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ABSTRACT

Background: Single symphyseal implant-retained overdentures have been suggested as an
alternative to the standard two implant treatment. There is, however, a need for more studies to
compare the functional and patient outcome aspects of both treatment modalities.

Objective: The aim of this prospective study is to compare the effect of single symphyseal
versus two implant mandibular overdentures on the objective variables: maximum bite force (MBF)
and masticatory efficiency (ME), in addition to patient satisfaction (PS) as a patient based outcome.

Materials and methods: A total of 60 completely edentulous male patients were initially
included in this investigation: 50 from three previously published studies and simultaneously
participating in this study in addition to 10 new subjects. 53 participants concluded the study.
All subjects received new conventional complete dentures. After 2 months adaptation period,
patients allocation was carried out into 3 groups based on the type of implant retained mandibular
overdenture that will be constructed: Group (1) single symphyseal implants with locator
attachments; Group (2) two interforaminal freestanding implants with locator attachments; Group
(3) two splinted interforaminal implants with bar-clip attachments. A capacitive sensor was used to
evaluate unilateral MBF. Sieve method was implemented for ME assessment. PS was evaluated in
7 functions using visual analogue scale. MBF and ME were assessed 2 months after conventional
complete dentures insertion (baseline); and then at 6months, lyear and 2 years after implant
functional loading. PS was monitored at baseline and 24 months after implant loading. Level of
statistical significance was set at p < 0.05.

Results: All subjects reported a significant improvement in MBF, ME and most of PS variables
when implants were used in comparison to the baseline status with conventional dentures. No
significant differences were observed between MBF and ME findings among the three groups after
implant placement. PS function of maintaining hygiene showed less favourable outcomes in group 3.

Conclusions: Mandibular implant retained overdentures in contrast to complete dentures
improved maximum bite force, masticatory efficiency and patient satisfaction. Outcomes with one
and two splinted and unsplinted implants were comparable. Bars, however, complicated hygiene.

*  Associate Professor, Oral and Maxillofacial Prosthodontics Dept., Faculty of Dentistry, King Abdulaziz University,
Jeddah, Saudi Arabia; Department of Removable Prosthodontics, Faculty of Dentistry, Minia University.
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INTRODUCTION

Management of complete edentulism is one of
the challenges in dentistry. Higher life expectancy
has resulted in an increase in the overall number of
completely edentulous patients despite improved
methods of of caries control and tooth preservation.
Tooth loss is even more among individuals with
low income !'. Edentulism affects oral and general
health, has a negative impact on the overall
quality of life, and can thus be regarded as a
handicap®. Conventional complete dentures have
limitations, especially in the mandible. Limited
retention and stability, in addition to sensitivity or
pain of the mucoperiosteum covering the residual
ridges, compromised bite force and consequently
masticatory efficiency are among the commonly
reported shortcomings®?.

Introduction of dental implants has greatly

improved treatment outcomes of complete
edentulism. There is an emerging consensus, based
on biological success and psychosocial satisfaction,
that two implants retained mandibular overdentures
opposed by maxillary complete dentures should
be the standard of care for completetly edentulous
patients®. Enhanced denture stability, masticatory
function, patient satisfaction and quality of life are
among the advantages®’$¥. A number of studies’’
have shown that patient satisfaction is equally
high with fixed or removable implant prosthesis.
Higher degree of prosthesis stability resulted in an

enhancement in neuromuscular response'”.

Recently, there is growing evidence that
single symphyseal implants can efficiently retain
mandibular dentures. This approach decreases
cost obstacles and has additional potential surgical
advantages over the standard two implant alternative.
Cost is one of the major concerns in implant
treatment. It has been estimated that only one in
one thousand partially or completely edentulous
individuals worldwide can afford to benefit from

this treatment. Midline implant placement simplifies
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imaging, flap design, avoids the mental foramen,
the inferior alveolar nerve and its branches'"'.

Reviewing the dental literature revealed the
limited number of published research that objectively
and subjectively compared between one and two
implant retained mandibular overdentures'*">. The
aim of this study was thus to evaluate the effect
of one versus two implants retained mandibular
overdentures on maximum bite force, masticatory
efficiency and patient satisfaction in completely
edentulous patients.

MATERIALS AND METHODS

A total of 60 completely edentulous male
patients were initially included in this investigation:

16-18 and

50 from three previously published studies
were simultaneously participating in this study in
addition to 10 new subjects. The additional cases
were enrolled to have near equal group sizes for
meaningful statistical analyses. The age ranged from
49-64 with a mean age of 56. Patients were selected
from the outpatient’s clinic of Minia University and
from the author’s private clinic. The study protocol
and procedures were in accordance with the ethical
guidelines of the university. The study took place in

the extended period from 2010-2015.

