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The objective of this research was to clinically compare peri-implant tissue health of bar-clips vs silicone-resilient liners used with bilateral
posterior bars for retaining 4 implant-supported mandibular overdentures. Thirty completely edentulous male patients (mean age, 65
years) were randomly assigned into 2 equal groups. Each patient received 4 implants in the canine and first molar regions of the mandible
using a flapless surgical technique. Mandibular overdentures were immediately connected to the implants with bilateral prefabricated
instant adjusting bars. According to the method of retention to the bar, 1 group was retained with clips (Gl), whereas the other group was
retained with a silicone-resilient soft liner (Gll). Peri-implant tissue health was evaluated clinically in terms of plaque scores (MPI), bleeding
scores (MBI), probing depth (PD), and implant stability (IS). MPI, MBI, and PD were measured at mesial, distal, buccal, and lingual surfaces of
each implant. Evaluations were performed 2 weeks (T0), 6 months (T6), and 12 months (T12) after overdenture insertion. Implants of Gl
with clips demonstrated significant increase in plaque, bleeding, and PD scores compared with those of Gl with silicone-resilient liner at all
observation times. Implants in Gl demonstrated a significant decrease in implant stability compared with those of Gll at T6 and T12
anteriorly and at T12 posteriorly. Resilient liners are considered better than bar-clips when used with bilateral posterior bars for retaining
implant-supported mandibular overdentures in terms of peri-implant soft tissue health. Bilateral posterior ready-made bars cannot be

proposed as a promising design for supporting implant-assisted mandibular overdentures.
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INTRODUCTION

onventional complete dentures are not always an
ideal treatment for mandibular edentulous patients, as
wearers often complain about functional problems
due to insufficient retention and stability.' Many
treatment options were introduced to increase retention and
stability of conventional dentures including implant-retained
overdentures for rehabilitation of the edentulous mandible.**
The McGill consensus statement suggested that the 2-
implant overdenture should be the first treatment of choice for
the edentulous mandible.® However, this treatment option
demonstrated continued bone resorption in the edentulous
posterior regions due to free overdenture rotation when
functioning.””"" Furthermore, this design transfers a consider-
able part of the applied force from the denture-bearing area to
the implants, especially when the occlusal resiliency of the clips
did not compensate for mucosal resiliency.”'?
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On the other hand, addition of implants posterior to the
mental foramen and connecting them to the anterior implants
with bar in a quadrilateral configuration to support mandibular
overdentures provides a 4-legged chair denture support that
prevents overdenture rotation, reduces soft tissue irritation,
and protects the mental nerve.'*'> Moreover, 4-implant/bar-
supported overdentures show improved stability and retention
compared with 2-implant/bar-supported overdentures. Even-
tually, they are indicated in conditions that require increased
retention and stability, such as in cases with high muscle
attachments or prominent mylohyoid ridges.'® This design
improves comfort and masticatory performance in a way similar
to that of fixed prostheses while keeping hygienic, esthetic, and
cost advantages.'’

Attachments used for implant overdentures are mainly
divided into the bar type and the solitary type, and into the
resilient type and the rigid type, depending on the movement
allowance. Attachment selection is affected by implant number,
distribution, alignment, bone quality, arch shape, retention, and
denture design.'® Bar attachments are suitable as other
attachments concerning implant survival rate, improvement
of retention, and maintenance.'®2 However, conventional bar
attachments have the disadvantages of complex fabrication, in
addition to errors that occur during intraoral implant impres-
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sion making and during laboratory fabrication of the bar.?®
Elastic and plastic deformations while removing the casting
material, thermal and chemical contraction of cast and
impression materials, and laser welding techniques result in
dimensional differences between oral and model situations,
incorrect connector-implant position, and eventually more
stresses over supporting implants and the superstructure.>*?

