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ABSTRACT

Background: There is evidence for the superiority of two-implant overdentures over complete dentures in the mandible.
Various anchorage devices were used to provide stability to overdentures. The aim of the present study was to compare two
designs of a rigid bar connecting two mandibular implants.

Materials and Methods: Completely edentulous patients received a new denture in the maxilla and an implant-supported
overdenture in the mandible. They were randomly allocated to two groups (A or B) with regard to the bar design. A
standard U-shaped bar (Dolder bar) was used connecting the two implants in a straight line. For comparison, precision
attachments were soldered distal to the bar copings. Group A started the study with the standard bar (S-bar), while group
B started with the attachment-bar (A-bar). After 3 months, they had to answer a questionnaire (visual analogue scale
[VAS]); then the bar design was changed in both groups. After a period of another 3 months, the patients had to answer the
same questions; then they had the choice to keep their preferred bar. Now the study period was extended to another year
of observation, and the patients answered again the same questionnaire. In vivo force measurements were carried out with
both bar types at the end of the test periods. The prosthetic maintenance service carried out during the 6-month period was
recorded for both bar types in both groups. Statistical analysis as performed with the SPSS statistical package (SPSS Inc.,
Chicago, IL, USA).

Results: Satisfaction was high in both groups. Group B, who had entered the study with the attachment bar, gave slightly
better ratings to this type for four items, while in group A, no differences were found. At the end of the 6-month comparison
period, all but one patient wished to continue to wear the attachment bar. Prosthetic service was equal in groups A and B,
but the total number of interventions is significantly higher in the attachment bar. Force patterns of maximum biting were
similar in both bar designs, but exhibited significantly higher axial forces in the attachment bar.

Conclusions: Both bar designs provide good retention and functional comfort. High stability appears to be an important
factor for the patients’ satisfaction and oral comfort. Rigid retention results in a higher force impact and appears to evoke
the need for the retightening of occlusal screws, resulting in more maintenance service.
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INTRODUCTION

Nowadays, there is sufficient evidence that overdentures

supported by a few, mostly two, intraforaminal

implants are superior to complete dentures.1,2

In several studies, it was demonstrated that patients

gave high ratings to chewing function, hygiene pro-

cedures, and overall comfort with implant-supported

overdentures.3–5 Implant-supported mandibular over-

dentures, in comparison with conventional complete

dentures, may contribute to quality of life.6 Patients’

assessment of treatment outcome with mandibular

overdentures may be equal to that of fixed prostheses,
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and it appears that patients – if they have the choice – do

not automatically select the fixed prostheses.3 Various

authors concluded that two-implant overdentures for

the mandible should become the standard of care.7

Another question is which is the best choice for over-

denture anchorage on two intraforaminal implants.

Basically, this may be considered from four different

points of view: (1) the patient’s individual needs and

perception of denture stability; (2) the biomechanical

considerations regarding functional loads onto the

implants and surrounding soft tissue; (3) the direct cost

for the different anchorage systems; and (4) the techni-

cal problems and maintenance service provided that will

result in indirect costs. There is some controversy in the

literature regarding these subjects. While clinicians often

suggested the use of a resilient retention mechanism,

which means a round clip bar or single-ball anchors, no

study has ever reported on the deleterious effect of a

rigid bar design. A review could not reveal differences

in treatment outcomes for different attachment

systems.8

Results of force measurements in vivo also indicate

that maximum biting force increase with two man-

dibular implants. Chewing performance seems to

improve if complete mandibular dentures are con-

nected to two implants,9,10 and biting forces with

implant overdentures were higher than with complete

dentures but did not reach forces of fully dentate sub-

jects. Furthermore, maximum biting forces appear to

be a good parameter for chewing forces and chewing

efficiency.11

The assessment of technical problems and mainte-

nance service for overdentures connected to mandibu-

lar implants does not lead to clear conclusions. Service

needed appears to be quite high.12 A confounding

factor is that criteria to assess complications, mainte-

nance service, and technical failures are used differently

in different studies and are not well defined. It is not

known which type of overdenture retention mecha-

nism would patients select if they had the choice. The

reports on complication rates show that patients often

asked for retightening of the female parts, which

can be an indicator that they wish better stability and

retention.

The aim of the present study was to assess patients’

satisfaction and the prosthetic aspects of a rigid reten-

tion mechanism provided by two different bar designs

for overdenture support.

