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Clinically Based 
Diagnostic Wax-up for 
Optimal Esthetics:  
The Diagnostic Mock-up
harel simon, dmd, and pascal magne, dmd, msc, phd

abstract  A diagnostic wax-up can enhance the predictability of 
treatment by modeling the desired result in wax prior to treatment. It 
is critical to correlate the wax-up to the patient to avoid a result that 
appears optimal on the casts but does not correspond to the patient’s 
smile. This article reviews the applications and techniques for clinically 
based diagnostic wax-up, and focuses on the diagnostic mock-up 
philosophy as a means to obtain predictable esthetics and function.
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btaining a predictable 
esthetic result is one of the 
goals of prosthodontic and 
restorative dental treatment. 
Esthetic and functional 

treatment outcomes should be known 
prior to placement of a definitive res-
toration. Respecting this principle will 
prevent major disappointments and 
unnecessary remakes.1 A diagnostic 
wax-up has been advocated to enhance 
the predictability of the treatment.2-5

Definition
A diagnostic wax-up is defined by 

the glossary of prosthodontic terms as 
a dental diagnostic procedure in which 
planned restorations are developed in 
wax on a diagnostic cast to determine 
optimal clinical and laboratory procedures 
necessary to achieve the desired esthetics 
and function.6 The result of this pro-
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cess, the wax-up, is a 3-D model of teeth 
built in wax that represent the desired 
contours of the teeth to be restored.

Applications
The diagnostic wax-up is a tool that 

can be used for diagnosis and treatment 
of dentate patients, partially edentulous, 
and completely edentulous patients us-
ing wax or denture teeth set in wax as 
media.7 This tool can provide important 
diagnostic information that will indicate 
the need for a specific treatment.2,8 It can 
assist in the selection of proper restora-
tion and determine the need for prepros-
thetic surgery, periodontal, orthodontic, 
or endodontic treatment. The wax-up 
can assist in estimating the amount of 
restorative space available and point out 
any need for treatment in the opposing 
arch to obtain such space. It can help in 
evaluating the planned occlusal scheme 
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and indicate which modifications are 
needed in the remaining dentition.9

A well-made diagnostic wax-up can 
be used as means of communication 
between the clinician, the technician, 
and the patient illustrating the tentative 
plan three-dimensionally and allowing 
modifications in a reversible way.10,11 It 
can be used as a patient education tool 
and as means to facilitate acceptance 
and approval of indicated treatment.5,7

The diagnostic wax-up can also be 
utilized as a treatment tool. In edentulous 
spaces, the diagnostic wax-up can be used 
to form radiographic and surgical implant 
placement guides. In fixed prosthodontics 
it can be used to make a tooth preparation 
guide creating a vacuum-formed tem-
plate or silicone matrix from the wax-up. 
This will guide tooth reduction accord-
ing to the contours prescribed by the 
wax-up.2,8,12-14 This type of matrix can be 
used subsequently to create a provisional 
restoration based on the wax-up.2,8,12,13 This 
provisional restoration will be a proto-
type of the definitive restoration testing 
the design established by the wax-up.

While a fixed provisional restoration 
can be used over a period of time to evalu-
ate esthetics and function, a provisional 
restoration for porcelain veneers has a 
short life span due to limited retention 
and is consequently not well suited for 
that purpose. Furthermore, preparations 
for porcelain veneers, unlike conventional 
crowns, should ideally be less than 1 mm 
thick to preserve as much enamel and 
remaining tooth structure as possible. 
Such precision can be achieved when the 
exact contours of the definitive restora-
tion are known prior to tooth prepara-
tion. Therefore, patients undergoing 
porcelain veneer treatment will require 
meticulous evaluation prior to the prepa-
ration and provisionalization stage.15,16

