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Providing complete denture therapy to patients with atrophic residual alveolar ridges is challenging. Because these pa-
tients suffer ongoing diminution of the denture foundation, modern approaches often involve dental implant therapy 
as a means of improving the denture foundation and supplementing the mechanics of prosthesis support, retention, 
and stability. Regardless of implant availability, physiologically optimal denture contours and physiologically appro-
priate denture tooth arrangement should be achieved to maximize prosthesis stability, comfort, and function for pa-
tients. This article presents historical perspectives on the arrangement of denture teeth in the facial-lingual dimension 
and the contouring of complete denture polished surfaces. Additionally, a modern clinical technique is presented for 
the physiologic registration of denture tooth positions and denture base contours. Information gained may then be 
incorporated into definitive prostheses in an effort to achieve successful complete denture therapy. (J Prosthet Dent 
2009;101:405-412)
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Practical objectives of complete 
denture therapy for patients with se-
verely reduced residual alveolar ridges 
include the placement of functional 
and esthetic dentition substitutes and 
the replacement of associated dental 
supporting structures. In so doing, the 
prostheses often occupy a substantial 
volume within the edentulous oral 
cavity. The ideal 3-dimensional (3-D) 
location of this volume has historical-
ly been the subject of much debate. 
The therapeutic challenges associated 
with designing complete dentures 
to optimally occupy the edentulous 
space are substantial in the light of 
the aggressive and progressive chang-
es that accompany edentulism1,2 and 
the functional dynamics that define 
the oral cavity.3

In addition to simply replacing 

missing oral tissues, complete den-
tures serve to structurally redefine true 
spaces and potential spaces within 
the oral cavity. Regardless of the fab-
rication technique used, functionally 
inappropriate denture tooth arrange-
ment or physiologically unacceptable 
denture base volume or contour have 
been implicated in poor prosthesis 
stability and retention,3-8 compro-
mised phonetics,9,10 inadequate facial 
tissue support,10 inefficient tongue 
posture and function,11 and hyperac-
tive gagging.12-15

Directives provided for optimal fa-
cial-lingual arrangement of posterior 
denture teeth have varied dramatical-
ly over the profession’s long history of 
complete denture therapy. As stated 
previously, the concept that posterior 
denture teeth should be arranged to 

occupy the position of their natu-
ral tooth predecessors has been put 
forward.9,16-20 Others have suggested 
that posterior denture teeth should be 
arranged directly over the crest of the 
edentulous ridge.21-25 Weinberg3 sug-
gested that buccal cusps and central 
fossae of mandibular posterior den-
ture teeth should be arranged directly 
over the crest of the edentulous re-
sidual ridge. Pound26,27 recommended 
that the lingual surfaces of mandibu-
lar posterior denture teeth should 
occupy an area bounded by 2 lines 
originating from the mesial surface of 
the mandibular canine and extending 
posteriorly to the lingual and buccal 
aspects of the retromolar pad. This 
area has been called Pound’s Trian-
gle.28 A subtle modification of Pound’s 
concept was discussed by Halperin et 
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A comparison of fabrication precision and mechanical reliability of 2 zirconia implant 
abutments

Int J Oral Maxillofac Implants 2008;23:1029-36.
Kerstein RB, Radke J.

Purpose: Studies have described the reliability of zirconia as an implant abutment material. The purpose of this in 
vitro study was to compare the precision and fracture strength of 2 different zirconia abutments angled at 30 degrees 
and loaded to failure in a standardized testing device. 

Materials and Methods: Twenty-nine Atlantis abutments in zirconia (AAZ) and 29 Nobel Biocare Procera AllZirkon 
abutments of comparable interface were measured for key interface feature statistical differences (analysis of vari-
ance; α = 95%). Each specimen was fixed to a regular-platform Brånemark System implant and mounted in an Instron 
machine. Increasing incremental loads were applied until failure. A 2-tailed t test for independent specimens and un-
equal variances was employed (α = 95%). The Weibull method determined the probability of failure of each abutment 
sample (α = 95%). Fractography by scanning electron microscopy determined the flaws at the fracture origins. 

Results: Metrology inspection indicated that the AAZ showed no measurable dimensional differences of 4 key in-
terface features. The mean failure load of the AAZ (831 N) was greater than the AllZirkon (740 N; P < .00006). The 
Weibull distribution showed that the AAZ would be more likely to survive intraoral occlusal loads (P < .0005). 

Conclusions: Both types of zirconia abutments demonstrated failure loads that exceed maximum human bite force. 
In vitro, the AAZ outperformed the AllZirkon in survivability. The clinical use of zirconia abutments is indicated when 
esthetics may be of concern.

Reprinted with permission of Quintessence Publishing.



406 Volume 101 Issue 6

The Journal of Prosthetic Dentistry

407June 2009

Cagna et alCagna et al

al.29 The authors suggested that the 
lingual surfaces of mandibular poste-
rior denture teeth should occupy an 
area bounded by 2 lines originating at 
the mesial surface of the mandibular 
canine, one line extending posteriorly 
to the lingual border of the retromolar 
pad and the other extending posteri-
orly, passing through the central as-
pect of the retromolar pad. 