The design of a prefabricated bar attachment system called
Dyna Instant Adjusting Bar (IAB) was developed by Dyna
Industries to overcome most of these problems. It provides
100% stress-free construction, allows threading of the fixation
screws up to an angulation of 18° with no stresses, and
provides preciseness, fully prefabricated in titanium, and time
savings. Furthermore, the laboratory can make the complete
superstructure with the retention parts only without worrying
about the fit of the bar that would be placed intraorally in
addition to simple procedures with reduced cost.?®

However, the problems of rapid wear, limited rotational
freedom, bulk, and soft tissue proliferation in unobstructed
regions under bars have been considered the major drawbacks
of bars and clips.”

Resilient denture liners have been used as a female housing
over bar attachments for implant overdentures.?”® These liners
are resistant to wear, partially seal the space under the bar,
absorb energy, and distribute masticatory forces between
implants and the edentulous ridge. Moreover, they show better
retention, which even when decreased after multiple insertions,
was still greater than that of clips.?*>°

Several studies concerning the effect of resilient liners on
peri-implant tissue health around implants supporting anterior
custom-made bar are available.?'3? However, little is known
from the relevant literature about the use of resilient liners with
bilateral posterior prefabricated bars. Therefore, this study was
established to compare the clinical effects of bar-clips vs
silicone-resilient soft liners used with bilateral posterior bars on
soft tissue around the 4 implants supporting the mandibular
overdenture.

MATERIALS AND METHODS

Patient selection

Thirty completely edentulous male patients with an age range
between 55 and 70 years were selected from the outpatient
clinic of the Prosthodontics Department, Faculty of Dentistry,
Mansoura University, from December 2012 to December 2015,
after approval of the local committee for scientific research
ethics.

Patients were consecutively included in the study, provided
that they fulfilled the following criteria: (1) sufficient bone
height in the interforaminal region of the mandible and above
the mandibular canal posteriorly; (2) 3-6 months of healing
after extraction (to allow ossification to occur)®; (3) good oral
and denture hygiene (questionnaire); and (4) sufficient inter-
arch space verified by tentative jaw relation. Patients were
excluded if they had any of the following: parafunctional habits
(eg, bruxism and clenching), bad habits (eg, smoking and
alcoholism), history of periodontal diseases, bone metabolic
disorders (eg, uncontrolled diabetes and para-thyroidism), or
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history of radiation therapy in the head and neck region. The
patients were informed about the two treatment strategies that
could be followed and were asked to participate in the study
without prior knowledge of which treatment they were going
to receive.

Patients were randomly classified into 2 equal groups to
receive either clips (group | [GI]) or resilient liner attachment
(group I [GII]). Randomization was randomly performed using
athe simple random method and a random generated number
in spreadsheets.

Surgical and prosthetic procedures

For all patients, new conventional maxillary and mandibular
dentures were constructed. A surgical guide was fabricated by
placing 4 marks on the study cast opposite to canine and first
molar regions bilaterally. Radiographic balls (& 5 mm, Friadent,
Mannhelm, Germany) were fixed over marks, and a transparent
radiographic stent was constructed. Panoramic radiographs
were made with stents intraorally and then traced by a
computer program (CorelDraw X5, Corel Corporation, Ottawa,
Canada) to estimate available bone height opposite to each
ball (Figure 1). Radiographic balls at target implant sites were
removed, and their places were drilled into holes to convert the
radiographic stent into a surgical stent as described by a
previous study.>* All patients were administered prophylactic
antibiotics (2 g amoxicillin 1 hour before surgery) and a mouth
rinse with 0.12% chlorhexidine digluconate (15 minutes prior to
surgery).

For each patient, 4 acid-etched roughened titanium (ART)
screw-type implants (Dyna Dental Engineering bv, Bergen op
Zoom, Netherlands) that were 11.5 X 3.6 mm were inserted into
the canine and first molar areas of the mandibular residual
alveolar ridge using the nonsubmerged flapless surgical
approach. All implants were placed by the same surgeon. A
tissue punch (J 3.6 mm) was used to allow gingival access at
the center of the surgical stent holes. Drilling of the implant site
was performed using the successive drills of the Dyna implant
drill kit. Implants were slowly threaded into their final position
with a hand ratchet torque wrench at 35 N.

