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Introduction

Clinical complications can occur with any dental treatment; dental implant
therapy is no exception. It is important to know the types of problems that can
occur with dental implants to develop an understanding of methods by which
these can be minimized or, better yet, avoided altogether.

Complications associated with the cementation of crowns and fixed pros-
theses on dental implant abutments were first documented in the dental litera-
ture in the late 1990s. Since that time, scientific evidence and clinical
experience have combined to propose methods of preventing unfavorable
outcomes during cementation.

Dr. Wadhwani is a pioneer in examining the process of crown cementation
on implant abutments. He is joined in this textbook by an exceptional group
of scholars as chapter contributors, who add their special expertise to his
research, and together there is an excellent synthesis of available evidence
and clinical guidelines.

It is important that practitioners, educators, and students understand con-
temporary science regarding the cementation process associated with dental
implants so complications can be reduced or eliminated. The profession will
derive substantial benefit from this book that expands our knowledge and
guides us to have a deeper understanding of how to optimize the cementation
of crowns and fixed prostheses on implant abutments.

Charles J. Goodacre

The research and clinical material presented through the chapters was
developed from a series of lectures and articles developed by the editor,
Chandur Wadhwani, over the past 5 years.

The purpose of writing this book is to bring the clinicians involved in
implant dentistry (surgeon and restorative) up to speed on what we have dis-
covered related to the success and survival of dental implants. Implants can
fail for many reasons; this book details one particular aspect that is believed
to impact dental implant health: residual excess cement.

Apart from a large section dedicated to the issues associated with cement,
there are sections on radiography and connection of implant components, all
of which have relevance to the long success of dental implants. By informing
the clinician of these issues, highlighting the difficulties, and providing some
simple solutions, the problem can be more readily controlled and, hopefully,
eliminated.

Xi
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Introduction

It is hoped that much of this material will be thought provoking and
promote further study of this discipline with the overall goal of improving the
value of these amazing medical devices (dental implants) that have changed
the dental profession and improved the lives of countless patients.

The initial investigations were based on the need for a scientific approach
to the restorative component of implant dentistry. At the time of completing
this book, the editor/author has collaborated with over 30 researchers to help
develop a series of protocols that can be applied in everyday practice. Much
of this book has been developed from images and materials that were donated
by esteemed clinicians who also offered advice and assistance, which cannot
be overlooked. This book would not be possible if it were not for their unself-
ish sharing of information and their desire to find truth—all of which I believe
will help advance the science of dentistry.

Chandur P.K. Wadhwani
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Restoring the Dental Implant:
The Biological Determinants

Chandur P.K. Wadhwani

Abstract

Dental implants should be considered as medical devices with an under-
standing that they behave in a very different way to the body part they
replace—namely, the natural tooth. Implants have a soft tissue attachment
mechanism to titanium that is a simple hemi-desmosomal cellular one;
there is a lack of cementum so direct connective tissue fiber bundle attach-
ment does not exist. The result is a system more vulnerable to insult from
trauma than a healthy natural tooth.

Liabilities exist with implants that are not seen with the tooth, for
example; commonly used techniques for teeth such as probing, retraction
cord placement and cementation of a restoration, must be considered very
differently. This chapter describes some of these issues with case reports.

Introduction

In the early 1980s, Branemark released informa-
tion related to osseointegration and its experi-
mental background. Out of the chance finding
two decades earlier that titanium could be suc-
cessfully integrated with bone was born the con-
cept of osseointegration. From that moment, the
world of dentistry would change forever. Tooth
loss could now be predictably treated with dental
implants and appropriate dental prostheses.

C.PK. Wadhwani, BDS, MSD
Department of Restorative Dentistry, University of
Washington School of Dentistry, Seattle, WA, USA

Private Practice Limited to Prosthodontics,
1200, 116th Ave NE #A, Bellevue, WA 98004, USA
e-mail: cpkw @uw.edu

Today the concept of osseointegration is better
understood than ever before, especially with the
way that bone grows toward and against the sur-
face of the dental implant. The bone provides the
basis for retaining the implant within the human
body, with mineralized tissue component firmly
holding the titanium root form. Even after the
implant is considered integrated, the cellular
activity of the bone continues to develop by
responding to the forces loaded upon it. Provided
these forces are physiologically acceptable, the
bone reacts by enhancing mineralization and fur-
ther contributes to the improved stability of the
implant.

From within the bony housing, the implant
transcends through a soft tissue corridor and
emerges into what is certainly the most hostile
environment that exists within the human

C.PK. Wadhwani (ed.), Cementation in Dental Implantology: An Evidence-Based Guide, 1
DOI 10.1007/978-3-642-55163-5_1, © Springer-Verlag Berlin Heidelberg 2015
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body—the oral cavity. This environment is host
to hundreds of microbial species with estimates
of several billions of microbes present. The
forces generated by the stomathological system
and transmitted through the dentition are enor-
mous, combined with the thermal (hot/cold)
and chemical (acids/alkalis) insults of the diet.
It is amazing that dental implants survive.

The soft tissue provides the implant with an
initial protective barrier to prevent the ingress of
bacteria and shield the implant from trauma.
Knowledge of the cellular elements of the soft
tissues at this site and how this heals over a short
period of time is key to understanding the poten-
tial vulnerabilities that are present.

Soft Tissue Differences of Implants
and the Natural Tooth

Comparing the soft tissue located around a
tooth and an implant, there are some similari-
ties, especially with the free gingival margin. In
both cases, there exists buccal keratinized epi-
thelium that extends into gingival sulcus where
it transitions to become junctional epithelium.
Apical to this is where the major differences
occur.

A tooth crevice has keratinized epithelium at
the base of the gingival sulcus, whereas an
implant does not. The junctional epithelium of a
tooth is adherent and less permeable and has a
high capability to regenerate. An implant’s epi-
thelial attachment, by comparison, adheres
poorly to the implant surface, is more permeable,
and has a lower capacity to regenerate.

Apical to the junctional epithelium, along the
surface of the implant, lies the soft connective
tissue attachment. With a natural tooth, supra-
crestal connective tissue fiber bundles exist.
These extend from the bone into the soft tissues,
fanning out in multiple directions. Some extend
from tooth to tooth in a horizontal manner, while
others connect the soft tissues independently in a
horizontal fashion and culminate in a mineralized
attachment within living root cementum on the
tooth root surface (Fig. 1.1). In health, the tooth
to soft tissue connection system is considered a
very robust mechanism that has evolved over mil-

Enamal

Sulcus
Sulcular (crevicular epithelium
Junctional epithelium

Cementum

.l.-
N, .8
e,

Fig. 1.1 The attachment mechanism of the natural tooth
to the periodontal tissues. Note the fiber bundles’ direction
and how they connect to the tooth via the cementum
(Reprinted from Rose LF et al. Periodontics:
Medicine,Surgery and implants (2004). Copyright ©
2004, with permission from Elsevier)

lions of years and serves as a seal to protect this
area from insult.

With an implant, the attachment mechanism is
more of a cellular adhesion to titanium, being
hemi-desmosomal in nature. The implant site that
develops through healing within a few days is far
more fragile in comparison to the tooth connec-
tion; it tends to act more like a cuff and is consid-
erably weaker. With implants, there are far fewer
connective tissue collagen fiber bundles with no
supracrestal fibers.

The fiber bundle direction is predominantly
parallel or oblique to the implant surface. In a
few instances, horizontal fibers have been
described. However, these do not terminate onto
mineralized living tissue, as there is no cemen-
tum on the implant surface (Fig. 1.2), and these
horizontal fibers cannot be considered equivalent
to those found associated with teeth, Sharpey’s
fibers.

One other major difference between the soft
tissue attachment of the natural tooth and the
implant is how the soft tissues allow for compart-
mentalization circumferentially. With the tooth,
the fiber bundles attach at multiple sites to the
cementum, producing distinct compartments that
limit the progression of disease—consider the
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fiber bundles as being like spokes on a bicycle
wheel. The segmentation produced by the fibers
is noted by the disease processes that affect teeth
such that periodontal disease is site specific. With
an implant, essentially only one compartment
exists, resulting from the circumferential fibers
that encircle the implant, with disease here (peri-

— Titaniumimplant

Sulcular epithelium
Junctional epithelium

Hemi-desmosomal
attachment

Bone

|

|

Fig. 1.2 The attachment of the soft tissue as the implant
emerges through the body. The collagen fiber bundles run
parallel or transverse to the implant long axis. One set of
fibers encircles the implant like a “hula-hoop” (not
shown). This attachment has taken only a few weeks to
develop and is essentially a hemi-desmosomal connection
(Reprinted from Rose LF et al. Periodontics: Medicine,
Surgery and implants (2004). Copyright © 2004, with per-
mission from Elsevier)

Fig. 1.3 (a, b) This implant site developed peri-implant
disease. Initial soft tissue findings were cyanotic tissue
that was inflamed. Radiographic examination shows the

implant disease) affecting the full 360° around
the implant (Fig. 1.3a, b).

The consequences of the biological differ-
ences between the soft tissue attachments of teeth
and implants can be readily demonstrated clini-
cally as in the following three areas: disease pat-
tern, probing effects, and displacement effects
with retraction cord.

Disease Pattern: Biological

and Clinical Significance—

The Difference Between

the Compartmentalization Seen
with the Natural Tooth and That
Seen Around an Implant

When periodontitis develops around a natural
tooth, the bone changes tend to develop in a
restrictive manner with distinct localized and
angular defects noted. This is in stark contrast to
the more generalized pattern of bone loss seen
with periimplantitis, where crater- or well-type
defects of bone loss circumvent the implant. The
following case report describes this pattern:

Case Report #1

A 20-year-old female was referred to a periodon-
tist for implant placement in the area of an existing
mandibular right deciduous second molar, the per-
manent second bicuspid (tooth #29) having failed

classic pattern noted with periimplantitis: circumferential
bone loss with a crater-type bone defect
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to develop. The site was evaluated for restorative
and anatomical needs revealed by a cone beam
computer tomogram with a radiographic guide in
situ. An implant (Replace 3.5 mm diameter,
11.5 mm length; Nobel Biocare, USA) was placed
by the periodontist according to the diagnostic cri-
teria derived from the scan. The implant was
allowed to heal for a period of 3 months and then
was evaluated for both radiographic and clinical
integrations. The patient returned to her restorative
dentist for implant impressions, crown fabrication,
and placement of the crown.

Two years’ post-restoration, the patient repre-
sented at the periodontist’s office with inflamma-
tion around the implant site, as shown in
Fig. 1.3a, b.

The periodontist removed the crown and abut-
ment and then removed the implant. On inspect-
ing the implant, cement could be seen around the
implant body with deposits of calculus on top
(Fig. 1.4). The area was surgically debrided, and
a bio-absorbable collagen wound dressing
(CollaPlug, Zimmer Dental) was sutured across
the surgical site. The area was left to heal for 3
months; then a crestal incision was made to retain
the attached gingival and to expose the proposed
implant site. The boney defect had filled in,
although there was a slight residual buccolingual
defect.

A new implant was placed along with a small
amount of xenograft mineralized material (Bio-
Oss, Osteohealth). The implant site was allowed
to heal for 4 months; then the patient was sent to
the restoring dentist for placement of a definitive
crown, with instructions to use a screw-retained
prosthesis.

Probing Differences Around Implants
Versus Teeth: Biology and the Clinical
Significance of the Soft Tissue
Attachment—Differences In

To quantify the difference in these two attach-
ments, a comparison of clinical probing forces
can be made (see Fig. 1.5). The force advocated
for probing around a natural, healthy tooth should
be in the order of 0.25 N. In comparison, just over

Fig. 1.4 The crown removed and implant removed by
reverse torque. Calculus was noted on top of luting
cement. This case is more completely described in
chapter 11—Patterns Characteristic to Cement Induced-
Peri-implant Disease (Reprinted with permission by
Dentistry Today (Wadhwani and Pineyro 2012))

half this force around a healthy implant should be
used—about 0.15 N.

The resistance to mechanical disruption of the
two respective sites, a tooth and an implant, can
be readily demonstrated with a diagrammatic
representation of what occurs when the soft tis-
sues are probed with the appropriate force
(Fig. 1.5a, b). In the case of the healthy tooth, the
robust nature of the fiber attachment is reflected
in the manner the probe affects the tissues as well
as the depth to which it extends. Compare this to
a healthy implant attachment site where penetra-
tion is demonstrated, tearing away the hemi-
desmosomal connection.

Retraction Techniques: Biology
and the Clinical Significance
of the Soft Tissue Attachment

The use of a retraction cord as an isolation tech-
nique, as well as a physical barrier to cement
extrusion beyond restorative finish lines, has
been advocated, and while it may help prevent
excess cement extrusion around healthy, natural
teeth, it must be used with caution around implant
restorations. The following case reports on the
potential detrimental effects of placing a retrac-
tion cord around an implant abutment prior to
cementing an implant crown.

Case Report #2
(From: Complications of using retraction cord
protection of the peri-implant soft tissues against
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Fig. 1.5 (a, b) Probing:
Implants versus teeth
(Reprinted from Rose LF
Periodontics:Medicine,
Surgery and implants (2004).
Copyright © 2004, with
permission from Elsevier)

excess cement extrusion—A clinical report.
Wadhwani and Ansong Reprinted with permis-
sion from Implant Realities 2012).

A 29-year-old healthy female patient was
presented for implant restoration of the maxil-
lary left lateral incisor. Six months earlier, an
immediate implant (NobelReplace Select,
Narrow platform, Nobel Biocare, Yorba Linda,
CA, USA) had been surgically placed. This
involved a traumatic removal of a retained frac-
tured root remnant, followed by immediate
implant placement. A buccal concavity existed
on the facial aspect of the implant site; this was
dealt with by raising a full-thickness mucogingi-
val flap, placing a xenograft (NuOss, Ace
Surgical Co., Inc., Brockton, MA, USA) for aug-
mentation followed by a barrier membrane made
of resorbable collagen (BioMend Extend,
Zimmer, Carlsbad, CA, USA). The mucogingi-
val flap was closed with sutures, and a 5-mm-tall
healing abutment (Nobel Biocare) was placed
onto the implant to allow soft tissue healing.
Three months after the implant was placed,
osseointegration was confirmed clinically by
radiograph, as well as auscultation of the

implant. The healing cap was removed and a
screw-retained acrylic provisional restoration
made by using a temporary plastic abutment and
a preformed acrylic crown. This was specifically
designed to more closely match the soft tissue
profile of a natural tooth. Following tissue matu-
ration around the provisional abutment for a fur-
ther 3 months, the implant was evaluated
clinically and radiographically and considered
ready for final restoration.

A custom impression coping was fabricated
by modifying a stock impression coping by the
addition of composite resin that mimicked the
soft tissue contours around the implant. An
impression was made using an open tray impres-
sion with an elastomeric impression material
Express (3 M-ESPE, St. Paul MN, USA). A soft
tissue gingival mask (Gingitech, Ivoclar-
Vivadent, Amherst, NY, USA) was incorporated
into a cast poured in type IV stone (Fuji Rock,
GC, Leuven, Belgium) to provide the technician
information on emergence profile, implant posi-
tion, and depth, such that an implant abutment
could be fabricated. The implant abutment was
fabricated using computer-aided  design/
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Fig. 1.6 The zirconia abutment and crown, prior to
placement. Note the color difference between the different
materials necessitating subgingival margin placement

computer-aided manufacturing (CAD/CAM) by
scanning with the Forte scanner (Nobel Biocare)
and fabricating a milled zirconia abutment (Nobel
Biocare), seen in Fig. 1.6.

For esthetic purposes, the zirconia abutment
margin was placed 1 mm below the free gingival
margin of the implant site. Once completed, the
abutment was fixed to the implant analog within
the cast and a crown was fabricated from Lava
Ceram (3 M-ESPE, St. Paul, MN, USA). The
restorative seating procedure consisted of remov-
ing the provisional crown to expose the implant
platform. The abutment was oriented as designed,
seated, and the abutment screw tightened to the
appropriate torque (35 Ncm), as recommended
by the manufacturer.

To reduce the effect of gingival fluid contami-
nation, as well as to protect the tissues from
excess cement extrusion, knitted retraction cord
size 00 (Ultrapak, Ultradent Products Inc., South
Jordan, UT, USA) was packed into the sulcus
around the abutment. The retraction cord was
measured to a length equivalent to the circumfer-
ence of the abutment, cut, and then packed around
the sulcus just apical to the abutment margin
(Fig. 1.7).

After the crown was tried in, the esthetics and
occlusion confirmed as acceptable to the patient
and clinician, the intaglio of the crown was
cleaned with phosphoric acid and washed in

Fig. 1.7 The zirconium abutment in situ with retraction
cord packed around the implant abutment, just apical to
the restorative margin

water, and then isopropyl alcohol was used as a
saliva decontaminant. The adjacent teeth were
isolated with PTFE tape (Oakley Co., Cleveland,
OH, USA). The intaglio of the crown was loaded
with cement (RelyX Unicem, 3 M-ESPE) and
seated onto the abutment. Finger pressure was
used to provide the crown seating force followed
by light curing the facial cervical area for 10 s.
Excess cement was removed with an explorer,
followed by further light curing around and over
the crown for 1 min. The subgingival retraction
cord was located with a fine explorer, which, on
removal, came out in multiple pieces with the
cement remnants. Further cleanup of the cement
margin was accomplished with hand instruments
and dental floss. The fragmentation of the cord
made measurement difficult; however, it appeared
as though all of the cord was removed.

The patient was pleased with the esthetic
result, the occlusion was checked, and the patient
was dismissed. One week later, the patient
presented with pain and erythema from the
implant site (Fig. 1.8).

The area was also mildly fluctuant. The crown
had been cemented with an adhesive cement
which did not allow for the restoration to be
removed without cutting it off. The crown was
sectioned and removed.

On inspection of the gingival area adjacent to
the abutment, a piece of cord was noted (Fig. 1.9a,
b). This was removed, attached to which was a
large mass of cement that had been extruded
beyond the confines of the cord (Fig. 1.10a, b).
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After complete debridement, the area was
checked for any excess cement remnants. The
provisional crown was reattached to the implant
and the patient was dismissed. Two weeks later,
the patient was reviewed and there were no clini-
cal signs or symptoms related to the cement
excess event. A new impression was made and a
new abutment and crown fabricated. This time,
the abutment margin was placed close to the free
gingival margin, giving improved access to
ensure complete removal of the cement lute.

Discussion

There is comparatively little research to guide
practitioners on how to restore implants.

Considering the vast numbers of implant systems
and variations in products within companies, this
may not be entirely surprising. However, in such

Fig. 1.8 One week after cementing the restoration.
Erythema is noted on the peri-implant soft tissues; the
crown is being cut to facilitate removal

an important area of dentistry, there is a need for
more research on how to guide us on the most
reliable restorations.

Retraction cord is frequently used as a means
of expanding the sulcus around tooth prepara-
tions to expose a margin for impression making.
It is also used as an isolation device to prevent
gingival tissue fluid contamination of cements
and helps reduce the excess cement extrusion
during cementation of restorations on teeth.
Although a useful tool, retraction cord use is not
without issue, with injury due to mechanical as
well as chemically impregnated cord, having
been known for over half a century.

With the introduction of cementation proce-
dures on implants, the problems associated with
subgingival margins have been compounded.
Excess cement extruded into the peri-implant tis-
sues has been positively linked to peri-implant
disease with numerous case reports documenting
ill effects.

Material selection also presents with issues,
for example, zirconia abutments have issues with
predictable adhesion. The esthetics compound
the issue, as the material is somewhat opaque and
often dissimilar to that of the crown to be placed
onto it. This requires a subgingival margin in
esthetic sites, which has implications for cement.

The use of retraction cord as a means of isolat-
ing and protecting the soft tissues around an
implant during cementation must be tempered
against the fact that these tissues are substantially
more fragile than those corresponding to a natu-
ral healthy attachment of a tooth.

Fig. 1.9 (a) As the crown is removed, retraction cord is visible. (b) Occlusal view, demonstrating the cord remnants
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Fig.1.10 (a, b) The cord is
removed along with cement
that has extruded beyond the
area supposedly being
protected. The outline shape
of the implant is clearly
visible

When considering the depth of the cemented
margin with a tooth preparation, it is advisable to
stay above the gingival sulcus where possible and,
in esthetic sites, just beneath the free gingival
margin. In contrast, implants are frequently placed
2-4 mm below the facial free gingival margin in
esthetic sites. Where a natural tooth is adjacent to
the implant, because of the tissue scalloping
which rises at the papilla site, this may be 5-7 mm
deep. This presents a significant difference again,
which clearly places the peri-implant tissues at
risk from insult with retraction cord.

Another factor that plays a role with the soft
tissue vulnerability relates to the implant pros-
thetics, where manipulation of the soft tissue
emergence profile to mimic the form of the root
occurs. This is frequently achieved by tissue
compression or displacement techniques result-
ing in blanched or tight tissues adjacent to the
implant abutment. If this occurs, as in the case
study reported, then the tight tissue must be fur-
ther displaced to allow retraction cord access to
the area below the margin of the abutment. This

requires more force during cord placement,
which inadvertently results in greater disruption
of the fragile soft tissue attachment.

A review by Bennani et al, on the use of retrac-
tion cords with teeth and implants agreed that the
displacement of implant soft tissues was very dif-
ferent to that of the tissues around a tooth.
Clinicians should question the use of such proce-
dures and the authors warned of the damage that
may result from this procedure.

Another issue concerning the use of retraction
cord is the fibrous nature of some cord materials.
When a knitted cord is used with adhesive resin
cement, it is likely that the cement will flow
within the cord and adhere. Removal of the cord
then becomes more challenging as it tends to
stick or lock into place as the cement starts to set.
If the cord tears and stretches (as noted in this
case report), then on removal, it may give a false
indication that it has been removed in its entirety,
when in fact some remains in the sulcus.

One solution to these problems is to negate the
use of cord by providing margins that are entirely
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above the free gingival margin, as documented in
the implant crown with an esthetic adhesive mar-
gin described further in chapter 7. The ICEAM
has porcelain margins that are amenable to
hydrofluoric etching, silanation, and bonding.
Margins above the free gingival tissues are
esthetic with complete control of the cementation
procedure, even if a highly adhesive resin is used,
including cleanup. With restorations with less
than ideal margin location, the clinician must
consider this to be far more demanding. When
undertaken, the use of a nonadhesive cement, for
example, zinc oxide-eugenol, or zinc phosphate,
or even eliminating the issue completely by fix-
ing the restoration to the implant with a screw-
retained restoration, should be considered.

Further Differences Between

the Natural Dentition

and the Dental Implant: How This
Relates to Vulnerabilities
Associated with Residual Excess
Cement

Introduction

Understanding the differences biologically with
the natural dentition and the implant must also
include the challenges that present with both the
site and environment in which they exist. All
implants have susceptibilities to residual excess
cement, some more than others due to their design
features. Better understanding these differences
can help the clinician minimize such risks.

Site Challenges

Indirect restorations placed on the natural tooth—
for example, crowns—are usually planned such
that the soft tissue depth of the cemented restora-
tion is carefully controlled. The margins of some
restorations must be extended slightly into the
gingival sulcus 1/2—-1 mm. The extension of any
restorative margin into the gingival sulcus should
be considered a compromise, but esthetic or
retentive demands often make this necessary.

Careful control of this margin site is required. If
this extends deeper below the tissues, it may
infringe on the biological width, resulting in an
inflammatory response. The impression making
around tooth margins that are subgingivally
placed also becomes more difficult. In general,
the restorative dentist aims to prepare the natural
tooth above the gingival margin and follow the
contours of the soft tissue in a manner that pro-
vides for adequate restorative tooth length, does
not damage the soft tissue, and allows for easy
impression making. The result is usually an
undulating finish line, raising at the papillae and
supra-gingival at all low esthetic value sites.

The implant is very different. When placed
according to soft tissue determinants, the implant
surgeon is frequently requested to place the head
(top) of the implant fixture 3 mm deep. If the
implant lies adjacent to a tooth, the papillae sites
may now be considerably deeper when compared
to the facial areas. Sadan has suggested at inter-
proximal sites that the distance from the tip of the
papilla to the implant head could easily be
6—7 mm (Fig. 1.11).

The depth of the implant site potentially pres-
ents issues with both maintenance and microbial
flora. Stambaugh reported on the inability for
periodontal cleaning instrumentation to reach
depths greater than 4 mm on the natural tooth,
where the contours are usually less extreme when
compared with the dental implant restoration.

Secondly, microbial flora that are considered
etiological contributors to both periodontal and
peri-implant diseases (the Gram-negative anaer-
obes) tend to favor deeper pocket sites. The depth
of the implant and the microbial interaction with
cements will be addressed in a later chapter.

Relating the depth of the implant, it should be
noted that many of the latest implant systems no
longer use the soft tissues as a starting site when
planning the implant placement. Many use the
bone reference markers now, with some implant
systems advocating the head of the implant be
placed 1-2 mm below the crest of the bone. This
suggests that the implant placement is even
deeper now and one can only assume the soft tis-
sue depths adjacent to the implant are now 7 or
more millimeters in depth (Fig. 1.12). This also
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Fig.1.11 If the head of the implant is placed 3 mm below
the free gingival margin of the facial tissue, then where a
papilla exists, this may extend to depths of 6-7 mm
(Modified from: Rose LF et al. Periodontics: Medicine,
Surgery and implants (2004))

highlights the issues with access to any residual
excess cement (Figs. 1.13a, b and 1.14).

Several nuances are currently being explored
with implant restorations. One such example is
the use of a biologically active implant abutment.
The company, BioHorizons, has designed an
abutment to be placed in a bleeding soft tissue
site, essentially an open wound (Fig. 1.15a, b).
The concept is promoted as a healing response
similar to that seen with an implant placement. If
the implant has a rough surface to the top, a clot
will initially form and adhere where blood con-
tacts the implant. As the clot organizes, a fibrin
attachment with the implant occurs. During fur-
ther healing, the fibrin will contract toward the
site where the clot had formed. The contraction
tends to favor soft tissue healing in close proxim-
ity to the implant as well as providing a more

Fig. 1.12 The bone crest is used as the reference for
implant placement on the facial. This results in an increase
of depth at the papilla site, which may be 8-9 mm deep
(Modified from Rose LF et al. Periodontics: Medicine,
Surgery and implants (2004))

stable environment. Although this appears a rea-
sonable idea on the implant body, the practicality
of placing a roughened surface on the abutment
must be considered carefully. During handling of
the abutment components, a roughened surface
on the underside of the implant abutment may be
easily contaminated, especially if the soft tissues
are not mature. During restoration if a temporary
crown is cemented over the abutment as sug-
gested by the manufacturer, any excess cement
could easily extrude over the margin of the resto-
ration and could flow into the rough implant abut-
ment surfaces. Contamination of the roughened
surface would not promote healing of the soft tis-
sues and so would not result in the desired effect.

