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Many types of occlusal forms and posterior tooth
arrangements have been applied to the con-

struction of complete denture prostheses. Ever since
Payne advocated the concept of lingualized occlusion

(LO), many in vitro1–3 and in vivo4,5 studies have
demonstrated that patients with complete dentures
arranged with LO may experience better chewing ef-
ficacy, stability, retention, esthetics, and comfort. 

Arbree et al surveyed the techniques of complete
denture prosthodontics in North American dental
schools and reported that 11% used LO.6 This 11% LO
adoption rate at dental schools implies that the evi-
dence related to the effectiveness of LO for the com-
plete denture wearers, derived from previous reports,
has not yet been decisive. The low prevalence rate of
LO is assumed to be a result of a lack of conclusive
comparative studies. 

Because of the lack of conclusive evidence that rec-
ommends one approach for posterior denture occlu-
sion over another, even educators engaged in the in-
struction of complete denture education at dental
schools could not indicate to their undergraduate and
postgraduate students which type of occlusal scheme

Purpose: The aim of this prospective comparative trial was to evaluate whether
patients treated with complete dentures with lingualized occlusion (LO) exhibited
more positive results than patients treated with complete dentures with bilaterally
balanced occlusion (BBO). Materials and Methods: Twenty-eight completely
edentulous patients, ranging in age from 60 to 82 years (mean age 70.9), consented
in writing to be participants in this trial. The first 14 patients enrolled in the study
protocol were treated with complete dentures with LO, and the next 14 patients were
treated with complete dentures with BBO. Baseline characteristics were measured
prior to the trial. Main outcome variables involved subjective outcomes of general
satisfaction, ability to masticate, and stability and retention of the prostheses; these
were quantified with a 100-mm visual analog scale. Objective outcomes were
masticatory performance and the number of adjustments. Statistical assessments of
the 2 groups were compared using multiple linear regression analysis. The baseline
characteristics were analyzed by Student t test and chi-square test. Results: There
were no significant differences between the groups at baseline. The height of the
alveolar ridge exhibited significant correlations with masticatory performance (P =
.02). The occlusal scheme exhibited a significant correlation with only the patient's
retention satisfaction rating (P = .03). Conclusion: Despite limitations of this study
attributed to the small sample size and lack of randomization, this pilot study found
that edentulous patients fitted with complete dentures with LO experienced and
expressed greater satisfaction with their denture retention. In addition, it was observed
that a higher alveolar ridge resulted in greater masticatory performance.
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is most suitable for the completely edentulous patient.
As a consequence, the selection of an occlusal scheme
for complete dentures, in a variety of clinical settings,
is attributed primarily to the practitioner's personal
preference and experience. 

Given this background, it was considered important
to determine whether advantages to treating with LO
exist by performing a prospective clinical trial com-
paring patients treated with LO complete dentures to
those treated with complete dentures with bilaterally
balanced occlusion (BBO). The purpose of this study
was to evaluate whether wearers of complete den-
tures with LO exhibited more positive results in sub-
jective and objective outcomes than wearers of com-
plete dentures with BBO.

Materials and Methods 

Study Population

Twenty-eight edentulous patients (13 men and 15
women) aged 60 to 82 years (mean age 70.9) of Nihon
University School of Dentistry at Matsudo Affiliated
Hospital, Chiba, Japan, all of whom had volunteered to
receive new complete dentures, were enrolled as sub-
jects in this trial. Those with a Class II or III jaw rela-
tionship, systemic or neurologic disease, and a lack of
understanding of written or spoken Japanese were
excluded from participation. The study's protocols and
procedures were reviewed and approved by the Ethics
Committee at Nihon University School of Dentistry at
Matsudo. Prior to the start of the trial, a verbal expla-
nation about the trial was provided, and written in-
formed consent was obtained. 

Study Design 

This prospective comparative trial was conducted be-
tween April 2003 and April 2004. Fourteen patients in
each group received either a complete denture with
BBO or with LO. After the patients were screened and
determined to be suitable candidates for inclusion in
this investigation, the first consecutive 14 patients were
assigned to the BBO group and the next consecutive
14 volunteers were assigned to the LO group. 