A postinsertion panoramic X ray was made to evaluate
proper implant positions (Figure 2). Four instant adjusting bar
octa extension abutments (Dyna IAB, Bergen, Netherlands) of 2-
mm height were tightened into implants using the insertion
key and torque wrench at 30 N. Implants on each side were
splinted with an instant adjusting bar round (IAB), which was
tightened according to the manufacturer's instructions.?® The
distance between the centers of the two bar abutments was
measured, 4.5 mm was subtracted (to cut each IAB to the
proper length), and then the cut end was polished. The IAB was
inserted between each two joints, and the IAB fixation screws
were tightened in position (Figure 3). Implants were immedi-
ately loaded with the mandibular overdentures.

The fitting surface of the mandibular dentures opposite to
abutments was adequately relieved, and holes were made in
the lingual surface of the denture to allow release of excess
material. Spaces under the bars were blocked out intraorally
with wax. For Gl, 2 IAB gold riders were incorporated directly in
the opposing fitting surface of the mandibular overdenture for
each bar using auto-polymerizing resin according to the
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Ficures 1-6. Ficure 1. Panoramic radiograph with stent intraoral to evaluate bone height at proposed implant positions. FIGURE 2.
Panoramic radiograph with the four implants at their final position slightly under the crest. Ficure 3. Bilateral instant adjusting bars
tightened in position above instant adjusting bar abutments. Ficure 4. The bar riders of both sides incorporated in the fitting surface of the
overdenture. FiGure 5. Silicone soft liner relined mandibular overdenture. Ficure 6. Calibrated plastic periodontal probe used to measure
probing depth.
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TABLE 1

Comparison between anterior and posterior implants of Gl at different observation times (T0, T6, and T12) regarding PI, Bl, and PD*

*Gl indicates group I; TO, 2 weeks after; T6, 6 months after; T12, 12 months after; Pl, plaque index; Bl, bleeding index; PD, probing depth.

tFriedman test, P < .05.
tMann-Whitney test, P < .05.

TABLE 2

Comparison between anterior and posterior implants of Gll at different observation times (T0, T6, and T12) regarding PI, Bl, and PD*

*Gll indicates group II; TO, 2 weeks after; T6, 6 months after; T12, 12 months after; P, plaque index; Bl, bleeding index; PD, probing depth.

tFriedman test, P < .05.
fMann-Whitney test, P < .05.

TABLE 3

Comparison between anterior implants of Gl vs Gl at different observation times (T0, T6, and T12) in terms of Pl, BIl, and PD*

*Gl indicates group I; Gll, group II; TO, 2 weeks after; T6, 6 months after; T12, 12 months after; Pl, plaque index; Bl, bleeding index; PD, probing depth.

tFriedman test, P < .05.
fMann-Whitney test, P < .05.

TABLE 4

Comparison between posterior implants of Gl vs Gll at different observation times (T0, T6, and T12) in terms of PI, Bl, and PD*

*Gl indicates group I; Gll, group II; TO, 2 weeks after; T6, 6 months after; T12, 12 months after; Pl, plaque index; Bl, bleeding index; PD, probing depth.
tFriedman test, P < .05.
fMann-Whitney test, P < .05.

method described by De Vries and Meijer,*® the dentures were
polished, and the occlusion was re-examined carefully for any
adjustment (Figure 4). For GllI, the relieved fitting surface
opposite to the IAB on both sides was painted with a soft liner
adhesive, and relining procedures were performed with the
addition of an auto-polymerizing silicone resilient liner (Soft-
liners, Promedica, GmbH, Neumunster, Germany) using the
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closed mouth technique (Figure 5). Overdenture fit and
occlusion were evaluated. Glazing of the relining was per-
formed by mixing equal drops of glaze base and catalyst
homogeneously on a mixing pad (2-minute working time; 10-
minute setting time), and the mixture was painted to the soft
liner using a soft bristle brush to seal surface roughness.

All prosthetic procedures were performed by the same



TABLE 1

Extended

TABLE 2

Extended

TABLE 3

Extended

TABLE 4

Extended

prosthodontist who was not blind to the type of retention

used. The dentures were delivered to the patients with
emphasis on oral hygiene instructions, and the patients were
recalled every 3 days in the first 3 weeks for denture adjustment
and occlusal refinement and then every 3 months for further
adjustments. These adjustments included replacement of the
soft liner if separated from the denture, metal clips if worn, and
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glaze re-application if detached or every 3 months as
recommended by Sesma et al.>®

Evaluation of peri-implant tissues

Peri-implant tissue health was clinically evaluated at 2 weeks
(TO), 6 months (T6), and 12 months (T12) after implant
loading.

