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Abstract

This study was conducted to evaluate the effect of the type of
clasp assembly used in tooth-implant-supported partial over-
dentures on the supporting structures of the abutment and the
implant. Fourteen partially edentulous male patients, mandibular
Kennedy class 11, were selected with #21 or #28 as the last
standing tooth. Each patient received a skeleton partial over-
denture supported by a single root-form implant in the area of
#18 or #31. Patients were divided into two equal groups; group I
received an implant-supported partial over-denture with a
metallic gingivally approaching retentive arm, while group Il
received the same denture design but with a thermoelastic resin
(Versacryl) gingivally approaching retentive arm. Evaluation of
the terminal abutment and the implant was carried out both



clinically and radiographically at the time of insertion, six and
twelve months later. There was no statistically significant
difference (P>0.05) in the gingival index scores or bone height
changes in both groups. However, after twelve months, patients
of group Il showed a statistically significantly lower mean
amount of bone loss (P<0.05) compared to those of group L.
Similarly, no statistically significant difference (P>0.05) was
observed between the mean bone density measurements in both
groups after six months. However, after twelve months, patients
of group Il showed a statistically significant increase in the mean
bone density measurements (P< 0.05) compared to those of
group I. The use of thermoelastic clasps was better accepted by
the patients. Both, the implants and the abutments reacted more
favorably with the use of Versacryl clasps.



Keywords: esthetic clasps, cast clasps, thermoelastic.
Introduction

Management of partially edentulous patients can still be a
prosthodontic challenge. Replacing the missing teeth with
conventional removable partial dentures (RPDs) is the traditional
method for the treatment of partial edentulism as reported by
Chikunov et al (2008).

In determining a proper treatment solution, it is important for
the clinician to consider the patient's aesthetic expectations,
socioeconomic situation and the prognosis for the prosthesis and
remaining dentition as mentioned by Budtz-Jgrgensen et al
(2000).



Jivraj and Chee (2006) indicated that the_differences in anatomy
and biomechanics make treatment of posterior quadrants with
dental implants substantially different to that of anterior areas.
Without implants, when posterior teeth were lost, treatment
options included a long span fixed partial denture or a removable
prosthesis, especially when no terminal abutment was available.
When teeth are missing, implant-supported restorations can be
considered the treatment of choice from the perspective of
occlusal support and preservation of adjacent teeth.

Turkyilmaz (2009) found that the lack of adequate support
(tooth/soft tissue) results in displacement of unilateral and
bilateral distal extension removable partial dentures. Placement
of implants is one option for managing this problem. Distal
implants may help to prevent displacement of distal extension



removable partial dentures, and may be especially suitable for
patients who cannot afford implant-supported fixed dental
prostheses.

Elsyad and Habib (2011) found that implant-supported partial
overdentures appear to be associated with reduced posterior
mandibular alveolar ridge resorption. Moreover, Ohkubo et al
(2008) recommended the use of a limited number of implants for
the support of a removable partial denture (RPD) as they change
a Kennedy Class I or II situation to that of a Class III.

In a study by El Mekawy et al (2012), it was found that the
implant-supported removable partial dentures (ISRPD) had
significantly greater occlusal force and contact area than the
conventional removable partial denture (CRPD). The center of



occlusal force of the ISRPD tended to move more distally
compared to the CRPD. All the patients preferred the ISRPD for
comfort, chewing, retention and stability. Therefore, one implant
per edentulous area and a simple attachment technique yielded a
stable distal extension RPD.

De Freitas et al (2012) reported an increase in patient
satisfaction, and high survival rates of implants associated with
mandibular removable partial dentures with distal extensions.
This treatment approach could represent a low-cost and
beneficial rehabilitation for free-end mandibular ridges.

In addition, Kaufmann et al (2009) found that the placement of
few implants allows for maintaining a compromised residual
dentition for support of RPDs. The combination of root and



implant support facilitates treatment planning and enhances
designing the removable denture. It also proves to be a practical
rescue method.

Minoretti et al (2009) indicated that extraoral implants may also
be used successfully to provide support for distal-extension
removable partial dentures in severely resorbed posterior
alveolar ridges. However, Sykes et al (2002) reported that
patients often cite lack of retention and poor esthetics as reasons
for not wearing their partial dentures. Traditional metal alloy
clasps have been shown to exert forces on abutment teeth that
exceed those capable of producing tooth movement. In addition,
metal display on anterior teeth is often unacceptable.
Furthermore, in a study by Behr et al (2012), a 5-year survival



rate of all clasp-retained removable partial dentures showed that
fractures most frequently occurred in clasps (16.1%).