The neutrocentric concept requires 
that posterior mandibular denture 
teeth be arranged to occupy as cen-
tral a location as possible, relative to 
the denture foundation, without dis-
turbing adequate tongue function.30,31 
This tooth arrangement is said to fa-
cilitate mandibular denture stability 
during occlusal loading. el-Gheriani32 
recommended that posterior maxil-
lary denture teeth should be arranged 
to satisfy specific mathematical for-
mulae based on natural tooth interca-
nine width. Lammie33 argued that in 
aging patients, mandibular posterior 
denture teeth should be arranged over 
the buccal shelf to provide increased 
tongue space and to facilitate the de-
velopment of vertical facial denture 
polished surfaces, against which an 
effective facial seal can be achieved 
and maintained.

Wright et al11 believed that poste-
rior mandibular denture teeth should 
be arranged directly over the center of 
the denture stress-bearing area. This 
location may not correlate with the 
crest of the edentulous ridge, particu-
larly in the presence of severe ridge at-
rophy. Martone34 recommended that 
facial cusps of mandibular first molar 
denture teeth should be arranged di-
rectly over the crest of the edentulous 
ridge. Lingual cusps of the other man-
dibular posterior denture teeth should 
correspond to a line extending from 
the mesial aspect of the canine den-
ture teeth to the facial side of the ret-
romolar pads. This line should curve 
in the vertical plane to correspond to 
the curvature of the mandibular eden-
tulous ridge. Campbell35 stated that 
posterior denture teeth should be 
so placed that a line drawn through 
the long axis of the tooth will pass 

through the crests of the maxillary 
and mandibular ridges. When viewed 
in coronal cross-section, mandibular 
posterior denture teeth should be ar-
ranged slightly lingual to the crest of 
the edentulous ridge, while the maxil-
lary posterior denture teeth should be 
arranged slightly buccal to the eden-
tulous ridge.

Of particular interest is use of the 
neutral zone36,37 to guide posterior 
denture tooth arrangement and den-
ture base contouring. Historically, dif-
ferent terminology has been loosely as-
sociated with this concept, including 
dead zone,38 stable zone,6 zone of min-
imal conflict,39 zone of equilibrium,40 
zone of least interference,41 biometric 
denture space,17 denture space,42 and 
potential denture space.43 To define 
the neutral zone, consideration must 
be given to the potential denture 
space; that space in the edentulous 
mouth vacated by the natural denti-
tion and dental supporting tissues 
and bounded by the tongue medially 
and the lips and cheeks laterally. The 
neutral zone resides within this po-
tential denture space. More specifi-
cally, the neutral zone is that region 
where forces imposed by the tongue 
directed outward are neutralized by 
inwardly directed forces originating 
from the cheeks and lips during nor-
mal neuromuscular function.44 

In general, boundary conditions 
that define the neutral zone are de-
veloped through muscular contrac-
tion and relaxation during the various 
functions of mastication, phonation, 
deglutition, and facial expression. 
These neuromuscular forces vary in 
magnitude and direction in different 
areas of the oral cavity, in different 
individuals, and at different periods 
of life.44 The trajectory of force ap-
plications to prosthetic surfaces will 
either serve to stabilize or dislodge 
the complete dentures.11,34,45 When 
the polished surface contours of the 
complete dentures conform to the 
anatomical shape and function of the 
tongue, lips, and cheeks, prosthesis 
stability and retention may be facili-
tated, rather than disrupted. In the 

passive state, the weight and natural 
posture of the tongue, lips, and cheeks 
bearing on optimally contoured pol-
ished denture surfaces may facilitate 
prosthesis retention and stability.

To provide complete dentures that 
reside within the theoretically stabiliz-
ing boundary conditions of the neu-
tral zone, careful attention must be 
given to the dynamic physiologic and 
functional nature of the edentulous 
oral cavity. Clinicians must under-
stand, identify, induce, and record the 
neuromuscular dynamics of the func-
tioning oral tissues using a single stat-
ic registration. Once accomplished, 
this information can then be applied 
to the 3-D construction of the defini-
tive prosthesis. 

As detailed by Beresin and 
Schiesser,44 a modeling plastic impres-
sion compound clinical registration 
made on specially designed record 
bases was used to define the neutral 
zone. Next, laboratory procedures 
incorporating impression-generated 
matrices46 were accomplished to fa-
cilitate denture tooth arrangement 
within the registered neutral zone. 
Upon completion, wax trial dentures 
were placed and an additional im-
pression procedure was performed 
using either zinc oxide and eugenol 
paste or tissue-conditioning material. 
This impression, an external impres-
sion, was made on the facial, lingual, 
and palatal surfaces of the trial den-
tures between the cervical aspects 
of the denture teeth and peripheral 
denture borders to record functional 
tissue interactions with these denture 
surfaces. The wax trial dentures car-
ried impression material into the oral 
cavity and the patient was instructed 
to close, purse the lips as in sucking, 
and then swallow. Once completed, 
excess impression material was re-
moved and the trial dentures were 
invested and processed using conven-
tional methods.

With advances in material science 
and the development of innovative 
clinical techniques, prosthodon-
tic advantages of the neutral zone 
technique may be incorporated into 

 1  A, Relationship between muscles of face, neutral zone record, and tongue. B, Teeth of definitive denture placed 
within neutral zone.

 2  A, Anatomic depiction of overlying buccinator and obicularis oris muscles. B, Underlying mandibular neutral zone 
record.

any complete denture treatment. A 
detailed protocol of recommended 
procedures and materials for accom-
plishing the modern neutral zone pro-
cedure follows. Though particularly 
indicated for patients suffering from 
severe residual ridge atrophy and/or 
chronically reduced occlusal vertical 
dimension, the procedures discussed 
here may be used during most eden-
tulous therapies, including those in-
corporating dental implants.