It is important to differentiate be-

tween a diagnostic wax-up of individual 
teeth in an arch of properly positioned 
teeth to one made for an arch of malpo-
sitioned teeth. In the first case the teeth 
to be restored simply need to be shaped 
in wax while the remaining teeth act as a 
guide. In the second case, the remaining 
teeth may be worn down, supraerupted 
or malpositioned, and in order to design 
the wax-up of the teeth to be restored, 
the correct position of the remaining 
teeth needs to be re-established. In 
fact, the process of making a diagnostic 
wax-up in the latter case may indicate 
that additional treatment needs to be 
rendered to restore other teeth that 
interfere with the restorative space, oc-
clusal scheme, or esthetics. This is the 
most important function of a diagnostic 
wax-up — it provides diagnostic informa-
tion that affects the treatment plan.2,10

The diagnostic wax-up generally is 
being performed by a dental technician 
who is trained, experienced, and skilled 
in manipulating wax to form anatomi-
cally shaped teeth. However, without 
seeing the patient and without exact 
instructions regarding tooth length, 
width, position and inclination, the 
diagnostic wax-up becomes guesswork.17

When clinical guidance is unavail-
able, technicians use landmarks on the 
diagnostic casts to guide the waxing. 
Such landmarks may be the existing oc-
clusal plane and the length and position 
of the remaining teeth. While this may 
work in some instances, it may introduce 
considerable error in other situations. 

If the remaining teeth are not in proper 
positions in relation to the patient’s lips 
or other facial structures, they could 
act as an incorrect guide. This type of a 
wax-up may be misleading and of little 
clinical value. Although it illustrates 
anatomically correct teeth that appear 
acceptable on the cast, the teeth may not 
match the patient and may not represent 
the desired result that the clinician and 
the patient expected. If teeth are to be 
prepared for fixed restorations or im-
plants are to be placed according to this 
wax-up, the result may be unpredictable.

For previously stated reasons, the den-
tal technician should be involved directly 
with the patient at the diagnostic phase. 
A direct dialogue between the patient and 
the technician, without the clinician as 
mediator, has been suggested to ensure 
success.10 Unfortunately, this approach 
may not be practical for every clinician or 
technician and therefore is not widely uti-
lized. It is, therefore, extremely important 
to obtain as much clinical information as 
possible prior to the wax-up in order to 
create a clinically based diagnostic wax-up.

The information should be commu-
nicated with the technician to guide the 
waxing. The following factors would be 
important to relay to the technician: in-
cisal edge position, midline, teeth length, 
width, and CEJ position. The potential 
need for soft tissue augmentation is con-
sidered and requested as a gingival tissue 
wax-up to evaluate the need for gingiva-
colored ceramics18 (figures 1a-b). The de-
sired incisal guidance is documented and 

figure 1a.  Diagnostic casts demonstrating 
deficient gingival architecture.

fig ur e 1b .  Diagnostic wax-up of teeth and soft 
tissue demonstrating adequate tooth proportions 
and illustrating the need for gingival augmentation or 
gingiva-colored ceramics.
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f igu re 2a.  Patient presented with a desire to 
improve her smile: Rest position.

figure 2e.  Mock-up evaluated at rest position.

figure 2b.  Smile demonstrating inadequate 
incisal display.

fig ur e 2c.  Consequence of excessive tooth 
wear.

f igu re 2d.  Composite mock up done on the 
maxillary right central incisor to determine incisal 
edge position.

fig ur e 2f.  Mock-up at smile.

the correct occlusal scheme is prescribed. 
This article will discuss methods to 

predictably communicate desired teeth 
contours and positions to be waxed ac-
cording to information obtained clini-
cally. This will allow the formation of an 
accurate and clinically valid diagnostic 
wax-up for a predictable esthetic result.