MATERIALS AND METHODS

Patients

During a 1-year period, edentulous patients wearing

complete dentures who sought treatment with intrafo-

raminal implants at the Department of Prosthodontics

were evaluated and recruited for this study. Selection

criteria were:

1. at least 3 years of edentulousness

2. wearing complete dentures in both jaws

3. no smoking

4. fair health conditions as follows:

• no diabetes dependent on insulin

• no bisphosphonates

• no irradiation or chemotherapy

• no long-term intake of steroids

• no anticoagulation, but thrombocyte aggregation

inhibitors were accepted

• no history of heart attack/CVI during the last 12

months; cardiovascular problems, high or low

blood pressure, if well controlled by medications,

were not excluded (Digoxin, beta-blocker)

5. no history of previous implant failure

6. age between 50 and 75 years

7. sufficient bone height and width to accommodate

two implants of minimum length (8 mm) and stan-

dard diameter (4.1 mm) without grafting proce-

dures, membranes, or additional surgery measures,

that is, bone quantity

Panorama and lateral radiographs were obtained

from all patients to calculate bone height and width. The

selected patients consented to participate in the study

and signed the informed consent, but all patients

covered, like regular patients, the costs for the treatment

themselves.

Study Design

After a 1-year period of recruiting, 20 Caucasian

patients – 12 men and 8 women – were available and

randomly attributed to two groups of 10 patients each

with regard to the bar design. Their age ranged between

52 and 74 years. All patients were then operated under

local anesthesia by one investigator or under his super-

vision and received two one-stage implants (Straumann

AG, Waldenburg, Switzerland) with an SLA® surface,

according to a standard protocol. The length of the

implants varied between 8 and 12 mm. A healing period
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of 2 months was maintained with the old dentures in

situ. The implants were kept free from contact with the

dentures and were not connected; then the prosthodon-

tic treatment was initiated and all patients received a

new complete denture in the upper jaw and an implant-

supported overdenture connected to a rigid bar in the

lower jaw. Group A received a standard rigid bar design

(U-shaped Dolder bar) connecting both implants in a

straight line (S-bar). Group B received the same bar

design but with two additional precision attachments

(SG attachments; Cendres Métaux, Biel, Switzerland)

soldered in distal position to the gold copings of the bar

(A-bar) (Figure 1, A and B). The surgical and prosth-

odontic treatment covered a 4-month period; then the

patients of both groups had to wear the dentures/

overdentures for a 3-month period. At the end of this

first test period, they answered a questionnaire and

underwent force measurements; then the bar design

was changed. In group B, the distal attachments were

removed, while in group A, these were added. In both

groups, the mandibular dentures were adjusted accord-

ingly. Again, the dentures had to be worn by the patients

of both groups for 3 months. At the end of this second

test period, they answered the questionnaire again

and underwent force measurements. Now the patients

had the option to keep the bar type of their choice

and continued to use their dentures for another

12-month period, after which they answered again the

questionnaire.

Eight-Item Questionnaire (Visual Analogue
Scale [VAS])

The patients had to assess their function and handling

of the dentures. A questionnaire was used with the

following items:

1. overall satisfaction

2. comfort of wearing dentures

3. speech and phonation

4. chewing ability

5. metallic taste

6. stability and retention of mandibular dentures

7. handling of the dentures (insertion, removal)

8. ease of hygiene procedure

The answers of both groups were recorded by means

of a VAS of 100 mm at the end of each 3-month period.

After this 6-month period, the patients continued to

wear the overdentures with the bar of their choice for

another 12 months; then all patients were recalled to

answer the questionnaire again. Some further questions

were directly addressed to the patients in an open inter-

view. These were related to their choice of bar, subjective

experience during the past year, mastication, retention,

and current hygiene procedures.

Three-Dimensional Force Measurements
In Vivo

As described in previous studies,13–15 force measure-

ments in vivo were performed with piezoelectric trans-

ducers mounted directly onto the implants. Static and

functional forces were measured simultaneously on

both implants in three dimensions (Figure 2, A and B).

These were (1) maximum occlusal force (MOF) when

biting in centric occlusion and (2) maximum forces

during unilateral biting on a bite plate (MF-B-Plate) (see

Figure 2, C and D). The registered forces on the bite

plate itself represent a value for simple axial biting.

Simultaneous with the force registration with the bite

plate, three-dimensional forces were registered on the

ipsilateral and contralateral implants. The force mea-

surements were performed with a duplicate of the origi-

nal overdentures as described previously.13–15 In one

session, the forces were registered with the attachment

bar. In another session, the same measuring protocol

was applied after the removal of the precision attach-

ments. All biting tasks were repeated five times, and the

mean values were calculated. The measured values in the

Figure 1 A, Rigid standard bar (S-bar). B, Bar with soldered attachments in distal position (A-bar).
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present studies could be compared with those of previ-

ous results obtained with the same measuring protocol.