Plaque scores and bleeding scores were assessed using the
modified plaque (MPI) and bleeding (MBI) indices, respectively,
as reported by Mombelli et al.2” A calibrated plastic periodontal
probe (Kerr, Rastatt, Germany) was used to measure the
distance between border of the peri-implant mucosa and the
tip of the probe, and the measured distance was considered
the peri-implant pocket depth (PD) (Figure 6).3® MPI, MBI, and
PD were recorded around each implant at 4 locations: lingually,
mesially, buccally, and distally.

Also, implant stability (IS) was assessed at the time of
implant placement and at subsequent visits using Periotest®
(Periotest S, Medizintechnik Gulden e.K., Modautal, Germany)
because primary stability is important to reduce the risk of
implant failure.*® Moreover, primary stability measurement at
the time of implant placement using Periotest or implant
stability quotient (ISQ) values is commonly used as a good
indicator for immediate loading, as it allows the clinician to
predict implant stability before implant treatment.’

The measurements were made at the abutment level with
the rod held perpendicular to the longitudinal axis of implants.
The Periotest values (PTV) scale ranged from —8 to +50. The
smaller the value level, the higher the stability of the measured
implant. Periotest values ranged from —8 to 0 and indicated
adequate osseo-integration.>*

For reasons of objectivity, evaluations of clinical parameters
were performed by a periodontist (A) who was blind to the
study groups after instruction and calibration with two different
dentists (B and Q).

Statistical analysis

Collected data were statistically analyzed using Statistical
Package for Social Science (SPSS) version 17 (SPSS Inc, Chicago,
Ill). Data was expressed as mean * standard deviation. A one-
sample Kolmogorov-Smirnov test was used to diagnose the
normality of data distribution. The Freidman test was used to
detect significant differences in plaque scores (MPI), bleeding
scores (MBI), PDs, and IS between different observation times
within the same group. The Mann-Whitney test was used to
compare between groups (Gl vs Gll) and between sites (anterior
vs posterior). The Spearman correlation test was used to test
the correlation between IS and the other clinical parameters
(MPI, MBI, PD).

REsuLTs

For Gl, the analysis could not be completed for 2 patients; 2 of
the 4 implants failed during the period between the first and
the second evaluation (TO and T6), and they were planned for a
bone grafting procedure. Another patient in the same group
was excluded because of his inability to regularly attend the
evaluation process due to severe illness. In Gll, 1 patient died
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TABLE 5

Comparison between anterior and posterior implants of Gl vs Gll at different observation times (TO, T6, and T12) in terms of
implant stability*

*Gl indicates group I; Gll, group II; TO, 2 weeks after; T6, 6 months after; T12, 12 months after.

tFriedman test, P < .05.
fMann-Whitney test, P < .05.
§Significance.

after 6 months, and the analysis could not be completed for 2
patients in the same group because they moved out of the
area. Therefore, 24 patients (12 in each group) were available
for evaluation.

The mean = standard deviation of MPI, MBI, PDs, and IS
Periotest values at different observation times (T0, T6, and T12)
for anterior and posterior implants of both groups (Gl and Gll)
are shown in Tables 1 through 5.

Plaque scores decreased significantly with advance of time
for anterior and posterior implants of both groups (Freidman
test, P=.001). Gl demonstrated a significant increase in plaque
scores compared with Gll at all observation times (TO, T6, and
T12) for both anterior and posterior implants (Mann-Whitney
test, P < .5). For GI, posterior implants showed significantly
higher plaque scores than anterior implants at different
observation times (Mann-Whitney test, P < .5). For GlI, posterior
implants showed significant higher plaque scores than anterior
implants at TO only (Mann-Whitney test, P < .5), but there was
no significant difference at T6 and T12.