TECHNIQUE

1. Fabricate the mandibular neu-
tral zone record base and rim, con-
structing the mandibular record base 
using conventional methods.47 Apply 
hot red modeling plastic impression 
compound (Impression Compound; 
Kerr Corp, Orange, Calif ) to the re-
cord base to facilitate adhesion of 
the rim. In a water bath set to 140°F, 

warm 2 sticks of grey and 1 stick of 
green modeling plastic impression 
compound (Impression Compound; 
Kerr Corp), knead the material thor-
oughly, and adapt it to the record 
base, forming a recording rim. Seal 
the edges of the recording rim to the 
record base using a heated spatula. 
Place the completed record base and 
recording rim in the water bath for 
approximately 2 minutes in prepara-
tion for the clinical procedure.

2. Do not use a maxillary record 
base during clinical registration of 
the mandibular neutral zone, as elimi-
nating the maxillary record base and 
rim avoids compressive interferences 
if occlusal contacts are encountered 
during this functional recording pro-
cedure. Since the swallowing maneu-
ver is used during registration of the 
neutral zone, exercise care for patients 
wearing complete dentures with sub-
stantially reduced occlusal vertical 

dimension. Note that habitually pa-
tients with decreased occlusal vertical 
dimension typically produce horizon-
tally excessive and vertically reduced 
neutral zone records. Prior to register-
ing the mandibular neutral zone, re-
establish an appropriate vertical jaw 
relationship, and deprogram muscles 
responsible for mandibular posture. 
Use effective clinical deprogramming 
techniques that have been previously 
described elsewhere48 for complete 
denture patients.

3. Remove the base and rim from 
the water bath and quickly place in-
traorally. Instruct the patient to swal-
low. Next, provide a cup of warm 
water to the patient and instruct 
the patient to sip and swallow. Have 
the patient repeat this sip and swal-
low exercise several times. Note how 
the muscles of the cheeks and lips 
move inward while the muscles of the 
tongue move outward (Figs. 1 and 2). 

A

A

B

B
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al.29 The authors suggested that the 
lingual surfaces of mandibular poste-
rior denture teeth should occupy an 
area bounded by 2 lines originating at 
the mesial surface of the mandibular 
canine, one line extending posteriorly 
to the lingual border of the retromolar 
pad and the other extending posteri-
orly, passing through the central as-
pect of the retromolar pad. 

The neutrocentric concept requires 
that posterior mandibular denture 
teeth be arranged to occupy as cen-
tral a location as possible, relative to 
the denture foundation, without dis-
turbing adequate tongue function.30,31 
This tooth arrangement is said to fa-
cilitate mandibular denture stability 
during occlusal loading. el-Gheriani32 
recommended that posterior maxil-
lary denture teeth should be arranged 
to satisfy specific mathematical for-
mulae based on natural tooth interca-
nine width. Lammie33 argued that in 
aging patients, mandibular posterior 
denture teeth should be arranged over 
the buccal shelf to provide increased 
tongue space and to facilitate the de-
velopment of vertical facial denture 
polished surfaces, against which an 
effective facial seal can be achieved 
and maintained.

Wright et al11 believed that poste-
rior mandibular denture teeth should 
be arranged directly over the center of 
the denture stress-bearing area. This 
location may not correlate with the 
crest of the edentulous ridge, particu-
larly in the presence of severe ridge at-
rophy. Martone34 recommended that 
facial cusps of mandibular first molar 
denture teeth should be arranged di-
rectly over the crest of the edentulous 
ridge. Lingual cusps of the other man-
dibular posterior denture teeth should 
correspond to a line extending from 
the mesial aspect of the canine den-
ture teeth to the facial side of the ret-
romolar pads. This line should curve 
in the vertical plane to correspond to 
the curvature of the mandibular eden-
tulous ridge. Campbell35 stated that 
posterior denture teeth should be 
so placed that a line drawn through 
the long axis of the tooth will pass 

through the crests of the maxillary 
and mandibular ridges. When viewed 
in coronal cross-section, mandibular 
posterior denture teeth should be ar-
ranged slightly lingual to the crest of 
the edentulous ridge, while the maxil-
lary posterior denture teeth should be 
arranged slightly buccal to the eden-
tulous ridge.

Of particular interest is use of the 
neutral zone36,37 to guide posterior 
denture tooth arrangement and den-
ture base contouring. Historically, dif-
ferent terminology has been loosely as-
sociated with this concept, including 
dead zone,38 stable zone,6 zone of min-
imal conflict,39 zone of equilibrium,40 
zone of least interference,41 biometric 
denture space,17 denture space,42 and 
potential denture space.43 To define 
the neutral zone, consideration must 
be given to the potential denture 
space; that space in the edentulous 
mouth vacated by the natural denti-
tion and dental supporting tissues 
and bounded by the tongue medially 
and the lips and cheeks laterally. The 
neutral zone resides within this po-
tential denture space. More specifi-
cally, the neutral zone is that region 
where forces imposed by the tongue 
directed outward are neutralized by 
inwardly directed forces originating 
from the cheeks and lips during nor-
mal neuromuscular function.44 

In general, boundary conditions 
that define the neutral zone are de-
veloped through muscular contrac-
tion and relaxation during the various 
functions of mastication, phonation, 
deglutition, and facial expression. 
These neuromuscular forces vary in 
magnitude and direction in different 
areas of the oral cavity, in different 
individuals, and at different periods 
of life.44 The trajectory of force ap-
plications to prosthetic surfaces will 
either serve to stabilize or dislodge 
the complete dentures.11,34,45 When 
the polished surface contours of the 
complete dentures conform to the 
anatomical shape and function of the 
tongue, lips, and cheeks, prosthesis 
stability and retention may be facili-
tated, rather than disrupted. In the 

passive state, the weight and natural 
posture of the tongue, lips, and cheeks 
bearing on optimally contoured pol-
ished denture surfaces may facilitate 
prosthesis retention and stability.