Obtaining Clinical Information

freehand method 
Using this technique, the desired 

positions of the teeth are communi-
cated in relation to the existing denti-
tion. The technician is instructed to wax 
the teeth while modifying the length, 
width, or midline of the existing teeth 
by a given amount in relation to the 
existing condition. This method can be 
practical when only limited alterations 
to the existing dentition are needed. 

diagnostic mock-up
A diagnostic mock-up is the clinical 

equivalent of a laboratory made diag-
nostic wax-up.19 In this approach, the 

teeth are being modeled intraorally using 
a tooth-colored material in a reversible 
way to demonstrate the desired esthetic 
result. Although a direct intraoral waxing 
technique using wax over the natural 
teeth has been documented, the use 
of tooth-colored resin materials seems 
to be more practical.20 It is important 
to select a proper tooth-colored mate-
rial to avoid any bias, since perception 
of shape may be influenced by opacity 
and color. This procedure can be done 
before or after the diagnostic wax-up.

Types of Diagnostic Mock-ups

preliminary diagnostic mock-up
A preliminary diagnostic mock-up is 

a powerful tool to obtain clinical infor-
mation in a simplified way prior to the 
diagnostic wax-up.5,15,16 In this tech-
nique, composite resin is used freehand 
intraorally to contour one or more teeth 
and evaluate the affect on the patient’s 
appearance. This allows the clinician 
to visualize the change and see if the 
tentative teeth contour and position 

integrate with the face and lips (figures 
2a-f). Different lip positions can be 
evaluated to confirm an acceptable smile 
and rest position. Phonetic tests can 
be performed to evaluate the tentative 
incisal edge position vertically and buc-
colingually in relation to the vermilion 
border of the lower lip in F,V sounds.21 
At the same time, potential altera-
tion in phonetics can be observed and 
discussed with the patient as adaptation 
to the new position will be required.15,16

In many cases, the patient may 
not be able to perceive the clinician’s 
diagnosis and treatment plan with-
out a visual aid. In those cases, the 
mock-up would be a critical step in 
educating the patient without which, 
treatment would not be performed.

The mock-up procedure is completely 
reversible and is done without any tooth 
preparation, without acid etching or 
bonding to the teeth. The composite is 
simply placed on the teeth in a freehand 
technique and contoured to become 
a guide for the wax-up. If there is any 
existing composite resin on the teeth, it 
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should be lightly lubricated to prevent 
adhesion to the mock-up. The mock-up 
can be evaluated prior to polymeriza-
tion and contoured while still malleable, 
according to feedback obtained clinically. 
When the desired position has been 
obtained it is allowed to polymerize. 

The procedure may begin by first 
contouring the central incisor to estab-
lish incisal edge position and midline, 
and obtain patient acceptance. Inten-
tional excessive lengthening or short-
ening of the mock-up can be done to 
allow a discerning patient to visualize 
the difference and feel confident with 
his or her decision. If esthetic evalua-
tion suggests lengthening of the tooth 
gingivally, a mock-up of the gingival 
margin of the tooth can be done to 
illustrate crown lengthening. This can 
be done by temporarily extending the 
composite resin from the teeth onto the 
tissue to form a new gingival margin 
(figures 3a-b). On the other hand, if 
deficient gingival architecture is pre-
sented, gingiva-colored composite resin 
can be used over the teeth to illustrate 
gingival augmentation procedures or the 
future need of gingiva-colored ceram-
ics (figures 4a-b).18 Shortening of the 
incisal edge position can be illustrated, 
if necessary, using a black marker to 
create an illusion of a shorter tooth.5

Following this, additional teeth may 

figure 3a.  Severe incisal wear combined with 
supra-eruption that altered the gingival margin 
position.

figure 4a .  Deficient gingival architecture is evi-
dent in a provisional restoration of patient presented 
in Figure 1a.

fig ur e 3 b.  Direct composite resin mock-up of 
the incisal edge position and gingival margin location 
allowed the patient to visualize the tentative plan.