The procedures followed for case screening,
recruitment and prostheses construction, have been
described in previous articles'®'®. All subjects were
completely edentulous for a minimum of 2 years and
with conventional complete denture experience of
at least 1 year. Possible alternative treatments were
explicitly explained to all participants. Verbal and
written material explaining the different phases of
the study were submitted. Written approval consents
were signed as a pre-requisite for enrollment.

Patients were asked to respond to both a written
and verbal questionnaire covering their medical
history to rule out any systemic conditions that
can affect the outcome of implant treatment.
Participants were screened to exclude diabetes
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mellitus by examining post-prandial blood glucose.
None of the enrolled subjects received radiotherapy
in the head and neck region. Receiving bisphonates
for osteoporosis was an exclusion criterion. 49 of
the selected subjects were non-smokers and 11
smoked less than 10 cigarettes a day. Radiographic
panaromic screening assessment was carried out
to insure that there is enough inter-foraminal bone
height to accommodate 13 mm implants. Level of
residual ridge resorption (RRR) in the posterior
section of the denture bearing area was assessed by
comparing bone height with the level of the mental
foraminae'*. Cases with more than moderate RRR
were excluded.

Residual ridges showed no excessive undercuts
and had no redundant mucoperiosteum. All
included subjects did not suffer from xerostomia.
Their medical history was checked to ensure
that participants did not receive medications that
compromise salivary flow. The mechanically
stimulated salivary flow was determined by a
standardized method by instructing the patient to
chew on a piece of tasteless parafilm'. Patients
were requested to expectorate in a pre-weighted
container at 30 seconds intervals over a period of
5 minutes. Salivary flow was calculated in terms of
ml.min'. All subjects were non-bruxers, had no
temporomandibular problems, had Angle class I
jaw relationship and adequate inter-arch space to
accommodate the attachments for the mandibular

implant-retained overdentures.

New maxillary and mandibular complete
dentures were constructed for all patients. The
technique of new conventional complete denture
construction was described in previously published
articles''®. Patients were instructed to return for
periodic recalls after denture delivery to eliminate
any post-insertion problems. Clinical remounts

were carried out at these check-up appointments.

After two months of regular conventional
complete denture use, patients were recalled for
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implant placement. Participants were allocated
using computer based randomization into 3 groups
based on the type of implant retained mandibular
overdenture that will be constructed: Group (1)
single symphyseal implants with locator attachments
(24 participants); Group (2) 2 interforaminal
freestanding implants with locator attachments (16
participants); Group (3) 2 splinted interforaminal
implants with bar-clip attachments (20 participants)
(Fig.1). Baseline statistical analyses of potential
confounding variables including bone height as
revealed in radiographic assessment, age and
quality of previous denture experience were carried
out with no statistical differences between the three
groups.

The mandibular denture was then duplicated
in clear acrylic resin mixed with barium sulphate
radio-opaque material. The duplicate served as
a radiographic template. Cone beam was used
to assess in 3D bone availability at the suggested
implant sites both quantitatively and qualitatively.
Exact implant osteotomy sites were determined
and the template was then altered to function as a
surgical stent.

Implants with rough surface, dual-acid etched
using hydrochloric and sulfuric acids, were used in
this study (Osseotite XP Certain, Biomet 3i, Palm
Beach Gardens, FL, USA). A standardized surgical
procedure was implemented for all investigated
groups. Details of the surgical technique were
It is worth
mentioning that the selection of the final drill size

mentioned in previous articles!'®'3,

was based on bone quality. In type 1 bone, the
final drill size was 3.25 mm, in type 2 bone 3.0
mm, and in type 3 bone a 2.75-mm final drill was
used®. None of the included subjects were type 4.
Implant surgery drill sequence was followed with
extreme care to avoid penetration of the lingual or
inferior cortex '*. A countersinking technique was
utilized in order for the implant to engage as much

cortical crestal bone as possible?. Primary implant
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stability was controlled by quantifying implant
insertion torque. Insertion torque was measured
with a drill unit (Osseocare™ Nobel Biocare AB,
Goteborg, Sweden). A minimum insertion torque of
45 Ncm before the final seating of the implant was
an inclusion pre-requisite for cases that will receive
single symphyseal implants and 35 Ncm for cases
that will receive 2 implants.

Prosthetic phase

Most of implants were immediately loaded
within 48 hours from implant placement. A
group of single symphyseal implants were loaded
according to a conventional protocol after 4 months
of implant placement because these subjects were
simultaneously participating in a study comparing
different loading regimens '®. To avoid any possible
consequences of the differences in loading protocols
on the outcome of the study at hand, post implant
placement objective assessement of MBF and
ME was first carried out after 6 months after full
functional loading of successfully osseointregrated
implants. PS as a patient based outcome was even
assessed 24 months after full functional loading.