To provide complete dentures that 
reside within the theoretically stabiliz-
ing boundary conditions of the neu-
tral zone, careful attention must be 
given to the dynamic physiologic and 
functional nature of the edentulous 
oral cavity. Clinicians must under-
stand, identify, induce, and record the 
neuromuscular dynamics of the func-
tioning oral tissues using a single stat-
ic registration. Once accomplished, 
this information can then be applied 
to the 3-D construction of the defini-
tive prosthesis. 

As detailed by Beresin and 
Schiesser,44 a modeling plastic impres-
sion compound clinical registration 
made on specially designed record 
bases was used to define the neutral 
zone. Next, laboratory procedures 
incorporating impression-generated 
matrices46 were accomplished to fa-
cilitate denture tooth arrangement 
within the registered neutral zone. 
Upon completion, wax trial dentures 
were placed and an additional im-
pression procedure was performed 
using either zinc oxide and eugenol 
paste or tissue-conditioning material. 
This impression, an external impres-
sion, was made on the facial, lingual, 
and palatal surfaces of the trial den-
tures between the cervical aspects 
of the denture teeth and peripheral 
denture borders to record functional 
tissue interactions with these denture 
surfaces. The wax trial dentures car-
ried impression material into the oral 
cavity and the patient was instructed 
to close, purse the lips as in sucking, 
and then swallow. Once completed, 
excess impression material was re-
moved and the trial dentures were 
invested and processed using conven-
tional methods.

With advances in material science 
and the development of innovative 
clinical techniques, prosthodon-
tic advantages of the neutral zone 
technique may be incorporated into 

 1  A, Relationship between muscles of face, neutral zone record, and tongue. B, Teeth of definitive denture placed 
within neutral zone.

 2  A, Anatomic depiction of overlying buccinator and obicularis oris muscles. B, Underlying mandibular neutral zone 
record.

any complete denture treatment. A 
detailed protocol of recommended 
procedures and materials for accom-
plishing the modern neutral zone pro-
cedure follows. Though particularly 
indicated for patients suffering from 
severe residual ridge atrophy and/or 
chronically reduced occlusal vertical 
dimension, the procedures discussed 
here may be used during most eden-
tulous therapies, including those in-
corporating dental implants.

TECHNIQUE

1. Fabricate the mandibular neu-
tral zone record base and rim, con-
structing the mandibular record base 
using conventional methods.47 Apply 
hot red modeling plastic impression 
compound (Impression Compound; 
Kerr Corp, Orange, Calif ) to the re-
cord base to facilitate adhesion of 
the rim. In a water bath set to 140°F, 

warm 2 sticks of grey and 1 stick of 
green modeling plastic impression 
compound (Impression Compound; 
Kerr Corp), knead the material thor-
oughly, and adapt it to the record 
base, forming a recording rim. Seal 
the edges of the recording rim to the 
record base using a heated spatula. 
Place the completed record base and 
recording rim in the water bath for 
approximately 2 minutes in prepara-
tion for the clinical procedure.

2. Do not use a maxillary record 
base during clinical registration of 
the mandibular neutral zone, as elimi-
nating the maxillary record base and 
rim avoids compressive interferences 
if occlusal contacts are encountered 
during this functional recording pro-
cedure. Since the swallowing maneu-
ver is used during registration of the 
neutral zone, exercise care for patients 
wearing complete dentures with sub-
stantially reduced occlusal vertical 

dimension. Note that habitually pa-
tients with decreased occlusal vertical 
dimension typically produce horizon-
tally excessive and vertically reduced 
neutral zone records. Prior to register-
ing the mandibular neutral zone, re-
establish an appropriate vertical jaw 
relationship, and deprogram muscles 
responsible for mandibular posture. 
Use effective clinical deprogramming 
techniques that have been previously 
described elsewhere48 for complete 
denture patients.

3. Remove the base and rim from 
the water bath and quickly place in-
traorally. Instruct the patient to swal-
low. Next, provide a cup of warm 
water to the patient and instruct 
the patient to sip and swallow. Have 
the patient repeat this sip and swal-
low exercise several times. Note how 
the muscles of the cheeks and lips 
move inward while the muscles of the 
tongue move outward (Figs. 1 and 2). 

A

A

B

B



408 Volume 101 Issue 6

The Journal of Prosthetic Dentistry

409June 2009

Cagna et alCagna et al

Also, note that this coordinated mus-
cle activity plastically shapes the rim 
to form the neutral zone. Observe the 
resulting volume of the neutral zone 
record as it defines the area in which 
the denture teeth will be placed.

4. When the neutral zone record 
has cooled and hardened, remove 
and inspect the record for accuracy 
and completeness (Fig. 3). If neces-
sary, repeat the procedure to ensure 
proper recording of the entire neutral 
zone. Eliminate excess modeling plas-
tic impression compound displaced 
superior to the intended occlusal 
plane during the recording procedure 
and, if necessary, repeat the recording 
process, beginning with the warm wa-
ter bath.