Prosthetic Maintenance

During the 6-month study period, all patients had

scheduled appointments once a month. All prosthetic

service, complications, and repairs were registered. The

classification into three categories was used as described

previously.16 The first category is related to the implant/

abutment/bar assembly, the second category contains

repairs of the dentures, and the third adjustments of

the dentures as follows:

Anchorage device:

1. abutment loosening

2. loosening or loss of occlusal screw

3. broken loose lost female retainers

4. retightening of female retainers

5. attachment fracture

Repair of denture:

6. denture base resin fracture

7. fracture of teeth

8. fracture of cast framework

9. change of denture design

Adjustments of denture:

10. hyperplasia under bar

11. Relining of overdenture

12. occlusal adjustment of overdenture

13. aesthetic problems

14. excessive wear of teeth

15. hyperplasia under attachment

A differentiation was made between hyperplasia

under the bar segment and under the precision

attachment.

Costs of Treatments

All patients had to cover the costs for the treatment

themselves, that is, the placement of the implants, the

fabrication of the prostheses, and the bar. The mandibu-

lar two-implant overdentures in general is considered to

be a low-cost implant therapy as compared with fixed

prostheses. The average costs at the department are

comparable with the fees in a general private practice.

Z-axis

X-axis

Y-axis

A

C D

B

Figure 2 A, Force transducers mounted on implants. B, Schematic view of three-dimensional measurements. C, Bite plate. D, Clinical
view with three-dimensional piezoelectric transducer and bite plate in situ.
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The change of the bars were not charged. The bar with

the attachments increased the costs by approximately

10%; thus, the treatment fees were calculated according

to patient’s final choice of the bar design. As a compen-

sation for their participation in the study, the patients

had free access to the maintenance service provided by

the dental hygienist during 1 year after the end of the

study.

Statistical Analysis

The SPSS statistical package (SPSS Inc., Chicago, IL,

USA) was used.

For statistical analysis of the questionnaire (VAS,

10 mm), the Wilcoxon’s test was used: Wilcoxon

matched-pairs signed-rank for pairwise testing within

groups and Wilcoxon–Mann–Whitney U test for com-

parisons between groups.

Means of maximum forces were calculated from

all registered biting tasks. Parametrical testing (t-test)

adjusted with the equation of Bonferroni was applied

for comparisons of means. Pearsons’ correlation coeffi-

cient was calculated to describe the correlation between

mean maximum biting force and the maximum biting

force on the bite plate.

RESULTS

No implant was lost during the healing phase or during

the entire study period. There was no patient who dis-

continued to wear the dentures or dropped out from the

study for any reason.

VAS

Figure 3, A and B show the results of the questionnaire

for both bars. Group A, which first received the S-bar

without the precision attachments, exhibited no signifi-

cant difference in the ratings between both bar types.

The mean values were all over 9 mm for both bars. The

standard deviations were slightly larger for denture

comfort, chewing comfort, stable retention, and hygiene

procedure with the S-bar. Group B, which started with

the A-bar, reached mean values of 39 mm for the S-bar.

However, these ratings for the S-bar were significantly

lower for items 2, 4, and 6, that is, comfort with denture,

chewing ability, and stable retention (p < .01 and .05) as

compared with the A-bar. If groups A and B were

matched, the overall ratings on the VAS questionnaire

revealed significantly higher values for the A-bar related

to items 4 and 6 (chewing ability and stability of the

denture, p < .05). At the end of the study, all but one

patient made the choice to continue with the A-bar. The

completion of the questionnaire after 1 year resulted in

values of >90 mm by all patients for all questions, except

for three answers of three patients, which were related to

chewing function. When the patients were directly asked

why they had chosen to continue with the A-bar, 80% of

the patients answered that they did so because of better

retention and 50% added that they did so because of

better chewing ability. However, 64% admitted that ini-

tially, they had some handling problems. Forty percent

mentioned some food impaction under the prostheses,

and 22% mentioned some problems with hygiene

procedures.