Details of the prosthetic technique for both
locators and bars were discussed in previous
articles'*!®. For groups 1 and 2, proper locator
abutment collar height (Zest Anchors LLC,
Escondido, CA, USA) was selected for each
implant after measuring the soft tissue thickness. To
avoid soft tissue complications, a collar height of at
least 2 mm above the mucosa was used?' 2 (Fig. 1).
Locator abutments were torqued into the implants
at 20Ncm, using a torque device. The interfaces
were radiographed to verify complete seating of
the abutments on the implants. A direct chair side
pick up technique was implemented. Any necessary
occlusal or tissue adjustments were made.

The prosthetic protocol for the freestanding
implants using locator attachments of group II
was similar to that of single implants with locator
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attachments of group I. Parallelism of implants
was found to be acceptable and thus regular locator
matrices were used.

of the
conventionally loaded group were protected with

Implants with locator attachments
cover screws, flap sutured and left for uninterrupted
healing and osseointegration for 4 months. The
intaglio surface of the mandibular denture was
generously relieved, and tissue conditioner
(Viscogel, DeTrey, Konstanz, Germany) applied.
Instructions similar to those given in the immediately
loaded group were given to the patients. At the time
of second surgery, the implant was exposed using
tissue punch. Prosthetic procedure was then carried

out similar to that of the first group.

Fig. (1) 6 months after full functional implant loading. Group

I: Single symphyseal implant with locator attachment;
Group II: Two interforaminal freestanding implants
with locator attachments; Group III: Two interforaminal
splinted implants with bar-clip attachments.
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For group 3, proper standard abutment collar
height for each implant of the bar group was
selected and threaded into place. Abutment implant
interface were radiographed to verify complete
seating. Standard abutment screws were torqued
into the implants at 20Ncm. At this stage the flap
was repositioned and sutured. Sterile standard
abutment pick-up impression copings were placed
onto the abutments. Impression copings were then
splinted. Custom impression trays were used for the
pick-up impression technique. Round Ackerman
bar (Artiglio, Parma, Italy) was then fabricated
and configured parallel to the terminal hinge axis
(Fig 1). Passive seating of bar on abutments was
verified. If a fit discrepancy was found, the bar was
cut and indexed intraorally for soldering. Adequate
clearance between the bar and the residual ridge
was checked to allow hygiene aids to access that
area efficiently. The bar clip was picked up with
self curing acrylic resin as recommended by the
manufacturer.

Patients were instructed never to sleep with
the prosthesis. They were supplied with oral
hygiene aids. The importance of plaque control
was emphasized. Participants were informed,
both verbally and in written consent forms, that
negligence in maintaining oral hygiene or adhering
to the follow up will result in exclusion from the
study. Regular use of the removable prosthesis in
all phases of the study was a prerequisite for the

participant to continue in this investigation.

A regular clinical examination was carried out
on monthly basis for implant retained prosthetic
rehabilitations. Patients who had further complaints
were instructed to schedule an appointment whenever
needed. Prosthesis tissue adaptation, occlusion and
the condition of the retentive mechanisms were
monitored. At each session, patients were asked to
bite maximally and any areas of pain or discomfort
were corrected. The fitting surfaces of the maxillary
and mandibular dentures were checked with pressure
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indicating paste. Relining was carried out whenever
needed. Occlusion was corrected using articulating
paper for minor corrections. Clinical remounts
were conducted when more reliable assessments
and corrections were needed. Abutment screws
were tightened to the torques recommended by the
manufacturer. Retention mechanisms of implant
retained overdentures were checked to examine its
efficiency and any patient complaint in this respect
was addressed.

MBF, ME and PS assessment

Capacitive sensor was used to assess unilateral
MBF. Sieve method was implemented for ME. PS
was evaluated in 7 functions using visual analogue
scale (VAS). The objective variables (MBF and
ME) were assessed with the conventional complete
dentures at baseline directly before implant
placement surgery; and then at 6months, 12 and 24
months after implant full functional loading. PS was
monitored at baseline and 24 months after implant

loading.