5. To develop the lingual neutral 
zone index, seat the neutral zone re-
cord on the mandibular definitive 
cast. Prepare laboratory putty (Poly V 
Putty; Accurate Set, Inc, Newark, NJ) 
to a workable consistency and adapt 
it into the tongue space of the neutral 

zone record. Mold the putty so that it: 
(a) completely fills the tongue space; 
(b) adapts accurately to the lingual 
contours of the neutral zone record; 
(c) is level with the occlusal plane of 
the record; and (d) extends over the 
posterior land area of the cast. Se-
lect the occlusal plane template that 
will be used during denture tooth 
arrangement. Position the template 
over the tongue space, and form the 
putty to the template to facilitate its 
placement during denture tooth ar-
rangement.

6. Develop the facial index. Adapt 
a rope of laboratory putty (Poly V 
Putty; Accurate Set, Inc) along the 
facial contours of the neutral zone 
record. Mold the putty so that it: (a) 
completely and accurately captures 
the facial contours of the neutral zone 
record; (b) is level with the occlusal 
plane of the record; and (c) extends 
over the land area of the cast. Once 
polymerized, remove both the lingual 
and facial indices and ensure that 

they can be replaced accurately and 
securely on the cast in the absence of 
the neutral zone record (Fig. 4).

7. Arrange maxillary anterior teeth 
and maxillary first premolars using 
conventional methods.49 Fabricate a 
new mandibular record base in the 
same manner as previously done. Ar-
range the mandibular anterior teeth 
on the new record base so that desired 
relationships are established with the 
maxillary anterior teeth and so that 
the mandibular teeth fall within the 
neutral zone, as dictated by the facial 
and lingual indices. Arrange the man-
dibular posterior denture teeth so that 
all posterior teeth contact the lingual 
index and all posterior teeth contact 
the desired occlusal plane template. 
Complete the denture tooth arrange-
ment by positioning maxillary teeth 
using conventional methods.49

8. In preparation for external im-
pressions used to define denture 
polished surface contours within the 
neutral zone, carefully remove all 

 3  Completed mandibular neutral zone record from: A, lingual, and B, lateral views. 
C, Note neutral zone’s influence on mandibular denture tooth arrangement.
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baseplate wax apical to denture teeth 
on the facial and lingual aspects of 
the mandibular trial denture and the 
facial and palatal aspects of the max-
illary trial denture. Practice required 
orofacial movements with the patient 
prior to making impressions. Note 
that the prescribed sequence of move-
ments will be repeated several times 
during the impression procedure.

9. Apply vinyl polysiloxane (VPS) 
adhesive (Caulk Tray Adhesive; 
Dentsply Caulk, Milford, Del) and 
low-viscosity VPS (Aquasil Ultra LV 
Fast Set; Dentsply Caulk) onto facial 
aspects of the maxillary trial denture 
where wax was removed. Place the 
trial denture intraorally, being care-
ful not to displace impression mate-
rial. Use cheek retractors (Columbia 
Cheek Retractors; Hu-Friedy Mfg Co, 
Inc, Chicago, Ill) to aid in the place-
ment of trial dentures, if desired. In-
struct the patient to pucker the lips 
forward, smile broadly, open the 
mouth, and move the mandible from 

side to side. Have the patient repeat 
these movements several times (Fig. 
5). Upon polymerization of the im-
pression material, remove the trial 
denture and evaluate the impression. 
Examine denture flange dimensions 
and extensions in relation to impres-
sion contours. Adjust record base 
and wax contours accordingly. Trim 
excess impression material from the 
trial denture and carefully eliminate 
all material covering the denture teeth 
(Fig. 6).

10. Apply VPS adhesive and low-
viscosity VPS onto palatal aspects of 
the maxillary trial denture in areas of 
wax removal. Place the trial denture 
and instruct the patient to sip water 
and swallow, perform sibilant pho-
netics, and perform fricative pho-
netics. Have the patient repeat these 
exercises several times. Upon material 
polymerization, remove the trial den-
ture and examine the impression for 
completeness. Trim excess impression 
material from the trial denture, and 

carefully eliminate all material cover-
ing the denture teeth.

11. Apply VPS adhesive (Caulk 
Tray Adhesive; Dentsply Caulk) and 
low-viscosity VPS (Aquasil Ultra LV 
Fast Set; Dentsply Caulk) onto facial 
aspects of the mandibular trial den-
ture, and carefully place the trial den-
ture into the patient’s mouth. Instruct 
the patient to pucker the lips forward, 
smile broadly, move the mandible 
into protrusive posture, and then 
move the mandible from side to side. 
Have the patient repeat these move-
ments several times. Remove the trial 
denture and evaluate the impression. 
Examine denture flange dimensions 
and extensions. Adjust record base 
and wax contours accordingly. Trim 
excess impression material and care-
fully eliminate all material covering 
the denture teeth.

12. Finally, make an external im-
pression along the mandibular lingual 
flanges. Apply VPS adhesive (Caulk 
Tray Adhesive; Dentsply Caulk) and 

 4  A, Definitive mandibular cast. B, Neutral zone record and VPS indices on cast. C, 
Neutral zone indices and definitive cast in absence of neutral zone record.
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Also, note that this coordinated mus-
cle activity plastically shapes the rim 
to form the neutral zone. Observe the 
resulting volume of the neutral zone 
record as it defines the area in which 
the denture teeth will be placed.

