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CHEWING EFFICIENCY WITH DIFFERENT TYPES OF BAR JOINT
USED TO RETAIN MANDIBULAR IMPLANT OVERDENTURES.
A CROSS OVER STUDY

Mostafa A.Y. Hammas®

ABSTRACT

Objectiv: This article aimed to evaluate, within patient, the chewing efficiency with different
types of bar joint used to retain mandibular implant overdentures .

Materials and methods: ten (5 males and 5 females) completely edentulous patients (mean
age is 59 years old) received maxillary and mandibular conventional dentures (control group, GI).
After, 3 months of adaptation, 2 implants were inserted in the mandibular canine areas. In a quasi-
random method, implants were connected with either Dolder (group II, GII) or Hader (Group III,
GIII) bars and patient received mandibular implant overdentues. Chewing efficiency was measured
using a 2-colored chewing gum after 5, 10, 20, 30 and 50 chewing cycles. Measurements were
made 3 months after wearing the following prostheses; new conventional dentures, Dolder bar/
implant retained overdentures and Hader bar/implant retained overdentures.

Results: Regardless the number of chewing strokes, GI recorded the highest UF and GIII
recorded the lowest UF. GI recorded the significant higher UF compared to GII and GIII. GIII
showed significant higher UF than GII. Regardless the group, 5 strokes recorded the highest UF and
50 strokes showed the lowest UF.

Conclusion: within limitations of this cross-over study, bar/implant retained overdentures
are associated with improved chewing efficiency compared to conventional dentures. Dolder bar
used to retain mandibular implant overdentures showed significant increase in chewing efficiency

compared to Hader bar.

KEYWORDS: chewing efficiency, bar joint, mandibular overdentures Dolder bar, Hader bar.

INTRODUCTION changes. Functional problems associated with

oral function with both aesthetic and psychological — diminished chewingefficiency are widely reported®.
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Overdentures in the mandible supported by two
implants placed in the interforaminal region have
been well documented in clinical investigations and
have been suggested as standard treatment for the
edentulous patient®. Such prosthesis is an attractive
treatment because of its relative simplicity, minimal
invasiveness, and economy®. Furthermore, some
studies*® have shown high success rate for two-
implant-retained mandibular overdenture. Three
basic types of attachments are commonly used:
resilient studs, bar/clip devices, and magnets.”

Bar attachments provide several advantages

such as primary splinting, stress distribution
between implants -especially in immediately loaded
implants-® and horizontal stability in case of
advanced degree of atrophy®. As well as possibility
to be used when implants are angulated'” and
provision for different degrees of rotational and
vertical movement towards the tissue -depending on
the specific cross-sectional shape-'". However, bar
and clip attachments need more restorative space,
are initially more expensive, and are technically
more complex than stud attachments."*'® They also
need a space between the bar and the mucosa to
facilitate oral hygiene of the proximal surfaces of

the implants.!'¥

Bar attachments are classified into two groups:
bar joint and bar unit.’® Bar joint allows some
degree of movements around the bar during
mastication. Frederick and Caputo® stated that;
spaced oval or round bars allow both vertical and
rotational movements. The Dolder bar joint is egg
shaped, a spacer is placed between the bar and the
sleeve, this will allow the sleeve to have vertical
as well as rotations movement around the bar, and
thus become a resilient attachment. At position of
rest the denture rest on the ridges and is completely
tissue born, the sleeve is about 1mm above the
crest of the bar and during function Dolder bar
joint allow vertical translation, frontal and sagittal
rotation'” The Hader bar system is only 3 mm high.
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It has a round superior aspect and an apron toward
the tissue below. It consists of a key hole shaped
male bar resin pattern, Teflon fabricating rider, and
female nylon rider clip.'®

There are two types of bar joint which are single
sleeve bar joint and multiple sleeve bar joint. Dolder
bar joint is an example for single sleeve bar joint.!
Walton and Ruse @ stated that; short sleeves may
be constructed either from metal or plastic types.
Plastic (Hader system) are more easily replaced if
retention has slackened, less expensive, and it may
produce less wear of the metal bar than metal clips.
However, plastic clips cannot be adjusted.