Force Measurements

Table 1 shows the mean values in the vertical dimension

obtained from the maximum force measurements

(MOF) in both bar types. The maximum force magni-

tudes in the axial direction had a large individual range

of 45 to 180 N with the S-bar and a range of 65 to 250 N

with the A-bar. The mean maximum value was signifi-

cantly higher when measured with the A-bar (p < .01) in
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Figure 3 A and B, Results from the eight-item questionnaire
(visual analogue scale [VAS]) with the A-bar and the S-bar for
both groups.
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the axial force direction. MOF in transverse force direc-

tions, as shown by Table 2, was lower in both bar types,

but again statistically different. The mean maximum

forces measured on the bite plate (MF-B-Plate) was

around 150 N, that is, between 120 and 180 N measured

with the S-bar and 140 and 180 N measured with the

A-bar, respectively. However, force magnitudes mea-

sured simultaneously on the ipsilateral implant were

TABLE 1 Mean Maximum Bite Forces In Vivo in Axial Direction

Bar Type MOF MF-B-Plate

Biting Task with Bite Plate Pearson’s Correlation

Ipsilateral Contralateral Ipsilateral Contralateral

Current study

S-bar 68.3 1 34 156.2 1 41 36.4 1 27 2.0 1 2 n.s. n.s.

{p < .01 {p < .001

A-bar 125.7 1 46 169.6 1 35 142.2 1 41 0.0 p < .01 n.s.

Previous studies

Rigid bar* 80.6 1 41 129.3 1 26 38.7 1 21 16.1 1 14

Rigid bar extensions 96.2 1 62 171.6 1 47 149.3 1 62 13.3 1 10

Telescopes 114.6 1 86 193.4 1 80 144.5 1 69 14.7 1 25

*Corresponds to the S-bar (identical design).
MOF = maximum occlusal force (left and right implant pooled); MF-B-Plate = maximum forces measured on the bite plate; n.s. = not significant.

TABLE 2 Mean Maximum Bite Forces In Vivo in Transverse Direction

y-Axis

Bar Type MOF

Biting Task with Bite Plate

Ipsilateral Contralateral

Current study

S-bar 21.1 1 4 20.9 1 12 10.8 1 6

{p < .05 {p < .05

A-bar 43.7 1 8 56.1 1 18 6.6 1 4

Previous studies

Rigid bar* 23.0 1 9 27.5 1 10 8.7 1 4

Rigid bar extensions 15.9 1 13 49.3 1 17 8.7 1 6

Telescopes 23.4 1 16 53.7 1 31 11.7 1 9

x-Axis

Bar Type MOF

Biting Task with Bite Plate

Ipsilateral Contralateral

Current study

S-rigid bar 7.5 1 2 6.6 1 4 13.1 1 5

{p < .05 {p < .05

A-bar 15.9 1 8 7.6 1 5 6.0 1 3

Previous studies

Rigid bar* 23.6 1 10 5.7 1 2 15.9 1 6

Rigid bar extensions 12.1 1 6 9.7 1 6 12.7 1 7

Telescopes 17.1 1 9 20.6 1 16 13.0 1 9

*Corresponds to the S-bar (identical design).
MOF = maximum occlusal force.
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significantly higher in the A-bar (p < .001) as compared

with the S-bar in the z- and y-axes (p < .05), while a

significantly higher value on the contralateral implant

was observed for the S-bar in the x-axis. In both bars, the

values of the contralateral implant were close to 0 in the

z-axis. Figure 4 shows the mean values of all patients

from five repeated biting tasks with the bite plate in all

three dimensions. The values of mean maximum biting

forces for all biting tasks were comparable with the find-

ings in previous studies with the same measuring pro-

tocol. The respective figures are shown in Tables 1 and 2.

Prosthetic Maintenance

The overall number of maintenance interventions and

service provided was equal to 34 in group A and to 35 in

group B, respectively. Table 3 gives an overview of the

maintenance performed for both bar designs irrespec-

tive of the patient groups. Here, more interventions were

counted for the A-bar, namely, 39 as compared with 30

for the S-bar (p < .05). Differences were observed with

regard to items 2, 3 and 15.

DISCUSSION

From this clinical study, it can be concluded that

edentulous patients are satisfied with two-implant-

supported mandibular overdentures in spite of the fact

that the study patients had to afford the costs them-

selves. Thus, a possible effect that patients who feel privi-

leged to be accepted for a study and get treatment for

free might quote more positively their treatment

outcome was eliminated.