fig ur e 4b.  Direct mock-up is made on the 
provisional with gingiva-colored composite resin and 
is evaluated at smile to approve a diagnostic wax-up 
of teeth and gingival tissue presented in Figure 1b. 
This mock-up enables the clinician and the patient to 
visualize the use of gingiva-colored ceramics in the 
definitive prosthesis or discuss the option of soft 
tissue augmentation.

be included in the mock-up to dem-
onstrate to the patient the proposed 
changes. Photographs documenting 
the new incisal edge position at rest 
and smile in relation to the lips may be 
taken. Additional photographs captur-
ing the patient’s face and profile could 
assist in matching teeth contours to facial 
features. These photographs capture es-
sential clinical details and communicate 
important information that sometimes 
cannot be verbalized. Impressions with 
the composite mock-up in place can 
be made and poured in stone. Upon 
completion, the composite mock-up 

can be easily flaked off the teeth and 
saved for future reference (figure 5a). 
The information is gathered and sent to 
the laboratory. The cast of the arch with 
the composite mock-up will be used by 
the technician as a clinically based guide 
for the diagnostic wax-up (figure 5b). 

The technician will create a diag-
nostic wax-up that follows the teeth 
that were built in the mock-up and will 
extend it to the remaining dentition 

f igur e 5a.  Composite mock-up (from Figure 2) 
removed intact from the tooth.

figure 5b.  Mock-up placed on the diagnostic 
cast.

fig ur e 5c.  Wax-up is made based on information 
obtained from diagnostic mock-up.
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figure 6a.  A silicone matrix made from the di-
agnostic wax-up in Figure 5c is trimmed to facilitate 
creation of a secondary mock-up.

figure 6c.  Secondary mock-up in place evaluat-
ing the diagnostic wax-up design at rest position. 

figure 6e.  The mock-up is removed upon 
completion.

figure 6g .  The incisal edge position is  
evaluated in relation to the lip both esthetically  
and phonetically.

fig ur e 6 b.  The matrix is filled with autopolymer-
izing resin and placed over the teeth.

fig ur e 6 d . Secondary mock-up at smile. Changes 
may be made according to clinical feedback.

fig ur e 6 f.  A corrected mock-up is made based 
on patient’s feedback.

fig ur e 6 h.  Excess resin has to be removed from 
the gingival areas if the mock-up is to be used long 
term.

to be waxed (figure 5c). This will be a 
refined version of the mock-up featur-
ing proper contours, anatomy, and 
surface texture. Such diagnostic wax-up 
that is clinically based can be accurately 
used to diagnose additional conditions 
and guide the treatment predictably.

secondary diagnostic mock-up
An additional diagnostic mock-up 

procedure has been documented in 
the literature.2,13,15,16,22,23 This mock-up, 
which is sometimes being referred to 
as overlay prosthesis, is done after the 
diagnostic wax-up has been made. It is 
formed using a silicone matrix made 
from the diagnostic wax-up (figure 
6a). The matrix is filled with autopo-
lymerizing resin (figure 6b), placed 
over the unaltered natural teeth and 
removed upon final polymerization. 
The resin mock-up typically remains 
on the teeth as it is mechanically 
retained in undercuts (figure 6c-e).

This procedure reproduces the wax-
up onto the natural teeth for immedi-
ate clinical evaluation. It tests the final 
design details of the diagnostic wax-up 
clinically prior to any teeth prepara-
tion. It is an extremely valuable tool to 
fine-tune the desired configuration and 
contour of the planned restorations.

If necessary, it can be modified 
once again with direct composite 
and communicated with the techni-
cian using photographs and casts of 
the desired results. The procedure can 
be repeated until the desired result is 
acceptable to the patient and the re-
storative team (figures 6f-n, 7a-j).