Kunwarjeet et al (2012) indicated that removable cast partial
dentures are used as definitive removable prostheses when
indicated, but location of clasps may affect esthetics. So, when
patients are concerned about esthetics, flexible partial dentures
which are esthetically superior to flipper and cast partial
dentures may be considered. Kaplan (2012) found that the new
design potential of the flexible partial denture and its clasp allow
for a new treatment approach to the well-established problems of
retention, stability and strength. Not only can esthetic clasps
removable partial dentures reserve some advantages, that
removable partial dentures have such as less preparation and
low cost, but they also can bring a metal-free smile to the



patients, which is a new effective and affordable treatment option
for partial edentulism as reported by Yu and Huang (2012).

Valplast or Flexiplast are super polyamides which belong to the
nylon family. Nylon is a resin derived from dicarboxylic acid,
diamine, aminoacids and lactin that may be used when the
patient is concerned with esthetics as recommended by Singh et
al (2013). The main benefit of nylon partial removable dental
prostheses (PRDP) is the absence of a metal framework,
providing improved aesthetics. In addition, polyamide denture
base resins are thought to offer some advantages for patients
who are allergic to heat-polymerized poly-methyl methacrylate
(PMMA) resin. Unfortunately, the lack of a traditional framework
reduces the rigidity and support of occlusal rests as reported by
Hamanaka et al (2011).



Sykes et al (2002) found that the technopolymer materials
(thermoelastic resins) have superior flexibility, and exert less
force than the metals. The technopolymer clasps were up to ten
times as flexible as the metal clasps, and they returned to their
pretest dimensions after being stretched. In addition, they
exerted forces on the abutment teeth that fall within the range of
those considered safe for use. This coupled with their pleasing
esthetics makes them suitable for use on periodontally
compromised teeth, those with deep undercuts and on anterior
teeth. Therefore, thermoelastic resin clasps have been used for
esthetic denture rehabilitation as recommended by Osada et al
(2013). A question now arises: does the type of clasp assembly
used on the terminal abutment in tooth-implant-supported
partial over-dentures have an effect on the supporting structures
of the implant and the abutment?



This study was conducted to compare between the effects of
thermoelastic (Versacryl) versus chrome-cobalt retentive clasp
arms on the supporting structures of the implant, and the
abutment in implant-supported partial over-dentures, both
clinically and radiographically.

Materials and Methods

Fourteen partially edentulous male patients, ranging from 34 to
48 years were selected for this study, with an average age of 42
years. Only male patients were selected to avoid any hormonal
effect on the bone changes. All patients had a Kennedy Class II
mandibular arch, with #21 or #28 as the last standing tooth and
an intact opposing arch. Patients were free from any systemic or
debilitating disease that may affect the bone quality or the post-



operative healing, and osseointegration of the dental implant. All
patients had an adequate inter-arch space, good oral hygiene and
were non-smokers. Patients with temporomandibular joint
disorders, grinding or bruxing habits and deep bite were
excluded. The patients were informed about the nature of this
research and their verbal consents were obtained.

Patients’ Grouping

All patients received a lower partial over-denture supported by a
single root-form implant (10mm in length and 3.7mm in
diameter) placed in the area of #18 or #31. Patients were divided
into two equal groups, each of seven patients. Grouping was done
randomly by coin flipping method. Patients of group I received an
implant-supported skeleton partial over-denture, with a metallic



gingivally approaching retentive arm on the terminal abutment.
Patients of group Il received the same partial over-denture
design as group I, with a thermoelastic resin (Versacryl)
gingivally approaching retentive arm on the terminal abutment.

Implant placement

In the first surgical phase, the implant was installed in its
proposed site, the cover screw was secured to the implant and
the muco-periosteal flap was repositioned and sutured. At the
time of second surgical phase (after three months), the implants
were exposed, the cover screws were removed and replaced by a
healing abutment of suitable length that was replaced ten days
later by a ball abutment of a suitable height (Fig. 1).



Figurel: Ball implant abutment secured to the implant.



Removable partial over-denture framework construction

The partial over-denture design, which was the same in both
groups (I and II),included a lingual bar as a mandibular major
connector and a double Aker's clasp on the dentulous side. The
difference between both groups was in the type of clasp adapted
on the terminal abutment, which was a chrome-cobalt gingivally
approaching retentive arm for group I (Fig. 2) and a Versacryl
one for group II (Fig.3). A ball implant abutment with its metal
housing and retentive cap was used on the implant side in both
groups. Before denture delivery, the metal housing and retentive
cap were attached to the fitting surface of the partial over-
denture with auto-polymerizing resin using direct pick-up
technique.