A double blinding of intervention was not feasible,
since it was quite apparent to the clinicians which ar-
tificial teeth were being used; in addition, all of the pa-
tients could immediately sense, upon delivery, which
type of artificial teeth were being used. 

Treatment Protocol

A preliminary impression was made using stock eden-
tulous trays (Dentcraft StO-K Tray, Yoshida) and irre-
versible hydrocolloid impression materials (Algiace Z,
Dentsply-Sankin). Border molding was done using
custom trays made of self-curing acrylic resin (Ostron
II, GC) and stick modeling compound (Peri Compound,
GC), followed by a wash impression with silicone im-
pression materials (Tosicon, Dentsply-Sankin). A jaw
relation record was recorded by using wax occlusal
rims and zinc oxide bite registration paste (Superbite
Paste, Harry J. Bosworth). After verifying the vertical di-
mensions of the occlusion and centric relation records,
the esthetics of the full-contour wax trial denture tooth
arrangement was done. Next, the patient's feedback
and acceptance of the complete dentures were
processed and inserted. Postinsertion follow-up ap-
pointments to adjust the dentures were scheduled as
needed. When deemed necessary, remounts were done
for occlusal equilibration during the adjustment period.
Seven clinicians participated in this trial, with each
clinician treating 2 LO and 2 BBO patients.

Laboratory Protocol

The complete denture artificial teeth were arranged by
1 of 2 types of occlusion concepts, either LO or BBO. 

The complete dentures with LO were arranged as
follows: the functional maxillary lingual cusps of the
posterior teeth were set in the central groove of the
mandibular posterior teeth in lateral and protrusive
excursions. The maxillary buccal cusps were elevated
and had no contact with the mandibular buccal cusps.
During the lateral movement, contact only occurred on
the working side between the lingual cusps of the
maxillary and mandibular posterior teeth; on the bal-
ancing side there was contact between the lingual
cusps of the maxillary denture and the lingual inner
curve of the buccal cusps of the mandibular denture.
Protrusive balanced contacts occurred between the
maxillary lingual cusps and the mandibular posteriors.
The 20-degree semianatomic commercial artificial
tooth (Lingualized Posterior Teeth, GC) was used for the
LO group's teeth arrangement.

The complete dentures with BBO were arranged as
follows: the functional maxillary lingual cusps of pos-
terior teeth were set in the central groove of the
mandibular tooth, and the maxillary buccal cusps were
kept in contact with the mandibular buccal cusps. The
buccal cusps and the lingual cusps were in articulation
and functional in the bilateral and protrusive excur-
sions. The 20-degree semianatomic commercial artifi-
cial tooth (Endura, Shofu) was utilized for the BBO
group's tooth arrangement.
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A semiadjustable articulator (Hanau H2, Teledyne
Waterpik) was used for all cases treated in this clini-
cal trial. The dentures were processed with conven-
tional heat-activated acrylic resin denture base  (Urban,
Shofu) per the manufacturer's instructions. The curing
cycle for the prostheses was 90 minutes at 70°C, fol-
lowed by 30 minutes at 100°C.

Baseline Characteristics

Baseline characteristics of age, gender, edentulous
period, age of existing denture, number of previous
dentures, and height of the alveolar ridge7 were col-
lected by an assessor (Table 1).

Main Outcome Variables 

The number of postinsertion adjustments was docu-
mented until the dentures were judged to be satisfac-
torily complete based on the patient's feedback of
being free of any tissue irritation, as well as a prostho-
dontist's judgment of observing no clinically observable
mucosal ulceration of the denture-bearing area mu-
cosa.