Implant abutment form also has a series of
challenges that present to the clinician. For
example, the contour is not always conducive to
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Fig.1.13 (a) An
example of an implant
placed deep within the
tissues. The soft tissues
between the implant
and the bony socket
must be considered for
maintenance purposes.
(b) This also highlights
the difficulty in
accessing excess
cement. Arrows
indicate excess cement
sites

Fig. 1.15 (a, b) Some implant abutments are fabricated
with a rough surface—with the expectation that blood clot
Fig. 1.14 A cemented restoration was placed on this maturation will allow tissue attachment (a). However, in
implant. Residual excess cement can clearly be seen on  practice, any contamination into this microscopic rough

the radiograph (Reprinted with permission by Dentistry ~ site (b) will interfere with healing, and removal of con-
Today (Muskiant 2010)) taminating material such as cement is impossible
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Fig.1.16 (a, b) This
platform-switched abutment
shows that even without the
restoration, it presents
difficulty in accessing the
residual excess cement with
many of the instruments
available today (Reprinted
with permission by Dentistry
Today (Wadhwani 2013))

allowing access to cleansing or removal of
excess cement (Fig. 1.16a, b). This example of
a platform switching implant abutment clearly
demonstrates the difficulty of gaining access to
excess cement should it occur. The instrumen-
tation currently available to most clinicians
would not be capable of detecting excess
cement, let alone removing it, if the event were
to occur.

Other areas that provide challenges when con-
sidering adequate removal of access cement are
the implants themselves. Some one-piece implants
are contoured with an integral cement margin site
that produces an undercut directly onto the implant
body. This provides an environment that is very
difficult to maintain when cement flows in and
under this site, especially when the cement margin
is close to this site (Fig. 1.17a—d).
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Fig.1.17 (a) These 3 implants were restored in 2008; (b)  the margin of the crown which seats directly onto the
3 years later, routine radiograph indicates bone changes;  implant. The contour is undercut and so cement will easily
(c¢) treatment of choice is implant removal. (d) The be expressed into this site, making cleanup very difficult
implant crown was cemented over a solid abutment. This  pictures courtesy of Dr. Darrin Rapoport

does not allow for cement extrusion anywhere except at
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Conclusion

The restorative implant dentist should have a
good understanding of the challenges that go
with placing and restoring these medical
devices. Biological differences between a nat-
ural tooth and an implant, depth, and even
shape of the implant all have a bearing on the
problems being described. Most especially,
the relative ease of disruption of the soft tissue
connection associated with the implant must
be taken into account to limit such damage,
and the clinician must realize that commonly
used practices on the natural tooth may not be
applicable to the dental implant.
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Cemented Implant Restorations
and the Risk of Peri-implant
Disease: Current Status

Chandur P.K. Wadhwani, Thomas G. Wilson Jr.,
and Kwok-Hung (Albert) Chung

Abstract

The relationship between implant disease and cement has evolved from
multiple sources. Initially case studies, then a positive link, was estab-
lished by Wilson. More evidence is presented by evaluating failed,
removed implants and establishing if cement was present on the body of
the implant. Although this does not explain why the peri-implant disease
occurs, it does highlight significant problems dentists are having when
restoring implants with cemented restorations.

Introduction

Dental implants have changed the way many
dentists work and have improved the lives of count-
less patients. However, along with these positive
changes have come some issues. One such example
is the link between luting cements used for cement-
retained implant restorations and peri-implant dis-
ease. How and why these materials cause an issue
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specifically with implants is currently under inves-
tigation. This chapter explores what we currently
know about the interaction of cements, implants,
and peri-implant diseases. The research and case
reports presented here will hopefully provide an
insight into the complexities of these disease pro-
cesses. By providing a better understanding of what
is occurring, it may be possible to reduce or even
eliminate many of these problems.

The American Academy of Periodontology
recently released a report reporting on peri-
implant disease and risk factors.

The following are risk factors for peri-implant
disease:

* Previous periodontal disease

* Poor plaque control/inability to clean

* Residual cement

* Smoking

* Diabetes

* Occlusal overload

* Potential emerging risk factors (alcohol, rheu-
matoid arthritis, loading too late)

C.PK. Wadhwani (ed.), Cementation in Dental Implantology: An Evidence-Based Guide, 15
DOI 10.1007/978-3-642-55163-5_2, © Springer-Verlag Berlin Heidelberg 2015
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Fig. 2.1 (a, b) These two examples show residual excess
cement and how it relates to the destruction of the implant-
supporting tissues. Is it possible that the cement behavior

When the list is critically reviewed, it is clear
that some of these risk factors are within the con-
trol of the restorative dentist, especially provid-
ing a reconstruction that is accessible to cleansing
adequately, and more importantly, the complete
elimination of residual excess cement when a
cement-retained restoration is used.

Cement-retained restorations for implants
were introduced over 20 years ago, with many
claimed advantageous such as control of esthet-
ics, occlusion, cost, ease of fabrication, and pas-
sive fit. However, it is more likely that this type of
restoration became popular because dentists were
familiar with the cementation process, it being a
part of traditional tooth form dentistry. What is of
interest to note is that most patients, when sur-
veyed, do not mind whether they receive a screw-
or cement-retained restoration; therefore, it
appears to be predominately the clinician’s
choice to use a cement-retained restoration.

Controversies exist about this disease process,
and the aim of this chapter is to explore what is
currently known about peri-implant disease and
question why implants are so susceptible to a
process dentistry has been using for over 100
years with great success vis-a-vis cementing res-
torations onto natural teeth. Peri-implant disease
is now considered to be comprised of two general
categories: peri-implant mucositis and periim-
plantitis. Some authorities consider peri-implant
mucositis to be similar in nature to gingivitis, in
that it is restricted to the soft implant-supporting

was active in this process, or did it simply occur because
the cement presented an overhang of material?

tissues and is considered reversible if treated
early. In contrast, periimplantitis is a irreversible
disease process that affects the supporting bone
tissues, and, although considered similar to peri-
odontitis, it is noted to be far more aggressive and
difficult to control.

Although the peri-implant disease process has
several risk factors, where residual excess cement
is concerned, it may be that the cement has an
active etiological role rather than simply behav-
ing as a mechanical trap for bacteria such as an
overhang (Fig. 2.1a, b). Peri-implant disease may
be promoted by the presence of residual excess
cement due to bacterial interaction, allergic
response, foreign body reaction to cement, or by
the cement altering the surface of the implant
resulting in inflammation around the site.

The Science and Studies—Microbial
Interaction: T.G. Wilson's Study

on the Clinical Relationship
Between Residual Excess Cement
and Peri-implant Disease

By definition, peri-implant diseases are inflam-
matory in nature. Many of the same pathogenic
bacteria associated with periodontal diseases are
also associated with peri-implant disease. Several
case reports found these inflammatory lesions
(peri-implant mucositis and periimplantitis) were
associated with residual cement.
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Fig. 2.2 (a) A piece of cement, 0.5 mm in diameter,
attached to the implant surface is seen in the lower left
quadrant of the screen grab from the endoscope. (b) An

A prospective inception cohort study on the
relationship of excess cement to peri-implant dis-
ease was published in 2009. A dental endoscope
was employed to view the subgingival peri-
implant space. Inflammation around fixtures was
often found associated with dental cement adher-
ing to the implant superstructure or to the fixture
its superstructure.

Individuals presenting with clinical signs of peri-
implant mucositis (bleeding upon probing, color
change) had the peri-implant space debrided and
their oral hygiene reinforced and were instructed to
irrigate the affected area with chlorhexidine 0.12 %
twice daily for 30 days. If bleeding or other signs of
clinical inflammation were still present 30 days
later, the patient was entered into the study. Patients
who presented with suppuration, had increased
probing depths, or had radiographic evidence of
continued bone loss were entered directly into the
study. Thirty-nine consecutive patients with 42
implants were entered. Twelve of these patients had
20 similar implants that had no signs of peri-implant
disease. These last implants served as controls. All
test and control implants had received cemented
single-unit fixed partial dentures. Both groups had
the subgingival peri-implant site explored using a
dental endoscope (Fig. 2.2a, b).

illustration of A. I implant, S shield, C cement, ST soft
tissue (Reproduced with permission from the American
Academy of Periodontology: Wilson (2009))

The presence or absence of materials adher-
ent to the implant itself, the crown, and any
material visualized in the surrounding soft tis-
sues was recorded. This generation of endoscope
dental cement has a brilliant white reflectivity;
calculus is dull brown and biofilm gray/blue.
Biofilm can be easily removed with the tip of the
endoscopic explorer. Removal of any adherent
material was accomplished using the scope for
visualization and combinations of hand and/or
mechanical methods until no further material
could be visualized. The endoscope explorer was
then rotated 180°, and any materials visualized
in the soft tissues were removed, if possible
(Fig. 2.3a, b).

Cement was found on 81 % of the test implants
and on none of the control fixtures. At the
I-month evaluation, after removal of foreign
matter, 76 % of the clinical and endoscopic signs
of inflammation around the test implants had
resolved. Three of the test implants required sur-
gical entries to resolve the inflammatory process.
Studies of biopsies from these three cases, as
well as a number of additional cases, are cur-
rently underway.

One of the most disturbing aspects of this data
was that the earliest signs of peri-implant disease
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Fig. 2.3 (a) An endoscopic view of the same implant
seen in Fig. 2.1 after cement removal. (b) An illustration
of (a). I implant, S shield, CM crown margin, ST soft tissue

did not appear until 4 months after cementation,
while the longest was 9 1/2 years after placement
(Fig. 2.4). The findings of this study have been
duplicated by others.

While in this study the type of cement used
did not appear to affect the disease process, recent
evidence suggests that some cement types may
have an active role in the disease process.

As aresult of the cumulative information avail-
able, so far it appears that modifying surgical and
prosthetic approaches when using cemented
crowns are important. Prosthetic modifications
and the use of alternative types of cement are
addressed in other chapters of this book.

Surgical modifications include reduction of
excess soft tissues, which may interfere with
cement removal, flattening posterior ridges to
eliminate redundant soft tissue, the use of
implants with smooth gingival collars designed
to raise the crown/implant margin coronal to
the soft tissues, and placing the coronal portion
of the implant as shallow as possible, while
keeping esthetic and functional aspects in
mind.

(Reproduced with permission from the American
Academy of Periodontology: Wilson (2009))

Treating implants that have lost bone attach-
ment as a result of periimplantitis remains prob-
lematical. At present, the only proven way to
stop the progress of periimplantitis is to remove
the rough surface of the implant. This presents
obvious esthetic and food impaction problems.
One of the keys to achieving new bony attach-
ment on an implant surface previously covered
by biofilm is the successful removal of the bacte-
ria and their byproducts. While many approaches
have been tried, the final answer is not yet avail-
able. One technological advance, the video
scope, allows increased visualization and a
greater potential to remove implant-borne and
soft tissue-associated particles. These particles
are frequently found to be cement and titanium.
Studies on their role in the etiology of peri-
implant diseases, as well as the treatment of
these diseases, continue.

At present, it is important to educate dental pro-
fessionals about the problem and to periodically
evaluate the peri-implant tissues monitoring for
early indications of disease. When peri-implant
mucositis is detected early, treatment should be
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Time between implant placement and diagnosis of peri-implant disease
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Fig. 2.4 The presence of peri-implant disease was dis-
covered as soon as 4 months after cementing the fixed
partial denture and as long as 111 months. Each bar

immediately employed to prevent this evolving
into periimplantitis with associated bone loss.

Case Reports Where Residual Cement
Was Associated with Peri-implant
Disease

Figure 2.5a shows a female patient who presented
with cervical resorption of the maxillary right
canine with symptoms of irreversible pulpitis.
Radiograph is shown in Fig. 2.5b. Treatment of
choice was extraction and implant placement.
Post extraction, the surgical site was care-
fully evaluated and bone thickness recorded.
This was considered appropriate for immediate
implant placement (Implant: Nobel Biocare

represents an individual implant (Mean 2.93 years)
(Reproduced with permission from the American Academy
of Periodontology: Wilson (2009, 1390))

Replace). Figure 2.5(c-d) Radiographic imaging
showed the implant to be in a good position, the
soft tissue was supported by the use of allograft
particulate material (Bio-Oss, Giestlich). To
prtects and support the soft tissues further a
custom healing abutment was fabricated
Figure 2.5e. The implant was left to integrate for
3 months prior to referral back to the restoring
clinician.

Three years after implant restoration was
completed, the patient represented at the perio-
dontist’s office complaining of pain. Figure 2.6a
the clinical photograph; note the tissue changes
mesial to the implant site. The Radiograph
(Fig. 2.6b) indicated bone loss. Full-thickness
soft tissue flap elevation revealed the extent of
this lesion (Fig. 2.6¢). In Fig. 2.6d, the cement
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Fig. 2.5 (a) This female patient presented with cervical
resorption of the maxillary right canine with symptoms of
irreversible pulpitis. (b) Radiograph is shown. Treatment
of choice was extraction and implant placement. (c—e)
Post extraction, the surgical site was carefully evaluated
and bone thickness recorded. This was considered appro-
priate for immediate implant placement (Implant: Nobel

Biocare Replace). (¢) Radiograph showing implant
placed. (d) Cervical area augments with allograft particu-
late matter (Bio-Oss). (e) Custom healing abutment being
fabricated, using a temporary plastic cylinder. This was
provided to maintain the soft tissue profile during the
healing phase. The implant was left to integrate for
3 months prior to referral back to the restoring clinician
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Fig. 2.5 (continued)

is clearly visible. This case and the associated
treatment outcome is described further in
chapter 11.

Prevalence of the Cement-Induced
Peri-implant Disease Issue

Thomas Wilson is credited with being the first
investigator to describe the link between residual
excess cement and peri-implant disease. To date
no data exists on how many implants fail that
may be the result of an interaction with cement
extrusion. Even if cement is not the direct cause
of implant loss, it would be of value to determine
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how frequently it is found associated with
implants that fail.

In August 2011, Nobel Biocare, USA, allowed
a sample of returned failed implants over a 6-week
period to be evaluated. The implants and associ-
ated information (patient data, date placed, date
failed, potential failure causes, etc.) were recorded.
The implants with their restorations were photo-
graphed, and any material attached to the implant
or abutment was subject to energy dispersive spec-
troscopy (EDS). This allows a nondestructive
identification of foreign material adhesions to the
surface of failed and returned implants that were
inspected for materials attached (Figs. 2.7, 2.8,
2.9,2.10,2.11, 2.12, and 2.13).
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Fig. 2.6 (a—d) Three years after implant restoration, the  mesial to the implant site. (b) Radiograph indicates bone
patient re-presented at the periodontist’s office complain-  loss. (¢) Full-thickness soft tissue flap elevation shows the
ing of pain. (a) Clinical photograph, note tissue changes  extent of this lesion. (d) The cement is clearly visible
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Fig.2.7 Example of a failed implant with residual excess
cement. XRF analysis determined this as RelyX luting
cement

Data Collection Technique
and Results

Elemental analysis of materials is useful in many
scientific disciplines, providing quantitative and
qualitative data on the elemental composition of
materials. However, this often results in destruc-
tion of the specimen being tested, which in some
fields is highly undesirable. Medical X-ray fluo-
rescence spectroscopy (XRF) provides a nonde-
structive means of estimating elemental
composition in humans and has been used in
research for in vitro and in vivo for many years.
The XRF instrument uses low-level gamma radi-
ation to provoke the emission of fluorescent pho-
tons from the target area being tested. The
photons are detected and counted over the wave-

Fig.2.8 This failed implant (with mirror) had a note from
the surgeon stating the patient was a smoker and that may
have contributed to the implant failure. The material was
examined and determined to be calculus on top of a resin-
based cement

length spectrum from which characteristic emis-
sion patterns unique to each element may be
recorded. The XRF machine can be used for
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Fig. 2.9 Failed implant bridge after 8 years of service.
The implant documentation stated the implants were
placed in October 2001, restored in April 2002, and
removed in May 2010

Fig. 2.10 Another failed implant with residual excess
cement noted all the way down onto the screw threads. It
should be stated that cement may not be the cause of fail-
ure in some cases; however, the lack of control of the cli-
nician with the cementing technique is clear

varying degrees of material penetration, which
affects the level of electron shell emission.
Weaker penetrating X-rays are usually used for
non-mineralized tissues and have been used
in vivo to investigate tissue structures such as the
eye, skin, prostate, kidney, liver, thyroid, spleen,
and lungs. For mineralized materials, such as
bone, where deeper penetration of the X-rays is
desired, the K-shell (Ko) emissions are
considered more useful.

Identification of materials used in dentistry is
also important, especially when the material has

Fig. 2.11 Cement is clearly visible at the margin of this
specimen. It also extended halfway down the implant. The
other materials noted were bone mineral deposits extend-
ing to the full length of the implant

Fig. 2.12 This example had cement, calculus, and bone
mineral deposits the full length of the implant body. The
size of defect on removal of this failed implant is
unimaginable!

an adverse effect on the surrounding tissue. One
such example that has recently come to light is
the detection of residual cement material extruded
at the crown margin, used for cement-retained
implant restorations. A positive link has been
established between excess cement extrusion and
peri-implant disease, identified with an endo-
scopic device. Excess cement can also be detected
radiographically, given the cement is radiopaque
enough: described in chapter 5. One problem is
confirming the material tested if it is in fact dental
cement and not mineral deposits such as calculus
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Fig. 2.13 Some cements could be clearly identified by
their physical characteristics; this pink cement was
Premier implant cement

or bone. If the cement can be removed, it may be
further analyzed using a variety of techniques
including visual, light microscope, and SEM or
even subject to elemental analysis using tradi-
tional methods such as mass spectroscopy.
However, many of these methods require the
sample be modified or degraded and are time
consuming and costly. Some also require that the
specimen be destroyed.

The need to evaluate foreign materials on the
surface of dental implants may provide clues as
to the understanding of how and why implants
fail. Here we describe a simple nondestructive
technique for the identification of residual for-
eign material attached at the margin of a cement-
retained implant restoration or on the surface of
the body of the implant.

Procedure
A handheld wide-range elemental analyzer

(TRACeR III-V; Bruker AXS Inc., Madison,
Wisc) (Fig. 2.14) connected to a personal com-

Fig.2.14 The Bruker TRACeR II-V X-ray fluorescence
analyzer (Photo courtesy of Bruker Elemental, Kennewick,
WA, USA)

puter running the Bruker SIPXRF software was
used. The instrument was based on energy disper-
sive X-ray fluorescence (XRF) technology and
contains a high-resolution, thermoelectric cool-
ing, silicon PIN (Si-PIN) diode detector. As this
device can identify the elemental makeup of a
product, it was necessary to have sample cements
evaluated for their elemental spectra. To create the
reference spectrums, six commonly used cements
were mixed according to the manufacturers’
instruction (Table 2.1) and used to fabricate the
disc specimens as a control for calculus, and
human bone was also tested. As a control, spec-
trums of deposits removed from cervical regions
of lower anterior teeth are known to be calculus,
and bone fragments removed from extraction sites
of human teeth are also created. All specimens
were autoclave sterilized prior to XRF analysis.
Each specimen was placed over the aperture of
the machine and exposed for 60 sec at 40 kV and
20 pA. The resultant fluorescence data, recorded
as intensity counts, was displayed in spectral form
on the computer. Elements in the spectra data
were identified using the predefined major peaks
(Ko or Lar) of the SIPXRF program.

The failed implants with excess foreign mate-
rial around the implant surface were placed in the
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Table 2.1 Major peaks of spectra of commonly used
cements, bone, and calculus

Major
Material peaks Examples
ZnO-type cement ZnKal TempBond NE,
IRM
Glass ionomer cement  SrKal, RelyX Unicem
ZrKal
Polycarboxylate SrKal, Duralon
cement SnKal
Resin cement No major  PIC?
peak
Alveolar bone CaKal -
Dental calculus CaKal -

TempBond NE — Kerr Corp; IRM — Dentsply Caulk;
RelyX Unicem — 3 M ESPE; Duralon — 3 M ESPE

4PIC— Premier Implant cement, Premier Products Co,
Plymouth, Pennsylvania

XRF evaluation chamber on the aperture and
analyzed with the same parameter used for the
controls. With the implant body partially overly-
ing the aperture, a peak for the element titanium
was expected as well as peaks for the attached
test material. The XRF also quantifies elements
within the test area, with the largest elemental
peak height representing the most abundant ele-
ment. The peaks of the unknown sample spec-
trum were identified and labeled using the “ID”
and “Elem” tools of the SIPERF program. The
Bruker has a spectrum overlay function which
allows superimposition of a known material with
a test material for comparison. The spectra of the
unknown sample was put in the background in
red and the reference spectra derived from known
composition of the samples (cement, calculus,
and bone) overlaid.

In total, 189 implants were examined with the
spectrometer. Sixty-five percent had cement extru-
sion remnants found on the major screw threads of
the implant. Although it is not possible to state to
what extent the cement extrusion played in the role
of these implant failures, it is clear that the cement-
ing technique of the operators leaves much to be
desired; the cement should be controlled so as
never to extrude beyond the cement margins.

Conclusion

Residual excess cement has been positively
linked in clinical studies with peri-implant
disease. The identification of material on the
implant body itself does not explain how this
disease process develops and is not conclusive
of a cause/effect relationship. It does, how-
ever, still validate how the cementing tech-
niques widely used in restoring implants are
poorly controlled. The depth the cement
reached indicated in the failed implant study is
also of great concern.
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Peri-implant Disease
and Cemented Implant
Restorations: A Multifactorial

Etiology

Chandur P.K. Wadhwani, Neal Christopher Raval,

and Naomi Ramer

Abstract

The etiological factors related to peri-implant disease have yet to be fully
understood. In the case of cement-induced issues, several theories have
been developed ranging from microbial colonization of cements, giant cell
reaction, allergic response and activation of titanium. This chapter explores
some of these factors, through research and examination. It may be that
some or all of the disease entities may come from an overt immune
response precipitated by these factors working alone or in combination.

Introduction

Dental implants should be considered as highly
sophisticated medical devices. As such, they pro-
vide real value to our patients and have the ability
to improve quality of life. With the introduction
of the cemented restoration came the ability to
restore the implant in a manner similar to how we
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deal with the natural dentition, namely, crown
and bridge prosthetics. However, over the past
few years, there appears to be an increase in the
incidence of peri-implant disease that may be
associated in one form or another with this type
of restoration.

This chapter introduces some unique stud-
ies undertaken by the authors which may help
explain some of the complexities related to the
etiology of cement-induced peri-implant disease.

A recent report by the American Academy of
Periodontology now includes residual cement as
arisk factor for peri-implant disease (per-implant
mucositis and peri-implantitis). It would appear
that all implants are potentially susceptible to
peri-implant disease (Fig. 3.1a—c). The purpose
of this chapter is to explore why such a relation-
ship between cements, implants, and disease may
exist and give guidance related to prevention of
this problem.

A common misconception is that it is only the
type of luting cement used that either results in an

C.PK. Wadhwani (ed.), Cementation in Dental Implantology: An Evidence-Based Guide, 29
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Fig. 3.1 (a) Radiograph of implant and associated
cement. (b) Clinical picture after surgical flap elevation.
Cement on the surface of an implant with extensive bone

implant disease process or not. Any cement can lead
to destruction around an implant, although in truth
some cements may have more issues than others; the
disease process, like most diseases, is multifactorial.
Factors such as understanding why implants
are vulnerable to cement-induced disease process
due to biology, depth, environment, implant
materials, cement properties, cement application,
abutment design, and maintenance are all impor-
tant if peri-implant diseases are to be prevented.
Dentists are familiar with dealing with the
natural dentition and as such have taken many of
the concepts and techniques used when restoring
a tooth with a cemented restoration and trans-
ferred them to the cemented implant restoration.
This must be considered an error. Teeth and
implants have very different requirements with
respect to how the tissues attach, the depth of
margin placement, the disease susceptibility, and
the core materials of the abutment (enamel and
dentine for the tooth versus ceramics, zirconia, or
metal for the implant; Figs. 3.2 and 3.3a—c).

loss associated with this disease. (¢) Implant is removed
with cement residue

Current Understanding of Peri-
implant Disease and Residual
Excess Cement: Etiology

It is unclear why the cement should cause an
issue, as well as to what role the cement plays in
this process. It is possible that the cement is sim-
ply passive and acts as a physical bacterial trap,
rather like an overhang on a restoration or calcu-
lus effects on the natural dentition (Fig. 3.4). It is
also possible that the cement plays more of an
active role, as the destruction of the peri-implant
tissues (hard and soft) is frequently aggressive
and extensive (Fig. 3.5a, b). The disease may be
different between patients, and even within the
same patient. It may be due primarily to one
major factor or a combination of factors
(Figs. 3.6, 3.7, and 3.8a, b).

There are currently four potential causes of peri-
implant disease as it relates to residual cement:
microbiology, foreign body reaction, allergic
response, and alterations in implant surfaces.
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Microbiological

Wilson suggested that the disease process he
noted may be microbiological in nature. This was
in part due to the time it took for signs and symp-
toms to develop. This ranged from 4 months to
9.3 years after the cement-retained implant resto-
ration was placed.

Fig. 3.2 This case shows the effects of residual excess
cement resulting in peri-implant disease with suppuration
a common finding

Certainly the environment around implants
is conducive to Gram-negative pathogenic bac-
teria. Depths of 5-7 mm adjacent to a papilla
provide anaerobic sites that allow for their
potential growth. Although much has been
reported on physical and chemical properties of
cements, there appears to be nothing related to
how cements interact with sites that may har-
bor these bacteria. An ongoing research project
the author is involved with at the University of
Washington has recorded variations in the growth
patterns of media containing Aggregatibacter
actinomycetemcomitans (Aa), Fusobacterium
nucleatum (Fn), and Porphyromonas gingivalis
(Pg) when exposed to different cements.

The study involved the University’s graduate
periodontal and microbiology departments and
formed the basis of Dr. Neal Raval’s Master’s thesis.
To the authors’ best knowledge, this is the first data
on evaluation of cements with these specific
microbes.