Bleeding scores demonstrated a significant decrease with
advance of time for anterior and posterior implants of both
groups (Freidman test, P = .001). Gl bleeding scores were
significantly higher than Gll at all observation times (T0, T6, and
T12) for anterior and posterior implants (Mann-Whitney test,
P > .5). Within GI, posterior implants showed a significant
increase in bleeding score compared with anterior implants at
all observation times (TO, T6, and T12), whereas in Gll, these
increases were at TO and T6 only (Mann-Whitney test, P > .5).

Probing depths of Gl significantly increased with advance
of time (Freidman test, P=.001 for both anterior and posterior

implants), unlike the PD of GlI, which decreased significantly
with advance of time (Freidman test, P=.001 for both anterior
and posterior implants). GI demonstrated a significant increase
in PD compared with GlI at all observation times (T0, T6, and
T12) for both anterior and posterior implants (Mann-Whitney
test, P < .5). Except for TO, posterior implants had a significant
increase in PD compared with anterior implants in both groups
(Mann-Whitney test, P> .5).

Implant stability increased significantly with the advance of
time for anterior implants of Gll (Friedman test, P =.001) and
decreased significantly with advance of time for posterior
implants of Gl (Friedman test, P =.003). Anterior implants of Gl
showed a significant increase in IS at T6 and T12 compared with
anterior implants of GI (Mann-Whitney test, P < .05). Posterior
implants of Gl showed a significant decrease in IS in
comparison with those of Gll only at T12 (Mann-Whitney test,
P < .05; Table 5). Also, anterior implants showed a significant
increase in IS at T6 and T12 compared with posterior implants
in both groups (Mann-Whitney test, P=.001; Table 6). Implant
stability was significantly positive correlated with MPI, MBI, and
PD (Spearman correlation: P =.006, .007, and .002, respectively;
Table 7).

Discussion

In this study, we prospectively followed up peri-implant tissues
in patients randomly assigned into 2 groups to receive either
clip-retained or resilient liner-retained implant overdentures at
different observational times (TO, T6, and T12).

TABLE 6

Comparison between anterior implants vs posterior implants of both groups at different observation times (T0, T6, and T12) in
terms of implant stability*

*Gl indicates group I; Gll, group II; TO, 2 weeks after; T6, 6 months after; T12, 12 months after.

tFriedman test, P < .05.
tMann-Whitney test, P < .05.
§Significance.
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TABLE 7

Correlation between implant stability and other clinical
parameters (Pl, Bl, PD)*

Implant Stability

Spearman
Correlation Correlation
Parameter Coefficient (P value)
Modified plaque index 1601 .006
Modified bleeding index 160t .007
Probing 182t .002

*PI, plaque index; Bl, bleeding index; PD, probing depth.
tSignificant correlation at .01 level of significance (2-tailed).

Gl patients (with clips) demonstrated significant increases
in MPI, MBI scores, and PD compared with Gl patients (with
resilient soft liner) with advance of time for both anterior and
posterior implants. This was in agreement with Elsyad and
Shoukouki,®" who demonstrated the same significant increased
difference in these clinical parameters between bar/clip and
bar/resilient liner-retained mandibular 2-implant overdentures
1 year after overdenture insertion, and consistent with Davis et
al,*? who reported a significant increase in PD with time when
the overdenture was retained with clips over the bar.

This may be attributed to the space around/under the bar
and around abutments that remain unobturated,* thus plaque
accumulation with pathogenic bacteria producing peri-implant
bleeding and gingival inflammation. Also, this may be
attributed to another reason, which is the difficulty in
performing sufficient oral hygiene measures by wearers of
clip-retained overdentures, especially in the abutment region as
stated by Reitz et al.**

Peri-implant PD values were lower than those reported by
Elsyad and Shoukouki3' The explanation might be gingival
recession and the absence of soft tissue proliferation around
the abutments.*> Moreover, it was presumed by Hammerle and
Glauser®® that, at healthy sites, the probe tip stops at around
the level of the most coronal aspect of connective tissue
adhesion to the implant neck, whereas at inflamed sites, the
probe consistently reaches close to or comes in contact with
the bone level.