Subjective ratings for the patient's general satisfac-
tion, ability to masticate, stability, and retention of the
fabricated complete denture were gathered using a
100-mm visual analog scale (VAS).8 Masticatory per-
formance was measured by the sieving method of
having patients chew 3 g of peanuts 20 times.9 Both
the VAS and masticatory performances were mea-
sured 2 months after the postinsertion follow-up. The
denture adjustments were judged as satisfactorily
complete based on the same previously discussed
judgment criteria.

Statistical Analysis

The Student t test and chi-square test were used to an-
alyze the baseline characteristics. A multiple linear re-
gression analysis was used to analyze the effects of oc-
clusal scheme and baseline characteristics on the
outcome variables. The 4 subjective outcome variables
were: general satisfaction, ability to masticate, reten-
tion, and stability. The 2 objective outcome variables
were masticatory performance and the number of
postinsertion adjustments.

A P value below .05 was considered statistically sig-
nificant. All of the analyses were carried out using the Dr
SPSS II program for Windows (Dr SPSS II, SPSS Japan).

Results

Table 1 shows the baseline characteristics for the LO
and BBO groups. There were no significant differences
between groups with regard to mean age, gender,
edentulous period, age of existing dentures, number of
previous dentures, and height of alveolar ridge. Multiple
linear regression analysis indicated that the height of
the alveolar ridge exhibited significant correlation with
masticatory performance (Table 2; P = .02).

The subjective ratings based on the patient's feed-
back on the VAS for general satisfaction, ability to
masticate, stability, and retention of the dentures were
90 ± 8, 94 ± 7, 95 ± 6, and 96 ± 5 for the LO group,
and 90 ± 14, 91 ± 13, 89 ± 17, and 81 ± 23 for the BBO
group, respectively. Both groups of patients expressed
a high degree of satisfaction with their new dentures.
Table 2 shows the means and 95% confidence inter-
vals, as well as the P values for the estimated partial re-
gression coefficient for the subjective outcomes from

Table 1 Characteristics of the Trial’s 28 Patients

LO BBO P value

Mean age (y) 70.6 (9.3) 71.4 (6.9) .81
Gender (m/f) 6/8 7/7 .71
Edentulous period (y) 15.6 (11.9) 12.4 (8.2) .41
Age of existing 4.8 (5.8) 4.1 (3.9) .69
denture (y)
No. of previous 3.4 (2.6) 3.2 (3.4) .86
dentures
Height of alveolar ridge   18.6 (5.6) 19.8 (5.7) .55
(mm)

LO = lingualized occlusion; BBO = bilaterally balanced occlusion.
The difference in the mean between the LO and BBO groups were analyzed by t test. The proportion
of gender was analyzed by ch-square test. There were no significant differences in the baseline char-
acteristics between the LO and BBO groups (P > .05).
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the multiple linear regression analysis. The occlusal
scheme exhibited a significant correlation with reten-
tion, with a significant increase of 16 mm on VAS for
the LO dentures (P = .03). The occlusal scheme, how-
ever, did not exhibit any significant effects on the pa-
tients' general satisfaction, ability to masticate, and
stability (P = .87, .34, and .24). 

Table 3 shows the means, 95% confidence intervals,
and P values for the estimated partial regression coef-
ficient for the objective outcomes from the multiple lin-
ear regression analysis. The masticatory performance
was 44.3 ± 15.1 for the LO group and 47.4 ± 15.3 for
the BBO group. The occlusal scheme did not exhibit any
significant correlation with the masticatory perfor-
mance (P = .57). The mean numbers of postinsertion
adjustments were 5.6 ± 1.8 for the LO group and 4.8 ±
1.8 for the BBO group. The occlusal scheme did not ex-
hibit any significant correlation with the number of
postinsertion adjustments (P = .36). 

