostic step aimed to 
clinically verify in a completely reversible way the actual 
patient adaptation to the new mandibular position was 

planned. Using the wax wafers and the resin jig as inter-
occlusal records, temporary and additive posterior splints 
were manufactured on the preoperative casts using or-
thodontic acrylic resin (Orthocryl; Dentaurum) and salt-
and-pepper technique. The splints extended bilaterally 
from the first lower premolar to the second lower molar 
and were cemented intra-orally on the unprepared teeth 
using glass-ionomer cement (Ketac Cem; 3 M ESPE), in 
order to exclude the possibility of removal by the patient 
(Figure  1E). After two months, the patient reported a 
comfortable self-adaptation to the new mandibular posi-
tion, no signs of TMD were detectable and muscles did 
not show any tenderness on palpation: these findings pro-
vided the ultimate validation required.

The subsequent prosthetic finalization was performed 
using the splint-induced occlusal position as intermaxil-
lary relationship. Keeping the fixed splints in place, poly-
vinylsiloxane impressions of the upper and lower arches 
were taken. In order to avoid additional facebow transfers, 
the poured casts were placed on to the articulator accord-
ing to the cross-mounting technique and were used to 
fabricate indirect resin composite palatal veneers (Enamel 
Plus Hri Function; Micerium S.p.A.) for the six maxillary 
anterior teeth and to carry out the final wax-up of the six 
lower anterior teeth. The palatal veneers were adhesively 
luted, while a lingual silicon key guided the direct com-
posite restoration of the lower anterior teeth.

In this way, an anterior occlusal contact was re-
established and the open-bite was closed, allowing a safe 
removal of the left-side fixed splint and the consequent 
restoration of both upper and lower left premolars and 
molars. Sound posterior teeth were left unprepared. Old 
fillings and/or decays were removed; the resulting cavities 
were filled with direct composite build-ups and included 
into minimally invasive indirect overlay preparations. 
Polyvinylsiloxane impressions of the upper and lower 
arches were taken, keeping the right-side fixed splint in 
place. Resin-based composite (Enamel Plus Hri Function) 
indirect restorations were manufactured, using standard 
laboratory procedures, adhesively luted, and subjected to 
minimal intraoral occlusal corrections; in the same ses-
sion, the gold composite implant-supported fixed dental 
prostheses replacing teeth number 2.5 and 2.6 were de-
livered. With steady and definitive occlusal contacts on 
left and anterior sectors, the right-side fixed splint was 
removed and both upper and lower right premolars and 
molars were restored as just described for the left side. 
Eventually, with the aim of enhancing the esthetics of the 
anterior group, the six maxillary anterior teeth were sub-
jected to a minimal veneer preparation and restored with 
adhesively luted buccal lithium-disilicate veneers.30

After one week, the patient was recalled in order to col-
lect postoperative clinical photographs (Figure  2A–C). 
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Subsequently, the patient was scheduled for yearly re-
calls and was instructed to contact the clinic in case of 
any possible problem involving the treated teeth and 
the delivered restorations. After 5  years follow-up, the 
achieved esthetic and functional outcome appeared suc-
cessfully preserved (Figure  2D–F) and the patient was 
still completely satisfied with the clinical result. Shallow 
wear facets were observed on the occlusal surfaces of 
premolars and on the incisal margins of lower incisors 
after 5 years of clinical service, probably due to the min-
imal persistence of some parafunctional activities, such 
as grinding and clenching.

3   |   DISCUSSION

A full-mouth adhesive rehabilitation of a patient showing 
generalized erosive tooth wear and a severe malocclusion 

was performed using MR imaging to keep under control 
the TMJ conditions throughout the treatment.

The presence of a mild tenderness on palpation of 
masticatory muscles in the absence of spontaneous 
preoperative symptoms confirms that an OVD loss or 
a malocclusion is not always associated with a severe 
clinical TMJ impairment. Mild TMJ symptoms, such 
as muscle tenderness, can be related to grinding/brux-
ism parafunctions, rather than to the OVD loss itself. 
Nevertheless, when in similar situations a full-mouth 
rehabilitation is required for esthetic purposes, it could 
be wise to limit the introduction of additional occlusal 
changes since they could become detrimental if the TMJ 
was just precariously balanced.20–23

This could be rashly and wrongly considered an easy 
task, while is in truth a very tough clinical challenge, 
since every mandible repositioning procedure is likely 
to introduce a certain extent of undesired disc/condyle 

F I G U R E  2   Intraoral details of the 
delivered final rehabilitation. (A–C) 
Postoperative frontal and occlusal view. 
(D-F) Follow-up after 5 years: intraoral 
frontal and occlusal photographs

(A)

(C)

(D)

(E) (F)

(B)
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displacement, possibly disrupting the previous mus-
culoskeletal balance. A proper compromise should be 
found, between an effective OVD increase and the safe 
preservation of the pre-existing TMJ conditions. Three-
dimensional imaging (MR) appears essential to reach 
such a compromise.