Five cements reported to be used for implant
restoration were chosen: zinc oxide eugenol

Fig. 3.3 (a) Bone loss in a classic crater-type form; excess cement is noted on the implant body. (b, ¢) The crater is
noted to extend 360°, with bone loss evident (Photos courtesy of Amy Fuller, DDS, and Brian Fuller, DDS)
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Fig. 3.4 Calculus around these teeth presents an issue
due to bacteria associated with it. In itself, it may be con-
sidered having more of a “passive” than “active” role in
periodontal disease

Fig. 3.5 Facial (a) and palatal (b) photographs of a site
affected by residual cement. The resultant disease process
is clear. Can this response truly be considered passive like

Figs. 3.6 and 3.7 A deep probing noted around these
implants. Surgical evaluation with remnants of excess
cement noted on these two failing implants. Is it possible

(TempBond, Kerr), zinc oxide non-eugenol
(TempBond NE, Kerr), acrylic urethane (Premier
Implant Cement, Premier), zinc orthophosphate
(Fleck’s, Mizzy); and acrylic (Multilink Implant
cement, Ivoclar Vivadent). Disks of the test
cement were fabricated under strict aseptic con-
ditions. Bacterial solutions containing individual
anaerobic bacterial species were produced. The
test cements were placed within the bacterial
media and incubated (Fig. 3.9) for 48 hours. Two
tests were then done with the cement disks. The
first was to determine how they affected the bac-
teria in the solution (planktonic growth)—were
they inhibitors to growth or did the bacteria use
the cement as a substrate? The second test com-
pared how many bacteria attached themselves to
the cement disk itself (biofilm growth).

an overhang, or did the cement somehow contribute to the
breakdown and have an “active” role?

so much destruction would have occurred if the cement
were simply a passive component in the disease process
like an overhang?
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Fig. 3.8 (a) Was there always going to be an issue with this implant and the cement is simply there as a result, or did
the cement get into the site and cause the problem? (b) Debrided site

Fig. 3.9 Planktonic growth: test cement disk being intro-
duced into bacteria-containing media

To measure the planktonic effect of the
cements, optical density of the solutions was used.
In essence, a light beam (wave length 600 nm)
was passed through the solution and the opacity
measured, which gave an indication of bacterial
loading. The opacity of the solution was directly
related to the quantity of bacteria present.

The positive control for the planktonic growth
was media with bacteria but no cement disk. This
represented how the bacteria would grow without
external influence. The negative control was the
media alone, no bacteria. This was to ensure that

none of the samples had any contamination. In
effect, the media alone was sterile and appeared
clear. The positive and negative controls were used
as reference markers against which the cement in
bacterial media could be compared (Fig. 3.10a, b).

The results indicated a distinct pattern with
respect to planktonic growth, with some cements
inhibiting bacterial growth in the media, in some
instances reducing the bacterial load to a degree
comparative with the negative control. This was
most  frequently noted with the zinc
oxide-containing cements. In contrast, Multilink
had very little effect on bacterial inhibition; in
some cases it even appeared to promote bacterial
growth compared to the positive control (bacteria
grown without cement in media), as expressed in
Figs. 3.11, 3.12, and 3.13.

Once it was established that differences
among the cement samples existed with respect
to how they may change the microbial environ-
ment into which they are placed, the second study
was done. This was to evaluate if there was a dif-
ference in adhesion of these Gram-negative bac-
teria to the cement disk. All the disks were made
in a similar manner under aseptic conditions by
mixing the cement on sterile pads according to
the manufacturer’s instructions. The cement was
carefully loaded into identical dimension matrix
washers then placed between two sterile glass
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plates and allowed to set. The aim of the glass
was to produce similar surface details macro-
scopically for the test cements. It was understood
that the microstructure would differ significantly
due to individual cement type differences. The
two test cements evaluated were TempBond
(having the greatest inhibitory effect on plank-
tonic growth) and Multilink Implant cement (the
least inhibitory effect). To determine how many
bacteria existed on the cement disks, they were
removed from the media after 48 hours incuba-
tion, washed in sterile media, and then placed in
an Eppendorf Tube with 200 pl of fresh media.
The disks were then agitated vigorously to
remove the more tightly adherent bacteria. The
media was collected and plated on agar plates
and incubated under anaerobic conditions.

After 4 days, the colony forming units (CFUs)
were recorded for each bacteria—cement combi-
nation (Figs. 3.14 and 3.15).

The zinc oxide material (TB) gave, in most
instances, no biofilm growth, and where colonies

were present, they usually numbered in the order
of 12 (some instances with Porphyromonas
gingivalis [Pg]). By comparison, the number of
colonies noted on the ML disks frequently
exceeded 5,000 counts; the only exception noted
was with some of the plates incubated with
Fusobacterium nucleatum (Fn), where approxi-
mately 150 colonies were counted.

Clearly, this data demonstrates a difference
in the interaction of cements and these bacteria
which may contribute to a disease process. The
zinc cements appeared to offer advantages with
the inhibition of the bacteria tested, but this alone
cannot account for why TBNE and ZnP did not
perform quite as well in the planktonic evaluation.

Zinc has inherent antimicrobial properties.
Eugenol is a liquid extract from certain essential
oils, especially from clove oil, nutmeg, cinna-
mon, and bay leaf. Eugenol is well known for its
versatile pharmacological actions with anti-
inflammatory, anesthetic, antioxidative, and anti-
bacterial properties, even cytotoxic in excess.

Fig. 3.10 (a) Sample 24 well plate showing four test
cements and how they affect bacterial planktonic growth.
Note the wells that do not contain cement are positive and

negative controls. (b) These two tests show different
results. The opaque test well indicates considerably more
growth of bacteria compared to the clearer solution
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Fig. 3.10 (continued)

Eugenol’s cytotoxic properties may be the rea-
son that in this in vitro study the material caused
bacterial inhibition. It is believed this to be the
first such research paper, and we believe further
studies are merited.

The clinical implications related to this study
suggest cement selection in specific groups of
highly susceptible patients may be based on anti-
microbial activity. For example:

1. This is particularly relevant for patients who
are periodontally susceptible since this group
presents a greater risk to peri-implant disease
with the causative microbes frequently being
Gram-negative bacteria.

2. Where the implant site is deep within the soft
tissues so providing a potentially anaerobic
environment.

3. Site known to be infected with these specific
bacteria.

Host Response: Foreign Body
Reaction

Naomi Ramer has evaluated soft tissue removed
from inflammatory sites adjacent to dental
implants. Examination has found foreign body
reactions; some include giant cell formation. It is
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Fig. 3.14 A typical example found with TB with no bio-
film growth on the agar plates with Aggregatibacter acti-
nomycetemcomitans (Aa) and Fusobacterium nucleatum
(Fn)

Fig. 3.15 Typical example of biofilm growth found with
ML on the agar plates with Aggregatibacter actinomy-
cetemcomitans (Aa) and Porphyromonas gingivalis (Pg)

possible that in some cases the tissue destruction
is host induced as a result of material incorporated
within the tissues (Figs. 3.16a, b and 3.17).

One of the components of the human body’s
cellular defense mechanisms is the macrophage,
which is responsible for locating and phagocy-
tosing potentially harmful material. A foreign body

reaction occurs in response to the presence of a for-
eign entity that is usually too large to be phagocy-
tosed by macrophages (Fig. 3.18). In some
instances, the macrophages fuse to form a giant
cell. These “super cells” have the ability to secrete
degradative agents such as superoxides and free
radicals with the goal of destroying the foreign
material. However, this is rarely accomplished, and
the result is usually mass destruction of the body’s
own tissues that are adjacent to the site. Some
cement remnants have been found within the soft
tissues removed from failed implants (Fig. 3.19).

Case Report

A patient presented for routine examination after
relocating from another state. She reported no con-
cerns or problems and was seen for routine dental
examination. On radiographic examination of the
implant site, the prosthodontist noted a crater-type
defect associated with the implant around the
upper left first molar site (Fig. 3.20a, b).

The patient was informed of the problem and
advised to have the site evaluated surgically and
debrided. On removal of the crown, the soft tissues
appeared somewhat healthy, but deep probing
depths were noted (Fig. 3.21a, b).

When the implant was inspected, a “pink”-
colored material assumed to be cement was
noted on the mesial. It is visible in the photo-
graph (Fig. 3.22a, b). On further investigation, it
was discovered that the cement used for this case
was Premier Implant Cement—which is pink in
color and cannot be detected by radiographic
examination further information on cements and
radiographic appearance is given in chapter 5.
Histopathological reports on the soft tissue har-
vested at this site describe a foreign body reac-
tion response (Figs. 3.23 and 3.24a, b).

Allergic Response

It has been reported that some of the newer cements
contain allergens such as hydroxylated ethylmeth-
acrylate (HEMA). This material has been identified
as being extremely irritant to tissues—to the extent
that the material safety data sheet states that gloves
be worn and the skin and other mucosal tissue such
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Fig. 3.16 (a) Giant cell foreign body reaction associated
with residual excess cement. Treatment involved crown
removal, lesion excision with debridement, and removal

Fig. 3.17 Residual excess cement along with soft tissue.
The granulomatous tissue should be sent for histopatho-
logic evaluation

as eyes be protected when used. With subgingival
restorative margins frequently employed with
cement-retained implant restorations, this is not
possible. It is highly possible the cement is leach-
ing out this material prior to setting and producing
an immune response (Fig. 3.25a, b).

Alterations in Implant Surfaces

Many cements developed for the natural denti-
tion contain fluoride (to prevent caries when
used with a natural tooth restoration). However,
it should be noted that fluoride is a chemical
known to etch titanium when used in conjunc-

of excess cement. The crown was recemented with greater
control and a different cement (TempBond). (b) Three-
year postoperative view, the lesion has resolved

tion with an acid. Some cements state clearly in
the instructions that they are not suitable for use
with titanium structures, yet it appears this is
overlooked by many researchers. This omission
must be considered a critical error. In 2013,
Tarica reported that 17 % of US dental schools
selected a polycarboxylate as the final cementing
media for implant restorations. Durelon, a popu-
lar polycarboxylate, contains fluoride, and a cur-
rent investigation by the author has shown that
this material will corrode titanium. In fact, on
the product label, Durelon instructions clearly
state that it is not suitable for cementation to
titanium.

On further enquiry with 3 M ESPE (e-mail
communication by the author), it was determined
that the culprit causing corrosion was the stan-
nous fluoride in combination with the polyacrylic
acid.

The stannous fluoride was added as a preven-
tative caries agent. This material was specifically
designed for natural teeth decades before implant
cementation even existed. When this cement is
used on implant restorations with the vast major-
ity of implant bodies being composed of titanium
alloys, a real risk of an adverse response exists.
With 17 % of US dental schools surveyed admit-
ting to its use in 2013, this is a clear indication
that instructions are either being ignored or sim-
ply not read.

Corrosion is a self-perpetuating physicochem-
ical reaction that results in the reactive oxidative
species occurring within the host tissues. This is



3 Peri-implant Disease and Cemented Implant Restorations: A Multifactorial Etiology 39

Fig.3.18 A foreign body
giant cell reaction. This
object is too large for the
macrophage to phagocytose.
Chemical messages are sent,
resulting in collection and
fusion of many macrophage
cells—the giant cell is formed
(Copyright © 2011 Nephron
(http://commons.wikimedia.
org/wiki/User:Nephron);
Permission is granted to copy,
distribute, and/or modify this
image under the terms of the
GNU Free Documentation
License Version 1.2 (http://
www.gnu.org/copyleft/fdl.
html)) or any later version
published by the Free
Software Foundation

Fig.3.19 The dark spots
are cement within this tissue
mass of inflammatory tissue.
It is possible they contributed
to the mass destruction that
occurred around this implant

known to cause inflammation and breakdown of
the surrounding tissues. Peri-implant disease is
such a response. There is no justification for the
use of this material where titanium products are
used (Fig. 3.26).

Understanding the  vulnerabilities of
patients is problematic. It is possible that
different etiological factors may exist within
the same patient or that multiple etiological
factors may coexist. If the cementation process

is controlled, then all four etiological factors
may be eliminated.

Mechanisms of Cement Expression
Around a Dental Implant

One question that must be asked is how the
cement managed to get within the tissues in the
first instance. Understanding the weak soft tissue
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Fig. 3.20 (a, b) Routine radiographs indicate an issue with this implant. The patient was not experiencing discomfort
and was unaware of a problem (Courtesy of Dr. Goichi Shiotsu)

Fig. 3.21 (a) The crown and implant abutment were removed by cutting through the occlusal surface to locate the
screw. (b) The depth of the implant in relation to the size of the crown is shown

attachment coronal to the implant and how it can
be easily stripped away with the hydrostatic
forces during cement extrusion explains this in
part (Fig. 3.27a—c). Linkevicius has also demon-
strated that cement is always present on the tis-
sues when cemented margins are placed within
the free gingival margins.

One other aspect of the cement getting into
the tissues should also be explored. Many of the

cement companies have noted that a significant
number of crowns fail to seat completely on the
abutment. In response, they have developed
low-viscosity cement in the belief that this may
be advantageous. Some of these cements boast
a film thickness of 7 pm. It is seen that when-
ever a healing cap or other implant component
is removed from the implant body, bleeding
results. Blood cells have a dimension of
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Fig. 3.22 (a) Healing cap placed to prevent blood and debris contaminating the internal implant lumen and a full-
thickness flap raised. (b) On the palatal aspect, a soft tissue mass was noted and removed, pink colored foreign material

is seen attached to the mesiall aspect of the implant

Fig.3.23 The soft tissue mass recovered from around the
implant. Note the dark inclusions. This was sent for evalu-
ation and oral pathology report case report courtesy of
Dr. Goichi Shiotsu

6—8 pum. Therefore, if these red cells can come
out of the tissues, it is no stretch of the imagina-
tion that cements this thin can inoculate the tis-
sues when the cement is placed under pressure
(Fig. 3.28).

Once the soft tissue site has been either
stripped away or penetrated by cement, the next
barrier is the bone. One comment that is fre-
quently cited is “if the cement got onto the
implant surface, then the implant cannot have
been fully integrated.” This statement indicates
misunderstanding of the bone type into which
implants are placed. The name “alveolar” actu-
ally describes the bone’s character; it is called
alveolar bone. This means “cavity or hollow,”

explaining that the bone we place implants into
is hollow, with marrow spaces and a highly
vascular blood supply. The amount of mineral-
ized tissue touching an implant surface of what
is considered a well-integrated implant is only
35-40 %. Therefore, the remaining 60-65 % is
un-mineralized and likely to afford little, if any,
resistance to the flow of cement under pressure.
This is a common finding when post-endodontic

treatments are reviewed radiographically.
Cement is seen highlighting the marrow spaces
(Fig. 3.29).

This radiograph of a root canal filled tooth
(Fig. 3.30a) demonstrates the alveolar (small cav-
ities) nature of the bone that implants are placed
within. It takes no real stretch of the imagination
to understand how cement can flow to extreme
depths, even around what is considered a “well-
integrated implant.” The character of bone can be
compared to a loaf of bread—although bread has
an outer crust, the structure within is “alveolar”
in nature (Fig. 3.30b).

A recent examination of failed and returned
implants to Nobel Biocare (Yorba Linda, CA)
attested to the depth along the implant surface
that some cements had reached (Fig. 3.31) fur-
ther details are given in chapter 2. Using an X-ray
spectrometer, the materials could be readily iden-
tified from their chemical composition. This pro-
vided a means of evaluating where the cement
had extruded.
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Fig. 3.24 (a, b) Histological images. The brown-colored material is believed to be cement extrusion products. The
pathology report noted “subacutely inflamed granulation tissue, abscess, squamous epithelium, and foreign material”

Fig.3.25 (a, b) The palm of a dental assistant with contact dermatitis, the result of allergic response to dental materials
being handled without barrier protection, i.e., gloves

»
>

Fig.3.26 A scanning electron microscope image of tita-
nium alloy used for implant components that has been
subject to cementation with Durelon for 7 days. The pit-
ting corrosion is evident. Micro-electro cells producing
galvanic action will keep this process of corrosion active :
indefinitely i . %1, 00¢ AD 11
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Fig. 3.27 (a—c) The hemidesmosomal attachment can be
readily detached from the implant by excess cement being
forced beyond the margins of the abutment. (a) This case
demonstrated cement displacement on the soft tissue sur-

Fig. 3.28 Red blood cell dimension is 6-8 pm. Some
cements have film thicknesses of 7 pm

faces when cemented abutment: crown margins are situ-
ated below the gingival margin. (b) The radiograph did
not show cement on the mesial aspect. (¢) Cement rem-
nants removed, next to a periodontal probe with markings

Fig. 3.29 Image of an implant. Although we consider it
surrounded by bone, only 3540 % of the surface is in
contact with mineralized tissue. The rest can be in contact
with blood vessels, marrow space contents, and fatty tis-
sue. Many of these provide little if any resistance to the
flow of cement under pressure reprinted with permission
by dentistry Today (Wadhwani 2013b)
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Fig. 3.30 The bone marrow spaces (a) This root canal
filling material extrusion highlights the bone character
and resemble the air spaces seen in common bread (b).
This provides a good visual to assist in understanding how
little resistance there is to the flow of cement (Reprinted
with permission by Dentistry Today (Wadhwani (2013))

Fig. 3.31 This implant had material one-third along the
body length. Evaluation by spectrometer profiling identi-
fied this had chemistry consistent with luting cement (see
Chap. 2)

Conclusion

The way in which cement may lead to peri-
implant diseases is still unknown. A link is
apparent and residual excess cement is consid-
ered a real issue. The restoring clinician is
responsible for how and where cement flows;
when it remains within the peri-implant tis-
sues and a disease process results, it must be
considered iatrogenic. The cements selected
for implant restoration are arbitrarily chosen

by the vast majority of clinicians. The main
focus for selection appears to be retentive
capability, because of familiarity and because
they are used for natural teeth. The biological
consequences of not fully assessing how the
cement will interact with bacteria, the host, or
the materials involved are an oversight that
could result in peri-implant disease. The clini-
cian must be aware of why implant restora-
tions in particular have vulnerabilities and
how to best control them.
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Implant Luting Cements
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Abstract

Dental luting cements have in general been exclusively designed for the
natural tooth, with features that allow for reduction in caries, adhesion to
natural tooth tissues, and radiographic appearance often related to den-
tine. Although many of these properties are redundant when considering
restoring dental implants, studies show clinicians frequently do not take
this into account. This chapter deals with ideal cement selection criteria
and compares this to what is actually being used in teaching institutions.
Cementation procedures are poorly understood especially site and amount
application which greatly affect cement extrusion. The second part relates
more specifically to modeling cement flow and how understanding the non-
Newtonian properties of cements is vital to implant success. Computational
fluid dynamic studies similar to those used in all forms of engineering will
become the gold standard for investigating the cement-retained crown sys-
tem. Such an approach unites the properties of the crown, the abutment
shape, and the cement characteristics into a single functional system, where
cement behavior is governed by physical forces. The design of implant
components should not be arbitrarily related to tooth preparations; these
medical devices should have a design or form that follows function.
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Cement Selection for Implant
Restoration

Since the introduction of single and multiple
implant prosthesis, cement- and screw-retained
implant restorations are accepted treatment
options for the replacement of missing teeth
(Fig. 4.1a-d). Over the years, dental implants
have achieved a high success rate and are con-
sidered the standard care for the replacement of
missing teeth.

With the continuous success of dental implant
restorations, constant innovations have been
presented to the dental profession to improve

the position of implants, esthetics, and con-
trol of occlusion to facilitate ideal restorative
procedures.

Initially, implant prostheses were almost
entirely screw retained until the early 1990s,
when two of the foremost implant manufactur-
ers, Straumann and Nobel Biocare, developed
cementable abutment options. Today, implant
manufacturers offer several options for screw- and
cement-retained restorations. The screw-retained
prostheses have the advantage of retrievabil-
ity over cement-retained restorations; however,
screw loosening was an initial issue encountered
by many implant restoring clinicians. It is widely

Fig.4.1 Dental implants provide an acceptable treatment, in this case replacing the central incisors. (a) The soft tissue
emergence profile of the implants. (b) Occlusal view. (¢) Radiograph of the final restorations. (d) Completed Restorations
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thought that this was mainly due to the inad-
equate tightening of the screw. Torque wrenches
were not widely used during restorative proce-
dures, resulting in little, if any, preload being
applied to the screw. With no clamping forces,
the screw joint would be destined to fail under
cyclic loading in the oral environment.

Studies have shown that screw loosening is, in
fact, a rare event. Theoharidou et al. published a
systematic review on abutment screw loosening
in single implant restorations. Their conclusions
were that abutment screw loosening occurred
as a rare event, regardless of the connection
geometry of the implant to abutment, provided
proper anti-rotational features and torque were
employed. The early failures due to screw loosen-
ing led to the use of provisional cements to assist
in maintaining the retrievability of cemented pros-
theses. However, with the current success and
predictability of implant restorations, manufactur-
ers are recommending a wide variety of cements,
from provisional to definitive resin-based cements.
Several authors have suggested that the advantages
of cement-retained implant restorations include
the following: more passive fit of the casting,
improved direction of the load, enhanced esthetics,
improved access, progressive loading, and reduced
crestal bone loss. Some disadvantages include low
profile retention, limited interarch space, retriev-
ability, and presence of cement in sulcus. However,
it is more likely that cement-retained restorations
have been a restorative treatment of choice by the
dental profession due to the familiarized routine
of the fabrication of cement-retained tooth resto-
rations. These techniques are well established and
were thought to be well understood.

Material Selection: Teeth Versus
Implants

Dental cements have been manufactured for use
with the natural dentition. The authors have not
found any cement that was solely developed for
the implant restoration. As a result, the properties
of cements are designed to have an interaction
with the natural tooth. For example, many release
fluoride as an anticaries agent, some cements etch

dentine, some chelate to the calcium ion found
in tooth tissue, etc. None of these properties are
required with dental implants. In fact, some are
detrimental with certain implant materials.

Currently there is no ideal cement
manufactured for the cementation of implant-
supported restorations. The list of available
cements is diverse, and it is important that the
dental practitioner fully understands that there
are different requirements between a natural
tooth and the dental implant abutment.

Wadhwani and Schwedhelm summarized in
detail the different considerations for material
selection specific to teeth and implant-cemented
restorations (Table 4.1).

There is no consensus on which cement or
material is the most appropriate for cementing
implant restorations. Tarica has recorded informa-
tion on US dental schools and their teaching
recommendations for implant restorations.

Table 4.1 Some of the differences in cement selection
criteria for implant restorations and cement properties for
the natural tooth

Implant
restoration Natural tooth
Substructure Metal, ceramic, Dentine, enamel
acrylic
Biological tissue Peri-implant Periodontal
association tissues tissues, pulp
Primary disease Peri-implant Caries, pulpal,
issue disease periodontal
Restorations 1-2 mm below 1/2—-1 mm below
finish line the gingiva crest, anterior esthetic
frequently sites, often above
deeper free gingival
margins
Cement May or may not Preparation
margin follow scallop of follow gingival
tissues tissues
Need for Questionable Absolute
cement seal (prevent caries)
Anticaries May be Desirable
agents detrimental
Corrosion Corrosion of Not applicable
titanium possible
Radiopacity Highly Similar to
radiopaque dentine
(relatively low)
Microbial Bacteria found in Caries-producing
challenge peri-implant sites bacteria
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Survey of US Dental Schools

Two separate surveys in 2008 and 2013 were
sent to US dental schools on cementation pro-
tocols for implant crown restorations. Although
a wide variety of cementation preparations and
materials were reported, the surveys revealed
some commonly used implant techniques
taught at US dental schools. A total of 69 sur-
veys were returned in 2013, representing 65
dental schools and 42 prosthodontic programs.
After deleting duplicate responses, 42 surveys
were returned from restorative departmental
chairpersons, and 27 from advanced prosth-
odontic residency directors. The new dental
schools reported that they did not have a proto-
col in place yet.

Cement Selection

Some changes were noted in the cement selec-

tion between 2008 (Fig. 4.2) and 2013 (Fig. 4.3).

Although most institutions taught the use of

definitive cement for inserting the final implant

prosthesis, there are no standards for cement
selection for implant restorations, even within the
same institution.
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A resin-modified glass ionomer cement was
found to be the most commonly used among both
restorative departments (57 %) and advanced
prosthodontic programs (59 %). Advanced
prosthodontic programs included glass ionomer
(19 %), resin cement (52 %), zinc phosphate
(33 %), and polycarboxylate (22 %) cements.
The restorative departments taught the use of
the following definitive cements: glass ionomer
(19 %), resin (33 %), zinc phosphate (19 %), and
polycarboxylate cement (17 %).

Provisional cements, ZOE based, were widely
used by predoctoral (40 %) and postgraduate
(33 %) programs. Some institutions explained
that they used a provisional cement to maintain
retrievability or to ensure that the restoration
was satisfactory prior to using a more reten-
tive cement. The survey also asked the respon-
dents what cements were used for conventional
fixed restorations. Eighty-seven percent of the
restorative departments taught the use of resin-
modified glass ionomer, followed by composite
resin, glass ionomer, and zinc phosphate. Acrylic
urethane cements were also taught by 14 % of
the predoctoral programs. Seventy percent of
advanced prosthodontic directors taught the use

[l Implant restorations

Conventional fixed restorations

Fig.4.2 Definitive cements used for implant and conven-
tional fixed restorations by prosthodontic residency direc-
tors in 2008. RMGI resin-modified glass ionomer, ZOE
zinc oxide eugenol, GI glass ionomer, ZP zinc phosphate,

R L

PC polycarboxylate, AU acrylic urethane (Reprinted from
the Tarica et al. (2010). Copyright © 2010, with permis-
sion from Elsevier)
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Fig. 4.3 Definitive cements 80
used for implant and

H Conventional fixed restorations

B Implant restorations

conventional fixed restora-
tions by prosthodontic

residency directors in 2013.
RMGI resin-modified glass

ionomer, ZOE zinc oxide
eugenol, G/ glass ionomer,

ZP zinc phosphate, PC
polycarboxylate, AU acrylic
urethane

RMGI

ZOE
based

of resin-modified glass ionomer and resin, glass
ionomer, zinc phosphate, and polycarboxyl-
ate cements. Both predoctoral and postgraduate
programs showed an increase in the use of resin
cements and slight decrease of use of resin-modi-
fied glass ionomer cements between the 2008 and
2013 surveys, for both implant and conventional
fixed restorations. With the increased availability
of various all-ceramic restorations, this may have
led to the increased use of resin cements for con-
ventional fixed restorations and correspondingly
to implant restorations. In general, there seems to
be a similarity with cements used for implant res-
torations, which indicates that the same cements
were probably selected from convenience, famil-
iarity, and cost. Some of the literature has shown
that the retentiveness of a particular cement for
natural dentition may not correlate with implant
components. Therefore, until more data is avail-
able, the clinician may or may not have the
expected retention from the same cement for
implant restorations.