Discussion

The present study produced evidence in which eden-
tulous patients fitted with complete dentures having a
lingualized posterior occlusal scheme expressed
greater satisfaction with their denture retention in com-
parison to patients with complete dentures fabricated
with BBO. Though not to the same degree as with the
wearers of complete denture with LO, the wearers of
complete denture with BBO also expressed satisfaction
with their denture retention. From a historical per-
spective, the LO concept evolved from the BBO con-
cept. Therefore, the LO, in addition to the fundamen-
tal advantages derived from BBO, may also exhibit
LO-derived advantages resulting from the elimination
of the buccal contact of posterior artificial teeth. It was
assumed that because of these additional improve-
ments, the LO complete denture wearers would exhibit
greater retention satisfaction when compared to the
BBO wearers. Increases in their satisfaction level could
be attributed to the lingualized occlusal force, which is
commonly believed to be a LO mechanical property.

Table 2 Means, 95% Confidence Intervals, and P Values for the Estimated Partial Regression Coefficient for 
the Subjective Outcomes

Outcome Variable Explanatory Variable Mean CI P value

General satifaction Occlusal scheme (LO/BBO†) 0.80 –9.1 to 10.7 .87
(Are you satisfied with denture?) Age (y) 0.02 –0.7 to 0.8 .94

Gender (m/f†) –8.10 –18.3 to 2.1 .11
Edentulous period (y) –0.20 –0.7 to 0.4 .56
Age of existing dentures (y) 0.60 –0.6 to 1.9 .27
No. of previous dentures –0.10 –1.9 to 1.7 .09
Height of alveolar ridge (mm) –0.10 –1.2 to 0.9 .79

Satisfaction related to ability to Occlusal scheme (LO/BBO†) 4.30 –4.8 to 13.4 .34
masticate (Can you chew well Age (y) 0.40 –2.8 to 1.1 .23
with denture? Gender (m/f†) 4.40 –11.6 to 7.1 .62

Edentulous period (y) –0.10 –0.6 to 0.4 .71
Age of existing dentures (y) 0.60 –0.5 to 1.7 .29
No. of previous dentures 0.30 –1.4 to 1.9 .72
Height of alveolar ridge (mm) 0.40 –0.6 to 1.4 .40

Satisfaction related to stability Occlusal scheme (LO/BBO†) 6.70 –4.8 to 18.2 .24
(Is your denture stable?) Age (y) 0.01 –0.9 to 0.9 .98

Gender (m/f†) –5.10 –16.9 to 6.8 .38
Edentulous period (y) –0.20 –0.9 to 0.4 .48
Age of existing dentures (y) 0.80 –0.6 to 2.2 .24
No. of previous dentures 0.10 –2.2 to 2.2 .96
Height of alveolar ridge (mm) 0.02 –1.2 to 1.3 .96

Satisfaction related to retention Occlusal scheme (LO/BBO†) 16.0 1.3 to 30.8 .03*
(Is your denture retentive?) Age (y) 0.40 –0.6 to 1.5 .44

Gender (m/f) 4.40 –10.8 to 19.6 .55
Edentulous period (y) –0.40 –1.3 to 0.4 .34
Age of existing dentures (y) 0.10 –1.7 to 1.9 .89
No. of previous dentures 1.10 –1.6 to 3.8 .40
Height of alveolar ridge (mm) 0.10 –1.5 to 1.7 .90

*The occlusal scheme exhibited a significant correlation with patient satisfaction rating of retention, with signficant increase of 16 mm on VAS
for the LO dentures.
†Reference category for the multiple linear regression analysis.
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With regard to the patients' stability satisfaction rat-
ings, there were no observable differences between the
LO and BBO groups. When Payne, in 1941, introduced
the concept of LO to dentistry as a modified setup, it
was reported that by simply shifting the direction of
force from buccal to lingual, this posterior occlusal
scheme provided greater stability to the mandibular
denture without changing the position of the tooth on
the ridge.10 However, in our study we did not observe
any evidence of superior satisfaction related to stabil-
ity by the LO group when compared to the BBO group.
The stability and retention of the complete dentures re-
sulted from a mechanism of moving the occlusal force
toward the inner side of the alveolar ridges.4 This pre-
vented denture base dislocation during mastication.
Researchers have been interpreting this nondislocation
condition of the denture as implying that the dentures
have stability. However, patients may perceive that this
same condition pertains to dentures having retention.
Consequently, questions and descriptions related to re-
tention in the questionnaire would deeply resonate
with the patient's perception, and those related to sta-
bility would not. In this study, therefore, the patients
were encouraged to respond only to questions related
to retention. 