4. When the neutral zone record 
has cooled and hardened, remove 
and inspect the record for accuracy 
and completeness (Fig. 3). If neces-
sary, repeat the procedure to ensure 
proper recording of the entire neutral 
zone. Eliminate excess modeling plas-
tic impression compound displaced 
superior to the intended occlusal 
plane during the recording procedure 
and, if necessary, repeat the recording 
process, beginning with the warm wa-
ter bath.

5. To develop the lingual neutral 
zone index, seat the neutral zone re-
cord on the mandibular definitive 
cast. Prepare laboratory putty (Poly V 
Putty; Accurate Set, Inc, Newark, NJ) 
to a workable consistency and adapt 
it into the tongue space of the neutral 

zone record. Mold the putty so that it: 
(a) completely fills the tongue space; 
(b) adapts accurately to the lingual 
contours of the neutral zone record; 
(c) is level with the occlusal plane of 
the record; and (d) extends over the 
posterior land area of the cast. Se-
lect the occlusal plane template that 
will be used during denture tooth 
arrangement. Position the template 
over the tongue space, and form the 
putty to the template to facilitate its 
placement during denture tooth ar-
rangement.

6. Develop the facial index. Adapt 
a rope of laboratory putty (Poly V 
Putty; Accurate Set, Inc) along the 
facial contours of the neutral zone 
record. Mold the putty so that it: (a) 
completely and accurately captures 
the facial contours of the neutral zone 
record; (b) is level with the occlusal 
plane of the record; and (c) extends 
over the land area of the cast. Once 
polymerized, remove both the lingual 
and facial indices and ensure that 

they can be replaced accurately and 
securely on the cast in the absence of 
the neutral zone record (Fig. 4).

7. Arrange maxillary anterior teeth 
and maxillary first premolars using 
conventional methods.49 Fabricate a 
new mandibular record base in the 
same manner as previously done. Ar-
range the mandibular anterior teeth 
on the new record base so that desired 
relationships are established with the 
maxillary anterior teeth and so that 
the mandibular teeth fall within the 
neutral zone, as dictated by the facial 
and lingual indices. Arrange the man-
dibular posterior denture teeth so that 
all posterior teeth contact the lingual 
index and all posterior teeth contact 
the desired occlusal plane template. 
Complete the denture tooth arrange-
ment by positioning maxillary teeth 
using conventional methods.49

8. In preparation for external im-
pressions used to define denture 
polished surface contours within the 
neutral zone, carefully remove all 

 3  Completed mandibular neutral zone record from: A, lingual, and B, lateral views. 
C, Note neutral zone’s influence on mandibular denture tooth arrangement.
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baseplate wax apical to denture teeth 
on the facial and lingual aspects of 
the mandibular trial denture and the 
facial and palatal aspects of the max-
illary trial denture. Practice required 
orofacial movements with the patient 
prior to making impressions. Note 
that the prescribed sequence of move-
ments will be repeated several times 
during the impression procedure.

9. Apply vinyl polysiloxane (VPS) 
adhesive (Caulk Tray Adhesive; 
Dentsply Caulk, Milford, Del) and 
low-viscosity VPS (Aquasil Ultra LV 
Fast Set; Dentsply Caulk) onto facial 
aspects of the maxillary trial denture 
where wax was removed. Place the 
trial denture intraorally, being care-
ful not to displace impression mate-
rial. Use cheek retractors (Columbia 
Cheek Retractors; Hu-Friedy Mfg Co, 
Inc, Chicago, Ill) to aid in the place-
ment of trial dentures, if desired. In-
struct the patient to pucker the lips 
forward, smile broadly, open the 
mouth, and move the mandible from 

side to side. Have the patient repeat 
these movements several times (Fig. 
5). Upon polymerization of the im-
pression material, remove the trial 
denture and evaluate the impression. 
Examine denture flange dimensions 
and extensions in relation to impres-
sion contours. Adjust record base 
and wax contours accordingly. Trim 
excess impression material from the 
trial denture and carefully eliminate 
all material covering the denture teeth 
(Fig. 6).

10. Apply VPS adhesive and low-
viscosity VPS onto palatal aspects of 
the maxillary trial denture in areas of 
wax removal. Place the trial denture 
and instruct the patient to sip water 
and swallow, perform sibilant pho-
netics, and perform fricative pho-
netics. Have the patient repeat these 
exercises several times. Upon material 
polymerization, remove the trial den-
ture and examine the impression for 
completeness. Trim excess impression 
material from the trial denture, and 

carefully eliminate all material cover-
ing the denture teeth.

11. Apply VPS adhesive (Caulk 
Tray Adhesive; Dentsply Caulk) and 
low-viscosity VPS (Aquasil Ultra LV 
Fast Set; Dentsply Caulk) onto facial 
aspects of the mandibular trial den-
ture, and carefully place the trial den-
ture into the patient’s mouth. Instruct 
the patient to pucker the lips forward, 
smile broadly, move the mandible 
into protrusive posture, and then 
move the mandible from side to side. 
Have the patient repeat these move-
ments several times. Remove the trial 
denture and evaluate the impression. 
Examine denture flange dimensions 
and extensions. Adjust record base 
and wax contours accordingly. Trim 
excess impression material and care-
fully eliminate all material covering 
the denture teeth.

12. Finally, make an external im-
pression along the mandibular lingual 
flanges. Apply VPS adhesive (Caulk 
Tray Adhesive; Dentsply Caulk) and 

 4  A, Definitive mandibular cast. B, Neutral zone record and VPS indices on cast. C, 
Neutral zone indices and definitive cast in absence of neutral zone record.
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 5  During maxillary external impression, patient is required to: A, 
pucker lips forward; B, provide full smile; C, open mouth wide.