The last question on the survey asked if there
were any changes in cement for specific clini-
cal situations. Of the 20 predoctoral and post-
graduate programs that completed this section,
the only trend seen was that a resin cement was
used for either a zirconium- or aluminum-based
abutment. A few responded that they changed
cements depending on the type of ceramic used
for the restoration. With regard to abutment and/
or restorative material and design, the responses
were few and, again, ranged from provisional to

Gl Resin ZP PC AU Other

definitive cements. Since most of the schools did
not respond to this question and there was great
variability in cement types, it was assumed that,
in general, the same cement is used for most all
clinical situations.

Implant System Selection

Implants from various implant manufacturers
are used at US dental institutions (Fig. 4.4). The
2013 survey showed the implant manufactur-
ers most used, in order, were as follows: Nobel
Biocare, Straumann, Biomet 31, Astra Tech, and
Zimmer. Other implant manufacturers were gen-
erally used by less than 37 % of dental schools;
however, from 2008 to 2013, this group had
increased from 21 %.

Although some schools used up to nine
different implant manufacturer systems, most
dental schools used only between one to four
varieties. Differences also existed among
departments in the same school as to the
preference of implants used.

Abutment Selection

Schools were asked for their preference to abutment
selection. Restorative chairpersons and prosth-
odontic residency directors responded that they
mostly used either prefabricated abutments or the
computer-aided, custom-milled abutments. Since
the recent expense in gold and the introduction of
computer-milled, custom abutments, the survey
indicates that traditional custom cast, UCLA-type
abutments, are used infrequently.
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Fig.4.4 Implant manufacturers used at US dental institu-
tions in 2013. NB Nobel Biocare AB (Gothenburg,
Sweden), 3i Biomet 3i Inc (Palm Beach Gardens),
Straumann Institut Straumann AG (Basel, Switzerland),
Astra Astra Tech Inc (Waltham, MA), Zimmer Zimmer
Dental (Carlsbad, CA), BH BioHorizons (Birmingham,
AL), Keystone Dentsply (Mannheim, Germany), MIS MIS

Abutment Modifications
The survey also included the different surface prep-
arations to either the implant abutment or the resto-
ration prior to final cementation. Most institutions
kept the preparation simple with either no modifica-
tion or only one modification prior to inserting the
definitive implant prosthesis. The most common
procedure for both predoctoral and postgraduate
programs was application of airborne-particle abra-
sion aluminum oxide to the internal surface of the
implant restoration prior to cementation (Fig. 4.5).
The department chairpersons also indicated
that students applied a ceramic primer to the inta-
glio of the restoration (35 %). Thirty-three percent
indicated that grooves were added to the implant
abutment to increase the resistance to retention
and total convergence angle for the definitive
implant cement-retained restorations. Other pro-
cedures taught by less than 14 % of predoctoral
programs were polishing or abrading the implant
abutment with a rotary instrument and the appli-
cation of a metal primer, tin-plating, or placing a
vent hole. Fifty-two percent of the prosthodontic
residency directors applied a ceramic primer to

Implants Technologies Ltd (Shlomi, Israel), Sargon
Sargon Dental Implants (Encino, CA), Bicon Bicon
(Boston, MA), Other OsseoLink, Global Implant
Solutions LLC (Bedford, MA), and Hiossen Inc (Fairless
Hills, PA) (Used with permission from Wadhwani et al.
(2012). Copyright © Quintessence Publishing Company,
Inc., Chicago, IL USA)

ceramic restorations (Table 4.2). In a 2008 survey,
only 3 % had reported placing a primer to ceramic
restorations. This may indicate an increased use
and confidence in cementing all-ceramic restora-
tions on zirconium abutments. Nineteen percent
of prosthodontic residency directors reported the
placement of grooves on the implant abutments,
as well as airborne-particle abrasion of the implant
abutment. They also indicated that they polished
the abutment, abraded the abutments with a rotary
instrument, or used tin-plating to prepare the abut-
ment or restoration prior to cementation. None of
the postgraduate programs placed vent holes to
aid in cementation. Some schools commented
that they prepared the abutment and restoration
the same way as cementing to natural dentition.

Immediate Provisionalization

This was taught to predoctoral students in about
55 % of the dental schools and 70 % of the postdoc-
toral prosthodontic programs. For both pre- and
postdoctoral programs, the preferred design for
immediate provisionalization was screw-retained
restorations. For the few that cemented their
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Fig. 4.5 An example of abutment modifications. This
abutment has been air abraded and also has an axial
groove placed. This would represent two modifications

provisional restorations, many schools noted that
a temporary abutment was placed and the restora-
tion was temporarily cemented.

Management of the Screw Access

Channel

Both predoctoral and postdoctoral programs used
various types and number of materials to fill the screw
access hole. However, most taught their students and
residents to fill the screw access completely to the
top of the abutment. In 2008, 71 and 86 % of restor-
ative and prosthodontic programs indicated that
they teach their students/residents to fill the screw
access opening completely. In 2013, the numbers
declined slightly to 69 and 67 %, respectively. The
survey did not ask for a specific reason; however,
more schools may be concerned about controlling
the flow of material during cementation. Several dif-
ferent materials and combinations of materials were
used to fill the abutment screw access hole. Most
schools seemed to use two to three materials, with a

Table 4.2 Frequency (%) of preparations for implant
abutment and/or restoration prior to definitive cementa-
tion by department chairpersons (n=42) and prosthodon-
tic residency directors (n=27)

Prosthodontic
Abutment Departmental residency
modifications 2013 chairpersons  directors
Airborne-particle 25 (60 %) 15 (56 %)
abrasion of internal
surface of restoration
No modifications or 7 (17 %) 2 (7 %)
preparations
Grooves placed on 14 (33 %) 5 (19 %)
abutment
Airborne-particle 6 (14 %) 7 (26 %)
abrasion of abutment
Polishing abutment 2 (5 %) 4 (15 %)
Application of metal 15 (35 %) 14 (52 %)
or ceramic primer
Abrading abutment 0 14 %)
with rotary instrument
Tin-plating 0 1 (4 %)
Placement of vent hole 1 (2 %) 0
Other 0 0

range of one to five for predoctoral and one to eight
different materials for prosthodontic directors. The
major difference between the surveys conducted in
2008 and 2013 was the increased use in PTFE tape
as amaterial to fill the screw access. Table 4.3 shows
the most frequently used combination of materials
in 2008—mnote that PTFE (Polytetrafluoroethylene
tape or plumbers tape) did not appear on this list.
Both restorative and departmental chairpersons and
prosthodontic residency directors most frequently
filled the screw access hole with a cotton pellet
followed by composite, or PTFE tape followed by
composite.

Summary

No ideal cement exists, but what is apparent is that
little, if any, thought is provided to the choice of
material used. Within the dental schools, it appears
arbitrary, with the choice for implant restoration
commonly reflecting the choice for cementation of
crowns and bridges on natural teeth. This oversight
is problematic, especially as some cements are det-
rimental to the materials used in implant. There
appears to be little consensus on the most appropri-
ate abutment management also, with differences in
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Table 4.3 Frequency (%) of usage of various materials for filling screw access opening

Departmental Departmental Prosthodontic residency ~ Prosthodontic residency
Material chairpersons 2008  chairpersons 2013  directors 2008 directors 2013
Cotton Pellet 24 (77 %) 28 (67 %) 17 (59 %) 16 (59 %)
PTFE 0 20 (48 %) 0 14 (52 %)
Gutta-percha 12 (39 %) 5 (12 %) 9 (31 %) 6 (22 %)
Light-cured temp. 12 (39 %) 9 (21 %) 8 (28 %) 17 (63 %)
Composite 16 (52 %) 17 (40 %) 18 (62 %) 22 (81 %)
Acrylic 0 12 %) 0 3 (11 %)
Rubber material 13 (42 %) 15 (36 %) 12 (41 %) 17 (63 %)
Amalgam 13 %) 0 13 %) 4 (15 %)
Glass ionomer 13 %) 12 %) 13 %) 0
Cavit 7 (23 %) 10 (24 %) 13 %) 3(11 %)
IRM 13 %) 2(5 %) 0 0
Other 13 %) 12 %) 4 (14 %) 3 (11 %)

different departments even within the same insti-
tution. There is a clear need to develop protocols
more closely related to scientific enquiry than
anecdotal processes.

Understanding and Controlling
Cement Flow

Cementation as a means of attaching a
restoration—such as an inlay, onlay, crown, or
bridge—to a natural tooth has been used for close
to 100 years. The process serves to unite compo-
nents of the same or different materials together.
The cementing media used can result in a union
that is primarily frictional (e.g., zinc phosphate
cement), where some form of mechanical or
micro-mechanical interlocking occurs, adhesive
in nature where a chemical bond unites the struc-
tures (e.g., self-etching resin systems and den-
tine), or both, depending on the materials joined.

With the advent of dental implants and the
subsequent introduction of the cement-retained
implant restoration came the emergence of new
issues that are not commonly seen to occur when
restoring teeth. The cement-retained implant res-
toration may be more vulnerable to the effects of
cement flowing into the soft tissues and residual
excess cement on the implant restoration when
compared to a tooth. Although there are tens of
thousands of articles written on cements, high-
lighting tensile, shear strengths, their properties,
and clinical applications, very little is reported
about the way in which cements flow during

the cementation process, how to optimize their
application, or the amount of cement required to
achieve the ideal cementation results.

The occlusion of the cemented crown can be
altered by the quality and quantity of cement
applied to the internal aspect of the crown. This
has been reported by several who have studied
cement application techniques with respect to
vertical displacement.

Having a sealed restorative margin is consid-
ered a prerequisite for a tooth to eliminate ingress
of bacteria that could cause subsequent caries. With
implant restorations, a bacterial marginal seal pro-
vided by cement lute may not be a great concern,
especially when one considers the success that
screw-retained restorations have, where no seal
exists. Marginal adaptation of an implant crown
has not been shown to be problematic; Jemt found
no issue with the exposed set cement that filled the
marginal space between the implant abutment and
crown. Marginal seal may, however, be important
with respect to cement lute washout during (con-
tamination from crevicular fluids) and after luting
(dissolution of the cement) the restoration. Residual
excess cement extrusion from around the margin of
the cemented restoration of implants is a problem
that has also been described in the literature.

Survey: How Much Cement Should
We Use?

A recent survey of more than 400 dentists evalu-
ated cement application techniques specifically
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Group 1

A -
GrossApplication

Fig. 4.6 Actual examples of loading patterns and site
of cement from a survey of more than 400 dentists on
how they place cement for an implant crown (Used with

for implant crowns. The data revealed a large dif-
ference in application technique and site. Most
dentists (55 %) applied cement on the internal
surface with a brush, 28 % of those surveyed
applied cement arbitrarily by loading the inside
of the crown, and a smaller proportion (17 %)
preferentially loaded the internal margin of the
crown (Fig. 4.6). From this study, there appeared
to be little consensus on the most appropriate site
or technique when considering cementation of
implant crowns.

A second part of the survey involved weigh-
ing the amount of cement placed into the
crowns and comparing it to the ideal amount
required such that the crown completely seated,
with complete cement lute space filled with
cement and no excess. This was determined to
be 3 % of the total crown volume. What was
of significant interest was the range of cement
placed within the crowns. Some surveyed den-
tists loaded the crowns with greater than 50
times the amount of cement required. Others
placed only one-quarter of the ideal amount
needed (Fig. 4.7a, b).

Brush Appliction

Rim Appliction

permission from Wadhwani et al. (2012). Copyright ©
Quintessence Publishing Company, Inc., Chicago, IL
USA)

Fig. 4.7 (a) This group of dentists overfilled the crowns
with cement—some placed over 50 times the ideal amount
required. (b) This group underfilled the crowns with
insufficient cement to fill the lute space
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Fig. 4.8 A box-and-whisker
graph indicating how the
choice of cement application
site relates to the amount of
cement used

500 mg

300 mg

Cement Weight

200 mg

100 mg

Cement Weight Variability by Application Technique

120%
|
(. 96%
-
D
=
D
=
72% cr‘%
=%
(o]
S
0 S
=
=
[ by
21%

The clinical significance of the cement applica-
tion and volume data indicates a large variation in
thought processes, with very few dentists able to
provide the appropriate volume of cement (Fig. 4.8).
Too little cement and the crown may not stay on; too
much cement may result in cement extrusion into
the tissues and result in peri-implant disease.

It should be understood that the laboratories
fabricating the restorations provide the clini-
cian with a limited finite volume for cement in
some form of relief, usually a die spacer, either
painted onto the abutment, if fabricated by con-
ventional dental techniques, or “built-in” with
CAD/CAM technology. This usually equates to
about 20-50 pm of space or as thick as a one to
two layers of nail varnish!

Gross Applied * Brush Applied  Rim Applied
(GA)

(BA) (RA)

Application Technique

Cements as Fluids

Clinicians should be aware of how materials
such as fluids behave. While this is beyond the
scope of this text, a very brief summary will
be given. Cements vary in their physical nature,
predominantly dependent upon their chemical
composition, but in general, cements are con-
sidered viscous fluids. Fluids can be loosely
defined by their behavior when exposed to an
applied force. Most common liquids for exam-
ple, water is Newtonian in nature, which means
when a force is applied, the viscosity remains
unchanged. In essence, they flow and take up
the shape of the container that houses them
(Fig. 4.9a).
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Fig. 4.9 (a) This body of water has Newtonian proper-
ties; it fills this container and will flow according to
Newtonian laws when a force is applied to it. (b) This

In dentistry, most polymers (many cements are
polymers) are considered non-Newtonian liquids.
Although they may appear as liquids, they have
unusual flow properties. These materials are not
displaced by forces and do not flow into containers
like water does (Fig. 4.9b). This can be of advan-
tage; consider placing a cement within a crown
and inverting it. If it had water-like properties, it
would flow out immediately; with non-Newtonian
properties, it would remain where it was placed.

Modeling Cement Flow: A Simple
Demonstration

The implant abutment onto which a restoration
is subsequently cemented generally has a very
simple form, usually circular in cross section
and similar to a flat-top cone with an occlu-
sal convergence taper of approximately 6-10°
(Fig. 4.10).

Cement flow can be easily modeled to dem-
onstrate the influence of the following variables:
placement site, amount used, and abutment mod-
ifications. To do this, the model system should
allow the cement flow to be visualized. In other
words, the model system should ideally be trans-
parent. The two-model structures should conform
to the shape of a crown and the implant abutment.

One simple yet crude model system is to use
clear plastic drinking beakers. For demonstration,
the flow behavior of cement can be mimicked by
using shaving cream (Fig. 4.11a—c).

liquid does not follow Newtonian laws. It does not flow
into the container and will behave differently than water
when force is applied

o 19"

Fig. 4.10 Typical form of a posterior implant abutment:
Flattop cone, circular in cross section, and occlusal con-
vergence taper 6-10°

One documented method for loading cement
into a crown prior to seating onto an implant
abutment is to arbitrarily or gross-fill the res-
toration and then seat it onto the abutment. The
amount loaded is usually far in excess of what is
required to ideally fill the cement space provided
for the clinician during crown fabrication. Often,
the crown is further seated by the application
of a seating force (the patient bites on a wood
stick or cotton wool, holding the restoration as
the cement set commences) of around 5 kg. To
simulate the cement flow when this technique
is used, the crown component of the model sys-
tem is half-filled with the shaving foam and then
seated onto the beaker representing the implant
abutment. The “crown” has to be forced down
to overcome the hydrostatic pressure resistance
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Fig.4.11 (a) The model system: Clear drinking beakers; one another, similar to a crown and an abutment.
note total occlusal convergence recorded with a protractor  (¢) Shaving foam represents the cement
(10° total). (b) Beakers are designed to “fit” directly onto

Fig.4.12 (a) Cement
applied in the form of gross
application; (b) fully seated
with excess

from the occlusal cement layer that traps margin under great pressure (Fig. 4.12a, b).
between the two horizontal surfaces. Liquids The pressure may be so great that the vulner-
(cements prior to setting) are resistant to com- able soft tissue hemidesmosomal attachment to
pression, unlike gases. Once the applied force the implant may be damaged and even detached,
is great enough to overcome this compression, which could allow cement to flow well beneath
the cement flows down onto the axial walls of the tissues.

the “abutment” and the excess cement will even- Two effects are noted: (1) the occlusal
tually be extruded out of the crown/abutment cement is in compression and resists seating
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Fig. 4.13 (a—c) Application of cement to the axial wall
near but not on the occlusal surface results in the cement
flowing in the same direction as the applied seating force.

forces, propping the “crown” up, and (2) the
cement extruded is under great force, which
may damage the soft tissue attaching to the
implant surface. The crown is, on average,
50 % filled with cement, whereas only about
3 % is actually required. Too much is used and
most of it must be extruded out of the system.
Note the excess and the blanching of the fingers
in Fig. 4.12b indicating the amount of force
required to seat the “crown.” Large amounts of
excess cement extruded out through the mar-
gin of the crown/abutment because the amount
of cement loaded into the crown is poorly
controlled.

Some studies have suggested that the axial
wall of the abutment near to, but not including,
the occlusal surface itself has cement applied to
it (Fig. 4.13a—c). When the crown is seated by
application of a force the cement is acted upon
by shear forces. The result is the cement is
forced down the abutment axial walls, leaving
a void near the occlusal aspect of the abutment
(7). Less excess cement extrusion is seen at the
margin when compared to the gross application
technique due to less cement material applied in
the first instance. However, the incomplete fill of
the cement space makes this process potentially

The occlusal aspect remains unfilled and considerably less
excess extrusion is noted when compared to the gross
application in Fig. 4.12a, b

problematic with potential reduction of retentive
force capabilities.

When the cement is applied to the internal
aspect of the crown near to, but not including,
the crown margin and then seated onto the abut-
ment, a different effect is seen (Fig. 4.14a—c).
The cement appears to flow against the direction
of the seating force. In effect, it flows upward.
The cement, as the crown is seated, contacts the
axial walls of the abutment. The seating force
acts to compress the cement against the axial
walls, which are round and tapered. This com-
pression forces the cement to flow up, until the
occlusal table is reached. At this point, the vector
of force no longer acts, as it lies perpendicular to
the seating force. The remainder of the cement
gets forced down toward the margins, with much
less extrusion out than compared with either of
the two former techniques. The cement fill is also
more ideal.

The cement flow toward the occlusal sur-
face (Fig. 4.15) is of interest especially where
implant restorations are involved. It is consid-
ered common practice to close off an abutment
screw access before the crown is cemented; in
fact, all of the US dental schools advocate this
(Fig. 4.16).
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Fig. 4.14 (a-c) Application of the cement near to the
inner crown margin results in a flow pattern that forces
cement occlusally initially, then as the model crown seats,

Fig. 4.15 The occlusal surface is partially filled as a
result of compression forces vectoring the cement upward
against the taper of the abutment

Abutment Modifications and Cement
Flow: Occlusal Venting Effect
and the Internal Vented Abutment

One concept recently developed is leaving the
screw access chamber open without sealing it
off. This provides a reservoir for excess cement
to be retained within the crown abutment system,
rather than having excess cement be extruded out
of the crown margin. This is beneficial from sev-
eral aspects:

the cement then flows down toward the margin, with small
amounts of excess cement

1. Less cement extrusion may reduce the poten-
tial for cement induced peri-implant disease.

2. Clean-up of a reduced amount of cement is
considered easier and faster.

3. There is the ability to improve retentive capa-
bilities, as the surface area of the cement con-
tact area with the abutment is increased.
Using the abutment screw chamber as a res-

ervoir has been studied and proven to reduce the

amount of cement extruded out of the crown abut-
ment margin, as well as change the retention capa-
bilities of the cement used. One other feature that
has also been looked into is modifying the abut-
ment by placing vent holes internally. The internal
vent abutment (IVA) (Fig. 4.17) has two holes, 180°
apart, approximately 3 mm below the occlusal sur-
face. It has the added advantage of changing the
way cement flows to enhance the amount of cement
kept within the abutment compared to keeping the
chamber open (Figs. 4.18 and 4.19a, b). With such
modifications as the IVA, cement flow can be mod-
ified simply, which can also increase the retentive
capabilities of a given cement and reduce residual
cement extrusion when compared to closing off the

abutment (CA) or leaving it open (OA) (Fig. 4.20).
When considering the IVA, the vent holes

should only be placed in materials that are not
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Fig. 4.16 Example of abutment that has closed off abut-
ment screw access holes, as advocated by US dental
schools

weakened by the inclusions and, therefore,
are not recommended for zirconia or ceramic
abutment materials. The number and sites of
the vents required is currently being evaluated;
presently it is considered two vents, 180° apart,
with one at the mesial aspect of the implant, one
at the distal, and 3 mm from the occlusal surface
are adequate. Further study may be required to
optimize their position. The screwhead should
always be protected by a spacer to prevent
cement getting into the screwdriver engagement
site. Currently, the recommended material is
polytetrafluoroethylene (PTFE) tape. The mate-
rial can be sterilized and is easy to manipulate,

radiopaque, and less associated with malodor
when retrieved.

When the Internal Vent Hole Abutment

Is Not Applicable

The concept of using a modified abutment that
directs cement flow internally and within the
screw access channel is appealing. Not only does
this help reduce the amount of cement extruded,
it can also alter the retention of the crown.
However, placing holes within the walls may
weaken some materials, for example, ceramic
abutments, zirconia abutments, or thin-metal-
walled abutments. An alternative method for
directing the cement within the screw access
channel is by the addition of an abutment insert.
The idea was derived by evaluating how fluids (in
this case air is considered a fluid) can be directed
by a conical device, such as a nose cone on an
aircraft propeller (Fig. 4.21).

The initial stage of evaluating use of an
implant abutment was done with the same form
of abutments used in the internal vented cone
experiment. A conical insert was fabricated from
auto-curing acrylic that inserted directly into the
screwhead (Fig. 4.22a—c).

Studies by the authors comparing the abut-
ment insert indicated that the cement could be
directed internally and the effects on retention
where significantly different compared to closing
off the abutment and leaving it open without an
insert (Fig. 4.23a, b).

By evaluating and comparing the retention
values of restoration using different abutment
modifications, open, closed, internal vent abut-
ment, and internal cone, a comparison graph
was produced (Fig. 4.24). Once analyzed, it was
noted that there was no significant difference
between the internal vented abutment and the
abutment insert; both were superior compared
with leaving the abutment open or closing off
the abutment.

The results of this test indicated that the
addition of the abutment insert had an effect on
cement flow similar to using the subtractive tech-
nique of placing holes in the abutment walls.

A further study was then undertaken
using zirconia esthetic abutments. Thirty-six
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Fig.4.17 The open screw
access chamber and the
internal vented abutment
(IVA). Both provide a space
for excess cement to flow
within. The addition of the
vent holes in the IVA
improves both the amount of
cement kept inside the
system as well as the
retentive tensile strength of
the cemented crown

Fig. 4.18 Comparison of the
amount of cement retained
0.14

internally in each system. In

all cases the same amount of
0.12

cement was used initially
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Closed

computer-aided designed and machined (CAD/
CAM) anterior form zirconia abutments with
conforming CAD/CAM crowns were provided
by Nobel Biocare (Procera abutments). Three
paired groups of 12 (one crown with one abut-
ment) were used with the crowns cemented onto
their counterpart abutment. The three groups
shown in Fig. 4.25 consisted of open abutment
(with a small piece of PTFE tape placed over the

Internal
vent

Open

screwhead), a closed abutment (composite com-
pletely filling the screw channel), and an abut-
ment insert group (an insert fabricated from a
syringe tip was firmly inserted into the screwhead
and projected within, but not beyond, the screw
access channel).

The crowns were cemented under a load of
5 kg and maintained for 10 min until the cement-
ing media (TempBond) had set. All crowns had
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Fig.4.19 (a) Cement flow was improved in the IVA compared to the (b) OA (open screw access) abutment, indicating
more excess cement would be extruded out from the OA system
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Fig.4.20 Comparison of abutment modification and ten-
sile retentive force to remove cemented crown. Closed
was approximately half the value of the IVA

the same amount of cement placed within them,
which represented approximately Y4 the volume
of the internal of the crown (Fig. 4.26a, b).

After setting, the crown/abutment complex
was cleaned of all residual excess cement from
the margin, weighed, and vertical displace-
ment height measured to ensure that the crown
was fully seated. The crown and abutment were
placed in 100 % humidity for 24 h, then a univer-

Fig. 4.21 A propeller nose cone forces air to either side
and onto the blades of the prop

sal testing machine was used to apply a tensile
force onto the crowns until they were displaced.
The weight of the cement retained, the tensile
force required to separate the crown, and the pat-
tern of failure were all compared (Figs. 4.27a, b,
4.28a, b, and 4.29a, b).

There was no significant difference between
the weight of cement retained within the open
abutment or the abutment insert group, but both
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Fig. 4.22 (a) Fabrication of an abutment cone insert using auto-curing acrylic within a syringe tip. (b) The acrylic
indexes the screwhead, and (¢) when placed, it projects within the center of the screw channel

Fig. 4.23 (a, b) Both methods (abutment insert and the internal vented abutment) resulted in changes in the way
cement flowed. Internalization of cement helps limit the amount extruded out of the system
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Fig.4.24 A comparison
chart of the tensile forces
needed to dislodge a crown
related to abutment access
chamber modification

Abutment insert

Retention of cemented implant-retained crowns

IVA Open abutment  Closed abutment
Abutment design

Mean SD

Fig.4.25 The three groups showing modifications of the screw access channel: open, closed, and abutment insert

retained more weight than the closed group. The
closed abutment failed at the lowest force (mean
108.1 N), and the pattern of cement failure was
very distinctive with all the cement attached to
the crown.

The results of this study concluded that
cement could be directed internally and main-
tained within the screw channel, increasing the
amount of cement within the system over closing
of the screw access channel, which gave a signifi-
cantly higher retention to failure value.

Clinically, where the abutment insert may be of
greatest value is with short zirconia abutments with
cemented crowns, such as the anterior mandibular
restorations, or sites that may have greater forces
placed upon them, such as maxillary canines. This

gives the clinician one more method of controlling
residual excess cement, as well as a more predict-
able repetitive result with zirconia restorations.