On the contrary, GIl demonstrated better soft tissue
response with advance of time. This may be attributed to the
fact that the soft liner female housing completely encircles the
bar, completely obturates the space around it, and partially
obturates space under it,”’and this minimizes plaque forma-
tion. Another reason is that adherence of microorganisms and
plague to the silicone soft lining materials was found
significantly less than that for acrylic resin denture base
materials due to the smoother glazed surface of silicone soft
liners created by the glazing material, as noted by Waters et
al.*” In addition, soft liners have a cushion effect that absorbs
and distributes masticatory forces, thus reducing both stresses
around implants and peri-implant bone. Also, this cushion
effect conditions marginal gingival tissues with no undue
trauma; therefore, it prevents alveolar bone loss and any break
in epithelial attachment to implants. All these factors
combined with cleansing and the antimicrobial effects of
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the soft liner result in significantly better peri-implant soft
tissue health.*®

This study showed a significant increase in MPI, MBI scores,
and PD of posterior implants than anterior implants for both
groups. This may be due to the difficulty in performing oral
hygiene measures in posterior regions, which allows for plaque
accumulation and gingival inflammation. This was confirmed by
Behneke et al,** who noted that an increased incidence of
remarkable plaque deposits represents patient difficulty in
maintaining a high level of oral hygiene.

The gradual decrease in MPI and MBI for each single group
with advancement of time is thought to be due to the
emphasis on oral hygiene instructions and precise patient
education during the scheduled follow-up visits.

An important finding in this study was that posterior
implants showed a significant decrease in implant stability
(PTV) than anterior implants in both groups at T6 and T12. This
may result from the increased plaque accumulation (MPI) and
PD in posterior implants. Another cause may be due to poor
bone quality and high occlusal forces in the posterior region of
the mandible*® In addition to the previously mentioned
factors, stresses induced on splinted posterior implants by
mandibular deformation (flexure) that occurs during jaw
opening and protrusion may be another cause for reduced
posterior implants stability. In 1976, Fischmann et al®' indicated
that flexure was reduced with splints, but none of them can
completely eliminate mandibular flexure. This suggests that
splints may be subjected to a certain type of stress. These
stresses could be transmitted and, over time, cause damage to
the bone-implant interface. This concurs with Zarone et al.>?

Implant stability was greater in GlI; the difference was
significant only at T6 and T12 for anterior implants and at T12
for posterior implants. However, it can be explained by the
greater stresses transmitted to implants through the metal clips
of Gl in comparison to the shock-absorbing silicone female
housings of Gll. This observation appears to be in agreement
with the findings of dos Santos MB et al** and Tanoue et al,**
who demonstrated that metal clips have induced more stresses
than plastic ones. Furthermore, the presence of the soft liners
compensates for the acrylic resin contraction that may occur
during denture processing. This prevents the implants and the
bar from coming into direct contact with the acrylic resin and
minimizes implant overloading.>

The results of this study may be limited by the small sample
size, the short-term follow-up period, and the lack of a power
analysis, so it is recommended to support this study with
further investigations while using larger sample sizes, a power
analysis, and longer observation times to evaluate this
treatment modality and compare it with others.

CONCLUSIONS

Within the limitations of this study, the following can be
concluded: (1) despite the splinting action of the bilateral
posterior ready-made bars and the advantage that this design
can be used in patients with tapered or V-shaped arches, they
cannot be proposed as a promising design for supporting
immediate loaded implant-assisted mandibular overdentures;
(2) with regard to peri-implant soft tissue health, bar/resilient
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liners can be considered better than the bar/clips when used
with bilateral posterior bars for retaining implant-supported
mandibular overdentures; and (3) implants installed in canine
areas provide better stability and tissue health than those
inserted in first molar areas.

ABBREVIATIONS

ART: acid etched roughened titanium
IAB: instant adjusting bar

IS: implant stability

1SQ: implant stability quotient

MBI: modified bleeding index

MPI: modified plaque index

PD: probing depth

PTV: periotest values

SPSS: statistical package for social science

Note

The authors declare no conflict of interest. The study was self-
funded by the authors.
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