There were no differences in the patients' general
satisfaction ratings between the LO and BBO groups.
There have been many reports that the professionally
assessed quality of complete dentures does not agree
with the patient's subjective judgments.11–13 In addition,
Awad and Feine14 discussed that patients' perceptions
of their prostheses could not be measured based
merely on the patients' satisfaction with their prosthe-

ses. Our study results agree with these previous reports.
It was thought that patient satisfaction with their den-
tures could not be based solely from questions related
to their satisfaction with the denture's functions. 

The complete dentures arranged with LO did not sig-
nificantly affect masticatory performance. Ono and
Hatake15 investigated differences in the masticatory
performance of edentulous patients wearing complete
dentures arranged with LO and those wearing dentures
arranged with BBO. It was reported that the mastica-
tory performance of the patients with LO and those with
BBO was 44.5% and 46.8%, respectively. Similarly,
Gomibuchi et al16 reported that the masticatory per-
formance of patients with LO and BBO were 50.3% and
52.9%, respectively. In our study, masticatory perfor-
mance with LO and BBO was 44.2% and 47.4%, re-
spectively. All of these studies did not exhibit any sig-
nificant differences between LO and BBO. Furthermore,
there were no significant differences between the LO
and BBO groups in the patients' satisfaction ratings of
their ability to masticate. While considering all of the
pertinent factors, it is appropriate to note that there
were no significant differences in masticatory perfor-
mance between the LO and BBO groups. Clough et al5

reported that the preference of the complete denture
with LO followed patient perceptions of superior mas-
ticatory ability in LO when compared to complete den-
tures with monoplane occlusion, which was used as a
control. In our study, however, the complete dentures
arranged with BBO were used as a control. It is as-
sumed that any differences in the results between our
study and Cough's study can be attributed to differ-
ences in the control. 

Table 3 Means, 95% Confidence Intervals, and P Values for the Estimated Partial Regression Coefficient for 
the Objective Outcomes

Outcome Variable Explanatory t Variable Mean CI P value

Masticatory performance Occlusal scheme (LO/BBO†) –0.30 –14.1 to 7.9 .57
Age (y) –0.30 –1.1 to 0.5 .46
Gender (m/f†) –2.40 –13.8 to 8.9 .67
Edentulous period (y) 0.20 –0.4 to 0.8 .43
Age of existing dentures (y) 1.10 –0.3 to 2.4 .11
No. of previous dentures 0.80 –1.2 to 2.9 .40
Height of alveolar ridge (mm) 1.50 0.3 to 2.7 .02*

No. of adjustments Occlusal scheme (LO/BBO†) 0.70 –0.8 to 2.1 .36
Age (y) –0.01 –0.1 to 0.1 .83
Gender (m/f) 0.80 –0.7 to 2.3 .28
Edentulous period (y) 0.02 –0.1 to 0.1 .48
Age of existing dentures (y) –0.20 –0.3 to 0.1 .07
No. of previous dentures –0.10 –0.4 to 0.1 .96
Height of alveolar ridge (mm) –0.10 –0.3 to 0.1 .22

*A 1-mm increase in the height of the alveolar ridge reflected a significant increase of 0.7% in the masticatory performance value for the
edentulous patients.
†Reference category for the multiple linear regression analysis.
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Superior condition of the mandibular alveolar ridge
was shown to result in a higher score for masticatory
performance. This result agreed with the report of
Kimoto et al documenting significantly poorer masti-
catory performance of complete denture wearers in a
low-bone-height group, versus middle- and high-
bone-height groups.17 However, the condition of the
mandibular alveolar ridge did not exhibit any statisti-
cally significant correlation with masticatory satisfac-
tion. This disparity between the objective and subjec-
tive results was quite interesting. It has been suggested
that even though the patients' alveolar ridges were
poor, the patients were still able to satisfy their daily diet
intake under regulated conditions. Garrett et al18

demonstrated that denture wearers perceive their
chewing ability in terms of chewing comfort rather
than an ability to comminute food, which is considered
an objective measure of chewing performance. This re-
port explained the disparity between the objective and
subjective outcomes observed in the present study.
Although clinicians are inclined to believe that one of
the major factors affecting masticatory satisfaction is
the condition of the alveolar ridge, in fact, satisfaction
in mastication should not be quantified by the condi-
tion of the alveolar ridge.