Fluid Dynamics Study: Current
Evaluations and Modeling of Cement
Flow Within the Implant Abutment/
Crown System

Industries such as automotive, aircraft, and ship-
building are aware of how their products behave
when subjected to fluid dynamics, be it air or
water. Form (shape) following function is a con-
cept that is integral to the design of cars, airplanes,
and boats. In the dental industry we commonly
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Fig.4.26 (a,b) The CAD/CAM crowns seated onto the abutment. Note the “wings” on the crowns to allow attachment
for the tensile testing device that is used to measure retention force to displacement

Fig. 4.27 (a) Pattern of cement failure for the closed abutment that failed at the lowest force level. (b) All cement
remnants are on the crown
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Fig. 4.28 (a) Cement failure with the open abutment (b) Anincomplete fill of the internal screw access channel
group. Some cement is seen remaining within the abut-  of the abutment is also noted (Used with permission from
ment, which gave a slightly higher force level to failure. =~ Wadhwani and Chung (2014). Copyright Elsevier Inc.)

Fig. 4.29 (a) The abutment insert group had the highest load to failure. The cement was seen to be forced internally,
and (b) fracture pattern showed a very different failure site compared with the other groups

use fluids, for example, when cementing implant tion is not readily considered in this fluid dynamic
restorations, yet we have little if any knowledge system, with our implant abutment shape more
as to how these materials flow and perform as we related to the shape we prepare teeth rather than
work with them (Fig. 4.30). Form related to func- an optimization of the cementation function.
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Group 1

Gross application

Fig.4.30 Clinicians do not have a good understanding of
fluid dynamics, demonstrated by the amount and way they
load crowns prior to cementation on implant abutments

If an understanding of how to control and
optimize cement flow in the dental world
were to be considered, it is likely that the
form of all our cemented prosthesis would
benefit. Improvements in surface contact,
efficacy of the cement bond, and minimiza-
tion of excess cement are to name but a few of
the advantages.

We believe that the problem of peri-implant
disease as it relates to cement extrusion can be
addressed from a “systems control” solution.
Understanding cement flow patterns, appropri-
ate placement sites, and controlling volumes,
plus changing implant designs, is key. This is
only now beginning to be evaluated. This is
destined to make a paradigm shift within the
dental field.

Crude model systems have been used to gain
an idea of cement flow, including clear plastic
beakers. Implant abutments with cast crowns
have also given information on how cement may
work; however, using real models has restric-
tions. The time, number, and cost of fabricating

Group 2

n

Brush application

Group 3

Rim application

(Used with permission from Wadhwani et al. (2012).
Copyright © Quintessence Publishing Company, Inc.,
Chicago, IL USA)

models for comparison to get meaningful data
are immense, and controlling the variables is very
complex.

Engineering simulation companies such as
CD-adapco are well placed to develop methodo-
logies for industry leaders in this field, using
software solutions such as with STAR-CCM+.
Computational fluid dynamic (CFD) software
uses engineering simulations and provides a
means of deriving data by virtual computer
simulations. ‘“Real-life” implant abutment and
crown forms from scanned STL (stereo litho-
graphic) files provide data points for the 3-D
geometry. A deforming polyhedral mesh sys-
tem is then developed. Relative movement
simulates the crown mesh as it is placed, over-
lapping the mesh of the abutment, and calcula-
tions of the differences in this overlap are used
(Fig. 4.31a, b). Other data input is volume to
flow (VOF) which calculates how air is moved
out of the system in exchange for cement at dif-
ferent sites. The cement is a non-Newtonian
fluid so parameters from the manufacture such
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vol= 43,1841 surface area= 53901

Figs.4.31 (a, b) Virtual computer images produced from stereolithographic (STL) files provide the basis of this 3-D

computational fluid dynamics system

Newtonian fluid

Dilltant fluid
(shear thickening)

Shear rate (s™)

Pseudoplastic fluid
(shear thinning)

Bingham plastic

Shear stress (t)

Fig.4.32 Non-Newtonian fluid stress curves and how they
relate to shear compared to Newtonian fluids. “Rheology
of time independent fluids” by Chucklingcanuck—own
work. Licensed under Creative Commons Attribution-
Share Alike 3.0 via Wikimedia Commons—http://
commons.wikimedia.org/wiki/File:Rheology_of_time_
independent_fluids.png#mediaviewer/File:Rheology_of_
time_independent_fluids.png

as how it performs under stress and initial vis-
cosity are used (Fig. 4.32).

With the cements used in dentistry being
non-Newtonian in nature, stress has an effect on
the flow of cement. For example, if you apply
stress to a shear-thinning fluid by compressing

it, the fluid will flow more readily. This suggests
that the force of the cement as it is squeezed
increases. In cemented implant restorations,
near the margins on the crown/abutment as
the crown is seated, there will be a resultant
increase in the rate of cement extrusion and an
increase in the force of ejection. This would
have an impact on adjacent soft tissues that
may cause a disruption of the hemidesmosomal
attachment site.

All computer simulations require valida-
tion to prove that these are real-life effects and
that the variables have been adequately and
correctly accounted for. This has been done
with the article published in the International
Journal of oral and maxillofacial Implants by
Wadhwani et al. in 2011, “Effect of Implant
Abutment Modification on the Extrusion of
Excess Cement at the Crown-Abutment Margin
for Cement-Retained Implant Restorations”
(Figs. 4.33 and 4.34).

The results from the effect of abutment modi-
fication study are demonstrated in these photo-
graphs (Fig. 4.35a—c). The CFD model predicted
these results, thus validating the data for this
component of the analysis.

Note the prediction of the computer model
and the real effect shown in this study when a
vented abutment was used to modify cement flow
(Fig. 4.36a, b).
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Fig.4.33 The computer simulation were partly designed to validate the real-life study on the effects of abutment modi-

fications. (a) IVA. (b) Open. (c¢) Closed

Simulations: Cement Application Site

Surveys of how and where dental clinicians place
cement within a crown prior to seating it onto an
implant abutment have indicated no standard site
exists. Some place cement near to the occlusal
surface, others at or near the margin of the crown.

Figure 4.37a—c can be used to show the
amount (volume fraction) of cement as well as
give an indication of the force of extrusion of
cement when reduced to a cross section, below,
which is represented by turbulence of the cement.
Figure 4.38a—e shows cross-sectional frames
which evaluate how the differences may affect
seating and cement extrusion. Figure 4.39 repre-
sents the color gradient, and Fig. 4.40 shows a
close-up of the crown margin area.

The data in the simulations does not include the
soft tissues, which would tend to resist this flow if

0.15
0.1
0.05 I
0 i T T
Closed Open IVA

Fig. 4.34 Graph indicating that more cement is held
within the system when the internal venting abutment
(IVA) is used (Used with permission from Wadhwani
et al. (2012). Copyright © Quintessence Publishing
Company, Inc., Chicago, IL USA)

the margin lies beneath the cement lute line. It is
likely that the soft tissue would result in a further
increase in cement pressure at this site compared
to unimpeded extrusion where no tissue exists.
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Fig. 4.35 (a—c) In vitro study evaluated the amount of cement used and flow in these abutments

Figure 4.4la—e shows cement placed in the
occlusal half of the crown. As the crown is seated, a
larger column of cement exists in the occlusal space
compared with cement placed near the margin.
The resultant flow differs with how air exchange
will occur as well as the force of extrusion, which
is seen much earlier, even before the crown fully
seats. The final seat (Fig. 4.42) shows an incom-
plete margin seal and also a greater extrusion site.

The speed at which the crown is seated also
affects cement flow and extrusion patterns.
Figures 4.43a—c and 4.44b, ¢ show how the speed
of seating a crown affects cement flow. These
images indicate that the crown should not be
seated too rapidly if a seal is to be maintained
and that less turbulence (mixing of cement and
airflow) occurs at moderate to slow speed.

Abutment Modifications

Abutment modification simulations leaving the
abutment open and abutment venting have also
been evaluated, as shown in Figs. 4.45 and 4.46a,
b. Areas of interest are the ability to fill the inter-
nal screw access chamber and the effect at the
margin of the crown with cement extrusion.
Again, with the non-Newtonian properties of

cement extrusion forces when the occlusal half
is loaded in preference to the apical half results
in more cement force (seen by turbulence) at the
margin (Fig. 4.47a, b).

The effect of overloading or underloading the
crown has also been evaluated, with too much
cement causing an increase force at the cement
margin, yet resulting in an incomplete fill of a
screw access hole when internal venting is used.
Figure 4.48 shows the difference in flow patterns
related to cement volume.

Conclusion

The future of implant abutment design will be
predicated by the way abutments function.
Restorations, abutments, and cement flow will
be considered as a “system,” where the whole
is greater than the sum of the individual parts.
With the cemented abutment, the shape,
cement finish line, lute space, and all other
dimensions will be subject to computational
testing and design, the foremost of which will
be fluid dynamics and how cement flows. The
future of dental implant design will no longer
be predicated on tooth shape; with form
following function, it is likely the abutments
of the future will look very different from
what we see today.
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Fig.4.36 (a) Abutment
modification start of
simulation. (b) Completion
of seating simulation. The
computer simulation c]ose]y Closed System Occlusal Venting
predicted the real-life
situation, though the

parameters for the real study
were not controlled for speed
of crown seating

b
Compare Designs : Half speed

: |
Compare Designs : Double speed

Closed System Occlusal Venting

Occlusal + Internal
Venting

AL
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&

X

£ X

Fig. 4.37 (a-c) Clip images from 3-D animation of the crown seating on the abutment and resultant cement flow:
(a) start; (b) 3/4 seat; (¢) full seat with cement extrusion
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a b
i ¥
LX Volume Fraction of CEMENT Lx
0.0000 0. 20000 i 0. 40000 O.SE.‘OOO 080000 1.0000
¢ d
o o
ZX Volume Fraction of CEMENT ZX
O0000 020000 0. 40000 60000 0.80000 10000

Fig. 4.38 (a—e) These five cross-sectional frames show
how cement flows when a 1/2 toroid (a circumferential
bead) of cement is placed near the margin of the crown

Fig. 4.39 Color gradient. Cement: air proportion
exchange

Volume Fraction of CEMENT
0.0000 020000 0 40000 0 60000 080000 10000

and then seated. Blue color represents 100 % air; the red
is 100 % cement. Color gradient beneath images (b-e)
indicate mixed proportions of air/cement
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Fig. 4.40 Enlargement of the crown margin area. Note the difference in coloration with the fluid fraction changes

Fig.4.41 (a-e) Cross-sectional frames for cement placed
in the occlusal half of the crown
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b c
x o
X Volume Fraction of CEMENT ZX Volume Fraction of CEMENT
@ 0000 0 JOOOD Y SO000 0 60000 LR ) han 2.0000 0.20000 . 0. 40000 0. 60000 OB0O00 10000
d e
o "
ZX Volume Fraction of CEMENT £ X Volume Fraction of CEMENT
Q0000 020000 040000 060000 DB0000 10000 0.0000 020000 040000 060000 OB0000 1.0000
Fig.4.41 (continued)
>

Fig. 4.42 Compared with cement placed at the crown i

. .. X Volume Fraction of CEMENT
margin, cement seal is incomplete and more turbulence of 00000 020000 040000 050000 040000 10000
cement is noted
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a
A
£x Volume Fraction of CEMENT X Violume Fraction of CEMENT
0.0000 0.20000 0. 40000 060000 O.B0000 1.0000 0.0000 020000 040000 OSM OE0000 1.0000
Cc
LK Volume Fraction of CEMENT

0.0000 0.20000 040000 0.60000 0.80000 1.0000

Figs. 4.43 How speed of seating affects flow. (a) Crown seated on abutment in 0.25 s. (b) Seating time 0.5 s. (¢)
Seating accomplished in 1 s. (Note the difference in cement fill at margin and occlusal sites)
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Figs. 4.44 Enlargement of the margin site and extrusion patterns at (a) fast seating speed (0.25 s), (b) medium seating
speed (0.5 s), and (c) slow seating speed (1 s)

Compare Designs : 35 mm® cement loading

Fig. 4.45 All designs fill up
internal space with cement
before cement is extruded.
Occlusal venting and internal

Closed System Occlusal Venting Occlusal + Internal
venting greatly reduce the
amount of excess cement that

Venting
is extruded in the surround-

ing gum. Venting changes the @ All designs fill up internal space with cement before cement is extruded

& Occlusal and internal venting greatly reduce the amount of excess cement
flow of cement and may be that is extruded in the surrounding gum

beneficial to control t},le flow @& Venting changes the flow of cement and may be beneficial to control the
of cement under certain flow of cement flow under certain conditions (e.g& when air bubbles get

conditions, such as when air trapped)
bubbles get trapped

B
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Figs.4.46 (a, b) Evaluating
how cement flows with an
internal vented abutment
when the cement is applied at
different sites

Application techniques on vented system

Application techniques on vented system

Lo
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Fig.4.47 How the site of
loading affects the Internal Results with Cone Insert
abutment insert (cone).

(a) Cement placed as 1/2
toroid at the margin site of
the crown. (b) Cement
placed as 1/2 toroid same
volume as (a) but higher
(more occlusal) within the
crown. Note how the cement
has more completely filled
cone insert model when
cement is loaded at the
margin site (¢). Incomplete
infill occurs when cement is
more occlusally placed (d)

* Time:0.5 secondstocrossimplant
* Amountofcement:~35 mm?

Results with Cone Insert

* Time:0.5 secondstocrossimplant
* Amountofcement:~35 mm?
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Fig. 4.48 Differences in
flow pattern related to the
volume of cement used in an
internal vented abutment.
From left to right: too little;
ideal; too much

Design Exploration :
How much cement should we use?

~30 mm?

Bibliography

Arvand A, Hormes M, Reul H. A validated computational
fluid dynamics model to estimate hemolysis in a rotary
blood pump. Artif Organs. 2005;29:531-40.

Assif D, Rimer Y, Aviv I. The flow of zinc phosphate
cement under a full-coverage restoration and its
effect on marginal adaptation according to the
location of cement application. Quintessence Int.
1987;18:765-74.

Beun S, Bailly C, Devaux J, Leloup G. Rheological prop-
erties of flowable resin composites and pit and fissure
sealants. Dent Mater. 2008;24:548-55.

Beun S, Bailly C, Dabin A, Vreven J, Devaux J, Leloup
G. Rheological properties of experimental Bis-
GMA/TEGDMA flowable resin composites with
various macrofiller/microfiller ratio. Dent Mater.
2009;25:198-205.

Boutsioukis C, Lambrianidis T, Kastrinakis E. Irrigant
flow within a prepared root canal using various flow
rates: a computational fluid dynamics study. Int Endod
J.2009;42:144-55.

Brezzi F, Lipnikov K, Simoncini V. A family of mimetic finite
difference methods on polygonal and polyhedral meshes.
Math Models Methods Appl Sci. 2005;15:1533-53.

Cardoso M, Torres MF, Rego MR, Santiago LC. Influence
of application site of provisional cement on the
marginal adaptation of provisional crowns. J Appl
Oral Sci. 2008;16:214-8.

Gao Y, Haapasalo M, Shen Y, Wu H, Li B, Ruse ND, Zhou
X. Development and validation of a three-dimensional
computational fluid dynamics model of root canal irri-
gation. J Endod. 2009;35:1282-7.

Hebel KS, Gajjar R. Cement-retained versus screw-
retained implant restorations: achieving optimal
occlusion and esthetics in implant dentistry. J Prosthet
Dent. 1997,77:28-35.

Hirt CW, Nichols BD. Volume of fluid (VOF) method
for the dynamics of free boundaries. ] Comput Phys.
1981;39:201-25.

Lee JH, Ulm CM, Lee IB. Rheological properties of resin
composites according to variations in monomer and
filler composition. Dent Mater. 2006;22:515-26.

Moréaguez OD, Belser UC. The use of polytetrafluoroeth-
ylene tape for the management of screw access chan-
nels in implant-supported prostheses. J Prosthet Dent.
2010;103:189-91.

Oliva RA, Lowe JA, Ozaki MM. Film thickness mea-
surements of a paint-on die spacer. J Prosthet Dent.
1988;60:180—4.

Patel D, Invest JCF, Tredwin CJ, Setchell DJ, Moles
DR. An analysis of the effect of a vent hole on excess
cement expressed at the crown-abutment margin
for cement-retained implant crowns. J Prosthodont.
2009;18:54-9.

Rosenstiel SF, Land MF, Crispin BJ. Dental luting agents:
a review of the current literature. J Prosthet Dent.
1998;80:280-301.

Schwedhelm ER, Lepe X, Aw TC. A crown venting
technique for the cementation of implant-supported
crowns. J Prosthet Dent. 2003;89:89-90.

Snjaric D, Carija Z, Braut A, Halaji A, Kovacevic M, Kuis
D. Irrigation of human prepared root canal-ex vivo
based computational fluid dynamics analysis. Croat
Med J. 2012;53:470-9.

Tang HS, Kalyon DM. Estimation of the parameters of
Herschel-Bulkley fluid under wall slip using a com-



82

C.P.K. Wadhwani et al.

bination of capillary and squeeze flow viscometers.
Rheologica Acta. 2004;43:80-8.

Tarica DY, Alvarado VM, Truong ST. Survey of United
States dental schools on cementation protocols
for implant crown restorations. J Prosthet Dent.
2010;103(2):68-79.

Taylor TD, Agar JR. Twenty years of progress in implant
prosthodontics. J Prosthet Dent. 2002;88:89-95.

Tokuda Y, Song MH, Ueda Y, Usui A, Akita T, Yoneyama
S, Maruyama S. Three-dimensional numerical simu-
lation of blood flow in the aortic arch during car-
diopulmonary bypass. Eur J Cardiothorac Surg.
2008;33:164-17.

Wadhwani CP, Chung K-H. The role of cements in dental
implant success, part 2. Dent Today. 2013;32:46-51.

Wadhwani C, Chung K-H. Effect of modifying the screw
access channels of zirconia implant abutment on the
cement flow pattern and retention of zirconia restora-
tions. J Prosthet Dent. 2014;112:45-50.

Wadhwani C, Schwedhelm R. The role of cements in den-
tal implant success, part 1. Dent Today. 2013;32:74-9.

Wadhwani C, Hess T, Faber T, Pifieyro A, Chen
CS. A descriptive study of the radiographic den-

sity of implant restorative cements. J Prosthet Dent.
2010;103:295-302.

Wadhwani C, Pineyro A, Hess T, Zhang H, Chung
K-H. Effect of implant abutment modification on the
extrusion of excess cement at the crown-abutment
margin for cement-retained implant restorations. Int J
Oral Maxillofac Implants. 2011;26:11241-6.

Wadhwani C, Hess T, Pineyro A, Opler R, Chung
K-H. Cement application techniques in luting
implant-supported crowns: a quantitative and
qualitative survey. Int J Oral Maxillofac Implants.
2012;27:859-64.

Wadhwani C, Hess T, Pineyro A, Chung K-H. Effects of
abutment and screw access channel modification on
dislodgement of cement-retained implant-supported
restorations. Int J Prosthodont. 2013;26:54—6.

Wadhwani C, Goodwin S, Chung K-H. Cementing an
implant crown: a novel measurement system using
computational fluid dynamics approach. Clin Impl
Dent Relat Res. 2014; (EPub ahead of print).

Wiskott HWA, Belser UC, Scherrer SS. The effect of
film thickness and surface texture on the resistance of
cemented extracoronal restorations to lateral fatigue
loading. Int J Prosthodont. 1999;12:255-62.



Residual Excess Cement Detection

Chandur P.K. Wadhwani and Thomas D. Faber

Abstract

Residual excess cement detection is mandatory if the material is to be
entirely removed. Luting cement formulations do not always account for
this need, with some cements colored pink so camouflaging in with the
soft tissue surroundings. Detection of excess cement with radiography is
also limited with many of the cements currently available. The peripheral
eggshell effect is a characteristic frequently encountered when the cement
is visible on a radiograph. How patterns develop and how they relate on a
radiograph to the radiodensity of the cement used will assist the clinician
in cement selection as well as detection. The lack of ability to find excess
cement is not limited to dentistry; orthopedic medicine has also failed to

understand cement flow and detection that has also resulted in failures.

Introduction

Survey data from clinicians has indicated that
most dentists apply far in excess of the amount
of cement required. When the restoration is fully
seated, this excess must be extruded out of the
abutment/crown system. Where this occurs at
subgingival sites, it must be detected and ade-
quately removed so as not to cause issues.
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The cement type plays a vital role in the abil-
ity to allow for both detection and removal. This
is not as straightforward as it appears. Some
cements have been manufactured to represent
gingival shading for natural esthetics—in essence
they are made “pink.” This increases the likeli-
hood that they will NOT be detected visually and
has presented some great issues with peri-implant
disease (Figs. 5.1 and 5.2a, b).

Cement removal may also be compounded by
some cement formulations being adhesive to tita-
nium. In 1997, Agar reported on the inability to
completely remove some resin cements from
implant surfaces that were machined smooth.
The newer resin-based cements produced today
that are intended for universal use are extremely
adhesive, making removal even more problematic.
Coupled with the new implant surfaces that are

C.PK. Wadhwani (ed.), Cementation in Dental Implantology: An Evidence-Based Guide, 83
DOI 10.1007/978-3-642-55163-5_5, © Springer-Verlag Berlin Heidelberg 2015
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predominantly rough, a greater tendency will
exist for cement to remain (Fig. 5.3).

Radio-Opacity of Cements

As previously mentioned, residual excess cement
can be the initiating factor for peri-implant
disease. Being able to detect it and remove it
are imperative for tissue health surrounding the
implant. Techniques have been described for
locating the excess cement around implant res-
torations with the use of a dental endoscope or,
more invasively, with open flap debridement,
which allows direct observation. Radiographic
examination is less invasive and has been shown
to be useful in the identification of cement over-
hangs associated with tooth-supported restora-

«

Fig. 5.1 This cement manufacturer boasts “.tasteless,
odorless cement that also provides esthetic gingival shad-
ing for natural esthetics.” In essence, this cement camou-
flages beneath the tissues and would be difficult to visually
detect

Fig. 5.2 (a) Eight different cements were exposed to
radiation from standard dental X-ray machine. They are
next to a 1-mm aluminum step wedge. Cement disks are

tions. Recommendations have been made with
respect to radiodensity levels of dental materials
used to restore or cement restorations on teeth.

Comparing Implant-Specific Cements

A variety of cements are currently available
for restorative procedures. Most are primarily
designed for use with teeth and may be classi-
fied according to physical properties, material
content, and the purpose for which they were
designed, for example, interim, provisional, or
definitive. Some cements have unique properties
such as adhesion to tooth tissue, anticaries activ-
ity, and ion exchange. Implant-specific cements
have also been formulated with useful proper-
ties relevant to implants, such as adherence to
metal abutments, ease of removal of excess
cement, and retrievability. Either implant-spe-
cific cements or traditional restoration cements
may be used for cementing implant restorations.
These cements have been extensively assessed in
terms of mechanical properties, including reten-
tion capabilities, when used for implant proce-
dures. Cement has also been shown to extrude
at the implant abutment interface when subgin-
gival margins are present. One study reported
on the ease of excess cement removal as well as
the damage caused to the titanium abutments by
various instruments used in the process.

1 mm thick. (b) Only three cements are clearly visible
(Reprinted from Wadhwani et al. (2010). Copyright ©
2010, with permission from Elsevier)
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Fig. 5.3 This crown was cemented with a resin-modified
glass ionomer cement. It is hard and adhesive. The surface
of the implant is roughened. Removal of the cement even
when detected presents issues

Previous to our report, there had been no
reports specific to the radiographic characteris-
tics of cements used for implant restorations.
Selection of cements should involve knowledge
of the ability to detect excess cement; it is also
important that a clinician be able to confirm that
the cemented units are correctly positioned. Both
the presence of excess cement and correct posi-
tioning could potentially be determined by non-
invasive radiographic examination, provided
materials in question show the appropriate radio-
graphic density (radiodensity). Several factors
may affect the radiodensity of cements; compo-
sition is probably the most significant. In addi-
tion, the material thickness, exposure settings,

Fig. 5.4 Specimen disks with modified step wedge

angulation of the X-ray beam, and the methodol-
ogy used for evaluation have all been docu-
mented as factors. Radiographic images made
from X-ray exposure of a digital receptor pro-
duce a spatial distribution of picture elements or
pixels. Each pixel has an associated pixel value
or number that ranges from 0 to 255 for an 8-bit
image. The pixel value may be translated into
brightness or gray level, which can be recorded
and measured and is representative of radio-
graphic density.

Our study evaluated and compared, using gray
level values, the radiodensity of eight cements
commonly used for implant cementation proce-
dures. Two thicknesses of cement were compared
for threshold gray levels. Disks 5 mm in diameter
and 1 and 2 mm in thickness were made and
radiographic images taken. Their gray levels
were compared to that of a reference aluminum
step wedge to determine an equivalent thickness
of aluminum for the cement sample (Figs. 5.4
and 5.5). The cements that were compared are
shown below in Table 5.1.

Results

Images of two cement samples are shown in
Fig. 5.6a, b. Each image contains five disks of
a specific cement and an aluminum step wedge
as a reference, but the images in Fig. 5.6b are
not visible due to the cement being poorly
radio-opaque.
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The specimens were ordered based on
radiodensity, from highest to lowest gray level
values distinguishable from the background. A
comparison to the aluminum step wedge standard
was recorded. The effect of changing exposure
settings from 70 to 60 kVp with preset times to
evaluate contrast changes was also recorded.
Table 5.2 compares the aluminum equivalent
thickness as found for 2-mm-thick and 1-mm-
thick specimens at different exposure settings
(2 mm at 70 kVp for 0.32 s, I mm at 70 kVp for
0.32 s, and 1 mm at 60 kVp for 0.63 s).

Of the eight cements evaluated, the highest
gray level values were recorded for the zinc-
containing materials (TBO, TBN, FL), which
was expected due to zinc’s high atomic number
and electron density. In contrast, DY, which is
composed of calcium hydroxide, had a lower
gray level value. The zinc-containing cements

Fig. 5.5 Radiographic unit and image plate

Table 5.1 Cements evaluated

may also offer other advantages. They may be
either interim, such as the TBO and TBN variet-
ies tested, or definitive, as is FL, allowing a
choice of cement retention capabilities. The glass
ionomers and resin cements are expected to have
poor radiodensity properties unless specific radi-
opacifiers are added during formulation. This
was reflected in the specimens, with RXL and
RXU demonstrating less radiodensity than DY,
with a lower gray level value. IM could only be
detected in the 2-mm-thick specimens, indicating
a lower radiodensity than either RXL or
RXU. PIC was indistinguishable from the back-
ground with the imaging system used. The use of
the resins and glass ionomer specimens selected
can be considered problematic, as some excess
material may occasionally be left in the implant
soft tissue sulcus. If the tangential thickness
(Fig. 5.4) is less than 1 mm, then cements RXL,
RXU, or IM would be difficult, if not impossible,
to detect by radiographic means.