The iLoad Mini miniature load cell kit (Loadstar
Sensors, Fremont, CA, USA.) was used to measure
the maximum bite force. The kit included a load cell
with a rounded dome on top and with a flat bottom
adapter, a DQ1000U frequency to USB interface
that converts the frequency output from mini load
cell into USB output and LV100 loadVUE load cell
display software which displays, logs and plots the
data on a PC in real time. The assembly is fully
calibrated in compression mode. This type of load
cells has the advantages of using capacitive sensing
techniques. It offers high sensitivity in small sized
rugged tough packages that can withstand much
higher loads than a similar electric resistor sensor,
that implements resistance strain gauge technology.
The noise levels are reduced. The improved signal
to noise ratio results in a signal of better quality.
This reduction allows to pack more features
into the sensors — in the form of built in digital
communication modules with USB/WiFi/XBee



(334) E.DJ. Vol. 62, No. 1

Wireless/Serial protocols, algorithms to convert raw
signals into readily usable calibrated data and easy
to use ASCII command set to access the finished
data® .

Vertical MBF was measured between the first
molars on each side. The bite force transducer was
covered with a layer of polyvinyl siloxane dental
impression material (Exafast, GC, IL, USA). The
PVS layer fitted the profile of each subject’s teeth
and guaranteed a reproducible position of the load
cell at the different measurement sessions. A cube
shaped PVS block with imprints of teeth of the
other side was placed during MBF measurements
to achieve occlusal stability. As recommended
by the manufacturer, the load cell was allowed to
warm by connecting it to the power supply for at
least 30 minutes before the measurement procedure.
The sensor was then connected to PC through
USB cable. The patient was seated in an upright
position. Each measurement was repeated 3 times.
The highest values for each side were recorded. The
average for the right and left sides for each patient
were calculated. A relaxation period of 10 minutes
was given to obtain reliable MBF values**.

ME was evaluated using filtered food remnant
weight sieving method**’. Dried peanuts were
weighted and packed in sealed plastic bags 2.0 g
each. Participants were directed to chew the pre-
packed 2.0 gof peanuts in 30 s and then to expectorate
the bolus in a dry container. The collected material
was sieved through a filter with 2.4 mm diameter
holes. The remnants of the peanuts, that did not pass
through the sieve, were dried in a desiccator set at
60°C for 6h and then weighed. The formula used
to determine the masticatory efficiency in terms of
a percentage was as follows: Masticatory efficiency
= [(Total weight - Remnant weight)/Total weight] x
100%. This procedure was repeated 3 times for each
test condition and the average was used to represent
the masticatory efficiency.

Enrolled participants were requested to assess
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their conventional complete dentures 2 months
after denture insertion. A second patient satisfaction
assessment was carried out 24 months after implant
loading of the implant retained overdentures. A
100 mm Visual Analogue Scale (VAS) was used to
rate the prostheses. Descriptors were anchored at
each end of VAS, zero corresponds to “completely
dissatisfied”, and the 100 mm opposite end
represents “completely satisfied”. Patients were
instructed to rate the following variables: comfort,
esthetics, ability to speak, stability, ease of chewing,
hygiene maintenance and overall satisfaction.

All subjects were instructed to complete a socio-
demographic questionnaire including: age, gender,
marital status, educational level and occupation.
Statistical analyses were carried out to ensure that
these potential confounding variables did not affect
participants’ PS scores.

Statistical analyses

Statistical analyses for the obtained results
were conducted with SPSS (Statistical Package
for Social Sciences) (Version 15.0 for Windows,
SPSS). Relevance of data to normal distribution was
analyzed using Kolmogorov — Simrnov test. Data
were displayed as means and standard deviations.
ANOVA inferential statistical test followed by post
hoc Duncan multiple range test was implemented
for the normally distributed MBF and ME results.
Non-parametric Kruskal Wallis succeeded by Dunn
post hoc test were carried out for patient satisfaction
VAS scores as their distribution did not conform to a
normal distribution. The relationship between MBF
and ME was assessed by Spearman rho correlation.
Significance level for statistical analyses was set at
p<0.05.

RESULTS

53 of the initially 60 enrolled participants
concluded the study. 21 from the 24 participants
of group I participated in the full duration of the
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study. One case did not show up, and another was
excluded because of poor hygiene maintenance and
consequent implant failure. A case did not achieve
the needed 45 Ncm insertion torque, and was shifted
to another treatment modality. All 16 subjects of
group II concluded the study. In group III, 16 out
of the 20 subjects were available for the 24 months
period of the study. Contact was lost with one
participant, another case showed poor adherence
to oral hygiene regulations and was thus excluded.
2 other cases did not achieve the needed 35 Ncm
insertion torque pre-requisite and were managed by
a different approach.

MBF results showed a significant increase after
implant loading as values were nearly doubled in
comparison to readings obtained with conventional
complete dentures. The differences between MBF af-
ter 6, 12 and 24 months of implant loading were in-
significant. Comparisons between different implant
groups were also insignificant (Table 1, Fig. 2).