After having confirmed the presence of a healthy pre-
operative condyle-disc-fossa relationship by means of 
an objective MR examination, according to the proposed 
clinical workflow, a new mandibular position was ar-
bitrarily supposed, at an increased OVD, taking advan-
tage by the fact that, physiologically, the first phase of 
mouth opening is mainly due to a pure rotation of the 
mandible.31,32

This concept has been for years the basis of the jaw 
movement description in terms of rotation and transla-
tion. However, the classical assumption that the pure ro-
tation strictly corresponds to the first 20–25 mm of incisal 
opening31,32 has been often source of misinterpretation. 
Löter et al. observed that already during the first inter-
val of opening a displacement of the condyles may occur, 
even if they definitely demonstrated how near intercuspal 
contact position and close to the maximum mouth open-
ing the condylar displacements are smaller than in the 
other movement intervals.33 The actual limit for a mouth 
opening movement occurring with no (or with a mini-
mal) condyle displacement should be more conveniently 
considered as a patient-dependent variable, realistically 
increased in case of worn dentition and consequent loss 
of the original vertical dimension. A three-dimensional 
imaging evaluation of the TMJ is the only objective way to 
irrefutably verify or reject the hypothesis that the condyle 
stands still during the mandibular movements.

In the present clinical report, the new mandibular po-
sition was determined avoiding any operator-guided re-
cording technique. Since the introduction of the Lucia jig 
in34 different kind of operator-guided (such as Dawson's 
bimanual manipulation method, chin-point and three-
finger chin-point guidance method, leaf-gauge method, 
and power-centric method) or patient-guided (such as 
Schuyler method, Gothic arch tracing method, and myo-
monitor method) centric relation recording techniques 
have been successfully employed by every respective sup-
porter and simultaneously opposed by dissidents. As a 
consequence, several different techniques nowadays exist, 
which have been proposed over the past decades in order 
to accomplish exactly the same task: steadily placing the 
condyle into the “right” position.

Interestingly, the concept itself of centric relation un-
derwent a remarkable evolution over years, moving from 
“the most posterior relation of the lower jaw from which 
lateral movements can be made” (according to Boucher),35 
to the “position of the mandible placing both condyles 

into their anterior uppermost position” (as independently 
stated by both Ramsfjord and Ash in 1993)36 and to the 
“maxillomandibular relationship in which the condyles 
articulate in the anterior-superior position against the 
posterior slopes of the articular eminences and the mandi-
ble is restricted to a purely rotary movement” (as defined 
by the Glossary of Prosthetic Terms, 9th edition).29 The 
real impetus for that shift in centric relation definition has 
been precisely given by the introduction (and the subse-
quent wide spread) of sophisticated three-dimensional 
TMJ imaging, which could finally reveal the actual con-
dylar position.26 As a consequence, without any prejudice 
to the traditional recording techniques that keep on being 
definitely useful, three-dimensional imaging (such as MR) 
should be nowadays considered the most reliable method 
to irrefutably confirm (or reject) the hypothesis that the 
conditions described in the latest “centric relation” defini-
tions are actually fulfilled.

A second MR with the patient dressing the resin jig as 
interocclusal record may provide an objective confirma-
tion of altered/unaltered TMJ conditions compared to the 
start point. In case of satisfactory MR validation of the 
proposed OVD increase, the use of temporary and addi-
tive fixed splints represents an additional non-invasive di-
agnostic step aimed at warding off any risk of irreversible 
TMJ impairment due to the recently introduced acute oc-
clusal change.19,20,23 If any TMJ problem or muscular re-
action was detected over this reversible 2 months-lasting 
phase, the initial occlusal conditions could be easily re-
stored by simply removing the fixed splints. Among the 
several advantages provided by this clinical workflow, the 
immediate proof of a possible condyle displacement and 
the objective awareness about the actual jaw/condyle/disc 
positions before the beginning of any irreversible therapy 
appear particularly important.

In the present clinical report, after 2 months of tempo-
rary and reversible splint-based treatment, the patient con-
firmed a comfortable self-adaptation to the new OVD and 
this allowed a safe and definitive prosthetic finalization, 
preserving the splint-induced intermaxillary position. An 
accurate disc and condyle position control (by means of 
MR) and an appropriate muscle and TMJ deconditioning 
(thanks to the fixed bites) definitely enhanced the predict-
ability and the long-term stability of the achieved results, 
as confirmed by the 5 years follow-up. The wear facets ob-
served after 5  years on premolars and on lower incisors 
confirm the possible persistence of some parafunctional 
activities, which might have a mainly psychosomatic etiol-
ogy, and suggest that rather seldom bruxism is completely 
resolved following an occlusal/restorative treatment. As 
a consequence, especially when dealing with extensive 
occlusal rehabilitations, the use of restorative materi-
als showing reduced abrasiveness and a wear resistance 
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comparable to the natural enamel (like some modern 
resin-based composites and lithium-disilicate glass-
ceramics) should be always preferred by clinicians,37–40 in 
order the avoid excessive wear, to limit the occurrence of 
reiterate and undesirable restoration fractures/chippings 
and with the aim of ultimately preserving an appropriate 
occlusal balance.

In conclusion, when raising up the OVD, keeping the 
vertical dimension increase within the limits of a pure 
condylar rotation may allow the preservation of unaltered 
condyle-disc-fossa relationships, avoiding the introduc-
tion of possibly detrimental interferences to a preopera-
tively confirmed TMJ balance. Three-dimensional imaging 
(such as MR) is the only available technique to objectively 
confirm a steady disc and condyle position in the glenoid 
cavity throughout the whole treatment. Without an ob-
jective and imaging-based approach, the predictability of 
VDO increase procedures may be strongly influenced by 
the clinician experience.
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