In late 2011, Premier was reformulated to be
more radio-opaque. We retested it along with
other implant-specific cements. The Premier
Implant Cement was the only cement in common
with the previous test. Testing was done similarly
to above, with cement disks being made that were
again 2 mm thick and 5 mm in diameter.

Eight implant-specific cements evaluated
were Premier Implant Cement (PIC), Premier
Implant Cement modified with radiopacifiers
(PICM), Multilink Implant shade MOO (MIO0),
Multilink Implant shade MO1 (MI1), Multilink
Implant shade Transparent (MIT), Implantlink
Semi (ILS), Retrieve (R), and Improv (IM) (see
Table 5.3). Specimen disks, 2 and 1 mm in thick-
ness, were radiographed. Images were made

Commercial name Manufacturer Type

Dycal (DY) Dentsply Intl., York, PA Calcium hydroxide
Fleck’s (FL) Mizzy Inc., Cherry Hill, NJ Zinc phosphate
Improv (IM) Alvelogro, Snoqualmie, WA Resin

Premier Implant Cement (PIC) Premier Products Co., Plymouth Meeting, PA Resin

RelyX Luting (RXL)
RelyX Unicem (RXU)
TempBond Original (TBO)
TempBond NE (TBN)

3 M ESPE, St. Paul, MN
3 M ESPE, St. Paul, MN
Kerr Corp., Orange, CA
Kerr Corp., Orange, CA

Glass ionomer
Universal resin

Zinc oxide/eugenol
Zinc oxide/noneugenol
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Fig.5.6 (a) TempBond Original, 2-mm-thick specimens
imaged at 70 kVp. (b) Premier Implant Cement, 2-mm-
thick specimens imaged at 70 kVp. The cement is poorly

Table 5.2 Results: radiographic aluminum (mm) equiv-
alence values for cements

2-mm 1-mm 1-mm

specimen, specimen, specimen,
Material 70 kVp 70 kVp 60 kVp
TBO 8.11 4.52 4.53
TBN 7.13 3.65 3.64
FL 6.58 3.53 3.54
DY 3.78 1.39 ND
RXU 2.88 ND ND
RXL 2.58 ND ND
M 2.29 ND ND
PIC ND ND ND

TBO TempBond Original, 7TBN TempBond NE, FL
Fleck’s, DY Dycal, RXU RelyX Unicem, RXL RelyX
Luting, /M Improv, PIC Premier Implant Cement, ND Not
detected

using photostimulable phosphor (PSP) plates
with standardized exposure values. Again aver-
age gray level value representative of radioden-
sity for each of the seven cements were compared
and referenced to a standard aluminum step
wedge. An equivalent thickness of aluminum in
millimeters was calculated using best straight
line fit estimates.

Examples of the images taken are shown in
Fig. 5.7a, b. Multilink Implant Cement (MI1) and
the Premier Implant Cement with Modifier
(PICM) are shown side by side. Note how the
disks are not visible in Fig. 5.7b due to the
cement’s poor radio-opacity.

radio-opaque, so it is not visible on the radiograph
(Reprinted from Wadhwani et al. (2010). Copyright ©
2010, with permission from Elsevier)

Table 5.3 Implant-specific cements compared, includ-
ing the reformulated Premier Implant Cement

Commercial name  Manufacturer Type
Premier Implant Premier Products Co. Resin
Cement (PIC) Plymouth Meeting, Pa  cement
Premier Implant Premier Products Co. Resin
Cement with Plymouth Meeting, Pa  cement
Modifier (PICM)
Multilink Implant ~ Ivoclar Vivadent Inc. Resin
“Zero” “Third Ambherst, NY cement
Cement” (MIO)
Multilink Implant ~ Ivoclar Vivadent Inc. Resin
(MI1) Ambherst, NY cement
Multilink Implant ~ Ivoclar Vivadent Inc. Resin
Transparent (MIT) Ambherst, NY cement
Implantlink Semi ~ DETAX GmbH & Co.  Resin
(LS) KG Ettlingen, Germany cement
Retrieve (R) Parkell Inc. Edgewood, Resin
NY cement
Improv (IM) Alvelogro, Snoqualmie, Resin
WA

Table 5.4 shows the results for the 2- and
1-mm-thick disks. The gray level values obtained
are represented as the equivalent thickness in alu-
minum for comparison. Images were taken at
70kVp, 0.32 s, and 7 mA.

It is interesting to note that at the setting used
(70kVp, 0.32 s, and 7 mA), the modified Premier
Implant Cement with Modifier was not observ-
able. Upon changing settings to a lower kVp
(60 kVp, .32 s, 7 mA), the Premier Implant
Cement (PIC) and Premier Implant Cement with
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Fig. 5.7 (a) 2-mm-thick sample disks of Multilink
Implant Cement (MI1). (b) Five disks made with Premier
Implant Cement with Modifier (PICM) imaged at 70 kVp,
0.32's, and 7 mA, which are not visible on the radiograph

Table 5.4 Comparison of equivalent aluminum thick-
nesses for the implant-specific cements

Equivalent aluminum Equivalent aluminum
thickness, mm for thickness, mm for

Cement 2-mm-thick cement  1-mm-thick cement
name samples samples

MI1 7.6 3.98

MIT 7.52 3.59

MIO 7.35 3.83

R 2.25 Not observable

M 1.35 Not observable

ILS Not observable Not observable
PICM  Not observable Not observable
PIC Not observable Not observable

MII  Multilink Implant, MIT Multilink Implant
Transparent, MI0 Multilink Implant “Zero” “Third
Cement”, R Retrieve, IM Improv, ILS, Implantlink Semi,
PICM Premier Implant Cement with Modifier, PIC
Premier Implant Cement

Modifier (PICM) were found to be just barely
observable (Fig. 5.8).

Summary of Findings

In the above comparison of implant-specific
cements, the most opaque cements were the
Multilink Implant Cements MOO, MOI1, and
Transparent. It is worthy to note that they use

because the cement is poorly radio-opaque (Reprinted
from Wadhwani et al. (2010). Copyright © 2010, with
permission from Elsevier)

Fig. 5.8 Premier Implant Cement (PIC) above and
Premier Implant Cement with Modifier (PICM) below are
just observable at lower exposures settings of 60 kVp,
328, 7mA

fillers composed of barium glass and ytterbium
trifluoride, which have higher atomic numbers
of 56 and 70, respectively. These fillers compose
40 % of the cement. Much less in opaqueness is
the Retrieve, which is composed of uncured acry-
late and methacrylate ester monomers, benzoyl
peroxide, and silane-treated glass. These resin-
based cements depend on the fillers to give any
radio-opaque properties.

These comparisons are done to help the
restorative dentist gauge the radiographic char-
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acter of the cement material used. It is desir-
able that the cement be as radio-opaque as
possible while demonstrating other required
physical properties. This should better help the
dentist in choosing the appropriate cement to
use. It is hoped that the manufacturers consider
making cements with more radio-opaque
properties.

Clinical Variations in the Ability
to Detect Residual Excess Cement!

Residual excess cement (REC) is a common
complication of cement-retained implant pros-
theses, which can result in a local inflammatory
process, documented as a cause of peri-implant
disease. The etiology is not fully understood but
is believed to relate to bacterial colonization of
the foreign material, which can occur several
years after the restoration has been completed. If
the REC is identified and removed, the majority
of problems can be resolved. The prevention of
cement extrusion during the restoration process
beyond the restorative cement margins cannot
be underestimated; however, this may be more
difficult than it appears. In vitro model systems
have demonstrated the difficulty in controlling
and removing REC by visual and tactile means,
even when supragingival crown/abutment mar-
gins have been placed. Radiographic evaluation
allows for a noninvasive evaluation of the site
to locate REC. Detection is influenced by fac-
tors such as the composition of the cement, the
amount, and the site. Other disciplines within
dentistry have required radio-opacity specifi-
cations for cements, but no mandatory mini-
mal standard specification exists for implant
cements. This clinical report highlights varying
degrees of REC detection by using intraoral den-
tal radiographs. The radiographic detection and
characteristic patterns of cement flow are also
described.

'Reproduced with kind permission from the Journal
of Prosthetic Dentistry—Author Wadhwani CPK, 2010

Clinical Reports

Patient 1, Cement Superimposition

A 48-year-old male patient in good general
health presented for replacement of the maxil-
lary right central incisor that had been extracted
6 months earlier. Initial impressions were made,
followed by diagnostic waxing and the fabrica-
tion of a surgical guide. The guide was used to
direct the implant placement such that the head
of the implant (Standard Plus, Regular Neck,
Straumann, Andover, MA) was located 3 mm
below the proposed facial gingival margin. A
3-mm-high healing abutment (Straumann) was
placed at the time of surgery, and an interim
removable prosthesis was provided for the patient
during the healing phase. Four months after the
implant placement, clinical and radiographic
integration was confirmed, and the patient was
referred for the definitive restoration. This con-
sisted of a metal ceramic crown, cemented with
a zinc oxide and eugenol cement (TempBond,
Kerr, West Collins, Orange, CA) onto a cast
gold custom abutment (SynOcta gold abutment,
Straumann).

Seven months after completion of the restora-
tion, the patient presented with a draining sinus
tract on the midfacial aspect of the implant site
(Fig. 5.9a).

A size 20 ISO gutta percha point (Henry
Schein, Melville, NY) was placed into the sinus
tract (Fig. 5.9b), and a radiograph was made. The
gutta percha point terminated at the abutment/
crown interface (Fig. 5.9c¢). Initial nonsurgical
attempts to debride the site under local anesthesia
were unsuccessful, and it was decided to treat the
area surgically. Full-thickness facial and lingual
flaps were elevated to reveal residual subgingival
REC deposits at the crown/abutment interface
(Fig. 5.9d). The REC was located predominantly
on the facial aspect, such that the superimposi-
tion of the cement on the metal implant compo-
nents rendered the cement almost impossible to
detect radiographically.

The residual cement was removed with hand
scalers (Implantcare tip currettes: Columbia
4r/4 1, 204 s, h6/h7, Hu-Friedy, Rockwell, IL
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Fig. 5.9 (a) Seven months post-cementation of implant crown. (b) Gutta percha point placed into sinus tract. (c)
Radiograph, gutta percha point visible. (d) Full-thickness flap raised, exposing cement residue

USA), taking care to avoid damaging the implant
surface. An autogenous connective tissue graft
was harvested from the right palatal vault area
and secured over the facial aspect of the implant.
The sinus tract resolved completely within 6
months, and the patient was placed on a 4-month
interval recall program, including probing depth
monitoring and annual radiographs.

Patient 2: Highly Radio-Opaque

Cement

A 55-year-old woman was referred for an
implant restoration to replace the maxillary left
lateral incisor. The tooth had been extracted 2
years previously and replaced with a provisional

removable prosthesis. The patient reported no
medical problems or known allergies at the time
of consultation. Clinical evaluation revealed a
buccolingual concavity at the proposed implant
site. Radiographically, a crestal deficiency was
noted in relation to the mesial aspect of the adja-
cent canine. An implant (NobelSpeedy, Nobel
Biocare, Yorba Linda, CA USA), shown in
Fig. 5.10a, was placed together with a simulta-
neous addition of bone graft material—a combi-
nation of 50 % xenograft (Bio-Oss, Osteohealth,
Shirley, NY USA) and 50 % allograft cortical
particulate mineralized FDBA (LifeNet Health
Inc. Virginia beach, VA USA) on the buccal
aspect of the implant.
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Fig.5.10 (a) Pre-restoration radiograph; implant consid- removed, cement encircling abutment visible. (d) Post-
ered integrated. (b) Post-cementation radiograph; restora-  treatment radiograph; note replacement with screw-
tion with radio-opacity noted. (¢) Crown and abutment retained restoration
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The bony defect noted on the adjacent maxil-
lary left canine was managed with the same
augmentation materials. A collagen membrane
(Bio-Gide, Osteohealth) and an autogenous con-
nective tissue graft harvested from the left palate
to provide additional ridge augmentation were
placed over the hard tissue augmentation site.
The patient continued to wear the removable pro-
visional prosthesis for an additional month,
allowing the site to heal. Once the implants had
achieved clinical and radiographic osseointegra-
tion (Fig. 5.10a), the patient was referred to a
restorative dentist for definitive treatment. One
week after the definitive restoration was placed,
the patient returned for a soft tissue and radio-
graphic post-restoration evaluation. The soft tis-
sue appeared pale pink with no signs of
inflammation. However, a radiograph revealed
the presence of REC (Fig. 5.10b). On removing
the crown and the abutment, the implant platform
was found to be encircled by cement (Fig. 5.10c),
which was subsequently removed. A new healing
abutment was placed and the restoring dentist
was asked to reconsider the restorative options
available. Because the implant position was
favorable, the subsequent restoration was screw-
retained (Fig. 5.10d), which eliminated the issues
associated with cement. The patient was then
provided with supportive periodontal therapy and
annual implant assessment including radio-
graphic, occlusal, and soft tissue evaluation.

Patient 3: The Circumferential Effect

A 68-year-old woman presented with a type IV
fracture of the left lateral incisor. After clinical
and radiographic assessment, the treatment option
chosen was to extract the tooth remnant and eval-
uate for possible immediate implant placement.
The tooth was extracted by gentle elevation,
leaving an intact facial bony plate. An immedi-
ate implant (Osseotite MicroMiniplant, 3.25/3.4,
Biomet 3i, Warsaw, IN USA) was placed along
with a healing abutment (Fig. 5.11a). No graft
material was used, as the gap between the implant
and the facial bony wall was less than 2 mm. An
invisible retainer (Clear Splint Biocryl 0.75 mm,

Great Lakes Orthodontics Ltd., Tonawanda,
NY) containing an acrylic resin denture tooth
(Trublend, Dentsply International, York, PA
USA) was used for a provisional restoration. The
healing was uneventful, and 10 months postoper-
atively, a screw-retained acrylic resin provisional
crown was attached to the implant to contour the
soft tissue emergence profile. It remained fixed to
the implant for 6 months. The definitive restora-
tion chosen was a metal ceramic crown, cemented
onto a custom abutment (Atlantis, Astra Tech
Inc., Waltham, MA USA) with resin-reinforced
glass ionomer cement (Vitremer, 3 M ESPE, St.
Paul, MN USA). Nine months after placement of
the final restoration, the patient presented com-
plaining of a bad taste originating at the implant
area. The site was evaluated, and suppuration was
expressed upon gentle finger pressure around the
soft tissues adjacent to the implant. A radiograph
revealed a radio-opacity immediately adjacent to
the implant restoration complex with associated
interproximal bone loss (Fig. 5.11b).

The radiographic appearance of the REC was
indicative of a thin circumferential layer of
cement, which was magnified by tangential expo-
sure to the radiographic beam (Fig. 5.11c). The
site was subsequently treated by closed debride-
ment. The follow-up radiograph (Fig. 5.11d) and
clinical examination failed to reveal residual
cement, and no signs or symptoms of inflamma-
tion were detected. The patient was observed 1
month later and then at three monthly intervals
for the first year. No further issues relating to the
implant site were found.

Patient 4: Radiolucent Cement

A 58-year-old man with a history of colon cancer
and smoking presented with failing endodontic
treatment on the distal root of the mandibular left
first molar. The prognosis for the tooth was hope-
less and it was extracted. The extraction socket
site allowed for immediate implant (Wide Neck
implant, Straumann, Andover, MA USA) place-
ment with simultaneous hard tissue allograft bone
augmentation (Puros, Zimmer Dental, Carlsbad,
CA USA). The platform of the implant was such
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Fig.5.11 (a) Pre-restoration radiograph of implant. (b) Radiograph indicating “peripheral eggshell” effect—layer of
REC. (c) Magnified view of B. (d) Post-treatment radiograph with cement removed
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that the buccal margin was placed 1 mm below
the existing gingival margin. The implant site
remained unrestored for 7 months with unevent-
ful healing. Once clinical osseointegration was
confirmed, a stock abutment (Wide Neck solid
abutment, Straumann) was placed and a torque
of 35 Ncm was applied. A closed-tray impres-
sion technique followed. A metal ceramic crown
was fabricated, evaluated for fit, occlusion, and
color, and then cemented with an implant-spe-
cific acrylic urethane cement (Premier Implant
Cement, Premier Dental, Plymouth Meeting, PA
USA). A radiograph was made after cementation
to verify the complete seating of the restoration
and the removal of REC. The patient was placed
on a 3-month alternating hygiene schedule with
the restorative dentist and periodontist. Routine
peri-implant probing measurements and radio-
graphs made 14 months after final restoration
were unremarkable and had no signs or symp-
toms of any pathological events (Fig. 5.12a, b).

However, at 32 months after comletion of the
restoration, clinical evidence of inflammation was
noted: bleeding on probing, an increase in peri-
implant probing depths, and a radiograph indicated
bone loss associated with the implant (Fig. 5.12c¢).
Treatment was initiated by removing the crown but
leaving the stock abutment in place. The periodon-
tist used a full-thickness flap procedure to expose
the residual REC circumferentially around the
implant (Fig. 5.12d). Debridement of the inflamma-
tory tissue was performed with both hand and ultra-
sonic instrumentation by using a piezoelectric unit
(Piezon Master 600, Electro Medical Systems,
Dallas, TX USA) with a plastic-coated implant
cleaning tip (PI, Piezon implant cleaning, Electro
Medical Systems). The implant surface was treated
with sterile saline—0.9 % sodium chloride—(Salvin
Dental Specialties, Inc., Charlotte, NC USA) before
grafting the residual defect with an allograft material
(Puros, Zimmer, Carlsbad, CA USA). This was fol-
lowed by flap closure (Fig. 5.12e).

Discussion

REC (residual excess cement) results from extru-
sion of cement during the restoration placement

process. Factors that determine the quantity and
location of the REC are beyond the scope of this
report. However, they include amount of cement
used, viscosity and flow properties of the cement,
forces during placement, margin integrity, abil-
ity to remove unset cement, abutment material,
texture, and shape.

The association of cement remnants with peri-
implant diseases requires that any REC beneath
the tissues around an implant be detected and
removed. However, the detection and removal of
REC by visual and tactile methods has been
shown to be problematic even when the implant
crown cement finish line height is controlled. The
influence of margin location on the amount of
undetected cement excess after insertion of
cement-retained implant restorations was noted
in a study by Linkevicius even when margins
were placed 1 mm above the soft tissue level. The
results of this study indicated a significant differ-
ence among each test group for all but the deepest
two groups, with margin depths ranging from -3
to 1 mm above the soft tissues at 1 mm intervals.
It was reported that the —2 and —3 mm level soft
tissue margins showed the greatest cement excess
weight of all groups. The margins of the patients
reported were all 1-2 mm below their respective
free gingival margins, with the exception of
Patient 3, where the margin was 3 mm below.

The radiograph relating to Patient 3 also indi-
cates the crown failed to seat completely, leaving
a margin that would have allowed great excess
cement to be extruded during placement. This
may have occurred because of too much cement
within the crown, tight proximal contact, tight fit
of the crown, inadequate cement space, not fol-
lowing cement manufacturer recommendations
regarding working and setting time, or inadequate
pressure application while seating the crown.
Some of these issues are seen on a pre-
cementation radiograph and can be corrected
before complete seating.

There are no minimum specific radiographic
standards for implant cements. The radio-opacity
of some commonly used cements has been
documented and a large variation in radiographic
detection ability has been reported. Some
cements have high radiographic density, which
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Fig.5.12 (a) Post-insertion radiograph of implant placed
in mandibular right first molar site. (b) Fourteen months
post-restoration radiograph, no evidence of bone loss
around implant. (¢) Thirty-two months post-insertion

allows for easy radiographic detection; others
cannot be detected even at 2 mm thickness. The
radiographic opacity of a material varies directly
with the third power of the atomic number of the
absorber elements. For this reason, the zinc found
in zinc phosphate and zinc oxide/eugenol cements
is highly detectable (Patient 2). This is in contrast
to the low atomic number elements found in
acrylic urethane cements that are difficult to

radiograph, bone loss evident, no indication of residual
cement. (d) Surgical exposure of REC. (e) Cement rem-
nants removed compared to periodontal probe with 3 mm
markings (Pictures Courtesy of Dr. Tim Hess)

detect radiographically (Patient 4), unless the
manufacturer purposefully adds agents contain-
ing higher atomic numbers to increase the
radio-opacity.

Apart from the composition of the cement, the
location and pattern of cement extrusion around
the restoration may alter the ability to detect the
excess. Patient 1 is an example of the use of a
highly radio-opaque cement (containing zinc) that
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Fig.5.13 (a) “Peripheral a
eggshell” effect, X-ray beam,

and radiographic plate are _
perpendicgularr) to ciment film, Implant /
exposing increased thickness /
of cement. T tangential depth, |' [
R, radius of implant plus \ \
cement, R; radius of Implant.
(b) Calculation:

T=2(R-R})

(Reprinted from Wadhwani
et al. (2010). Copyright ©
2010,with permission from
Elsevier)

extruded facially to the implant surface, making
detection problematic. The use of a radiographic
tracer marker highlighted the origin of the tract,
which, upon surgical exposure, revealed the REC.

The site of extrusion may, under the right con-
ditions of cement flow, enhance radiographic
detection. Patient 2 is an example of a cement
(resin-modified glass ionomer) that is less radio-
opaque than a zinc cement and that was detect-
able even though a minimal layer was used. This
is because implants are generally circular in cross
section, and when the cement flow follows this
shape, a circumferential layer results. Because
the X-ray beam passes tangentially through the
thickness of the thin cement layer (a longer path
than the radial thickness of the cement), an
observed attenuation results, i.e., the peripheral
eggshell effect (Fig. 5.13a, b).

Differing radiographic appearances of REC
extrusion into the peri-implant tissues have been
demonstrated. These detection patterns are a
result of the amount, site, and radiographic den-
sity of cements used.

Problems with Cement Flow
and Dental Implants: Dentistry Is
Not Alone

This section describes four patterns found with
intraoral radiography when evaluating areas
for REC. The clinical report presented dem-
onstrates the varying degrees of radio-opacity
found in cements used for implant restorations
and describes the circumstances under which

Image Plate b

Cement ﬂ‘“-——"’% 4

Y2 1/2=(R) -(R)

—

the characteristic radiographic image was
produced. By understanding these issues, the
clinician may be able to diagnose problems
earlier and better select a cement for implant
restorations.

Although this text is primarily involved with
the effects of residual excess cement around den-
tal implants and their consequences, this problem
is not limited to the dental field. Research by the
author into other forms of medical implants that
are cemented has discovered medicine may have
an even larger problem.

Looking at how total hip replacements, known
as total hip arthroplasty (THA), are undertaken
has found some very disturbing information. A
case report was published in 2009 that describes
the postsurgical findings of excess cement around
a replacement hip joint. The case presentation
in the Journal of Medical Case Reports 2009
(Reilingh et al. 2009) concerns a 59-year-old
woman who presented with rest pain, numb-
ness, and cramps in the operated limb after hip
replacement. Cement leakage under the trans-
verse ligament had caused occlusion of the
common femoral artery, necessitating vascular
reconstruction.

During surgery, it is common practice to
cement both the acetabular as well as the femoral
components. The acetabular component is pre-
pared with several anchorage holes to mechani-
cally retain the cement to the bone prior to
cementation of the cup. On completion of the
surgery, the limb is aligned and a radiograph is
made to confirm centralization of the compo-
nents (Fig. 5.14).
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Fig. 5.14 Anteroposterior radiograph showing the
cemented total hip prosthesis with no obvious common
femoral artery due to cement (From Reilingh et al. (2009))

In this case, recovery was considered adequate
enough to allow the patient to be discharged 10
days after surgery. Two months later, she pre-
sented in the outpatient center with excruciating
rest pain, numbness, and cramps. Arterial duplex
examination confirmed an occlusion of the left
common femoral artery. Inguinal surgical explo-
ration found a large mass of cement crushing the
posterior aspect of the common femoral artery
(Figs. 5.15,5.16 and 5.17).

The technique of cementing implants within
the femur was first popularized by Professor Sir
John Charnley in 1962 and has since become one
of the most common operations in the world.
Most THAs are a result of arthritis causing pain
to the patient. The THA involves sectioning of
the femur and replacement with a tapered implant
prosthesis, a “post” with a ball articulation. This
seats into a “cup” placed within the acetabulum,
the hip socket. The cement is introduced into the
femur, using a syringe, and packed into the ace-
tabular fossa prior to cementing the prostheses. It
is clear that little control on the amount of cement
used exists, again with the medical profession not

Fig. 5.15 Lesion of the posterior aspect of the cement
extrusion in the pelvis or soft tissues (From Reilingh et al.
(2009))

Fig. 5.16 Reconstruction of the cement leakage under
the transverse ligament (From Reilingh et al. (2009))

having clear parameters for how much cement is
required or how to control the flow pattern.
Studies evaluating the number of times cement
was seen to extrude beyond the confines of the
acetabulum have been undertaken. Using radio-
graphic assessment, extrusion occurred in 44 %
of cases. With the knowledge of the limitations of
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Fig. 5.17 The unique print of the cemented acetabular
cup on the extracted cement mass clearly demonstrates
the pathomechanism of leakage under the transverse liga-
ment (From Reilingh et al. (2009))

radiographic assessment in a single plane, this
number is likely much higher.

The major considerations for the orthopedic
surgeon are viscosity of the cement, time to set-
ting, and temperature control of the cement as it
goes through an exothermic setting reaction.
Another critical feature is maintaining the blood
within the femur during cementation. It is under-
stood that if insufficient pressure is exerted dur-
ing seating of the femur implant, blood can
contaminate the cement, causing incomplete lin-
ing of the cavity. Also, during cementation of the
femur implant, an event may occur—the produc-
tion of emboli. Studies have indicated with tradi-
tional seating techniques as the femur implant is
placed emboli occur in 100 % of cases, which
may result in death in the operating theater. The
need for improved femur cementation methods is
currently being investigated, but even with newer
prostheses and techniques, the risk of larger
emboli causing issues still occurs in 20 % of
cases.

The association of bone cement and THA is
known as bone cement implantation syndrome
and is on the increase with more and more elderly
patients requiring hip surgeries. Risk factors ini-
tially focused on the type of cement, methyl-
methacrylate (a material well known to dentists!),
with known issues from the monomer. This

has been shown to cause histamine release,
complement activation, and endogenous
cannabinoid-mediated vasodilation. Techniques
in the seating of the prosthesis have also been
cited as risk factors, with packing the femur with
cement increasing the risk of emboli and venting
the femur implant reducing the risks.