TABLE (1) Maximum bite force in Newtons before
and after implant placement.
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Fig. (2) Maximum bite force in Newtons before and after
implant placement. (m=month; gp=group).

retained overdentures in contrast to conventional
complete dentures. The achieved improvement
was stable after implant loading with no significant
differences between values recorded after 6, 12,
24 months thereafter. Differences between implant
groups were insignificant. The data dispersion as
expressed in terms of standard deviation was around
quarter to third of the mean (Table 2, Fig. 3).

Table (2) Masticatory efficiency before and after

Maximum Bite Force in Newton (Mean + SD) implant placement.
Before After implant placement
Group implant Masticatory efficiency % (Mean + SD)
placement
Before After implant placement
Baseline 6m 12m 24m Group implant
I(n=21) | 72+29° |138+51" 141 £49" 140 + 38" placement
(n=16) | 79+32* |130+44"| 145 +54"| 136+ 29" Baseline 6m 12m 24m
III(n= 16) 68 £21* 142 +59° | 139 + 61" | 144 + 40" I (n=21) 47 + 122 6717 | 66+ 15° | 67 £15°
m = month; n=sample size; Values with dissimilar letters II(n= 16) 42 £ 16° 64+ 12° | 6719 | 66+17°
in rows (within groups) show significant statistical
differences. Differences in columns (between groups) I(n=16) | 45+ 14+ 68 +£18° | 65+14° | 69+ 18°

were statistically insignificant. (p<0.05).

ME was expressed as percentage of comminuted
food particles that passed through the sieve holes.
Significant improvement was observed with implant

m = month; n=sample size; Values with dissimilar
letters in rows (within groups) show significant statistical

differences. Differences in columns (between groups)

were statistically insignificant. (p<0.05)
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Fig. (3) Masticatory efficiency before and after implant

placement. (m=month; gp=group).

Differences in salivary flow between the three
groups were statistically insignificant. Salivary flow
was expressed in terms of mL.min" (Group I = 2.95
+ 0.84; Group II = 3.19 = 0.98; Group III = 2.79
+ 0.59). Salivary flow plays an important role in
ME. This factor was thus excluded as a potential
confounding variable as there were no significant

differences between the three groups.

Analysis of the relationship between MBF and
ME implementing Spearman coefficient revealed a
significant correlation (p<0.05).
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Patient satisfaction VAS scores improved in
4 of the 7 assessed variables when comparing the
conventional complete denture with the implant
A highly
(p<0.001)  was

stability, ease of chewing and overall satisfaction.

retained overdentures. significant

improvement observed in
Enhancement in comfort was significant (p<0.05).
Changes in ability to speak and in esthetics were
insignificant. In the implant groups with the
exception of group III with the bars, changes in
hygiene maintenance were insignificant. Some
patients in the bar group reported difficulties in
maintaining hygiene underneath the attachment and
were thus less satisfied. Most of the VAS scores in the
three implant groups, when compared against each
other, were statistically insignificant. An exception
is hygiene maintenance variable in group III that
was less satisfactory in comparison to the other
configurations (Table 3). Potential confounding
variables including: age, marital status, educational
level and occupation were statistical insignificant
between the three study groups. The reported
results of this study could thus be contributed to the
prosthetic variables.

TABLE (3) Patient satisfaction VAS scores before and after implant placement.

Patient satisfaction VAS scores (Mean = SD)
Variable Conventional Complete Dentures (Baseline) 24 months after implant placement

Group I Group II Group III Group [ Group II Group III
Comfort 64 £ 15 61+12 59+ 12 82+£26% 88 +24 * 85+£20%*
Esthetics 88 £20 84 £22 89 +24 90 + 31 94 +29 82+22
Ability to speak 85+19 8120 88 £21 89 +27 92+32 91 +29
Stability 61+ 14 65+ 16 64+ 16 88 £ 21 ** 90 + 28 ** 92 + 34 **
Ease of chewing 64+ 16 62+ 19 59+ 18 84 +£125 ** 88 +£ 29 ** 91 £31 **
Hygiene maintenance 88 +24 92 +28 90 + 27 86 +28 89 £31 81 +20*
Overall satisfaction 61 +11 64 +15 60 + 14 88 +26 ** 91 + 34 ** 92 + 32 **

VAS= Visual Analogue Scale; *= statistically significant differences between values in the same row at p<0.05; **= high

statistically significant differences between values in the same row at p<0.001.
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DISCUSSION

In this study, MBF and ME were used to
objectively assess the functional state of the
masticatory system. Fontijn-Tekamp et al.’ and
Hatch et al.”*have reported the large influence of bite
force on masticatory performance in subjects with
conventional complete dentures, overdentures as
well as natural dentition. It was concluded that bite
force explains over 60% of variance in masticatory
performance. In the study at hand a significant
correlation was found between MBF and ME.