While a mock-up is typically made 
intraorally over the intact denti-
tion, it can alternatively be made 
indirectly by the laboratory on an 
unaltered cast to be evaluated later 
intraorally by the clinician.2,3,17,22,23 
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f igur e 6i .  Teeth preparation is done using depth 
cutting burs on the mock-up which acts as a full 
contour preparation guide and not on the original, 
worn tooth contour.

figure 6j .  Considerable reduction is done on the 
mock-up, which results in minimal tooth reduction 
and preservation of enamel while obtaining optimal 
preparation depth.

fig ur e 6 k .  The preparation is verified using 
a silicone matrix made from the final diagnostic 
wax-up. Symmetrical trimming of the matrix and 
consistent viewing angle are essential for accurate 
evaluation. Notice correct trimming of the matrix 
with proper viewing angle on the patient’s left side 
compared to incorrect trimming and improper view-
ing angle on the contra lateral side.

f igur e 6l.  A provisional restoration made using 
the same silicone template is inserted.

figure 6m.  The definitive porcelain veneers 
follow the diagnostic wax-up made using information 
obtained clinically with the preliminary and second-
ary mock-ups.

fig ur e 6 n.  Patient’s smile is adapting to the new 
incisal edge position.

removable mock-up provisional  
restoration

If the mock-up is designed to be 
removed intact, it can be used as a 
removable overlay prosthesis for the 
patient to wear over the teeth. This will 
allow the discerning patient to evaluate 
the design among friends and fam-
ily members who may influence the 
patient’s decision. This mock-up pro-
visional is used until final approval of 
the teeth arrangement is obtained.3 

fixed mock-up provisional restoration
Another approach is to use the 

mock-up as a preliminary fixed provi-
sional restoration. The unaltered teeth are 
etched and a silicone matrix made from 
the diagnostic wax-up is used to bond the 
mock-up to the teeth.13,15,16 This prelimi-
nary provisional restoration is designed to 
test the mock-up long term for esthetics 
and function. This will also allow prelimi-

nary evaluation of the design in a social 
environment outside the clinical setting.16 

If the mock-up followed a purely ad-
ditive wax-up (without any tooth reduc-
tion) and only spot etching was used to 
bond it, it can be easily flicked off and 
the teeth can be polished. This is not 
the case when the mock-up is based on 
a subtractive wax-up (tooth reduction 
needed for wax-up) or when the entire 
surface of the teeth was etched. It is 
important to note that in this approach 
the patient needs to be committed to 
treatment and proper consent is essential. 

Discussion
It is well accepted today that the 

concepts of modern esthetic dentistry are 
founded in complete denture prosthodon-
tics. Designing an esthetic smile in both 
edentulous and dentate patients requires 
the establishment of teeth positions for 
proper esthetics and function. According 

to prosthodontic principles, by establish-
ing the incisal edge position and midline 
and following anatomical landmarks such 
as the retromolar pads to communicate 
the desired occlusal plane, the entire 
dentition can be designed on mounted 
casts in proper esthetic arrangement.24,25

If these principles are to be applied 
to fixed prosthodontics, an intraoral pre-
liminary diagnostic mock-up of a single 
central incisor will be adequate to commu-
nicate with the technician the incisal edge 
position and midline and will function like 
the complete denture wax-rim. Using this 
information, the technician will be able 
to predictably wax the entire dentition.

The secondary mock-up will simu-
late the anterior teeth wax trial place-
ment of complete dentures and once it 
is approved the work can be continued 
with a higher level of confidence.

In the event that tooth structure 
interferes with the diagnostic mock-

w a x - u p
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f igu re 7a.  Patient presented with inadequate 
configuration of incisal edges compared to the lip 
line and smile.

f igu re 7d.  A mock-up is formed upon polymer-
ization of the resin.

figure 7b.  Retracted view demonstrating 
improper tooth form.

figure 7e.  The mock-up tests the design of the 
wax-up in relation to the lip line and smile. Utilizing 
patient’s feedback from the mock-up, an additional 
increase in incisal edge is prescribed. 

fig ur e 7 c.  A silicone matrix made from the 
diagnostic wax-up is filled with autopolymerizing 
resin and placed on the teeth.

fig ur e 7 f.  The wax-up was modified and another 
mock-up is tried in. The mock-up will program the lip 
line and prepare the soft tissues for the definitive 
restoration.

f igu re 7g.  Upon completion, the mock-up is 
removed.

up, minor tooth modifications may be 
needed. Care should be taken to obtain 
a complete patient consent as this is 
an irreversible diagnostic procedure. 