The materials used in orthopedics with THA
mimic many of the limitations noted in dental
implant restoration. No protocols exist. Ideal
cement properties have not been elicited, so many
different forms of cement with differing proper-
ties exist. Poor radiodensity, little understanding
of flow properties, and little, if any, quantifying
of the amount required or application technique
as well as the implant design, appears rudimentary
with little consideration to the cement flow.

Interestingly enough, the association of THA
with dentistry is well understood by orthopedic
surgeons and dentists alike, in that patients under-
going invasive forms of dental treatment includ-
ing routine cleanings are given a prophylaxis
antibiotic to prevent oral microbes from contami-
nating the artificial joint. To the authors’ best
knowledge, there exists no data on how well the
cements used in THASs or other prosthesis behave
with the microbes of the oral environment.

Conclusion

The previous chapters have described the
issues related to residual excess cement and
health. If the excess cement can be identified,
the problem may be resolved. Characteristics
of the implant shape and site, along with radio-
graphic assessment, will improve the ability to
determine where the cement may remain. The
cement manufacturers must also understand
the issues we as clinicians are presented with;
their goal should be to assist in the identifica-
tion by formulating cements that are visible,
easy to find, and highly radio-opaque.

The medical world is constantly changing
and trying to improve with each new challenge
presented and it, too, must look into common
procedures and understand how problems
such as excess cement need to be addressed.
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How Abutment Margin
Design Influences Cement
Flow: Abutment Selection
and Cement Margin Site

Tomas Linkevicius

Abstract

With residual excess cement now considered a high-risk factor associated
with peri-implant disease, the cement margin site needs to be scrutinized.
Clinical guidance on the appropriate margin depth is always a consider-
ation with subgingival cement margin sites, which have distinct benefits
from an esthetic prospective but are higher risk for residual excess cement.
In vitro as well as in vivo studies have demonstrated that this risk is
reduced when equigingival and supragingival cement margins are
employed. The difficulty in detecting cement clinically and with radio-
graphs is discussed. A second in vivo study evaluates the impact of implant
diameter, undercut, and implant site, evaluating the amount of cement
remaining as it relates to undercut or horizontal distance between the most
marginal implant neck point and the gingival margin of the restoration
emergence profile. These novel, clinical-based studies help explain the
complexities of implant restoration as compared with the natural tooth-

cemented restoration.

Introduction

Cement-retained implant-supported restorations
are a very popular way to restore dental implants.
Besides many well-known advantages, this
approach has drawbacks, especially the ability to
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adequately remove all residual excess cement
(REC). Clinical research has shown that deeper
subgingival cementation margins are problematic
for REC despite painstaking cleaning by the clini-
cian. Other factors, like undercut, cement proper-
ties, and location, were shown to form additional
liabilities for cement removal. With the knowledge
that REC is a risk factor in peri-implant disease
development, abutments with cementation mar-
gins equal to or, where possible, above the free
gingival margin level following the contour of con-
ditioned peri-implant mucosa should be employed.
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Cement-Retained Restorations
and Residual Excess Cement

Historically, cement-retained restorations were
introduced as an esthetic solution for improperly
inclined implants to avoid screw access holes,
which were mandatory features of screw-retained
restorations. Simple fabrication, lower costs, and
similarity to tooth-borne prostheses have made
this form of implant restoration the method of
choice for many clinicians. Other advantages
included improved passivity compared to casted
screw-retained restorations, and better esthetic
occlusal appearance and function, due to the
absence of emergent screw access holes.

However, despite many advantages, cemented
restorations have a number of shortcomings, such
as predictable removal, if necessary, and inade-
quate retention when limited interocclusal space is
present. A particular challenge now coming to
light is the complete elimination of residual excess
cement (REC) from the implant body, restoration,
and soft peri-implant tissues. Several case reports
have been published revealing complications
caused by residual cement, ranging from acute
severe bone resorption to implant loss. In addition,
arecent study by Wilson has established a relation
between residual cement and the development of
chronic peri-implant disease.

One of the possible reasons for REC may be the
common practice of placing implant restoration
margins subgingivally. The current consensus rec-
ommends placing the cement margin of an abut-
ment below the soft tissue level for esthetic
reasons. This is done to hide the abutment-crown
interface and to accommodate possible peri-
implant tissue recession with time. Belser et al.
recommended that the placement of the cemented
margin be 1-2 mm subgingivally, which has
become a common reference point for many clini-
cians. Furthermore, Andersson and coworkers
have suggested that crown margins should be even
deeper than 2 mm to achieve a better crown emer-
gence profile. However, a recent consensus state-
ment of the Academy of Osseointegration
suggested that the threat to leave cement remnants
is high when margins are deeper than 1.5 mm
below tissue level. Consequently, a clinician faces

the following problem: esthetic paradigms require
leaving the crown margin subgingivally, which, in
turn, may lead to incomplete cement cleanup and
development of iatrogenic peri-implant disease. In
addition, the American Academy of Periodontology
recently released a report into peri-implant disease
and risk factors, which, for the first time, included
residual cement as a risk cause for peri-implant
mucositis and peri-implantitis development. This
statement brings a completely new perspective and
responsibility to the restorative dentist, as cement
remnant must be considered as an iatrogenic issue
with serious consequences. At present, there is a
lack of certainty over the depth of the margin that
would not pose a threat of leaving cement unde-
tected after cleaning.

So, how deep is safe? little has been done in
implant restorative dentistry to answer this ques-
tion so far. The only study to investigate this topic
was performed by Agar et al. in 1997. They were
the first to state that cementation of the prosthe-
ses with 1.5-3.0 mm subgingivally placed mar-
gins may lead to insufficient cement removal.
Interestingly, the research itself focused more on
the resulted scratching of the abutment during
cleaning of cement excess, while the fact that
cement remnants may not be cleaned if margins
are subgingival did not receive the proper atten-
tion. Nevertheless, it still remains unclear how
deep a cement margin can be placed allowing for
adequate cement removal. Therefore, an initial
in vitro study was undertaken, followed by clini-
cal studies to answer this question.

The Influence of Margin Location
on the Amount of Undetected
Cement Excess After Delivery

of Cement-Retained Restorations:
In Vitro Study

Twenty-five models with embedded 3.5 mm
diameter implant analogues and artificial soft
gingival mask (BioHorizons, Birmingham, AL,
USA) in the position of an anterior tooth were
used in this study (Fig. 6.1). Individually casted
abutments and the same number of metal crowns
were fabricated.
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Fig. 6.1 Cast model with implant analogue and artificial
soft tissue

Fig. 6.2 Individually casted prosthetic abutments with
different location of cementation margins

Palatal openings were made in the crowns in
order to have access to the abutment screw after
cementation. This was necessary to ensure the
retrievability of abutment/restoration system.
The abutments were modeled with various
positions of the margin for the restorations,
consisting of five groups of five specimens
(Fig. 6.2):

* Group 1 (control) at 1 mm above the gingival
level

* Group 2 at the soft tissue margin

e Group 3 at 1 mm below the marginal level

* Group 4 at 2 mm below the gingival level

e Group 5 at 3 mm subgingivally

Resin-modified glass ionomer cement Fuji
PLUS (GC, Tokyo, Japan) was selected as a
luting agent in this study. Before cementation, the
top of each prosthetic abutment was covered
using dental wax to protect the abutment screw.

Figs. 6.3 and 6.4 Cement excess after cementation and
cleaning of the crown

Fig. 6.5 Removal of the restoration through palatal side

The palatal openings were closed with composite
material to obturate the screw access space and
prevent venting of luting agent during
cementation. After setting, the excess was
removed with a stainless steel explorer and super-
floss until the researcher decided it had been
completely cleaned (Figs. 6.3 and 6. 4). Then, the
composite and wax were removed, the abutment
screw was unscrewed, and the suprastructure was
dismounted for assessment (Fig. 6.5).
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Fig. 6.6 Cement remnants
around abutments/crowns in
different depth. Note the
increase of cement as the
depth of restorative margin
goes deeper

Two techniques were selected to evaluate the
excess of cement left after cleaning: the
computerized planimetric method of cement
assessment and weighing. First, all four quadrants
(mesial, distal, labial, and lingual) of the specimens
were photographed using a specially constructed
device to keep the standardized distance between
the photo camera and the specimen. The images
were imported and analyzed using Adobe
Photoshop (Adobe Systems Ltd, Europe,
Uxbridge, UK). Each surface area of the specimen
was measured manually with the drawing facility
to outline the boundaries of each quadrant. The
total surface area was marked and the number of
pixels was recorded from the histogram option, the
same was applied to the area covered with cement
remnants (Fig. 6.6). The ratio between the area
covered with cement and the total surface area of
the specimen was calculated. Results have shown
that the increase of cement remnants in weight
(P=0.001) and proportion (P=0.001) as the resto-
ration margins were located deeper subgingivally
(Kruskal-Wallis test, P<0.05). Statistically sig-
nificant differences were registered between all the
groups (P £0.05), except groups 4 and 5 (P >0.05),
when the cement excess weight was evaluated.
Assessment of proportion showed statistically sig-
nificant differences between all the groups
(P<0.05), except groups 1 and 2 and groups 4 and
5 (P>0.05) (Figs. 6.7 and 6.8). Spearman’s cor-
relation coefficient showed significant relation
between both measuring techniques (r=0.889;
P=0.001). This means that pixel calculation is as
reliable as actual weighting of the cement rem-
nants; therefore, this method can be used also
clinically.

In summary, it can be concluded that it is
difficult to remove all cement excess after
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cementation if the margins are located
subgingivally. The deeper the position of the
margin, the greater the amount of cement can be
undetected, while all cement remnants were
removed only when the margin was visible. The
greatest amount of cement remnants was left
when the crown margin was 2 or 3 mm below the
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gingival level. This seems to be a logical outcome
as the finish line was clearly visible and the
investigator could remove the excess without
difficulties. Of course, the results of laboratory
study cannot be transferred directly to the
clinical practice, as in vitro experiments lack
essential intraoral conditions, like saliva,
gingival pressure, etc. Therefore, results of
in vitro study have to be tested by clinical trials
if the issue is to be clinically valid.

Prospective Clinical Study

A prospective clinical study was performed to
find out whether results of in vitro study could be
validated by clinical trial. Sixty-five internal
hexagon implants (BioHorizons Internal,
Birmingham, AL, USA) were installed in 65
patients, 35 in the maxilla and 30 in the
Mandibular jaw. After healing, 65 single metal-
ceramic crowns with occlusal openings were fab-
ricated. Standard prosthetic abutments were
selected to support the restorations because it was
important to have the same distance to cementa-
tion shoulder according to the implant. In addi-
tion, we wanted to simulate usual clinical work,
as standard abutments were casually used at that
time. Evaluation of the implant depth mesially,
distally, lingually, and buccally was performed as
the position of the cementation margin in case a
standard abutment is used that varies in respect to
all sites of the implant (Fig. 6.9). The data were
divided into four groups according to the depth of
the margin position: group 1 at the soft tissue
margin, group 2 at 1 mm subgingivally, group 3
at 2 mm below marginal level, and group 4 at
3 mm subgingivally. The cementation and rem-
nants evaluation techiques were very similar to
the described preceding in vitro study. The occlu-
sal openings of the crowns were closed with
composite to prevent venting of luting agent dur-
ing cementation. Resin-modified glass ionomer
cement was mixed according to the manufactur-
er’s instructions, taking the same ratio (1 little
scoop of powder and 1 drop of liquid, as recom-
mended by manufacturer) for each crown. A thin
layer was applied to all the internal surfaces of

Fig. 6.9 Different depth of the cementation margin in
standard abutment in respect to soft tissues

Fig. 6.10 Measurements of implant depth in four
quadrants

the crowns and seated onto the abutment with a
gentle finger pressure (Fig. 6.10). When setting
the cement reached a rubbery consistency, the
excess was removed using a stainless steel
explorer, dental floss and super-floss until the
researcher decided it had been completely
cleaned. Then, radiographic images were made
using a paralleling technique with a Rinn-like
film holder in high-resolution mode. If residual
cement was detected on a radiograph, cleaning
procedures were repeated until a radiographic
evaluation showed no cement remnants. Then the
composite and wax were removed, the abutment
screw was unscrewed, and the suprastructure was
dismounted for assessment.

After the removal of the restoration, a photo-
graph of the implant and surrounding tissues was
made perpendicularly, using an intraoral occlusal
dental mirror for evaluation of cement remnants
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Fig.6.11 Cementation of the restoration. Note the com-
posite on the occlusal surface to prevent the venting of the
cement

Fig. 6.12 Measurement of cement remnants in the soft
peri-implant tissues after cleaning

in the tissues (Fig. 6.11). Various amounts of
cement remnants were located on all retrieved
superstructures and in peri-implant tissues of
restored implants. Kruskal-Wallis test showed
statistically significant increase of excess cement
quantity on the abutment/restoration complex, as
the restoration margins were located deeper sub-
gingivally (P=0.001). There was a significant
dependence of cement remnant amount in the
peri-implant sulcus and location of the margin
(P=0.0045). During the first radiographic evalu-
ation, cement remnants mesially were visible in
7.5 % and in 11.3 % of all cases (Fig. 6.12).

The main finding of the study was that despite
careful cleaning, various amounts of cement rem-
nants were present on the abutment/restoration
complex and in the peri-implant sulcus. The
deeper the position of the margin was located, the
more undetected cement particles were found

after the removal of the restoration. It is interest-
ing to note that in all cases, when cement rem-
nants were not cleaned, the researcher was sure
that it was removed. It shows that false convic-
tions of the clinician may contribute to the results
we had. This was also registered in previous
in vitro studies. Common use of standard abut-
ments for intraoral cementation and contradicting
information in the literature might be the reasons
due to the misguided belief that cement removal
is very easy and posses no difficulties. The prop-
erties of dental cement may also have had influ-
ence on the results of this clinical trial. Almost
two decades ago, Agar et al. showed that dental
cement containing resins was the most difficult to
remove from the surface of abutments. In addi-
tion, the removal of such cement resulted in the
most extensive scratching of the metal surface.
Likewise, a recent survey has shown that glass
ionomer modified with resins is the most popular
cement to use for permanent delivery of implant-
supported restorations in US dental schools,
reaching up to 70 % of usage. This clinical study
could suggest the recommendation that clinicians
should select cement with less adhesive charac-
teristics for cementation of implant restorations,
like zinc phosphate, whose cleaning properties
are much superior to other cements. One of the
factors to explain this phenomenon probably lies
in the process of conventional cementing restora-
tions on teeth. During seating, hydraulic pressure
builds up and cement travels to the direction of
least resistance, through the margin to the gingi-
val sulcus. However, the perpendicular fiber
attachment around teeth provides a sufficient bar-
rier, and cement excess does not penetrate further
and escapes to the surface of the gingival sulcus,
where it is more readily detected. It is well known
that peri-implant tissues do not possess similar
protective mechanisms and are less resistant to
pressure. Thus, cement excess may be pushed
further subgingivally with only a part of it
escaping to the surface. In contrast to teeth, the
peri-implant tissues lack resistance to pressure
due to the absence of an attachment to the implant
surface. Connective tissue fibers do not attach to
the implant and align themselves parallel along
the fixture surface. Subsequently, the peri-implant
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tissues may be less resistant to pressure com-
pared with tissues around teeth. Several studies
have shown that pressure ranging from 20 to
130 N can be developed during the cementa-
tion of crowns. This would suggest that cement
may be pushed deeper in the peri-implant sul-
cus and defy removal even after meticulous
attempts at cleaning.

Validity of Radiographic Evaluation

The most interesting finding was that radio-
graphic examination could not be trusted to
detect pieces of cement. It is obvious that it is
impossible to inspect the palatine/lingual and
facial areas due to the obstruction of the implant/
abutment complex. Traditionally, proximal
areas are considered the mostly likely place
where cement extrusion can be easily detected,
although usually the soft tissues are thicker here
due to the presence of papillae. However, results
of this clinical study have shown that this is not
necessarily the case. Cement remnants were vis-
ible medially only in two cases and in five cases
distally out of 35 radiographic images, 5.7 and
14.3 %, respectively. A partial explanation to
that may be found in the study by Wadhwani
et al., which has proved that radiographic den-
sity of implant restorative cements is rather poor
and greatly depends on the thickness of the
specimens. For example, resin-reinforced glass
ionomer used in this study could be detected
only when cement thickness of 2 mm was irradi-
ated. This means that smaller particles of excess
cement are not visible even proximally, where
no blocking of the implant body exists. In addi-
tion, very frequently, however, because the
cement tends to flow circumferentially around
implant restorations, there are occasions when
even thin layers can be detected radiographi-
cally. Provided the clinician understands this
phenomenon, known as the peripheral egg shell
effect (see chapter 5). This increases the
observed radiographic effect as the thin circum-
feretial layer attenuates the x-ray beam at a
tangent-making it more likley to be seen
(Fig. 6.13a—e). Wadhwani et al. have described

a few additional situations when radiographic
examination was not able to detect cement rem-
nants, such as in cement superimposition, when
cement is on a metallic surface and is almost
impossible to detect. Other situations may arise
when radiolucent cement is used. Within the
limitations of the study, the following conclu-
sions could be drawn:

1. The deeper the position of the margin, the
more undetected cement could be found after
cleaning adhered to abutment/restoration
complex and in per-implant tissues. Abutments
with visible margins could be recommended
for intraoral cementation.

2. Radiographic examination should only be a
supplementary method for detection of cement
excess.

3. The use of standard abutments for cementation
with permanent cement should be very careful
or completely suspended due to the high risk
of cement excess.

Undercut, Implant Position,
and Diameter

There are several other factors besides the depth
of the cementation margin which may influence
the amount of cement remnants. The role of clini-
cal factors such as location of the implant (ante-
rior or posterior), implant diameter, and the effect
of an undercut around the implant is still not
known. The first important parameter that should
be discussed is the undercut or negative angle
(Fig. 6.14a, b).

According to “The Glossary of Prosthodontic
Terms,” undercut is defined as an angle formed
by any surface of the tooth below the survey line
of the height of contour, with the selected path of
insertion of prosthesis. In the implant dentistry
cement-related topic, undercut could be defined
as a difference between cementation (cement
extrusion line) line and the line of exit of the res-
toration emergence profile from peri-implant tis-
sues. In this study, the undercut definition was
specified to be the distance from the most mar-
ginal implant neck point (line B, C, F, G) to the
gingival margin of the restoration’s emergence
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Fig.6.13 (a) X-ray of the implant crown, no cement remnants are visible; (b) the same retrieved abutment/restora-
tion with visible cement remnants buccally, (¢) lingually, and (d, e) interproximally

Fig. 6.14 (a, b) Undercut of the standard abutment. Cementation line (upper arrow) and the restoration emergence
profile line (lower arrow)
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Fig.6.15 (a, b) Measurement of mesiodistal and buccolingual undercuts

profile (line E, H) or to the adjacent teeth (line D,
A) in the horizontal plane (Fig. 6.15a, b).

This undercut was measured in four locations:
Distance from the most marginal implant’s neck
point to the adjacent tooth mesially and distally
(distance between lines: from A to B and from C
to D) and distance from the most marginal
implant neck point to the outer margin of the soft
tissues buccally and lingually (distance between
lines: from E to F and from G to H).

The data (65 single crowns with 4 measure-
ments=260 samples) was divided into three
groups according to the extent of the undercut:

* Group 1 (118 samples): up to 1 mm
* Group 2 (96 samples): from 1 to 2 mm
* Group 3 (46 samples): 3 mm and more

Results have shown that there was a strong
relationship between the undercut and residual
cement in the soft tissues (P=0.004) and on the
crown/abutment complex (P=0.046). Mann—
Whitney test showed the statistically significant
increase of the undetected cement in both groups
when the undercut became greater from 1 to
2 mm (soft tissue P=0.002 and crown/abutment
P=0.005).

Surprisingly, no studies analyzed the impact
of the undercuts’ influence on the cement
removal. Nevertheless, it seems that the impact of
the latter factor is obvious. Study data shows that
greater undercut results in more undetected
cement being left after cleaning. Even though the

amount of cement remnants increased when the
undercut became greater, the statistical signifi-
cance had been detected only between 1 and
2 mm in both groups (on the abutment and in the
soft tissues). This proves that the usage of the
standard abutments to support cement-retained
implant restorations must be strictly avoided,
because the shoulder of the standard abutment
does not follow the line of the gingiva and emer-
gence profile of the implant. It is important to
note that a lot of cement remains undetected when
the undercut is extensive, even though the cemen-
tation margin is not very deep (Fig. 6.16a, b).
Another interesting factor is implant diameter.
Implant diameter is correlated with restorative
abutment diameter, which is closely related to the
extent of the undercut. We have evaluated 65
internal hex implants (BioHorizons Internal,
Birmingham, AL, USA), consisting of 21
implants of 3.5 mm (32.3 %), 34 implants of
4.0 mm (52.3 %), and 10 implants of 5.0 mm
(15.4 %) diameter. The results have shown statis-
tically significant decrease of the remaining
cement in the soft tissues when implant diameter
got wider (P=0.026); however, there was no sig-
nificant relationship found concerning cement
left on the abutment and diameter (P=0.600).
The Mann—Whitney test compared the groups
separately, and statistically significant difference
was found in the soft tissue group between 4.0
and 5.0 mm diameters (P=0.009). Location of
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Fig.6.16 (a, b) Cementation margin is not deep; however, mesiodistal undercut is extensive; therefore, cement rem-
nants would not be removed in this case

the implant (anterior, premolar, and molar) did
not have any influence of cement excess amount.

Conclusion

Several clinical recommendations could be sug-
gested according to the results of our laboratory
and clinical studies. First, standard abutment
should not be used for intraoral cementation
with permanent cement due to the issues dis-
cussed in this chapter. Cementation margin
position and extent of undercut seem to be the
most important factors, which influence the
amount of cement remnants in peri-implant tis-
sues and/or abutment/restoration.

Further, individual, or custom abutments
with supragingival or epigingival margins, fol-
lowing the contour of the peri-implant tissues,
should be used to support the implant restora-
tion intraorally. Individual abutments not only
allow raising the cementation margin to the
level where cement can be safely cleaned, they
also eliminate the undercut as well, because
cementation margin coincides with emergence
profile of the restoration.

Further more, peri-implant soft tissues are
supported by the abutment material, not the
crown suprastructure and usually covered with
ceramics. As highly biocompatible materials
like titanium and zirconium are available for
fabrication of patient-specific abutments, peri-
implant soft tissues may greatly benefit from
this use of individual approach. The use of indi-

vidual abutments reduces the importance of
radiographic examination, because the clinician
can see the cement extrusion site and thus can
remove the excess. It is obvious that margin
visibility plays a crucial role in cement elimina-
tion. This can be compared with the study by
Christensen, who tested marginal fit of gold
inlay castings with visible and not visible clini-
cal examination margins. It was concluded that
an explorer examination of visually accessible
gold inlay margins is superior to and more reli-
able than an explorer or radiographic examina-
tion of visually inaccessible margins.

Finally, a screw-retained approach also
could be considered if cement remnants pres-
ent a problem that needs to be completely
eliminated.
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Restorative Options That
Eliminate or Reduce the Potential
for Cement-Induced Peri-implant
Disease

Chandur P.K. Wadhwani and Tomas Linkevicius

Abstract

With the knowledge that cement-retained restorative options for treating
implant sites may increase the risk for disease, screw-retained solutions
are being considered. Dealing with the screw access channel esthetics and
ability to control occlusal force has been considered the primary motiva-
tion for the use of cement-retained implant restorations. The implant
crown with an esthetic plug was published to offer a solution to this prob-
lem. Using currently available materials, any dental laboratory capable of
pressing ceramic porcelains can use this design and improve both the
esthetics and occlusal contacting site. The cement-screw restoration is
described as another alternative. This takes advantage of extraoral cemen-
tation of the restoration onto the abutment, which negates the problem of
pushing cement down into the vulnerable soft tissues, and then using the
screw(s) to lock the crown or bridge to the implant body.

Where esthetic demands are high and the screw channel angulation an
issue, using supragingival margins that allow for ceramic to ceramic bond-
ing is described in the implant crown with an esthetic adhesive margin
section. This design uses porcelains that are bonded and matched produc-
ing a highly effective result.

Implant companies are also developing new abutment designs to fur-
ther promote the use of screw-retained restorations. Using novel screw-
drivers and funneling the screw around angle changes appear to be a
promising solution for the future.
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Introduction

This chapter will focus on restorative options that
either eliminate the possibility of cement extru-
sion into the peri-implant tissues—for example,
by using an implant-screw-retained option—or
by means of gaining complete control of the
cement margin site during the cementation
procedure.

Using Screw-Retained Restorative
Options for Implant Restorations

Screw-retained implant crowns may be clinically
demanding, especially managing the esthetic and
occlusal challenges of screw access channel clo-
sure. Many clinicians have moved away from
using screw retention as a means of fixing a
crown to an implant in favor of cementation to an
underlying abutment. This has occurred primar-
ily in response to esthetic challenges and because
cementation is routinely used in conventional
tooth form dentistry, so dentists appear to be
familiar with the materials and processes.
However, a link has been established between
peri-implant disease and excess cement extrusion
in cement-retained implant restorations. This
chapter describes a novel technique of bonding a
pressed porcelain plug into the screw access
channel of an implant restoration, which allows
for control of occlusion, matches the esthetics of
a cement-retained crown, and eliminates the
issues of excess cement.

From the 1980s to early 1990s, implant pros-
theses were primarily screw retained. This prefer-
ence changed with the introduction of components
that allowed for cement retention of implant res-
torations. Factors that have contributed to the rise
in popularity of the cementation procedures
include esthetics, control of occlusion, less
demanding implant placement, cost (component
and laboratory), improved passive fit for multiple
connected units, and similarity to conventional
tooth-supported fixed prosthodontics.

Cement-retained restorations, however, are
not without their issues. It has been reported that
when comparing screw-retained implant resto-
rations with cemented implant restorations,

a measurable difference in health (modified
plaque index, bleeding index) was noted, with the
cement-retained crowns worsening over time.
Sinus tracts, inflammation, and continued bone
loss have been documented as being related to
cement residue remaining in the peri-implant
soft tissues. A recent study reported on the posi-
tive relationship between excess cement and
peri-implant disease (peri-mucositis and peri-
implantitis). These conditions are classified
as inflammatory lesions which may affect the
peri-implant tissues, with the potential loss of
supporting bone. Although it is possible to treat
peri-implant disease, prevention is the goal of
supportive therapy. Techniques have been devel-
oped to minimize the extrusion of luting cement
into the peri-implant soft tissues, but it is likely
that these issues cannot be predictably elimi-
nated. The inability to completely remove cement
from the implant-abutment surfaces and the dif-
ficulties in radiographic detection of some com-
monly used luting cements have been reported.