Reviewing the dental literature revealed that
a number of variables were reported to affect
MBEF including: occlusal factors® , factors related
to dental implant  treatment’',
(TMDs)*

neuromuscular disease™. All subjects included in

30
prostheses™,

temporomandibular  disorders and
this study were free of TMDs and neuromuscular
disease to exclude the adverse effects of such factors

on the study outcomes.

When comparing and contrasting studies
assessing MBF itis important to critically analyze the
methodology of the recording technique®. Important
factors include location of MBF measurement within
the dental arch (incisors, premolars or molars)***,
number of teeth included®, dimensions of the bite
force transducer (thin pressure-sensitive sheet
versus bite transducer)®’?%. In the study at hand the
same calibrated transducer was used throughout the
study. A customized layer of impression on surfaces
of the transducer contacting the occlusal surfaces
of teeth was used to ensure that the transducer was
positioned in the same location for each patient
at the different experimental conditions. This
technique has been implemented by van Kampen
et al.*’ and van der Bilt et al.*. Another significant
variable is whether the measurement was conducted
unilaterally or bilaterally*. Bilaterally measured
MBF was reported to be 30%—40% larger than
the unilaterally measurements*’. The values of
unilateral MBL in the study at hand are comparable

(337)

to those reported by other studies measuring MBL
unilaterally**** and nearly 30-40% less than studies
measuring MBF bilaterally*'.

A number of studies have also outlined the effect
of gender on MBF with males showing significantly
higher values 26840 In this study, all participants
were males, so gender as a confounding variable
was excluded.

In our study with the relatively limited sample
size, effect of age on the assessed parameters
was insignificant. Similar results were reported
by Bilhan et al.*> and Geckili et al.>**. A number
of studies reported a decrease of MBF with
age 2834384143 The correlation coefficient was small
but still significant. It was thus reported that age can
explain less than 10% of the variance of bite force.
A study”® considered that age has an indirect effect
on bite force which was caused by decrease in the
occlusal units. In the study at hand, the number of
occluding units was constant, thus this might have
minimized the effect of age.

Inadequate retention and stability of conventional
complete dentures resultinreduced bite forces, which
consequently compromise chewing performance *.
In the study at hand, MBF with complete dentures
wee nearly half that of patients with implant
retained overdentures irrespective of the number of
implants. Reviewing the dental literature revealed
that unilateral MBF in complete denture wearers
ranged from 77to 135N. The reduced MBF in
complete denture wearers may be even less than
that needed to penetrate some varieties of natural
foods as boiled meat (80N), raw carrots (118N)
and rye bread (167N)*. Values reported for dentate
individuals ranged from 306 to 847 34  Patient
with mandibular implant retained overdentures had
a MBF 60 — 200 % higher than their counterparts
with conventional complete dentures?*-1334245,
Similar finding is reported in the study at hand.
Bakke et al.*® followed up a group of patients for
5 years and reported an average increase of MBF
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from 116 N with conventional complete dentures
to 200N just 3 months after implementing implants
to retain the mandibular overdentures and the MBF
was still high to reach 193 after 5 years. Comparable
findings were reported by by van der Bilt et al.*,
who reported an unaltered significant increase in
MBEF for 10 years after implant placement. It could
thus be concluded that implant treatment resulted in
an improvement in biting force and consequently
masticatory efficiency that lasted for a relatively
long time.

In the current study, the number of implants
being one or two, and the type of attachment
being locator or bar, had an insignificant effect on
MBEF. The studies that evaluated the influence of
implant number and overdenture attachment type
on MBF are limited. These support the assumption
that implant number and attachment type do not
evoke major differences® #4748, Fontijn-Tekamp et
al® found no differences in MBF between mainly
implant borne trans-mandibular implants and
mucosa implant borne overdentures with two IMZ
root form implants. Van Kampen et al.?!in a cross
sectional study reported no significant difference
in MBF between two implant retained mandibular
overdentures with bar or ball attachments. They
found significantly higher values for ball attachments
when compared to magnets. The increase, however,
was only 36 N, which was considered to be limited.
Bilhan et al.** compared MBF in mandibular implant
overdentures with the following configurations:
two implants with locators, two implants with
balls, three implants with balls, three implants with
bars and four implants with bars. They reported
insignificant differences in MBF between these
groups despite the variations in implant numbers
and attachments type. Van der Bilt et al.* compared
MBEF values for ball and bar retained two implant
retained mandibular overdentures and reported
comparable MBF values and was irrespective of
attachment system. The latter study extended for a
10 year follow up period. A possible interpretation
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of the insignificant effect of implant number and
attachment type is that the maxillary edentulous
ridge was rehabilitated with a conventional complete
denture without attachments. The retention and
stability of the maxillary prosthesis could thus be
considered compromised. When patients clench,
dislodging of the maxillary denture and possibly
pain may be evoked. It is logical to assume that
sensitivity or pain of the mucoperiosteum covering
the residual ridges limits the MBF in completely
edentulous subjects®.