These diagnostic techniques in con-
junction with the mock-up provisional 
restoration concept are especially useful 
in a treatment plan that involves porce-
lain veneers. They are designed to address 
the precision needed in tooth preparation 
for these restorations and the difficulty in 
creating and maintaining long-term provi-
sional restorations for porcelain veneers.

Since provisional veneers are typi-
cally retained using mechanical reten-

tion or spot bonding techniques, they 
have limited retention and durability. 
Given that they cannot be predictably 
maintained long term, it is unfeasible 
to evaluate the new design in function 
over the desired length of time. While 
some patients need time to accept the 
new appearance psychologically, in others 
the phonetics may need to be evaluated 
for a longer period. Over time, the new 
form may alter the patient’s smile pattern 
and “de-program” the smile. This change 
may be unpredictable in magnitude and 
may require treatment modifications. 
The new occlusal scheme may need to be 
monitored in cases that modify the incisal 
guidance and the envelope of function. 
The techniques proposed in this article al-
low this to be done predictably until com-
plete approval of the patient is obtained.

It is important to note that while a 
removable mock-up provisional is used 
according to the patient’s discretion and 
may be in function for an unknown peri-
od or not at all, the fixed mock-up ensures 
patient compliance. It is more durable and 

may allow a longer trial period and there-
fore provide a reliable provisionalization. 

Porcelain veneers are conservative 
restorations requiring minimal tooth 
preparation. However, without accu-
rate guidance related to the definitive 
restoration contours, the teeth could 
be under-or overprepared resulting 
in a compromised result. In order to 
allow optimal tooth preparation the ap-
proved mock-up is used as a preparation 
guide. The teeth are prepared through 
the resin mock-up that represents the 
definitive tooth contours and allows a 
predictable and uniform reduction.

The various techniques described 
hereby can be used as stand-alone proce-
dures to obtain a clinically valid diag-
nostic wax-up. However, when needed, 
they can be used in conjunction with 
each other to allow a more predictable 
result in difficult and demanding cases. 

Conclusion
The diagnostic mock-up procedure is a 

reasonably quick and straightforward pro-
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cedure that provides instant clinical feed-
back prior to the beginning of treatment.

The advantages of this technique 
are that the desired changes can be 
visualized clinically, tested with the 
patient’s rest position and smile, as 
well as evaluated phonetically. In ad-
dition, the patient is actively involved 
in the diagnostic process providing 
feedback and sharing the responsibil-
ity for the final result. The patient will 
be more likely to accept a result that he 
or she visualized and co-diagnosed.

Obtaining clinical information to 
guide the diagnostic wax-up is an impor-
tant concept. This method will enhance 
the predictability of the treatment, 
minimize loss of chairtime, and help to 
obtain patient acceptance from the 
beginning of treatment.
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w a x - u p

f igur e 7h.  Progression of diagnostic casts, from preoperative casts to initial wax-up and final wax-up demonstrating a total increase in incisal edge of 3 mm.

f igu re 7i .  Bonded porcelain restorations repro-
duce the diagnostic wax-up.

figure 7j .  Incisal edges are in harmony with 
the lower lip ensuring a predictable esthetic result. 
(Figures 7a-j are reprinted with permission from Magne 
P, Belser U, Bonded porcelain restorations in the anterior 
dentition a biomimetic approach, first ed. Carol Stream, 
Ill., Quintessence Publishing Co., pages 221-3, 2002.)