Stabilization of the occlusion by means of
implant supported dentures in the edentulous
jaws has shown considerable improvement of the
masseter muscle activity®” and jaw movements
thus providing improved chewing function and
comfort ?'*¥ compared with conventional complete
dentures. Moreover, implant stabilized overdentures
improve maximum bite force and masticatory
performance, improve patient satisfaction and
minimize pain during chewing ®%2”. A study ¥
reported that; the implant supported overdenture
loses only 10% of chewing efficiency compared
with natural teeth. It may be assumed that an
implant-supported overdenture is no less efficient
than a fixed prosthesis with respect to masticatory
function

Several methods of objective estimation of
masticatory efficiency have been used in previous
studies, including the sizes of chewed particles,
maximum biting force®, mastication time, total
number of masticatory cycles %39 sieving method

and two-colour chewing gum.¢!#?

The improvement of chewing effeciency may
depend on the amount of retention and stability
of the denture and thus on the type of retention
mechanism®*3*, Differenct types of bars provide
varying degrees of retention and stability. Which
may affect masticatory effeciency. Therfore the
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aim of the present study was to evaluate, within
patient, the chewing efficiency with different types
of bar joint used to retain mandibular implant
overdentures.

MATERIALS AND METHODS

Patient enrollment

Ten (5 males and 5 females) patients with
completely edentulous maxillary and mandibular
ridges (mean age is 59 years old) participated in this
study. Subjects were included in this study provided
that they had normal mucosa, adequate inter-ridge
space, class III to class V resorption in the anterior
region of the mandible according to Cawood and
Howell @, and good bone quality (classes 1-3
according to Lekholm and Zarb)“®. All participants
were unsatisfied with their mandibular dentures due
to reduced stability and insufficient retention.

Exclusion criteria include any systemic diseases
that may affect the prognosis of implant treatment
such as diabetes, smoking habit, osteoporosis,
immune deficiency, radiotherapy to the head and
neck region and anticoagulant therapy. The subjects
were provided with sufficient details about the
study out lines and a written informed consent was
obtained from each patient. The study was conducted
according to the ethical guidelines reported in the
Helsinki Declaration for clinical trials.

Surgical and prosthetic procedures

All participants received new maxillary and
mandibular complete dentures (Control group, CD)
constructed according to the conventional denture
fabrication procedures®”. Preliminary impressions
were made and custom autopolymerizd acrylic
resin tray fabricated from the study cast was border
molded and the final impressions were made with
non-eugenol zinc oxide paste (Cavex, Holland and
IRM, Dentsply, USA).Jaw relations were performed.
Semi-anatomic acrylic resin teeth (Vitapan®,Vita

Zahnfabrik, Bad Siackingen, Germany) were
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arranged in bilateral balanced occlusion. The
patients were informed to use the new dentures for 3
months to increase neuro-muscular adaptation, then
the chewing efficiency was measured

Each patient received two interforaminal
implants implants (Zimmer Inc., TSV, Carlsbad,
CA. USA) in the canine region of the mandible
using conventional 2- stage surgical approach by the
same oral and maxillofacial surgeon. After 3 months
osseointegration period, second stage surgery was
performed and healing abutments were connected

to the implants.

Preliminary mandibular impressions were made
and custom autopolymerizd acrylic resin tray
fabricated with holes above the implants. Open tray
impression was made to the lower ridge. The trays
were border molded and secondary impressions
were made using non-eugenol zinc oxide paste.
Excess zinc oxide impression was removed from
the opening of the trays; long transfer impression
copings were screwed in the internal hex of the
implants. Light body rubber base impression
material was injected around the copings wile
applying hand pressure on the distal portions of the
tray. Self-cure acrylic resin was used to pick-up the
transfer coping to the polished surface of the trays.
The copings were unthreaded and implant analogues
were connected to the copings and the impression
was poured in stone. On the resultant cast, bar
abutments were tightened to implant analogues at
25Ncm torque.

