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Abstract: The vertical micro gap between implant and abutment has a vital role in implant survival as well as
for prosthetic success. Bacterial colonization may happen in the microgap leading to peri-implantitis. Passive
fit between the implant and abutment is a pre-requisite for the prosthetic success. The study compared the
microgap of Cast Nickel-Chromium and Cobalt-Chromium abutments with premade abutments made of Grade
5 titanium. 15 implant abutments were divided into 3 groups. Group-1 comprised of 5 pre-made abutments. 10
plastic abutments, of which 5 were cast in Nickel-Chromium (group-2) and 5 were cast in Cobalt-Chromium
(group-3). One internal hex implant was embedded in an acrylic resin model. Each standard abutment and cast
abutment was tightened on it. The abutment/implant interface for each specimen was analyzed at 6 different
locations, using Mitutoyo QV Apex302 Measuring System. Data were submitted to statistical analysis (One Way
ANOVA and Duncan’s Multiple Range Test, p < 0.001). The Mean Marginal Gap in each group was found to
be; 15.30 um (Group-1), 27.17 um (Group-2) and 30.53 um (Group-3). It was statistically confirmed that the
differences between group 1 and group 2, groupl and group 3 and group 2 and group 3 were, very highly
significant.
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. Introduction

Invention of dental implants and osseointegration for prosthetic rehabilitation of partially and
completely edentulous patients provided long term predictable results. Even though the prosthetic success rates
were high, many of the studies revealed high prevalence of prosthetic complications such as screw loosening [1-
4]. The microgap which is the vertical gap between implant and abutment is a contributing factor in screw
loosening [5]. Bacterial colonization may happen in the microgap leading to peri- implantitis.

It was reported that, when considering the mechanical aspect of the implant prosthesis, poor fitting
prosthesis with 6um to 10um vertical misfit may lead to screw loosening [4,6]. Another contributing factor for
screw loosening and fracture is misfit between the implant abutment interfaces. According to the current
scientific evidence and the efficacy of contemporary dental technology used for framework fabrication, it has
been concluded that an absolute passive fit cannot be obtained[ 7]. Another variable that influences the joint
stability is how the contacting parts change upon tightening the screw. In order to ensure a better fit, the use of
premade components has been highly recommended. The high cost of this type of framework has led to the
development of plastic abutments allowing the use of base metal alloys [5].The present study compared the
marginal accuracy of Cast Nickel-Chromium and Cobalt-Chromium abutments with premade abutments made
of Grade 5 titanium. The study assessed the marginal accuracy of Cast and pre made cylinders using Mitutoyo
QV Apex 302 Measuring System.
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Il.  Material and Methods

Ten Plastic abutments and 5 precision milled metallic abutments were used in this study. Among the 10 plastic
abutments 5 were cast in Nickel-Chromium and remaining 5 in Cobalt-Chromium alloy. The pre made milled
abutments and cast abutments were divided into following 3 groups. Each group comprised 5 samples.Group 1-
Five precision milled metallic standard abutments made of Grade 5 titanium (MDMAC10,MIS Implants
Technologies Ltd, Israel) were analyzed as received and used as a positive control group (Fig. 1).Group 2- Five
cast abutments in Nickel Chromium(Ni-Cr) alloy(WironR 99, Bego Co, Bremen , Germany) (Fig. 2).Group 3-
Five cast abutmentsinCobalt-Chromium (Co-Cr) alloy(WironitR, Bego Co, Bremen , Germany) (Fig. 3).

i
Figure.1. Five precision milled metallic standard abutments made of Grade 5 titanium (MD-MAC10, MIS

Implants Technologies Ltd, Israel).

Figure. 2. Cast Nickel-Chromium abutments.

Figure. 3. Cast Cobalt-Chromium abutments

The cast specimens for groups 2 and 3 were made using the plastic cylinders(MD- CPH13, direct
plastic cylinder internal hex, MIS Implants Technologies Ltd, Israel). They were invested in phosphate bonded
investment (ADENTAR- VEST CB, GERMANY). Each component was casted individually, according to the
manufacturers recommendations. Castings were done in a pressure casting machine (Reital, Argon pressure
casting machine,Germany). Following completion of casting careful divesting was performed. The specimens
were sandblasted and the sprues were cut. The specimens were steam cleansed. After this they were kept in
ultrasonic cleaner in distilled water for one minute. Finishing and polishing were not performed.
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On an acrylic resin model (DPI- RR COLD CURE, Densplay, Delhi, India), one internal hex implant (MF7-
16420, Screw type, internal hex,MIS Implants Technologies Ltd, Israel) was embedded using a surveyor. The
resin model was fabricated with a hexagonal shape (3cm x 1.5 cm x 1.5 cm). Each standard and cast abutment
was tightened to 35 Ncm on the internal hex implant using a torque wrench. Following this, after a period of 10
minutes each sample was again tightened to 35 Ncm.