Figure 2: The finished partial over-denture with chrome-
cobalt retentive arm (group I).



Figure 3: The finished partial over-denture with Versacryl
retentive arm (group II).



The evaluation of the terminal abutment and the implant:

The evaluation of the supporting structures of the terminal
abutment and the implant was carried out both clinically and
radiographically at the time of prosthesis insertion, six and
twelve months later

a) Clinical evaluation
i) Patient satisfaction
Patients’ satisfaction with their prostheses was evaluated by
means of a questionnaire developed in consideration of the most

important aspects used to evaluate the prosthesis including
esthetics, function, retention, stability and comfort. Patients were



asked to rank each prosthesis from 1-3: not satisfied (1), satisfied
(2), highly satisfied (3).

ii) The Gingival Index Scores (GI)

The Gingival Index Scores were recorded around the buccal,
distal and lingual surfaces of the terminal abutment. The gingival
tissues around the abutment were isolated and gently dried by a
piece of gauze, and then each surface was individually scored
according to the Gingival Index Scores (Loe and Silness, 1963).
The mean of the three surfaces was calculated.



iii)  Evaluation of the implant stability

The Evaluation of the implant stability was done using the Osstell
device which measures the implant stability as an implant
stability quotient (ISQ). Readings of 65 and above denote
successful osseointegration, while readings below 65 denote
failure osseointegration. The evaluation was carried out at the
time of prosthesis insertion and twelve months later. The healing
abutment was removed, and then the smart-peg which coincides
with the implant was screwed to it. The tip of the device was
placed on each surface of the smart-peg, and the readings were
recorded (Figs. 4,5) following the manufacturer’s instructions.
Then, the smart-peg was removed and the ball abutment was
secured again to the implant. After twelve months, the bone



abutment was unscrewed, the smart peg was secured to the
implant and the data of the ISQ were recorded.

Figure 4: The tip of the Osstell device placed on the buccal
surface of the smart peg.



Figure 5: The readings of the Osstell device.
b) Radiographic evaluation

Marginal bone height measurements and densitometric
measurements were carried out distal to the terminal abutment



and mesial, and distal to the implant using direct digital
radiography

Rinn-XCP periapical film holder, individually constructed
radiographic templates, and long cone paralleling technique were
used for the standardization of digital images (Fig. 6). A digital X-
ray machine with a long cone, sixteen inches in length was used.
The imaging plate was exposed by the X-ray machine at 70-
kilovolt and 10-milliamperes, for 0.06 seconds. These procedures
were carried out to standardize the acquisition of radiographic
images in the different study periods for each abutment and
implant.



Figure 6: Aiming ring, Rinn-XCP film holder and radiographic
template.



i) Marginal bone height measurements

The linear measurement system supplied by the special soft-ware
of the Digora was used to assess the marginal bone height distal
to the abutment and mesial, and distal to the implant along the
follow-up periods. A line was drawn from the top of the
abutment to its apex to calibrate the abutment length in the
subsequent radiographs before measurements, and the same was
done for the implant. This calibration ensured the
standardization of all radiographic images along the follow-up
period. After calibration, standardization of the measurements of
the marginal bone height required that three lines were drawn,
the first line passing tangential to the top of the implant, and two
perpendicular lines passing parallel along the mesial and distal
aspect of the implant (Fig.7). Another tangential line was drawn



for the abutment, and a perpendicular line was drawn parallel
along the distal aspect of the abutment. All perpendicular lines
were drawn from a fixed point at the tangential line, and
descending perpendicular toward the highest level of the alveolar
bone. The distance recorded along these perpendicular lines was
measured to record the alveolar bone changes; any increase in
this distance denoted alveolar bone resorption.
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Figure7: Bone height measurements around the implant.

ii) Bone density measurements (densitometric analysis)

Using the Digora software, three successive lines were drawn
parallel and distal to the root of the terminal abutment. The first



line extended from the cemento-enamel junction to the root apex,
the second line was drawn parallel and equal to the first line and
1 mm apart from it, while the third line was drawn parallel and 1
mm apart from the second one. Then, the mean value of the three
readings was calculated. For the implant, three successive lines
(mesial and distal to each implant) were drawn extending from
the first flute of the implant to its apex, and the mean value of the
readings was calculated (Fig.8).



