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Impact of residual ridge anatomy on masticatory efficiency
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ABSTRACT

Objective: The aim of this cross-sectional study was to evaluate the anatomical characteristics of edentulous residual ridges in stone
casts of complete dentures users and assess correlations with masticatory efficiency. Methods: The sample included 74 study casts,
of which 37 were higher and 37 bottom. Measurements were performed using a drypoint compass and a transparent ruler. Arches
and ridges of maxillae and mandibles were classified into small, medium, and large. Masticatory efficiency was obtained by the sieve
method with the old prostheses and 3 months after placement of new prostheses. The correlations between the anatomical variables
of the ridges and arches (height, width and size) and masticatory efficiency were verified by the Spearman correlation test. Significant
differences in masticatory efficiencies were assessed by the Wilcoxon test. Results: People with larger maxillary alveolar ridge presented
better masticatory performance with old and new dentures. There was no correlation between maxillary ridge width and size with
masticatory efficiency, but a correlation was found between maxillary arch width and masticatory efficiency evaluated with the old
dentures. Conclusion: With the new dentures, the correlation had a tendency for significance. For the mandible, no correlation was
found between height, width, and size of the ridge or with width, length, and size of the arch and masticatory efficiency. In addition,
there was no significant difference between masticatory efficiencies evaluated with the old and new prostheses. For the maxilla, ridge
height and arch width influence masticatory efficiency. For the mandible, the anatomy had little influence on masticatory performance.

Indexing terms: Alveolar ridge. Complete denture. Mastication.

RESUMO

Objetivo: Este estudo transversal objetivou avaliar as caracteristicas anatémicas de rebordos residuais de usudrios de proteses totais
em gesso pedra e avaliar correlagbes com a eficiéncia mastigatoria. Métodos: A amostra incluiu 74 modelos de estudo, sendo 37
superiores e 37 inferiores. As medidas foram realizadas com um compasso de ponta seca e régua transparente. Os arcos e rebordos da
maxila e mandibula foram classificados em pequenos, médios e grandes. A eficiéncia mastigatdria foi obtida pelo método da peneira
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com as proteses antigas e 3 meses apos a instalacdo das proteses novas. As correlacbes entre as varidveis anatémicas dos rebordos
e arcos (altura, largura e tamanho) e a eficiéncia mastigatdria foram verificadas pelo teste Spearman. Diferencas significativas nas
eficiéncias mastigatorias foram avaliadas pelo teste de Wilcoxon. Resultados: Pessoas com crista alveolar maxilar alta apresentaram
melhor desempenho mastigatdrio com proteses novas e antigas. Ndo houve correlacdo entre a largura e o tamanho da crista
maxilar com a eficiéncia mastigatdria, mas foi encontrada uma correlacdo entre a largura do arco maxilar e a eficiéncia mastigatdria
avaliadas com as proteses antigas. Para a mandibula, ndo foi encontrada correlacédo entre altura, largura e tamanho da crista ou com
largura, comprimento e tamanho do arco e eficiéncia mastigatdria. Além disso, ndo houve diferenca significativa entre as eficiéncias
mastigatdrias avaliadas com as proteses antigas e novas. Conclusdo: Para a maxila, a altura da crista e a largura do arco influenciam
a eficiéncia mastigatdria. Para @ mandibula, a anatomia teve pouca influéncia no desempenho mastigatorio.

Termos de indexacgao: Rebordo alveolar. Prétese total. Mastigacao.

INTRODUCTION

One of the objectives of oral rehabilitation with
conventional complete dentures is the restoration of
masticatory function. The resorption of the alveolar bone
is a continuous, chronic, progressive, irreversible and
cumulative process throughout life [1-3]. When bone
resorption is associated with unfavorable mechanical
conditions of the prosthesis, decreased adaptation and
retention may occur [3,4]. These factors may interfere with
the masticatory function, especially in patients with thin,
friable mucosa [4]. To minimize these consequences and
increase patient satisfaction, the best possible prostheses
should be made, which is dependent on a careful
examination of the ridge anatomy [5,6].

Some studies have found an association between
residual ridge anatomy and masticatory efficiency in
complete denture users [7-9]. Van der Bilt found that the
basal seat of dentures was correlated with masticatory
efficiency, but this study used natural food to test
efficiency, which is a limitation since the generated data
are difficult to reproduce due to the influence of seasonal
and geographic factors [10].

Other studies [8,9] assessed the correlation of
masticatory efficiency with the size of the basal seat area
of complete dentures by applying questionnaires, which
are characterized by subjectivity10 and favor the induction
of bias, masking the actual data [8-11]. Among the
available methods to evaluate masticatory efficiency, the
sieve method, using Optocal as artificial food, is considered
the gold standard for its objectivity, simplicity, and easy
reproducibility [5,12,13].