 6  Denture polished surface contour represented by: A, maxillary facial external impression, and B, definitive maxil-
lary complete denture.
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low-viscosity VPS (Aquasil Ultra LV 
Fast Set; Dentsply Caulk) along the 
lingual flanges of the mandibular 
trial denture. Place the trial denture 
and instruct the patient to sip water 
and swallow several times, extend the 
tongue and move it from side to side, 

and, finally, lick the upper and lower 
lips. Have the patient repeat these 
movements until the impression ma-
terial polymerizes. Remove the trial 
denture and examine denture flange 
dimensions and extensions. Adjust re-
cord base and wax contours, and then 

trim excess impression material from 
the trial denture. Carefully eliminate 
all material covering the denture teeth 
(Fig. 7).

13.	 Invest, process, finish, and 
polish the dentures using convention-
al methods.50,51

DISCUSSION

Techniques described here are in-
tended to emphasize and illustrate 
the clinical value of recording the 
physiologic dynamics of oral and pe-
rioral muscle function and of using 
this information to develop complete 
denture contours and denture tooth 
positions. Arranging artificial teeth 
within the neutral zone achieves 2 
important objectives: (1) prosthetic 
teeth do not interfere with normal 
muscle function; and (2) normal oral 
and perioral muscle activity imparts 
force against the complete dentures 
that serves to stabilize and retain the 
prostheses rather than cause denture 
displacement.37 The neutral zone 
method typically locates posterior 
denture teeth slightly facially, when 
compared to teeth arranged over the 
crest of the residual ridge.52

Using the neutral zone to arrange 
posterior teeth takes advantage of the 
stabilizing potential of existing muscle 
conditions. This physiologically based 
complete denture design concept has 
been shown to be especially effective 
for mandibular removable prostheses. 
It is particularly remarkable to observe 
neutral zones recorded for patients 
affected by neuromuscular decline or 
gross dysfunction; for example, pa-
tients of advancing age and/or long-
term edentulism with decreasing facial 
muscle tonicity,53 anatomic defor-
mity or insufficiency, such as in post-
cancer oral surgical resections,54-57 

or those suffering facial neuromuscu-
lar deficit secondary to cerebral vascu-
lar accidents or Parkinson’s disease.58 
Conventional methods used for these 
patients result in denture contours 
that may not facilitate prosthesis sta-
bility against expected oral and pe-
rioral muscle function. Conversely, 
the fabrication of denture contours 
to harmonize with aberrant neutral 
zone dimensions, characteristic of 
these compromised patients, results 
in increased denture stability and im-
proved oral function.

A variety of conditions affecting 
tongue and facial musculature in the 
edentulous state can be registered 
using neutral zone and external im-
pression techniques. It is particularly 
interesting to compare denture pol-
ished surface contours developed us-
ing conventional waxing methods to 
those resulting from the physiologi-
cally based clinical registration meth-
ods described in this article. Hand-
waxed denture base contours typically 
incorporate concavities along facial 
prosthetic surfaces. More frequently, 
however, contours resulting from 
physiologically molded external im-
pressions yield generalized convexities 
along the facial surfaces of both max-
illary and mandibular dentures. This 
is particularly true in molar regions 
and for patients of advancing age 
with decreasing facial muscle tonicity. 
Considering potential stabilizing ef-
fects associated with the neutral zone 
technique, it has been suggested that 

concave facial denture flange con-
tours are physiologically inappropri-
ate and contraindicated with respect 
to optimal prosthesis stability.59,60

A thorough understanding of the 
anatomy and physiology of structures 
that impact sound complete denture 
fabrication and function is important  
for successful treatment of edentu-
lous patients. Use of the neutral zone 
method to identify and register the 
anatomy and physiology that impact 
prosthesis stability may result in im-
proved prosthodontic therapy for pa-
tients.

SUMMARY

This article presents historical 
perspectives on the appropriate ar-
rangement of denture teeth and 
considerations for the contouring of 
complete denture polished surfaces. 
Additionally, a modern clinical tech-
nique intended for the physiologic 
registration of optimal denture tooth 
positions and denture base contours 
is discussed. Clinicians may choose 
to incorporate this technique into the 
routine prosthodontic management 
of edentulous patients.
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 7  Denture polished surface contour represented by: A, mandibular facial and lingual external impressions, and B, 
definitive mandibular complete overdenture.
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 5  During maxillary external impression, patient is required to: A, 
pucker lips forward; B, provide full smile; C, open mouth wide.

 6  Denture polished surface contour represented by: A, maxillary facial external impression, and B, definitive maxil-
lary complete denture.
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low-viscosity VPS (Aquasil Ultra LV 
Fast Set; Dentsply Caulk) along the 
lingual flanges of the mandibular 
trial denture. Place the trial denture 
and instruct the patient to sip water 
and swallow several times, extend the 
tongue and move it from side to side, 

and, finally, lick the upper and lower 
lips. Have the patient repeat these 
movements until the impression ma-
terial polymerizes. Remove the trial 
denture and examine denture flange 
dimensions and extensions. Adjust re-
cord base and wax contours, and then 

trim excess impression material from 
the trial denture. Carefully eliminate 
all material covering the denture teeth 
(Fig. 7).