=

1

Figure 8: Bone density measurements around the implant.




Results

All patients in the two studied groups attended the whole follow-
up period.

I) Clinical evaluation

1) Patient satisfaction
All patients in both groups were satisfied with their prostheses
regarding stability and function. However, patients of group Il

were highly satisfied with the better esthetics and increased
retention of the Versacryl clasps.



2) The Mean Gingival Index Scores for the abutments in both
groups

The mean gingival index scores for the abutments in group I were
0.4, 0.6 and 1.0 at the time of prosthesis insertion, six and twelve
months later respectively. However, for group II, the mean
gingival index scores for the abutments were 0.5, 0.6 and 0.8
respectively. Comparison between the mean gingival index
scores in both groups revealed no statistically significant
difference (P>0.05) between both groups along the study period
(Table 1, Fig.9).

Please see Table 1 in the PDF version.
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Figure 9: The Mean gingival index scores for the abutments
in both groups.

3) Evaluation of implant stability



In each group, no statistically significant change (P>0.05) was
observed in the mean difference in the values of the Osstell
readings for the implants after twelve months of prosthesis

insertion (Table 2, Fig. 10).

Table 2: The mean difference in the values of the Osstell
readings for the implants in both groups.

Mean
Group difference SD P-value
Group | 0.01 0.001 | 0.978
Group II 0.000 0.000 | 1.000




Please see Figure 10 in the PDF version

II) Radiographic evaluation

1) Marginal bone height measurements in both groups
The mean marginal bone height measurements were recorded
digitally. These vertical measurements represented the bone
level distal to the terminal abutment and mesial, and distal to the
implant, so that any increase in these measurements along the

successive follow-up periods denoted bone resorption.

a) For the abutments



The mean marginal bone height measurements for group [ were
3.24, 3.56 and 3.68mm at the time of prosthesis insertion, six and
twelve months later respectively. However, for group I, the mean
marginal bone height measurements were 2.88, 3.13 and 3.18
mm respectively. The comparison between the amount of bone
height changes in both groups revealed no statistically significant
difference (P>0.05) between the amount of bone loss in both
groups after six months. However, after twelve months, patients
of group II (the Versacryl clasp group) showed a statistically
significantlower mean amount of bone loss (P<0.05) than those
of group I (the metal clasp group) (Table 3, Fig.11).

Please see Table 3 in the PDF version.
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Figure 11: Marginal bone height measurements for the
abutments in both groups.

b) For the implants:



The mean marginal bone height measurements for group [ were
1.59,1.71 and 1.91mm at the time of prosthesis insertion, six and
twelve months later respectively. However, for group I, the mean
marginal bone height measurements were 1.27, 1.35 and 1.48
mm respectively. The comparison between the amount of bone
height changes in both groups revealed no statistically significant
difference (P>0.05) between the amount of bone loss in both
groups after six months. However, after twelve months, patients
of group II (the Versacryl clasp group) showed a statistically
significant lower mean amount of bone loss (P<0.05) than those
of group I (the metal clasp group) (Table 4, Fig.12).

Please see Table 4 in the PDF version.
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Figure 12: Marginal bone height measurements for the
implants in both groups.

2) Bone density measurements in both groups

a) For the abutments



The mean values of the bone density measurements for the
abutments in group I were 107.1, 110.9 and 116.7 at the time of
prosthesis insertion, six and twelve months later respectively.
However, for group II, the mean bone density measurements
were 120.1, 126.4 and 138.8 respectively. The comparison
between the amount of bone density changes in both groups
revealed no statistically significant difference (P>0.05) between
the mean bone density measurements in both groups after six
months. However, after twelve months, patients of group II (the
Versacryl clasp group) showed a statistically significant increase
in the mean bone density measurements (P<0.05) compared to
those of group I ( the metal clasp group) (Table 5, Fig.13).

The percentage change was calculated as follows:

Density (after) — Density (base line) x 100



Density (base line)

Please see Table 5 in the PDF version.
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Figure 13: Bone density measurements for the abutments in
both groups.



c) For theimplants

The mean values of the bone density measurements for group I
were 125.6, 137.5 and 145 at the time of prosthesis insertion, six
and twelve months later respectively. However, for group 1], the
mean bone density measurements were 157.9, 164.8 and 176.7
respectively. The comparison between the amount of bone
density changes in both groups revealed no statistically
significant difference (P>0.05) between the mean bone density
measurements in both groups after six months. However, after
twelve months, patients of group II (the Versacryl clasp group)
showed a statistically significant increase in the mean bone
density measurements (P<0.05) compared to those of group I (
the metal clasp group) (Table 6, Fig.14).