Due to the above limitations of previous studies
and to the importance of studying the residual ridge
anatomy to achieve the best treatment results for
edentulous patients, the present study aimed to evaluate
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the correlation between the anatomical variables of the
ridges (height, width, and size of ridges, and length,
width, and size of maxillary and mandibular arches) and
masticatory efficiency of people wearing old and new
complete dentures.

METHODS

Study design

This was a cross-sectional study with a time series,
conducted at the Department of Dentistry of the Federal
University of Rio Grande do Norte (UFRN). This study
was approved by the Research Ethics Committee of the
institution under protocol 1.043.549/2015.

Participants

A convenience sample of patients that sought
the institution’s service to replace their dentures was
used. Patients were invited to participate in the study
from February 2014 to December 2015 and, if accepting,
they signed the free and informed consent term. Thus, 37
patients and their 74 anatomical stone casts (higher and
bottom) were included in this study. Masticatory efficiency
was evaluated in two time-points: with the old prostheses
(T1) and after 3 months wearing the new prostheses (T2).
These 3 months correspond to the period of adaptation to
the new prostheses. At T1, 37 patients were evaluated and
at T2, 21 patients were evaluated.

Data collection

The masticatory efficiency values at T1 and
the anatomical measurements of the stone casts were



performed by a different researcher than the one who
carried out the molding to obtain the study casts.

Manufacture of stone models

Casts were obtained from anatomical moldings
with the purpose of making new prostheses. The moldings
were made with stock trays (Tecnodent, Sado Paulo, Brazil)
for edentulous ridges and customized with Newwax utility
wax (Technew, Rio de Janeiro, Brazil), using irreversible
hydrocolloid Jeltrate (Dentsply, Petropolis, Brazil) for
the higher ridge and condensation silicon Silon 2 APS
(Dentsply, Petrépolis, Brazil) for the bottom ridge. Then,
moldings were cast with a gypsum stone (Herodent, Rio
de Janeiro, Brazil) and trimmed using a trimming machine
(DCL, Sao Paulo, Brazil).

impact of the ridge on masticatory efficiency

Measurement of stone casts

The methodology used by Pietrokovski et al. [2]
was applied. Initially, an intra-examiner calibration was
performed: ten casts were measured at intervals of one
week, obtaining a Kappa value greater than 0.8, indicating
an excellent agreement (K = 0.981). Thus, the bearing
area was delimited and maxillary and mandibular models
were measured using a drypoint compass (JON-Sdo Paulo-
BRAZIL) and a 30-millimeter transparent ruler (TRIDENT-
[tapui-Sao Paulo, Brazil) (figure 1).

Size of maxillary and mandibular arches

The size of the edentulous arches was obtained by
measuring the length of the midline and the width as seen
in Figure 2. For the maxilla, the length was obtained by

Figure 1.Points and lines used for length and width measurements of the maxillary and mandibular arch. (A) Incisive papilla; (B) Middle point between the

maxillary tuberosities; (C) Maxillary tuberosities; (D) Middle point in the incisive region; (E) Middle point between the retromolar papillae; and (F)

Retromolar papillae.

Figure 2. (A) Middle point of the ridge representing the premolar region for height and width measurements of the residual crest of the maxillary and mandibular

ridge.
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measuring the distance from point A to point B and width
was obtained from the distance between the 2 points C.
Likewise, the length of the mandibular arch was obtained
by measuring the distance from point D to E, and its width
by the distance between the points F [14].

The values were transformed into indices to
categorize the arches into three sizes using the following
formula: arch width x 100 divided by arch length. Thus, the
maxilla and the mandible arches were classified as small
(<79), medium (80-89), and large (> 90).

Size of the maxillary and mandibular residual
ridges

Measurements of the height and width of the
residual ridges were performed from a chosen midpoint
on the ridge in the premolar region - following the
methodology of the study by Pietrokovski et al. [15] (figure
3). The maxillary residual ridge height was measured as
the linear distance between points A and B and the width
between points B and C. The height of the mandibular
residual ridge was measured as the linear distance between
points D and E and the width between points E and F. The
values found were also transformed into indices, following
the formula: ridge width x 100 divided by the ridge height.
According to the results of the indices, the residual alveolar

Figure 3.Height and width measurements of the residual maxillary and
mandibular ridges. A) Highest point of maxillary residual ridge; (B)
Deepest point of the upper buccal sulcus; (C) Location of point B
in the hard palate; (D) Highest point of mandibular residual ridge;
(E) Limit between the ridge and floor of the mouth; and (F) Deepest
point in lower buccal groove relative to point E.
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ridges were classified as small (<69), median (70-79), and
large (> 80), separately for the maxilla and mandible.