In a quasi-random method 5 patients received
Dolder bar-retained implant overdentures (group II,
GII, fig 1) first and after 3 months of adaptation, the
chewing efficiency was measured, then the patients
received Hader bar-retained implant overdentures
(group III, GIII, fig 2). The other 5 patients received
Hader bar-retained implant overdentures first, and
after 3 months of adaptation, the chewing efficiency
was measured, then the patients received Dolder
bar-retained implant overdentures.
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Fig. (1) a; Dolder bar (GII) intra-oral view. b; fitting surface

with Dolder bar-clip

For group 11, titanium caps of bar abutments were
tightened to bar abutments. The Dolder bar (ovoid
cross section, titanium made, Resilient bar rematitan
R, macro, height 3.0 mm, TioLogic, Dentaurum,
Germany) was sectioned and laser welded to the
titanium caps. For group III, the plastic portion of
Hader bar (round cross section, Resilient OT bar
®, height 3.0 mm, RHEIN 83, Italy) was cut and
luted to the plastic portions of bar abutments and
the assembly were casted in cobalt chromium alloy.
For both groups a space of 1.5- 2mm clearance
between the bar and the ridge was provided for oral
hygiene purposes. The bars were tried in for passive

fit intraorally.

The polished and occlusal surfaces of mandibular
existing dentures were replicated using a silicone
mold®®. The mold was repositioned against the final
casts to produce 2 duplicate mandibular dentures of
the same contour. The existing maxillary dentures
were used for all groups. For group II (Doder bar),
a single titanium sleeve (Bar rider and retention
rematitanR) was used. Acrylic resin retention tags
were welded to the sleeve of the bar. For group II,
2 metal riders of plastic clips (medium retention)
were used. Dentures were processed in usual
manners, finished, polished and inserted. Patients
were recalled for adjustments of dentures base
and refining the occlusion by selective grinding in

centric and eccentric positions.

Fig. (2) a; Hader bar (GIII) intra-oral view. b; fitting surface
with Hader bar-clips

Measurement of masticatory efficiency

Masticatory efficiency was measured 3 months
after wearing each of the following prosthesis;
conventional dentures (GI), Dolder bar-implant
(GII) and Hader
overdentures (GIII).

overdentures bar-implant

Measurement of masticatory efficiency was
performed using the 2-colored gum mixing ability
test®!92. Two pieces (30 3 x 18x mm) in size of
Gum of 2 colors; one with the taste ‘mint flavor’
(white color) and the other with the taste ‘Strawberry
Fruit’ (red color) were staked together. The subjects
were informed to masticate 5 samples of gum for 5,
10, 20, 30 and 50 cycles respectively. One minute
intervals were allowed between each chewing
strokes to eliminate muscle fatigue.

The chewed gums were spat and flattened to Imm
thickness in nylon transparent bags. The gums were
then scanned from both sides with a of resolution
600 dots per inch (fig3). The scanned image was
copied into an image of fixed size (1175x925
pixels) and stored in Adobe Photoshop® format
(*.psd). Then the ‘magic wand’ tool (tolerances
20, 25, 30) and “‘histogram” function were used to
select the unmixed orange parts of the image. The
numbers of selected pixels were recorded from the
histogram for each side and mean of those figures
was calculated. Subsequently a ratio was computed
for the Unmixed Fraction (UF) using the following
formula:
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Fig. (3) Colored gum mixed after 5 (a), 10(b), 20 (c), 30 (d), and 50 (e) chewing cycles.

The increased UF means a decrease in chewing
efficiency and vice versa. To assess the reproduc-
ibility of chewing, the subjects were available to

repeat the experiments on a different day.

Statistical analysis:

The assumption of the normality of the collected
data was tested by Shapiro-Wilk test. The data was
parametric and meet the normal distribution. To
compare UF values between groups (conventional
dentures and Dolder bar implant overdentures
and Hader bar implant overdentures) and between
different chewing cycles (5, 10, 20, 30 and 50
cycles), 2 way repeated measures ANOVA was
used by Tukey test for post-hoc test . Statistical

significance was set at .05 for all analyses.