The number of postinsertion adjustments for the LO
group was hypothesized to be fewer than that for the
BBO group. This premise was based on the belief that
the LO group would experience less denture disloca-
tion, since the LO patients' retention satisfaction rat-
ings were higher than those for the BBO group.
However, there were no observable differences in the
number of postinsertion adjustments between the LO
and BBO groups. It would be quite reasonable to as-
sume that a well-retained denture would reduce or
eliminate patient discomfort, such as pain and dys-
function during mastication with the dentures associ-
ated with postinsertion dislocation of the dentures.
However, the reasons for any increases in the number
of postinsertion adjustments should not be consid-
ered solely a result of poor denture retention, since
other factors affect the number of postinsertion ad-
justments, including mucosal condition, jaw relation,
tooth arrangement, and psychologic factors.
Furthermore, even though the complete denture
arranged with BBO exhibited less retention satisfaction
in comparison to the LO, denture function during mas-
tication was assumed to involve sufficient retention of
the denture base to resist any dislodging force that
would result in harmful affects to the underlying soft
tissue mucosa. Perhaps this is one reason why no dif-
ferences in the number of postinsertion adjustments
were observed between the LO and BBO groups.

It should be noted that the present trial was under-
taken as pilot study, and from a clinical and statistical

perspective the results are limited and lack power be-
cause of the small sample size and lack of randomiza-
tion. The small sample population comprised 28 pa-
tients, with a 95% confidence level for the patient's
retention satisfaction rating from 1.3 to 30.8. Because
of the wide range in the confidence interval, although
statistical significance existed, we could not conclu-
sively determine whether a meaningful clinical effect
for the complete denture wearer with LO existed. It is
felt that a larger randomized controlled trial is neces-
sary to provide more precise and meaningful results. 

Conclusion

Despite the limitations of a small sample size and a lack
of randomization, this pilot study found that edentulous
patients wearing complete dentures with LO experi-
enced and expressed greater satisfaction with their
denture retention than patients wearing complete den-
tures with BBO. However, the posterior occlusal
scheme did not exhibit any significant effects on sub-
jective satisfaction ratings for general satisfaction, sta-
bility, and ability to masticate, or on objective results for
the number of adjustments and masticatory perfor-
mance. In addition, it was observed that a higher alve-
olar ridge resulted in greater masticatory performance.
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would be an advantage, as the appointee would be required to undertake research either 
independently or within one of the established programmes.
The Department of Oral Rehabilitation and Faculty of Dentistry support enrolment in higher 
degree programmes including PhD or DDSc.
The successful applicant will be expected to commence duties as early as possible in 2006.
Specific enquiries may be directed to Mr D G Purton, Head of Department, Department 
of Oral Rehabilitation, Faculty of Dentistry, Tel 64 3 479 7126, Fax 64 3 479 5079, 
Email david.purton@dent.otago.ac.nz

Reference Number: A05/166.   Closing Date: Thursday 23 February 2006.

APPLICATION INFORMATION
With each application you must include an application form, an EEO Information Statement, 
a covering letter, contact details for three referees and one copy of your full curriculum vitae. 
For an application form, EEO Information Statement and a full job description go to: 
www.otago.ac.nz/jobs. Alternatively, contact the Human Resources Division, Tel 64 3 479 8269, 

Fax 64 3 479 8279, Email  karen.sutherland@stonebow.otago.ac.nz

Equal opportunity in employment is University policy.
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