Masticatory efficiency

For the analysis of masticatory efficiency (ME),
the methodology recommended by Slagter et al. [11],
which consists of patients chewing pieces of the test
food called Optocal (53 g Optosil Comfort® (Heraeus
Kulzer) condensation silicone, 1.43 g catalyst paste, 25
g toothpaste, 3 g vaseline, 8 g dental plaster, and 4 g
alginate). The ME was evaluated after chewing and sieving
the artificial food Optocal. The food was divided into packs
of 3 g (17 cubes). During masticatory test, the patients
were informed to perform a total of 20 masticatory cycles.
The chewed food was then manipulated on a set of 8
decreasing granulometric sieves (Bertel®) with openings of
0.5,0.71,1,1.4,2,2.8,4, and 5.6 mm. The food removed
from each sieve was weighed on a precision analytical scale
(SHIMADZU do Brazil).

Statistical analysis

A database was created in Microsoft Excel 2013
software for entering the collected data, which were
later transferred to SPSS version 20.0 for Windows for
quantitative statistical analysis. Initially, a descriptive analysis
of the data was performed. Then, Sperman correlation
coefficient was used to verify the correlation between
the anatomical variables of the ridges (height, width, and
size of ridges and length, width, and size of the maxillary
and mandibular arches) and masticatory efficiency of
complete dentures users. To verify the difference between
masticatory efficiencies of old and new prostheses, the
Wilcoxon test was used. For both tests, a significance level
of 5% was adopted.

RESULTS

Initially, data were collected on masticatory
efficiency and measurements of the anatomical casts of 37
participants. The patients had a mean age of 67.9 years
(£ 9.46) and the majority were female (83%).

Maxillary arches classified as large were 83.8%
of the sample, while 100% of the patients had a large
mandibular arch (n = 37). Regarding the residual ridges,



there was a predominance of large sizes in the maxilla
(82.8%) as well as in the mandible (62.1%).

The mean value of masticatory efficiency with the
old prostheses was 6.17 mm (x 0.87), ranging from 4.07 to
7.07 mm. However, only 21 patients had their masticatory
efficiency evaluated with new prostheses, for which the
mean was 6.18 mm (x 1.29), varying from 2.98 to 7.71.
There was no significant difference between masticatory
efficiencies evaluated with old and new prostheses (p =0.615)
(table 1).

With respect to ridge anatomy, those who had
greater height of the maxillary alveolar crest presented

impact of the ridge on masticatory efficiency

better masticatory performance than those with lower
heights using old (p = 0.026) and new (p = 0.041)
prostheses. There was no correlation between the width
and size of the maxillary crest with masticatory efficiency
of the old and new prostheses. However, a significant
correlation between maxillary arch width and masticatory
efficiency evaluated with the old prostheses was found
(p = 0.004). With the new prostheses, this correlation had
a tendency for significance (p = 0.087). For the mandible,
there was no correlation between height, width, and crest
size with masticatory efficiency either with old or new
prostheses (tables 2 and 3).

Table 1. Masticatory efficiency with old prostheses and three months after the installation of new prostheses.

Old prostheses

New prostheses

n Median (Q25-Q75) n

Median (Q25-Q75)

Masticatory efficiency 21

6.38 (6.00-6.77)

21 6.55(5.93-6.88) 0.615

Note: Wilcoxon non-parametric test.

Table 2. Correlations between height, width, and size of the ridge crests and the median particle diameter (X50) with old prostheses (n = 37) and after three

months wearing the new prosthesis (n = 21).

X50 old prostheses

X50 new prostheses

Parameters o ; . ;
Maxillary crest height -0.365 0.026 -0.438 0.041
Mandibular crest height -0.117 0.492 -0.343 0.118
Maxillary crest width -0.245 0.143 -0.268 0.240
Mandibular ridge width -0.032 0.853 -0.263 0.249
Maxillary crest size 0.20 0.907 0.109 0.639
Mandibular crest size -0.156 0.358 0.160 0.487

Note: Spearman correlation.

Table 3. Correlations between length and size of arches and chewed particle diameter (X50) with old prostheses (n = 37) and after three months wearing new

prostheses (n = 21).

X50 old prostheses

X50 new prostheses

Parameters

rho p rho p
Length of maxillary arch -0.056 0.743 -0.161 0.487
Length of mandibular arch -0.017 0.922 -0.196 0.396
Maxillary arch width -0.458 0.004 -0.383 0.087
Mandibular arch width -0.117 0.492 -0.233 0.309
Maxillary arch size -0.297 0.074 -0.049 0.834
Mandibular arch size -0.012 0.943 -0.034 0.884

Note: Spearman correlation.
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DISCUSSION

The present study sought to evaluate the
correlation between the anatomical variables of the ridges
and masticatory efficiency in complete denture wearers.
Overall, we found that for the maxillary arch the crest
height and arch width influence the masticatory efficiency.
For the lower arch, the ridge anatomy did not influence the
masticatory efficiency of the individuals.