Studies
implemented both

that assessed masticatory function

objective and subjective
methodologies. Objective masticatory function also
termed masticatory performance hasbeenobjectively
and quantitatively evaluated by determining an
individual’s capacity to grind, fragment, pulverize
and mix a test food after a fixed number of chewing
cycles and time. Subjective assessment is conducted
by asking patients questions concerning chewing

food*.

A diversity of methods has been used to
objectively evaluate masticatory performance. In
the study at hand, and in the majority of chewing
performance studies, the comminuted food was
sieved to determine the degree of food breakdown.
Patients were instructed to chew pre-weighed
fixed amounts of peanuts for 30 seconds. A similar
methodology has been implemented by Cheng et
al.>*?7 Other studies used synthetic material to avoid
possible variations in consistency due to seasonal
and geographical variations®. It was however
preferred to use a natural product purchased from
a single supplier and stored at constant temperature
and humidity in closed packages. The advantage
was that participants were accustomed with that
normally consumed product. It is worth mentioning
that among healthy individuals, data dispersion
expressed in terms of standard deviation was
reported to be relatively high. This finding was
attributed to large individual variations®®~°. Hatch et
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al.reported the standard deviation to be nearly half
the value of the mean in a group of more than 600
dentate subjects after 20 chewing strokes on peanuts.
In our study with a relatively homogenous sample,
the standard deviation ranged between quarter and
third of the mean. Other methods have also been
used to evaluate masticatory performance including
colour changes in test food usually chewing gum®,
sugar loss from chewing gum™, release of dye when
chewing raw carrots using a colorimeteric method™,
quantification of colour changes by photometric
methods®, and by optical scanning of chewed
particles®. Another widely used methodology is the
evaluation of the ability to mix and knead a food
bolus. Test food commonly used are two coloured
chewing gums® and paraffin wax®’. The degree of
colour mixing was quantified by optical methods™’,
by visual inspection® or by both approaches®.
Speksnijder et al.”’ reported a highly significant
correlation between outcomes of the comminution
and the mixing ability tests and recommended the
latter test in cases with compromised masticatory
performance.

Sufficient salivary flow is crucial for efficient
chewing. Studies®* reported that the number of
strokes needed prior to swallowing is inversely
proportional to salivary flow. The dryer and tougher
the food, the more is the need for incorporating
saliva to moisten the food bolus and to create a
more coherent mass that could be easily swallowed.
In the study at hand the amount of salivary flow was
among the inclusion criteria. All included subjects
had values of salivary flow comparable to that of
healthy subjects'.

Anumber of studies reported that loss of posterior
teeth® and wearofinefficientconventionalremovable
prostheses®* 4% results in reduced masticatory
performance. On the other hand, implant supported
and retained prostheses significantly improved
masticatory function in edentulous patients®?!#81,

In the study at hand, masticatory efficiency was

(339)

higher in implant retained overdentures than in
conventional complete dentures. This finding was
irrespective of implant number or attachment type.
The improved masticatory efficiency reflected in the
smaller particle size observed in the implemented
sieve method. This finding concurs with a number
of other studies #7626 Complete denture wearers
especially in cases with compromised retention
and stability reported have complaints related to
masticatory performance*. Studies that compared
the number of chewing strokes needed to pulverize
food to the same degree as that of dentate subjects
reported a number between four times?, six times®
and even as high as eight times more® . Complete
denture wearers compensate by chewing longer
and swallowing coarser food particles*.Implant
attachments improve denture stability, reduce pain
and enable patients to exert higher biting forces
and consequently improve masticatory function®®.
Van Kampen et al.*’ reported that implant retained
overdentures resulted in a decrease in the number of
chewing cycles needed to halve the test particle size
with 47 — 25 cycles. Heckmann et al.*® investigated
the effect of implant retained overdentures on
chewing function using methodologies different
than that used in the study at hand, and found
that variables including: jaw muscle activity,
kinesographic parameters (vertical opening, frontal
extension and closing velocity) showed values close
to that of dentate subjects.