Please see Table 5 in the PDF version.
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Figure 14: Bone density measurements for the implants in
both groups.



Discussion

Distal extension partial dentures are subjected to a great stresses
compared to Class III cases because their support is a
combination of tooth and soft tissues, and are subjected to
rotations. Therefore, during the formulation of a design for a
distal extension partial denture, all the possible movements that
may take place must be kept in mind, and all the components of
the denture may then be positioned to counteract or prevent as
much of the rotation as possible. Therefore, when the treatment
is being planned, every effort should be made to retain a
posterior abutment tooth to avoid a Class I or Class II situation.
Preserving a posterior tooth to serve as a vertical support or even
as a partial over-denture abutment is rendering the patient an
outstanding service as was reported by Phoenix et al (2008).



It has to be noted that the placement of an implant in the
posterior region in distal extension cases, to support a removable
partial over-denture because of financial or anatomic limitations
may be more suitable in such cases, instead of making a tooth -
implant supported fixed restoration or even the placement of
another implant and construction of a totally implant-supported
fixed restoration. This could be attributed to the fact that implant
placement in distal extension cases provides a positive distal
support that minimizes load transmission to the edentulous ridge
reducing its resorption, as well as providing a stable partial over-
denture improving its efficiency. Besides, the placement of a ball
implant abutment with its retentive clip simplifies the design of
the partial over-denture as it eliminates the need for an indirect
retainer.



The visibility of the retentive arm sometimes causes a cosmetic
problem for patients. Although, an attachment may be considered
for these patients, the need for a crown prosthesis, possible
endodontic treatment, additional chair-time and post insertion
care may make such an option financially unacceptable as
indicated by Phoenix et al (2008).

A nylon removable partial denture (Valplast) provides improved
esthetics as it has no metal framework or occlusal rest. However,
nylon removable partial dentures are contraindicated in Class II
cases, as they lack the basic elements of traditional removable
partial dentures such as rigid connectors and occlusal rests.
Another negative aspect of using the polyamide base resin is its
surface roughness, and difficulty in polishing leading to bacterial



and fungal colonization on its surface as was reported by Ito
(2013).

On the other hand, technopolymer materials, like thermoelastic
resins (Versacryl) have viscoelastic properties. They are
prepared to have superior flexibility, which is about ten times as
flexible as the metal clasps, and they return to their preset
dimensions after being stretched. Therefore, the use of esthetic
clasps in removable partial dentures can bring a metal-free smile
to the patient as was recommended by Yu and Huang (2012).

Thermoelastic resins can be mixed in different softener/hardener
monomer ratios to have different viscoelastic properties
according to its application as indicated by Moussa et al (2012).



Therefore, the novality of this research is that it combines the
rigidity of chrome-cobalt skeleton partial denture framework
with its good support and better load distribution, together with
the superior esthetic quality of the thermoelastic (Versacryl)
retentive arm. Another important advantage of the thermoelastic
retentive arm is that it has an internal memory to return to its
original position as compared to the cast clasp, which usually
becomes fatigued after about 500 times of insertion and removal,
as reported by Tokue et al (2013).

The present study revealed superior results regarding the
amount of bone loss, density and gingival condition around the
terminal abutment, and implant with the use of the thermoelastic
resin (Versacryl) clasp. Besides, this type of clasp arm can be
easily adjusted by just putting it in warm water which gives



confidence and comfort to the patient, unlike the metal clasp arm.
Another important advantage of the Versacryl clasp is that, if
broken, it can be easily replaced, as it chemically bonds to the old
acrylic resin. In addition, thermoelastic resin clasps are also very
hygienic and do not easily stain as they are non-porous and easily
cleaned preventing the adherence of debris to the clasp.

Conclusions
From the results of the present study, it can be concluded that:
1) The use of the thermoelastic (Versacryl) clasp, with its

superior properties, is better accepted by the patients,
regarding esthetics, retention and efficiency.



2) Both the implants and the abutment teeth reacted more
favorably with the use of Versacryl clasps

Notes:

1Dentium implants, Seoul, Korea.

2Keystone Industries, USA.

3Dentium implants, Seoul, Korea

4Integration Diagnostics AB, Gétenborg, Sweden
5Digora Computerized System, Helsinki, Finland.
6Rinn manufactures Co. Ligin, III, USA.

7Xgenus Degotzen machine, Italy.
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