Unlike other studies, the present study used the
sieve method to evaluate masticatory efficiency. The artificial
food used in this method has a standard consistency, which
influences the muscular performance, and the material is
not affected by the solubilizing and enzymatic action of
water and saliva; these factors contribute to the method’s
standardization and reproducibility properties [15,16]. For
measurements of the anatomical features, the use of the
drypoint compass allowed access to the most retentive
areas without interferences, providing data with high
reliability.

Residual ridge anatomy and masticatory efficiency
were negatively correlated in most analyses, both in the
maxilla and the mandible. This confirms that the greater the
height, width, and size of the ridge and the length, width,
and size of the arch, the smaller the chewed particles,
and better masticatory efficiency. However, significant
correlations were found only in the maxilla. This finding is
probably because the maxilla has better bone support and
more favorable fibromucosa to meet retention and stability
requirements for an efficient mastication. In our sample,
most of the patients had a somewhat resorbed residual
ridge, which compromised the retention and stability of
the prosthesis, affecting the masticatory performance.

The process of vertical bone resorption of the
mandible is more accelerated than the maxilla in the
long term. This difference probably caused the observed
differences in retention and stability of the complete
prostheses, justifying the negative and significant
correlation between masticatory efficiency and crest height
in the maxilla residual ridge with old (p = 0.026) and new
prostheses (p = 0.041), which was not observed for the
jaw [16].

The retention and stability required for complete
dentures is dependent on physical phenomena (adhesion,
cohesion, surface tension, atmospheric pressure, and
salivary viscosity) provided by the shape of the residual
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ridge crest and the contact surface of the prosthesis base
[5,17,18]. These factors are mediated by the salivary
molecules that interact with these surfaces and promote
the retention of the prosthesis, affecting the masticatory
performance [17,19]. In the present study, 82.8% of the
patients had a large maxillary ridge, while only 62% of
the individuals had a large mandibular ridge, with the
remainder consisting of small or medium ridges, which are
more susceptible to the displacement of the prosthesis [5].
With displacement and consequent break of the salivary
surface tension, the entrance of air beneath the denture
interferes with the physical phenomena needed for its
retention [17]. This situation probably caused the observed
differences in the correlations for the jaw and maxilla.

A negative and significant correlation was also
observed between maxillary arch width and masticatory
efficiency assessed with the old prostheses, and a trend was
found for the new prostheses. No correlation was observed
for the mandible. The greater width of the maxillary arch,
compared to the mandibular arch, allowed a larger contact
surface between the denture base and the residual ridge.
This situation helps the maxillary prostheses to counteract
the lateral forces that occur during mastication, resulting
in stability and balance, and consequently assisting in the
retention of prosthesis [20].

The masticatory efficiency of the participants did
not differ much between T1 and T2, probably because
the time wearing the new prosthesis was not sufficient
for complete adaptation and reprogramming of the
neuromuscular system according to the new occlusal
pattern [21,22]. In future evaluations of the same sample,
masticatory efficiency could yield better results. However,
our results corroborate other studies on the subject, in
which the average masticatory efficiency is of 6.47 mm [23].
The masticatory efficiency of complete denture wearers
is decreased compared to values of people with natural
dentition, which is on average 3.32 mm. In addition, some
authors have shown that clinically satisfactory complete
dentures have limitations and are poor substitutes
for natural teeth [4,10,23-25]. On average, patients
rehabilitated with conventional complete dentures need to
chew 4 times more to achieve the same level of chewing
of people with natural dentition [10].

Individual factors may also have interfered in the
obtained results, such as the age of the patients [25]. The
mean age of our sample was 67.9 years (x 9.46), and at
that age there is a natural decline in masticatory force,



in addition to hyposalivation, which impairs prosthesis
retention [10,25,27].

Finally, the factors that determine the retention
and stability of complete prostheses are interdependent; a
preexisting healthy bone support, together with a resilient
fibromucosa are fundamental [20]. In clinical practice, the
dissatisfaction of many patients is related the lower denture
and it can be assumed that complaints are associated with
the lack of adaptation of the musculature to the new
prostheses [5,23,28].

CONCLUSION

In conclusion, the results of this study indicated
that the greater the crest height and the arch width of
the maxilla, the better the masticatory efficiency of the
edentulous patient wearing complete dentures. For the
mandible, the residual border anatomy had little influence
on masticatory performance of complete denture wearers.
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