In the study at hand, both the number of implants
being one or two, and type of attachment being
locator or bar, had an insignificant effect on ME. A
similar trend was reported by Geertman et al.®', who
found out an insignificant difference in ME between
mandibular overdentures retained by two permucosal
implants and those with transmandibular implants
and quadrilateral cantilevered bars. They suggested
that improved retention and stability rather than
support might play a crucial role in determining
the wearer’s ability to comminute food. Similarly
Tang et al.* found out that the number of implants
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retaining and supporting mandibular overdentures
whether two or four implants did not influence
ME. Van Kampen et al.*’ compared conventional
complete dentures to two implant mandibular
overdentures with balls, bars and magnets. The
improvement in ME in edentulous subjects between
conventional complete dentures and two implant
retained mandibular overdentures with balls, bars
and magnets was significant. ME with ball and bar
attachments were slightly better than that observed
with magnets. In a 10 year follow up study, van
der Bilt* followed up a number of patients with
two implant retained overdentures with ball and
bar attachments. ME was measured by instructing
participants to chew on cubes of dental impression.
The degree of fragmentation of the chewed
material was evaluated by sieving. Furthermore,
the number of chewing cycles needed to halve the
initial particle size was determined. They reported
a significant improvement in ME when comparing
conventional complete dentures to implant retained
overdentures, but insignificant differences in all
parameters between ball and bar retained implant
retained overdentures. On the other hand, Elsyad
et al%reported increased ME of overdentures
supported by four implants when compared to two
implant designs with either ball or bar attachments.
Mixing ability of two coloured chewing gums was
their implemented methodology. They attributed
the results to the possible eating preference of the
patients included in their study using posterior
occlusion as an eating habit.

A number of factors were reported in the dental
literature as potential confounding variables that
might affect patient satisfaction assessments.

These factors include: age, gender, marital
status, educational level and occupation'. These
variables were identified in socio-demographic
questionnaire that participants were instructed to
answer. All included subjects were males. Groups
were matched as regards the remaining potential

confounding variables. Statistical analyses were
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carried out to ensure that these variables did not
affect participants’ scores.

Participants in the study at hand assessed their
conventional complete dentures two months after
denture insertion. It has been reported that this period
is adequate for patients adaptation to give stable
responses to patient satisfaction questionnaires®. The
construct and content validity of the questionnaire
implemented in this study has been established in
previous studies®®. High test re-test reliability has
been reported®. Tang et al.*” has shown that general
satisfaction is sensitive enough to reveal small
differences between different prosthetic designs
implementing implants. General satisfaction was
thus used in this study as the primary outcome
assessing patient satisfaction. Awad and Feine®
reported that comfort, stability, ease of chewing,
ability to speak and esthetics were the variables that
explained 89% of the variation in ratings of general
satisfaction. These variables were defined as crucial

by edentulous patients and by prosthodontists*¢®.

Patient satisfaction improved significantly
in most of the assessed variables after implant
placement in comparison to the baseline evaluation
with the conventional complete dentures. Esthetics
and ability to speak did not improve significantly
with the implant placement. Similar findings have
been reported in other studies®®. This finding might
be attributed to the fact the conventional dentures had
enough retention and stability to provide satisfactory
phonetics and esthetics. On the other hand, patients
with bar retained implant overdentures reported a
negative impact on hygiene maintenance. These
findings concur with those reported by Naert et
al.”’. In their study, mucositis and hyperplasia were
more often in bar in comparison to magnet and ball

groups.

The differences between the implant retained
groups were insignificant with the exception of
oral hygiene. Patients with bar retained implant
overdentures reported less level of satisfaction
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with hygiene maintenance. A number of studies'*'?
similarly reported high level of satisfaction with both
single symphyseal and two interforaminalimplants
retaining mandibular overdentures opposed by
maxillary complete dentures. Kronstrom et al.'s
in a randomized study reported comparable patient
satisfaction findings with immediately loaded
mandibular overdentures retained with single
symphyseal or two interforaminal implants. Cases
were followed up for three years. The questionnaire
covered patient evaluation of oral function, chewing
ability and denture related fit/pain problems or
discomfort. Impact of the prosthesis on quality of
life issues including being upset, embarrassed and
finding life less satisfactory was also evaluated.
Patient satisfaction scores were high after implant
loading with no significant differences between
the two implant groups. Walton el al.'"* reported
results in accordance with the previous studies. In a
randomized trial, patient satisfaction and prosthetic
outcomes of mandibular overdentures retained by
one or two implants were compared. They reported
a remarkable improvement in patient satisfaction
with no significant differences between participants
with respect to the number of implants.

CONCLUSIONS

Implant retained mandibular overdentures
opposed by maxillary complete dentures in contrast
to conventional complete dentures significantly
improved maximum bite force and masticatory
efficiency in addition to patient satisfaction.
Single symphyseal retained overdentures were
comparable to the two implant variety. Locator and
bar attachments had comparable outcomes with the

exception of hygiene difficulties in the bar group.
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