RESULTS:

Descriptive  statistics and comparison of
chewing efficiency (UF) between different groups
and between different number of chewing cycles
is presented in table 1. There was a significant
difference in UF between groups (Repeated
ANOVA, p=.00) and between number of chewing
strockes (Repeated ANOVA, p=.00), and the
interaction between groups and chewing strokes

was also significant (p=.00). Regardless the number

of chewing strokes, there was a significant differece
in UF between each 2 groups with GI recorded
the highest UF and GIII recorded the lowest UF.
GI recorded the significant higher UF compared
to GII and GIII (tukey test, p<.001). GIII showed
significant higher UF than GII (tukey test, p<.001).
Multiple comparison between each 2 groups at
different number of chewing strokes is presented
in table 2. There was no significant difference
in UF between GI and GIII at 5 strokes. Also no
significant difference between GII and GIII at 10
and 20 chewing strokes was detected.

Comparison of different numbers of chewing
strokes is presented in table 1. Regardless the
group, 5 strokes recorded the highest UF and 50
strokes showed the lowest UF(tukey test, p<.001).
Multiple (post hoc comparisons) between chewing
strokes are presented in the same tabe. There was
a singificant differerce between each 2 numbers of
chewing strokes except 5 and 10 chewing strokes
which demonestrated insignificant difference in
between. For GI no significant difference in UF
between 5 and 10 strokes nor between 20 and 30
strokes. For GII, and GIII, no significant difference
in UF between 5 and 10 strokes. All other chewing
strokes demonestrated significant differences in

between.
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TABLE (1) Descriptive statistics and comparison of chewing efficiency (UF) between different groups with
different number of chewing cycles.

Conventional Hader bar-implant Dolder bar-implant | Repeated measures
dentures overdentures overdentures ANOVA
Mean 690280 A 623480 A 617420 A
Median 689800 621300 617100
5 strokes SD 0064577 0048438 0011323 P<001*
Min 6821 6199 6160
Max 6985 6313 6190
Mean 687220 A 617480 A 598540 A
Median 686500 619500 .599900
10 strokes SD 0075860 0038154 0025687 P<.001%*
Min 6777 6112 5948
Max 6987 6202 6010
Mean 672180 B 604600 B 598540 B
Median 672000 .605000 .599900
20 strokes SD 0023167 0040373 0025687 P<.001%*
Min 6699 .6000 5948
Max 6751 .6090 6010
Mean 669800 B 595840 C 570460 C
Median 670000 .595000 .581000
30 strokes SD 0121977 0038214 0254629 P<.001*
Min 6535 5912 5250
Max 6832 .6000 5843
Mean 647960 C 559400 D 521500 D
Median 649900 559500 .520000
50 strokes SD 0067648 0036980 0049122 P<.001%*
Min 6400 5550 5150
Max 6566 5650 5276
Repeated measures
ANOVA P<.001* P<.001* P<.001*

SD; Standard Deviation, Min; minimum, Max; maximum. * p is significant at 5% level. Different letters in the same column
indicated a significant difference between numbers of chewing strokes (post-hoc tukey test, p<.05)
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TABLE (2) mutliple comparison beween differenct
typed of prosthesis (groups). Number in
each cell indicates the p value of tukey
post-hoc test

Conventional- | Conventional- | Dolder bar-
Dolder bar Hader bar Hader Bar
5 strokes <001 * 261 <.001*
10 strokes <.001 * <.001* 324
20 strokes <.001 * <.001* 260
30 strokes <.001 * <.001* <.001*
50 strokes <.001* <.001* <.001*