2.1Testing the specimens

Implant-Abutment interface of each specimen was analysed at 6 different locations around the
interface, according to the resin model design, using Mitutoyo QV Apex 302 Measuring System under 70X
magnification (Fig. 4).

Figure. 4. Mitutoyo QV Apex 302 Measuring System

Samples were scanned using high sensitivity CCD camera. The equipment had ameasuring accuracy of
(1.5+3L/1000um on the XY axis, 3+4L/1000um on Z axis). Analyses were carried out for all groups.The
precision milled and cast abutments showed marginal inaccuracies more than the accepted level. The control
group (premade abutments) presented better marginal fit than both tested groups. The value of mean marginal
gap for cast Ni-Cr abutments when compared with that of cast Co-Cr abutments were found to be comparatively
similar (a difference of only 3 um). Compared to the cast Cobalt-Chromium abutments the cast Nickel-
Chromium abutments showed improved marginal accuracy. Successful dental implantation and thereafter
prosthetic loading require a higher degree of precision and predictability regarding the implant platform and
engaging abutment portion. However, the use of plastic components to cast abutments is very economical. Its
usage should be viewed with caution when precision and predictability are desired.

I1l.  Results
The precision milled metallic abutment (Group-1) showed higher marginal accuracy (15.30um) than
the cast Nickel- Chromium and the cast Cobalt- Chromium abutments. Compared to the cast Cobalt-
Chromium(Group-3) abutments(30.53um), the cast Nickel- Chromium(Group-2)abutments(27.17 pm) showed
higher marginal accuracy (Fig. 5).The marginal gap observed between the cast Nickel- Chromium and Cobalt-
Chromium samples were comparatively less.
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Figure. 5. The graph represents the comparison of mean marginal gap in micro meters for Group 1, Group 2 and
Group 3.
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3.1Statistical analysis

Data were analyzed using computer software, Statistical Package for Social Sciences (SPSS)version
10. Data are expressed in its mean and standard deviation. Analysis of variance (One Way ANOVA) was
performed as parametric test to compare different groups. Duncan’s Multiple Range Test was also performed as
post hoc analysis enabling multiple comparisons TABLE 1.

TABLE 1. Analysis of variance (ANOVA) comparing mean marginal gap (mm) for different groups of

materials
Group - Mean + 8D F value P Value
Group | (Ti-Al-Va) 15.302 2.32
Group Il (Ni-Cr) 27.17° 5.09 129.164 <0.001
Group Il (Co-Cr) 30.53¢ 3.65

A, b, ¢ — Means with same superscript do not differ each other (Duncan’s Multiple Range Test)
For all statistical evaluations, a two-tailed probability of value, < 0.05 was considered significant. Duncan’s
Multiple Range Test showed values of p < 0.001 for comparison between group- 1 and group- 2, group- 1 and
group- 3 and group- 2 and group- 3. It was statistically confirmed that the differences between group 1 and
group 2, groupl and group 3 and group 2 and group 3 were, very highly significant.

IV.  Discussion

Implant abutment restorative interface usually creates a space. This space is referred to as micro gap.
For the majority of segmented implant systems, an implant-abutment assembly spells marginal discrepancies
and micro gaps at the implant abutment interface [8]. Passive fit and simultaneous, even mating of the complete
inner surfaces of implant and abutment is a prerequisite for the maintenance of implant-abutment interface.
Passive fit or zero strain between the implant abutment interface is essential to avoid strain on the supporting
implant fixture and to the surrounding bone in the absence of an applied external load [9-11]. It was found that,
poor fitting prosthesis with 6um to 10um vertical misfit may lead to screw loosening [5]. It has been concluded
that if an absolute passive fit cannot be obtained betweenlmplant abutment interface, this may lead to prosthetic
complications such as loosening or fracture of the of the screws that retain the prosthesis to implant [12-15].