The ratings with the VAS were high for both bar

designs and only minor differences were observed in the

group that started with the attachment bar first. This is

attributed to the effect of the study design. Group B

changed from a loose complete denture to a rigidly sup-

ported overdenture with the A-bar. When they switched

to the simple S-bar, they may have felt some diminution

in the stability without the attachments. This was not the

case in group A, who received the S-bar first. This bar

provided good stability after a loose complete denture

and led immediately to high ratings. When they

switched to the A-bar, it was rarely possible to further

increase the ratings. Items related to denture comfort,

chewing ability, and denture retention implies that sta-

bility of the denture is an important aspect. One cross-

over study compared fixed mandibular prostheses with

long-bar overdentures, opposing a complete denture.3

The choice of the patients was mostly based on ease of

handling and not on functional aspects such as chewing

or denture retention. However, it has to be considered

that a long bar might provide functional stability and

retention that are comparable with that of fixed pros-

theses. If chewing function of overdentures with a long

bar or single-ball anchors were compared, some differ-

ences were observed in the functional patterns. With

both types of prostheses, the patients adapted their

chewing patterns.17 In spite of an increase in cost by

10%, in the present study with short anterior bars, all

but one patient chose the attachment bar. This means

that some difference in the perception of stability was

felt, and good retention appeared to be important for

the patients as confirmed by the questionnaire. The

answers the patients gave 1 year after the end of the

study can be interpreted in this sense and lead to such

conclusions.

Force measurements on interforaminal implants

in vivo performed with resilient and rigid attachment

revealed some differences of mean maximum force

magnitudes, with significantly higher values along the

axial implant axis (z-axis)13–15,18 in the presence of a rigid

retention mechanism. Minor differences with lower

force magnitudes were found in transverse force

directions too.

The present findings show significantly higher axial

forces in the presence of attachments as compared with

the S-bar. These results are very much in keeping with

previous results that exhibited higher forces with rigid

telescope retention and rigid bars.13 The experiment

with unilateral biting shows that the splinting effect, that

is, the distribution of axial forces onto both implants by

means of the bar mostly does not occur, particularly

with the A-bar. The values were 0 or close to it. This

again was observed in previous studies with telescopes

and extension bars.13,14,18 The impact of this observation

on the clinical performance of the implant surrounding

bone and remodeling processes is not known, but

no negative outcome has ever been reported. One

study reported on splinted (bars) and unsplinted (ball

anchors) interforaminal implant-supporting over-

dentures. No differences in long-term outcomes were

observed.19 In the present study, a tendency to higher

biting forces was observed with the A-bar, which could

explain the slightly better ratings on the VAS for the

items denture comfort, chewing ability, and denture

stability.
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Figure 4 Biting task with the bite plate: the figures exhibit the mean maximum forces for the ipsilateral and contralateral implants in
all three dimensions with either the S-bar or the A-bar. Five biting tasks were performed.

Rigid Bar Designs 235



The overall number of prosthetic maintenance

service was identical in groups A and B and typical for

overdentures. Slightly more service was needed for the

A-bar because of hyperplasia underneath the precision

attachment and more frequent retightening of screws

and abutments. The latter findings can be attributed to

higher force impact with the A-bar, which might be a

factor of screw loosening. Furthermore, the high rigidity

of the A-bar may be more sensitive to proper handling,

proper seating of the dentures, and occlusal contact situ-

ation. For both dentists and patients, a certain learning

curve with the A-bar may be taken into account. One

study observed more problems with a bar as compared

with single-ball anchors.20 However, in this study, round

clip bars had been used. Another study with long-term

observation of rigid and resilient retention devices

found more problems with resilient ball anchors and

clip bars as compared with rigid bars. These rigid bars

had the same design as the standard bar in the present

study. A significant number of ball anchors and clip bars

were changed to rigid bars during the observation

period.16 Altogether, only few studies deal with the com-

parison of prosthetic maintenance related to specific

designs of retention devices. In the present study, it was

found that within the first year after the end of the study,

this problem of retightening disappeared, although all

patients except one now had the A-bar for overdenture

retention. It was often reported that initially after deliv-

ery of the dentures, complications were more frequent

than in the following years,21 and that they eventually

disappeared.

CONCLUSION

From this crossover study, it is confirmed that satisfac-

tion with implant overdentures in the mandible is high.

Patient’s demands for proper function seem to be ful-

filled. The comparison between both bar types revealed

that service provided because of screw loosening was

higher with the attachment bar than with the simple

rigid bar. However, patients seem to perceive better

retention and stability if attachments are soldered to

the rigid bar. Furthermore, maximum biting forces tend

to increase. This may explain why most patients choose

the attachment bar in spite of higher initial costs.
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