* p is significant at 5% level

DISCUSSION

Chewing efficiency depends mainly on food
comminutions, therefore it depends on within
patient anatomical factors such as activity and
tonicity of muscles of mastication, jaw relations
and ridge anatomy. Other sociodemographic
data of the patients such as age and gender also
may affect the muscle activity and masticatory
efficiency. Therefore the cross over design used in
this study helped to standardize these factors and
make the measurements of chewing efficiency more
reliable’!. Furthermore, duplication of the occlusal
and polished surface of the conventional dentures
into implant overdentures ensure rapid patient
adaptation and eliminate any prosthetic factors
and may affect the masticatory efficiency. Colored
chewing gum was used to evaluate masticatory
efficiency based on recommendations of several
previous studies®'#2*). The gum has several merits
such as availability, simplicity and cost effectiveness
in comparison to other methods used to evaluate
chewing efficiency. = Moreover, the increased
color mixing indicates higher chewing efficiency
because the color mixing resulted from extraction
and leaching out of the sweetening components. In
addition, the use of chewing gum does not allow
stagnation of food particles under the dentures or
swallowing of these particles and thus may be lost
and not evaluated“”.
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The increased (UF

decreased) with increased numbers of chewing

chewing efficiency
cycles. This was not surprising because it indicates
a higher degree of color mixture, leaching out of
sweetening components and increased mixing
ability of the patients®?. The same result was also
obtained in another within patient-study®? in which
the authors compared chewing efficiency and
electromyographic activity of 3 attachments used
for mandibular implant overdentures.

The increased chewing efficiency with implant
overdentures (regardless the bar type) compared to
conventional dentures agrees with the findings of
many authors ¢**'49 and may be attributed to the
improved stability and retention of conventional
dentures by osseointegrated implants. It is well
known that conventional denture wearers have
impaired masticatory function, including lower
maximum voluntary bite forces and lower levels
of muscular effort during maximum clenching
This could be attributed
to denture instability probably prevents denture

and mastication®*,

wearers from using the full potential of their jaw
muscles, especially during unilateral biting and
chewing®“®. In contrast, full prostheses supported by
osseointegrated implants in edentulous mandibles
has shown considerable improvement in muscular
activity and mandibular movements, mainly
because of their association with a more stabilized
occlusion, satisfaction and comfort of patients®".
Moreover, implant stabilized overdentures, elevate
bite force and chewing performance, improve
patient satisfaction and decrease discomfort during
chewing®@®2? Tnawithin-subject clinical trial, Elsyad
et al®V. found that 2-implant retained overdentures
with either ball or Hader bar attachments showed
a significant increase in chewing efficiency and
electromyographic activity when compared to

conventional dentures.

The increased chewing efficiency with Dolder
(oval) bars was significantly higher than Hader
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(round) bar. This may be attributed to the increased
retention and stability provided by Dolder bar
compared to Hader bar. The Dolder bar is made
of titanium and had a long titanium sleeve which
aid in retention and stability of the overdentures
and as it is less subjected to wear. In line with this
explanation, Saito et.al.” reported that the retention
force titanium Dolder bars with metal clips did not
changes after repeated insertions and removals of
the dentures. They also noted an increase in retention
forces with rounded cobalt chromium and titanium
bars and gold clips after wear simulation. They
recommend the use of round and Dolder bars made
from cobalt chromium and titanium with metal clips
over a long term for 2-implant overdentures because
their retentive force tended to increase.“” on the
other hand plastic clips of Hader bar are subjected
to wear during the 3 months adaptation period.
Therefore, it provides less stability and retention
compared to Dolder bar. In agreement with this
justification, Doukas, et al.“® noted that red and
yellow plastic clips of Hader bars were affected
by wear following 6-month simulated clinical use
compared to ball and magnet attachments. Although
2 clips were used to control lateral movements and
to minimize wear of plastic clips, the stability of
Dolder bar attachment system seems to be better. In
agreement with these observations Savabi, et al.*”
also noted that, the highest average value retention
was recorded for the single or cantilevered Dolder
bar (with one or 3 metal clips) in both the vertical
and posteroanterior directions. On the other, hand
the lowest retention was noted with Hader bar with
Rhein pink caps in the posteroanterior direction.

CONCLUSION

Within limitations of this cross-over study,
bar/implant retained overdentures are associated
with improved chewing efficiency compared to
conventional dentures. Dolder bar used to retain
mandibular implant overdentures showed significant
increase in chewing efficiency compared to Hader

bar.
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