In this study, fifteen implant abutments were divided into three groups. First group comprised of five
pre- made metallic abutments. Ten plastic abutments, of which five are cast in nickel chromium (group-2) and
five are cast in cobalt chromium (group- 3). When the Implant and abutment are tightened ideal expected
vertical gap is zero. To enable the abutment to enter the standard platform of the internal hex implant, the
milling process should incorporate a tolerance for this [16]. The abutment surface to be milled a little smaller
than the interface of implant fixture. This results in a milling, of the abutment fitting surface a little smaller than
the implant platform, in micrometer level [16]. During examination of the samples using Mitutoyo QV Apex
302 Measuring System under 70X magnification, a mean marginal gap of 15.30 um for group one,27.17 um for
group two and 30.53 um for group three were found. Major reason for this deviation from normal may be an
attribute due to milling procedure. No milling procedure can produce two beveled surfaces of same kind. This
may lead to discrepancies and microgap[17]. This again can result in tilting and rocking of the abutment and
prosthesis.

When implant and abutment are tightened with the specified 35Ncm, force is transferred through the
abutment, screw thread and implant thread surfaces. This clamping force generates a preload in the screw which
keeps the components together. During this process a part of the tightening force applied will be used in
smootheing the mating surfaces of the implant and abutment [18]. This loss in preload is called “settling,”” - the
screw loses a part of its preload [19]. Higher the preload, greater will be the force required to loosen the screw.
Even after tightening the screw to the manufacturers’ instructions, it has been noticed that micro spaces exist
between the mating surfaces of the implant and abutment resulting in undesirable movements leading to
mechanical failure [20-22].

Stefania Carvalho Kano; Gerson Bonfante et al in a study compared the vertical misfit obtained after
casting procedures when plastic cylinders and external hex pre-made cylinders were used [5]. Compared to the
present study, both of the studies demonstrate that casting procedures influence the microgapbetween the
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implant abutment interfaces. Marginal misfit observed may be due to the initial misfit that existed prior to the
casting, between the implant and plastic cylinders [5, 16]. Premade abutments exhibit smaller microgap when
compared to castable abutments due to the manufacturing technique [23-24]. Microgap of metallic premade
abutments may vary from 12 pm to 22 pum 8. Casting procedures result in production of irregularities on the
surface. There exist limitations in reliable finishing and polishing techniques to produce a surface free of
irregularities. All these factors contribute to microgap formation. There exist multiple variables while casting
plastic components for the fabrication of the implant superstructure [5, 16]. Compared to premade abutments,
cast abutments are quite inexpensive. Certain clinical situations demand cast abutments. However, precision and
success of cast abutments cannot be predicted.

V.  Conclusion

The study revealed that the control group (premade abutments) presented better marginal fit than both
tested groups. The value of mean marginal gap for cast Ni-Cr abutments when compared with that for cast Co-
Cr abutments were found to be comparatively similar (a difference of only 3 um). Compared to the cast Cobalt-
Chromium abutments the cast Nickel-Chromium abutments showed improved marginal accuracy. Successful
dental implantation and thereafter prosthetic loading require a higher degree of precision and predictability
regarding the implant platform and engaging abutment portion. However, the use of plastic components to cast
abutments is very economical. Its usage should be viewed with caution when precision and predictability are
desired.

Acknowledgements
The authors would like to express their gratitude Mr. Kurian Mathew Abraham for his statistical support.

References

[1].  Jemt, T., Linden, B., andLekholm, U, Failures and complications in 127 consecutively placed fixed partial prostheses
supported by Branemark implants: from prosthetic treatment to first annual check-up,Int J Oral Maxillofac Implants, 7,1992,
40-44.

[2].  Taylor, T.D, Agar, J.R., Vogiatzi, T, Implant prosthodontics: current perspective and future directions, Int J Oral Maxillofac
Implants, 15,2000, 66-75.

[3].  Carlson, B., Carlsson, G.E, Prosthodontic complications in osseointegrated dental implant treatment,Int J Oral Maxillofac
Implants, 9, 1994, 90-94.

[4]. Kallus, T., Bessing, C, Loose gold screws frequently occur in fullarch fixed prostheses supported by osseointegrated
implants after 5 years,Int J Oral Maxillofac Implants, 9,1994, 169-178.

[5].  Stefania, Carvalho, Kano., Gerson, Bonfante., Raquel, Hussne., Aline, F,. Siqueira, Use of base metal casting alloys for
implant framework: marginal accuracy analysis,J. Appl. Oral Sci. Oct-Dec. 12,2004, 337-43.

[6]. Jemt, T., Book, K., Prosthesis misfit and marginal bone loss in edentulous implant patients,Int J Oral Maxillofac
Implants,11,1996, 620-625.