13.	 Invest, process, finish, and 
polish the dentures using convention-
al methods.50,51

DISCUSSION

Techniques described here are in-
tended to emphasize and illustrate 
the clinical value of recording the 
physiologic dynamics of oral and pe-
rioral muscle function and of using 
this information to develop complete 
denture contours and denture tooth 
positions. Arranging artificial teeth 
within the neutral zone achieves 2 
important objectives: (1) prosthetic 
teeth do not interfere with normal 
muscle function; and (2) normal oral 
and perioral muscle activity imparts 
force against the complete dentures 
that serves to stabilize and retain the 
prostheses rather than cause denture 
displacement.37 The neutral zone 
method typically locates posterior 
denture teeth slightly facially, when 
compared to teeth arranged over the 
crest of the residual ridge.52

Using the neutral zone to arrange 
posterior teeth takes advantage of the 
stabilizing potential of existing muscle 
conditions. This physiologically based 
complete denture design concept has 
been shown to be especially effective 
for mandibular removable prostheses. 
It is particularly remarkable to observe 
neutral zones recorded for patients 
affected by neuromuscular decline or 
gross dysfunction; for example, pa-
tients of advancing age and/or long-
term edentulism with decreasing facial 
muscle tonicity,53 anatomic defor-
mity or insufficiency, such as in post-
cancer oral surgical resections,54-57 

or those suffering facial neuromuscu-
lar deficit secondary to cerebral vascu-
lar accidents or Parkinson’s disease.58 
Conventional methods used for these 
patients result in denture contours 
that may not facilitate prosthesis sta-
bility against expected oral and pe-
rioral muscle function. Conversely, 
the fabrication of denture contours 
to harmonize with aberrant neutral 
zone dimensions, characteristic of 
these compromised patients, results 
in increased denture stability and im-
proved oral function.

A variety of conditions affecting 
tongue and facial musculature in the 
edentulous state can be registered 
using neutral zone and external im-
pression techniques. It is particularly 
interesting to compare denture pol-
ished surface contours developed us-
ing conventional waxing methods to 
those resulting from the physiologi-
cally based clinical registration meth-
ods described in this article. Hand-
waxed denture base contours typically 
incorporate concavities along facial 
prosthetic surfaces. More frequently, 
however, contours resulting from 
physiologically molded external im-
pressions yield generalized convexities 
along the facial surfaces of both max-
illary and mandibular dentures. This 
is particularly true in molar regions 
and for patients of advancing age 
with decreasing facial muscle tonicity. 
Considering potential stabilizing ef-
fects associated with the neutral zone 
technique, it has been suggested that 

concave facial denture flange con-
tours are physiologically inappropri-
ate and contraindicated with respect 
to optimal prosthesis stability.59,60

A thorough understanding of the 
anatomy and physiology of structures 
that impact sound complete denture 
fabrication and function is important  
for successful treatment of edentu-
lous patients. Use of the neutral zone 
method to identify and register the 
anatomy and physiology that impact 
prosthesis stability may result in im-
proved prosthodontic therapy for pa-
tients.

SUMMARY

This article presents historical 
perspectives on the appropriate ar-
rangement of denture teeth and 
considerations for the contouring of 
complete denture polished surfaces. 
Additionally, a modern clinical tech-
nique intended for the physiologic 
registration of optimal denture tooth 
positions and denture base contours 
is discussed. Clinicians may choose 
to incorporate this technique into the 
routine prosthodontic management 
of edentulous patients.
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An accurate implant impression is 
essential for the fabrication of an ac-
curately fitting superstructure. This 
is important to reduce stress in the 
implant components and bone ad-
jacent to the implants. The unique 
implant-bone relationship requires a 
high standard of fit and is considered 
critical to the long-term success of a 
prosthesis.1-4

The popular pick-up (open tray) 
implant impression technique, using 
square copings, has been shown to 
be accurate and a primary factor in 
increasing the precision of fit for the 
restorative complex.5,6 The transfer 
(closed tray) impression technique, 
using tapered copings, is a simpler 
method, in which the impression 
coping-analog assemblies are placed 
back into the impression extraorally. 
However, the reinsertion of the cop-
ing-analog assembly into the impres-
sion creates less accurate working 
casts.7-10

Both techniques may be uncom-
fortable for the patient and the cli-
nician while the impression copings 
are  being screwed and unscrewed in-
traorally. Slight movement of the cop-
ings may result in deformation of the 
impression material while unscrew-
ing the guide pins from the impres-
sion copings during tray removal, or 
screwing/replacing the matching im-
plant replicas in the impression tray. 
The press-fit impression coping is 
easier to manipulate, time saving, and 
more comfortable for both the clini-

cian and patient because the coping 
is connected to the implant by press-
ing instead of screwing. The press-fit 
coping design allows removal of the 
coping with the impression and has 
the advantage of both the open- and 
closed-tray implant impression tech-
niques. Thus, the press-fit impression 
coping helps to overcome movement 
of impression copings inside the im-
pression material. An implant impres-
sion technique in which the press-fit 
impression coping was used to achieve 
accurate working casts is described.

PROCEDURE

1. Connect the press-fit impres-
sion coping (MD-PF375; MIS Implant 
Technologies Ltd, Shlomi, Israel) to 
the implant by pressing on, instead of 
screwing, the copings (Fig. 1).

2. Verify, radiographically, the fit 
of the press-fit copings (Fig. 1). 

3. Remove the impression tray 
with the press-fit copings (Fig. 2). 

4. Connect the implant replicas 
(MD-RSM10; MIS Implant Technolo-
gies Ltd) into the impression without 
screwing (Fig. 2).
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