[7].  Carlsson, L., Built-in strain and untoward forces are the inevitable companions of prosthetic misfit,Nobelpharma News,
8,1994, 5.

[8]. Subramani, K,. Jung., R.Molenderg, A,. Himmerle, C., Biofilm on dental implants: A review of the literature,Int. Journal of
Oral and Maxillofacial Implants, July-Aug, 24, 2009, 616-626.

[9].  Adell, R., Lekholm, U., Rockler, B., Branemark, P-1., A 15-year study of osseointegrated implants in the treatment of the
edentulous jaw,Int J Oral Surg, 6,1981, 387-416.

[10]. Jemt, T., Failures and complications in 391 consecutively inserted fixed prostheses supported by Branemark implants in
edentulous jaws: a study of treatment from the time of prosthesis placement and to the first check-up,Int J Oral Maxillofac
Implants, 6,1991, 270-276.

[11]. Manual for Treatment with Jawbone Anchored Bridges According to the Osseointegration Method.Gothenburg,
Sweden:Faculty of Odontology, Institute for Applied Biotechnology, University of Gothenburg.

[12]. Eckert, S.E., Wollan, P,.C, Retrospective review of 1170 endosseous implants placed in partially edentulous jaws,J Prosthet
Dent, 79,1998, 415-421.

[13]. Haack, J., E., Sakaguchi, R., L., Sun, T., et al, Elongation and preload stress in dental implant abutment screws,Int J Oral
Maxillofac Implants,10,1995, 529-536.

[14]. Sones, A., D., Complications with osseointegrated implants,J Prosthet Dent, 62,1989, 581-585.

[15]. Jemt, T., Lekholm, U., Grondahl, K, A 3-year follow up study of early single implant restorations ad modumBranemark,Int
J PeriodontRestor Dent, 10,1990, 340-49.

[16]. JainiJainiLalithamma, Sreekanth A Mallan, P A Murukan, Rita Zarina, A comparative study on microgap of premade
abutments and abutments cast in base metal alloys,J Oral Implantol, 40,2014, 239-249.

[17]. Tsuge, T., Hagiwara, Y., Matsuumura, H., Marginal fit and microgaps of implant abutment interface with internal
antirotation configuration,Dent Mater J, 27, 2008, 29-34.

[18]. Dr. Adriano, Piattelli., Giuseppe, Vrespa., Giovanna, Petrone. et al, Role of the Microgap Between Implant and Abutment:
A Retrospective Histologic Evaluation in Monkeys Journal of Periodontology, 74, 2003, 346-352.

[19]. Binon, P., P., The external hexagonal interface and screw joint stability: a primer on threaded fasteners in implant
dentistry,Quintessence Dent Technol, 23, 2000, 91-105.

[20]. Binon, P., P., The effect of implant/abutment hexagonal misfit on screw joint stability,Int J Prosthodont, 9, 1996, 149-160.

[21]. al-Turki, L., E., Chai, J., Lautenschlager, E., P., Hutten, M., C., Changes in prosthetic screw stability because of misfit of
implant supported prostheses, Int J Prosthodont, 15,2002, 38-42.

DOI: 10.9790/0853-1705146368 www.iosrjournals.org 67 | Page



Marginal Accuracy Analysis of Cast Base Metal Implant Frame Works- An In Vitro Study

[22]. Khraisat, A.., Hashimoto, A.., Nomura, S., Miyakawa, O., Effect of lateral cyclic loading on abutment screw loosening of an
external hexagon implant system,J Prosthet Dent, 91,2004, 326-334.

[23]. Rismanchian, M., Hatami, M., Badrian, H., Khalighinejad, N., Goroohi, H,. Evaluation of microgap size and microbial
leakage in the connection area of 4 abutments with Straumann (ITI) implant, J Oral Implantol, 38, 2012, 677- 685.

[24]. Harder, S., Dimaczek, B., Acil, Y., Terheyden, H., Freitag-Wolf, S., Kern, M., Molecular leakage at implant-abutment
connection-in vitro investigation of tightness of internal conical implant-abutment connections against endotoxin
penetration,Clin Oral Investig, 14,2010, 427-32.

Dr.Jaini J L "Marginal Accuracy Analysis of Cast Base Metal Implant Frame Works- An In
Vitro Study."IOSR Journal of Dental and Medical Sciences (IOSR-JDMS), vol. 17, no. 5,
2018, pp 63-68.

DOI: 10.9790/0853-1705146368 www.iosrjournals.org 68 | Page