It would seem better to avoid these problems
entirely by using a screw-retained restoration;
however, this requires closure of the screw access
channel, which most commonly is achieved with
a direct restoration that may compromise esthet-
ics. It has been reported that the screw hole can
occupy up to 50 % of the occlusal table, and
when the screw hole is located directly over the
implant, vertical loading is difficult, which may
compromise biomechanics.

Screw access closure is frequently considered
a provisional procedure due to screw loosening,
with little attention given to the restorative mate-
rial. However, recent systemic reviews suggest
that abutment screw loosening is a rare event in
single-implant restorations. This is regardless of
the geometry of implant-abutment connection
and provided that the proper anti-rotational fea-
tures and torque are employed.

The Screw-Retained Implant Crown
with an Adhesive Plug (ICAP)

A clinical report documented the use of a screw-
retained custom metal-ceramic abutment com-
bined with an adhesively bonded porcelain
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restoration as a permanent solution to an implant
inclination issue combined with a short clinical
crown. Traditional porcelain stacking processes
produced equigingival and supragingival margins
on an abutment to which a porcelain supra-
structure was adhesively bonded—a type III
veneer. While this technique is innovative, it is
time consuming and requires the dental labora-
tory technician be highly skilled. Use of a pressed
porcelain system that requires only moderate
laboratory time and less demanding technical
skills is described. The implant crown adhesive
plug (ICAP) consists of a pressed metal-ceramic
screw-retained crown with the access channel
closed by a custom-pressed porcelain plug that is
shaped and shade matched to the crown. The
pressed ceramic plug is etched, silanated, and
adhesively bonded with composite lute into the
crown—similar to an inlay. This type of restora-
tion eliminates some of the disadvantages associ-
ated with screw-retained crowns, such as the
unesthetic appearance of the screw channel and
disruption of the occlusal contact area. It also
eliminates cement contact with the peri-implant
tissues which could be negatively affected by
chemicals within the cement.

Clinical Report: Case 1

A 60-year-old female patient required restoration
of both premolar and molar dental implants
(Replace Select, Nobel Biocare USA, Yorba
Linda, CA, USA). The implants were optimally
placed using a surgical guide designed and fabri-
cated according to the patient’s restorative needs.
After fixing the appropriate impression copings to
the implants, an open-tray implant-level impres-
sion was made in vinyl polysiloxane (Aquasil
Ultra, Dentsply, York, PA, USA). In the labora-
tory, analogs (Nobel Biocare) were attached to the
impression copings (Nobel Biocare), and an
implant cast fabricated that incorporated a soft tis-
sue gingival mask (Gingitech, Ivoclar Vivadent,
Schaan, Liechtenstein) with a type IV stone
(Fujirock, GC, Leuven, Belgium).

Cast-to laboratory abutments (Nobel Biocare)
were fixed to the implant analogs and waxed to
full contour from which a putty matrix (Sil-Tech,
Ivoclar Vivadent, Schaan, Liechtenstein) was
made. The matrix provided a cutback guide for

the metal framework dimensions needed to sup-
port porcelain. The wax pattern incorporating the
cast-to abutment was sprued, invested (Microstar
HS Investment, Microstar Dental, Lawrenceyville,
GA, USA), and casted in porcelain bonding alloy
(JP1, Jensen Industries, North Haven, CT, USA)
according to the manufacturer’s instructions. The
casting, once divested and cleaned, was opaqued
(Pulse Opaque, Ceramay, Stuttgart, Germany)
with the required shade and sintered.

The putty index was used to make a full con-
tour waxing over the opaqued framework. A cast
custom metal key was warmed and inserted into
the screw access channel through the wax up
(Fig. 7.1a, b).

Wax replicas of the key (Geo, Renfert,
Hilzingen, Germany) were produced by placing
the shank of the key in a putty matrix for a mold,
then injecting with molten wax. The wax key rep-
lica was inserted and contoured (Fig. 7.2a, b) to
form the wax plug.

The contoured wax plug and crown were
attached to the same sprue (Fig. 7.3a) and
invested in porcelain pressing investment
(Microstar HS Investment, Microstar Dental,
Lawrenceville, GA, USA). The appropriate shade
of ingot was selected (Pulse Press-To-Metal
ingot, Jensen Industries, New Haven, CT, USA),
and the pressing was made following the manu-
facturer’s recommendations in the pressing fur-
nace (Vario Press 300, Zubler, Ulm, Germany).
The pressed ceramic was recovered using air-
borne particle abrasion with the engaging sur-
faces of the implant crown protected with a layer
of wax (Fig. 7.3b).

The porcelain plug was opaqued on the inter-
nal aspect to prevent gray show-through of the
metal screw channel. The porcelain of the crown
and plug was customized with stains and glazed.

The fitting surfaces of the porcelain were pre-
pared for adhesive bonding by etching with 9 %
hydrofluoric acid (Porcelain Etch, Ultradent
Products Inc., South Jordan, UT, USA) for 90 s,
then rinsed for 20 s. Further cleaning with 35 %
phosphoric acid (Ultra-Etch, Ultradent Products
Inc., South Jordan, UT, USA) for 30 s and a 20-s
rinse followed. Finally, cleaning was completed
by separate immersion of the crown and plug in
distilled water in an ultrasonic bath for 5 min.
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Fig.7.1 (a) Custom occlusal
metal key forms occlusal
screw access channel with
wax replica of screw channel
pattern. (b) Custom metal key
placed in the premolar
waxing, forming occlusal
screw access channel pattern
seen in molar

Fig.7.2 (a) Wax replica key
pattern placed in the premolar
screw access channel.

(b) Wax key pattern shaped
to conform to the occlusal
morphology of the premolar

The bonding surfaces were silanated (Silane,
Ultradent Products Inc., South Jordan, UT, USA)
following thorough oil-free air drying and dried
at 100 °C for 5 min in the oven.

To avoid saliva contamination of the fitting
surfaces of the abutment crown, rubber dam

isolation was used. After radiographic confirma-
tion of complete seating, the screw was tightened
to the appropriate torque (35 Ncm). A small pel-
let of sterilized polytetrafluoroethylene (PTFE)
tape (Oatey Co, Cleveland, OH, USA) was placed
over the screwhead, and the previously etched
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Fig.7.3 (a) Wax crown and
plug simultaneously sprued
and ready to invest for
pressing in porcelain.

(b) Pressed crown and plug in
porcelain (a layer of blue wax
protects the implant-abutment
interfacing surfaces during
airborne particle abrasion)

Fig. 7.4 Clinical view ICAP of the molar and premolar
case shown after seating and bonding in the pressed por-
celain plug

and silanated porcelain surfaces were then coated
with adhesive resin (Prime and Bond, Dentsply,
York, PA, USA) followed by the application of
resin luting agent (Ultra Bond Plus, DenMat,
Santa Maria, CA, USA). The plug was seated and
held in place for light polymerization. The final
ICAP was cleaned of excess resin, occlusion
evaluated and adjusted, and the crown polished
with porcelain polishing points; the results of
which are shown in Fig. 7.4 (Dialite, Brasseler
USA, Savannah, GA, USA).

Clinical Report: Case 2

A 64-year-old female presented with an osseoin-
tegrated implant in the lower left first premolar
region. The implant (Endopore, Sybron, Orange,
CA, USA) was previously restored with a

cement-retained single crown that was causing
some soft tissue irritation as a result of excess
cement extrusion into the peri-implant tissues
(Fig. 7.5a). Due to the lingual inclination of the
implant, traditional filling of the screw access
channel would result in an unsightly and difficult
restoration. The ICAP was used to overcome
these issues. The crown’s metal substructure was
casted and opaque applied. A full contour waxing
was made (Fig. 7.5b), and in this instance due to
the complexity of the case, the pressed ceramic
porcelain fused to metal crown was fabricated
prior to the ceramic plug.

Once fabricated, the internal aspect of the
ceramic plug was opaqued (Fig. 7.6a, b), and the
bonding surfaces were etched and silanated to
allow for adhesive resin bonding as described
earlier (Fig. 7.7a, b). The crown was delivered
and screwed to the appropriate torque, with rub-
ber dam placed for isolation and the porcelain
plug cemented.

The ICAP is a restoration that has three major
advantages, which include improved esthetics,
controlled occlusion, and the elimination of
potential cement-induced peri-implant disease. It
is a durable, esthetic restoration that can be eco-
nomically made with moderate skills in the dental
laboratory. This type of restoration can also be
used for fixed bridges, with the inlay providing
both an esthetic and occlusal contact advantage
over simply filling of the occlusal screw access
with materials such as composite resin.



118

C.P.K. Wadhwani and T. Linkevicius

Fig. 7.5 (a) Implant position. Note lingual inclination. (b) Full contour waxing prior to pressing in porcelain (metal

framework within and screw access shown)

Fig. 7.6 (a) Pressed ceramic crown with pressed porcelain screw access channel plug. (b) Porcelain pressed porcelain
plug; note opaque on intaglio surface of plug to prevent metal show-through

The Cement-Screw Restoration

The recent introduction of the cement-screw-
retained restoration has been described, which
combines some features from both the cement-
and screw-retained restorations. The system con-
sists of the crown with occlusal opening, which is
cemented on prepared standard abutment or spe-
cial retentive metal base on the working model.
The cement excess is cleaned and restoration is
screwed to the implant in the mouth. This
approach assures passive fit of the restoration, as
cement layer is present between crown and abut-
ment. Consequently, occlusal opening for con-
nection to the implant makes it similar to
screw-retained restoration. This technique is very
cost effective and can be used for single crowns
and for short-span fixed partial dentures as well.

When the time to restore implants arrives, tra-
ditionally clinicians can choose between
cemented or screw-retained restorations. We all
know the advantages of the cemented approach—
passive fit, esthetic, and functional occlusal sur-
face; in short, the possibility to solve the problems
with poorly positioned implants. However, the
main disadvantage of cemented restorations is of
course possible cement extrusion into peri-
implant tissues and difficulties in removing the
remnants. Problems also arise if the cemented
crown becomes mobile due to abutment screw
loosening, as then occlusal perforation must be
made to reach the screw and tighten it back.

The other option which may be chosen is to
use screw-retained restorations. It is a cement-free
solution, free from remnant-associated complica-
tions. However, casting technology frequently
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Fig. 7.7 (a, b) Clinical views of the ICAP—occlusal and lingual of lower left first premolar with lingual plug

resulted in screw loosening, fractures, and veneer-
ing porcelain fractures in the past. These compli-
cations frequently restrained clinicians from using
screw-retained restorations.

Current dental technologies allow solving major
problems of cemented and screw-retained restora-
tions. It is simply to use individual abutments with
margins following contours of peri-implant tissues,
which will certainly reduce cement excess-related
complications. Screw-retained frameworks can be
milled, thus eliminating inner tension problems
inherited from casting. However, these improve-
ments come with a price—individual abutments
and milling costs usually are much higher than the
cost of standard solutions.

As a possible solution, a cement-screw-
retained restoration is described. It consists of the
crown with occlusal opening, which is cemented
on a prepared standard abutment on the working
model. Cement excess is cleaned, and restoration
is screwed to the implant in the mouth. This

construction eliminates the cement remnants, as
the crown is glued to the abutment on the model
and the technician can easily remove cement
excess. Biomechanically this kind of restoration
is cement retained; thus, passive fit is achieved
due to the layer of the cement between the abut-
ment and the crown. The use of standard abut-
ments eliminates the need to make expensive
framework milling.

Different bases can be used for retention of
cement-screw-retained  restorations. If the
implant needs to be restored with single restora-
tion, the clinician can choose from standard stock
abutment or specially designed titanium base. If
fixed partial denture is to be constructed, non-
hexed titanium bases could be used for retention
of the supra-structure.

This technique allows using metal-ceramic
and zirconium-ceramic restorations as well. Only
slight difference in metallic base treatment and
cementation agent should be noticed.
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Fig.7.8 Standard abutment

Rajan and Gunaseelan described a very simi-
lar technique of cement-screw-retained restora-
tion. They also proposed to use standard
abutments and metal-ceramic restoration with
occlusal opening; however, the cementation pro-
cedure was to be performed intraorally. After
that, abutment-restoration complex was retrieved,
cement remnants cleaned, and the restoration
returned to the mouth.

Our proposed technique has several advan-
tages. First, the cementation procedure is more
controlled on the model than in the mouth, espe-
cially if the implant is placed deeply. In such a
case, it is difficult to seat the crown on implant in
the mouth, due to resistance of the peri-implant
tissues. Secondly, less clinical time is spent, as
cementation and excess cleaning procedures are
done in the laboratory.

Standard Abutment

The fabrication of single cement-screw-retained
implant restoration with standard abutment as a
base starts with positioning the abutment in the
model (Fig. 7.8). Then it is prepared for restora-
tion. As cementation of the crown will be per-
formed on the model, the cementation margin can
be positioned at the deepest point, in this way
increasing all the surface of the abutment and
increasing retention of the crown (Fig. 7.9). Then
the framework is waxed and casted from metal
with occlusal opening for the screw (Figs. 7.10
and 7.11). The framework is veneered with ceram-
ics and is not attached to the abutment yet
(Fig. 7.12a, b). The final laboratory stage includes

Fig. 7.9 Prepared abutment with deep cementation
margins

=

Fig.7.10 Waxing of the metal framework of the cement-
screw-retained restoration

Fig.7.11 Metal framework with occlusal hole

the cementation of the finished and glazed metal-
ceramic restoration on the abutment (Fig. 7.13 and
Fig. 7.14). After cement excess removal and pol-
ishing, the cement-screw-retained restoration is
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Fig.7.12 (a, b) Ceramics are applied on metal framework

Fig. 7.13 Glazed crown is cemented on standard abut-
ment, and cement excess is cleaned

Fig. 7.14 The completed Cemented-Screw restoration.
Note: The abutment is visible within the screw access hole

screwed to the implant (Fig. 7.14). The access hole
is etched with hydrofluoric acid, primed, and cov-
ered with composite (Fig. 7.15a, b). The control
radiographic image shows precise seating of the
restoration on the integrated implant (Fig. 7.16).

Titanium Base

Titanium base also could be used for fabrication
of single cement-screw-retained restoration,
when more esthetics and biocompatibility is
required. In fact, these titanium bases are more
designed to use zirconium-based crowns, as usu-
ally they are a bit shorter and have “metal-free
window,” which is designed to reduce the shine-
through of the base metal through zirconium.
However, if an implant is placed deep, the base is
buried under the tissues, and this becomes not so
important. The sequence of the clinical and labo-
ratory steps is similar to previously described.

In the clinical situation described, two
implants (BioHorizons Tapered, Birmingham,
AL, USA) are placed in the first and second man-
dibular molar tooth sites. Soft peri-implant tis-
sues have been conditioned with temporary
screw-retained restorations and are ready for
prosthetic rehabilitation (Fig. 7.17a). Titanium
bases are selected for a support of zirconium-
ceramic restoration (Fig. 7.17b). An open impres-
sion is taken to register implant position and
peri-implant soft tissue contour.

First the wax replica of the future zirconium
framework is created by the technician and is
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Fig. 7.15 (a) Cement-screw-retained restoration is tightened to the implant, and (b) access hole is covered with

composite

Fig. 7.16 Radiological image shows precise seating of
the restoration in the implant

scanned and milled from zirconium (Fig. 7.18a, b).
The framework is temporarily cemented to tita-
nium base and checked in the mouth (Figs. 7.19
and 7.20a, b).

Ceramics were veneered on the zirconium
frameworks, and they were cemented definitively
with adhesive resin cement of titanium bases
(Figs. 7.21 and 7.22a, b). Before cementation, the
access entrance of the titanium base is covered
with wax to protect the basal screw from cement
contamination. The occlusal opening must be
wide enough that the screw can be rotated with-
out restrictions.

The final step of cement-screw-retained resto-
ration is delivery, where the crowns are screwed
onto the implants. Temporary implant-supported
crowns are removed, the internal aspect of the
implants and soft peri-implant tissues is rinsed
with chlorhexidine digluconate solution, and the
cement-screw-retained zirconium oxide ceramic
restorations are tightened to their respective
implants (Fig. 7.23a, b). Radiographic examina-
tion was performed to verify the accuracy of the
restoration/implant connection (Fig. 7.24).

Occlusal openings are isolated in the following
way. First, polytetrafluorethylene tape is packed
onto the top of the basal screw until all inner space
is filled. Then, hydrofluoric acid is applied to
ceramic walls of the screw access tunnel to be
etched. Silane, adhesive, and finally composite
are applied in succession to close the entrance as
esthetically as possible (Fig. 7.25a, b).

Non-hexed Bases for Fixed Partial
Dentures

The previous technique can also be applied to
fixed partial dentures. The main difference here
is that unlike the single crowns where the
implant must have an anti-rotation index such as
the hexed shape, in the case of fixed bridges, the
titanium bases are non-hexed (Figs. 7.26 and
7.27a, b).
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Fig. 7.18 (a) Example of a
waxed abutment framework
on a titanium base ready to be
copy milled. (b) Final
copy-milled Zirconai
abutment framework

There is a common misconception about the
use of non-hexed bases, as it is believed that in
the absence of hex indexing, the force transfer
mainly rests on the abutment screw; therefore,
screw loosening or fracture may be common.
The use of screw-retained restorations indeed

had more screw loosening, compared to the
cemented approach; however, it occurred due
to nonpassive frameworks made by casting
procedures. Hexed and non-hexed bases have
the same conus connection—the contacting
plane, where forces are transferred from the
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abutment to the implant (Fig. 7.28). Hexes are
required for the positioning of single restora-
tions and for anti-rotational purposes. When
two implants are connected by a fixed partial
denture, there is only a single path of insertion
for the bridge; therefore, hex is not required.
Additionally, the absence of hex indexing
allows prosthetic treatment of nonparallel
implants. The layer of cement ensures the
passivity of such a bridge, as a fixed partial
denture is cemented on non-hexed titanium
bases and later the entire structure is tightened
to the implants.

Cement-screw-retained restoration with non-
hexed bases was selected as a restorative option
in the case of two integrated implants

(Biohorizons, Birmingham, AL, USA). Titanium
bases were reduced vertically to fit the interoc-

Fig.7.19 A wax replica modeled by technician is neces-
sary for accurate contour. Then zirconium oxide coping is
milled and adapted on the titanium base

clusal space; also an indexing groove was made
in the lateral side of the base (Fig. 7.29). A zirco-
nium oxide framework was milled, veneered with
ceramics, glazed, and cemented on the bases
(Fig. 7.30a, b). The restoration is connected to
implants; access holes are isolated and closed
with composite (Fig. 7.31a—d).

In summary, this is a convenient restorative
way to rehabilitate dental implants, particularly if
the clinician desires a cement-free solution.

When the demands are such that a cemented
option without a screw access opening is to be
chosen, the safest, most predictable way of reduc-
ing residual excess cement extrusion is to use
supragingival abutment margins. Wadhwani et al.

Fig. 7.21 The final restorations: these are zirconia
crowns cemented onto zirconia frameworks. The zirconia
framework has a titanium base

Fig.7.20 (a, b) Zirconium coping is temporarily cemented to the titanium base and checked in the mouth
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Fig. 7.22 (a, b) Zirconium oxide ceramic restorations are cemented on titanium bases. Space inside the restoration
should be large enough that the basal screw can be rotated passively without restriction

Fig. 7.23 (a, b) Restorations are tightened to implants with 30 N/cm strength. Radiographic examination shows pre-

cise seating of restorations in implants

Fig. 7.24 Radiograph confirms fit of crown to implant.
Note the peripheral eggshell effect seen as a gap internal
to the abutment implant connection (see Chap. 10)

described a technique whereby the addition of
pressed ceramics provided an esthetic adhesive
abutment margin that could be cemented to the
ceramic margin of a restoration.

The Implant Crown with an Esthetic
Adhesive Margin (ICEAM)

Techniques have been developed to minimize the
extrusion of cement into the peri-implant soft tis-
sues, but it is likely that this problem cannot be
predictably eliminated. One major issue when
considering excess cement extrusion into the soft
tissues around an implant restoration is crown:
abutment margin position. The ability to custom-
ize an abutment by raising the margins above the
soft tissues has been reported. A screw-retained
custom metal-ceramic abutment combined with
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Fig.7.25 (a, b) Cement-screw-retained restoration before and after closure of the occlusal openings

Fig. 7.26 The difference between abutment for single
restorations (yellow abutment) and base for fixed partial
denture. Note the absence of hex indexing, although conus
connection is the same in both abutments

an adhesively bonded porcelain restoration was
used as a permanent solution to an implant incli-
nation issue combined with a short clinical
crown. Traditional porcelain stacking methods
produced equigingival and supragingival margins
on an abutment to which a porcelain supra-
structure was adhesively bonded—a type III
veneer. While this technique is innovative, it is
time consuming and requires the dental labora-
tory technician be highly skilled.

Abutment materials can be either metal or
ceramic in nature. With the appropriate material
selection and conditioning, it is possible to
directly wax, then press, porcelain-ceramic mar-

gins to the abutment. Zirconia has been used
extensively in dentistry and has gained popularity
as an abutment core material due to its strength,
white color, and ability to be milled. However,
zirconia presents with limitations due to an inher-
ent opacity, poor translucency, and the inability
to bond to resin predictably. This is unlike some
other ceramic materials that either are susceptible
to microabrasion or can be etched, resulting in a
more predictable bond with resin materials.
A method for overcoming the aforementioned
limitations of a zirconia is to add a ceramic mar-
gin onto the zirconia abutment. This can be
achieved using a fluorapatite glass-ceramic ingot
which is pressed onto zirconium oxide. This tran-
sitional margin material also improves the esthet-
ics of the abutment yet is less demanding
technically compared to traditional ceramic
stacking techniques.

The implant crown with an esthetic adhesive
margin (ICEAM) is described. It consists of a
crown with porcelain butt margin that is bonded
to a custom abutment with a pressed porcelain
supragingival margin. In a restoration with har-
monious margins, the contacting ceramic mar-
gins allow for hydrofluoric etching, silane
application, and adhesive resin bonding. This
type of restoration eliminates some of the disad-
vantages associated with cement-retained
crowns. The ICEAM significantly reduces the
amount of excess cement found with traditional
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Fig.7.27 (a) Abutment with indexing hex and (b) non-hexed abutment. Note that conus connection is the same in both

cases. Biohorizon implant

Fig. 7.28 Conus connection: the contacting planes
between implant and abutment. There is no actual contact
between hex and implant

subgingival margins, allows for direct verifica-
tion of seating, and enables access to cleaning the
cement margins, which is similarly applicable
when using metal or ceramic abutment materials.

Fig.7.29 Reduced titanium base with lateral groove

It can help with retention issues found with crown
core materials that are problematic with cement
adherence, such as zirconia.

Clinical Report
A 60-year-old female patient presented with a
transverse fracture through the maxillary right
lateral incisor. Clinical and radiographic assess-
ment (Fig. 7.32a, b) indicated the tooth was
structurally compromised, and the treatment
option selected was extraction and immediate
implant placement.

An atraumatic extraction with immediate
implant (Bone Level NC, Straumann, Andover,
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Fig.7.30 (a, b) Cement-screw-retained fixed partial denture. Note these are non-indexed (non-hexed titanium bases)

Fig. 7.31 (a) Unrestored implants with healing caps
removed, ready to receive the fixed cemented-screw-
retained fixed partial denture. (b) The restoration is
placed, confirmed it seats as expected; occlusion adjusted

MA, USA) placement was performed by a
periodontist. To minimize the effect of the
extraction and implant placement on the soft
tissues, the implant was placed slightly toward
the palatal aspect. A xenograft material (Bio-

and finally tightened to the prescribed torque value. (c)
The screws covered first with PTFE tape to protect the
integrity of the screwhead, then (d) composite, to produce
an esthetic result

Oss, Osteohealth Co., Shirley, NY, USA) was
used in the gap between the implant and the
bony facial plate. A soft tissue connective tis-
sue graft using an allograft (AlloDerm, LifeCell
Co., Branchburg, NJ, USA) was placed out on
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Fig. 7.32 (a) Initial photograph and (b) radiographs of tooth 7 (right lateral incisor), which has a horizontal fracture

the facial aspect using an envelope technique.
To support the gingival tissues during the heal-
ing phase, a customized healing abutment was
created using a stock temporary abutment (NC
Temporary Abutment, Straumann) modified
to the contours of the extraction socket site
(Fig. 7.33a—c).

Three months after implant placement, the
site was deemed ready for restoration. Study
casts were obtained along with interocclusal
records, facebow recordings (Panadent, Colton,
CA, USA), and diagnostic waxing of the tooth.
The implant location and soft tissue contour
were recorded by fabricating a custom impres-
sion coping in a manner first described by

Hinds. This required duplication of the soft tis-
sue contour subgingival to the healing abut-
ment. Duplication of the soft tissue was
achieved by removing the customized healing
abutment from the implant and attaching it to a
laboratory analog (Fig. 7.34a) (NC Analog,
Straumann).

An impression of the customized healing abut-
ment/analog complex, similar to that first described
by Ken Hinds, was made using a fast-setting vinyl-
polysiloxane, or VPS (Blu-Mousse, Parkell,
Edgewood, NY, USA), in a copper matrix (Moyco,
Moyco Technologies Inc., Montgomeryville, PA,
USA), shown in Fig. 7.34b. Once set, the healing
abutment was removed from the analog, leaving
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Fig.7.33 (a, b) Photographs and (c) radiograph of immediate implant placement following extraction of the fractured
tooth

the analog firmly fixed in the VPS material, with  between it and the VPS imprint made by the cus-
the soft tissue contour recorded. An open-tray tomized healing abutment (Fig. 7.35a, b).

impression coping was seated onto the laboratory To assist in placement throughout the impres-
analog, and flowable composite filled the void sion procedure, the customized impression coping
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Fig. 7.34 (a) Copying the healing abutment contours:

custom healing abutment removed from the implant, then

attached to a laboratory analog. (b) Analog and healing

Fig. 7.35 (a) Fabrication of custom impression coping.
The healing abutment is removed and replaced with a
standard impression abutment. Flowable composite is
added to the impression abutment, copying the form of the

had a buccal location mark placed on it. The
custom impression coping was attached to the
implant (Fig. 7.36) and a radiograph made to
confirm proper seating, and an open-tray implant-
level pickup impression was made (Aquasil
Ultra, Dentsply, York, PA, USA).

In the laboratory an analog (NC, Straumann,
Andover, MA, USA) was attached to the custom

abutment seated into the Blu-Mousse. The orientation is
noted. Once set, the healing abutment is unscrewed, leav-
ing the soft tissue contour recorded in the Blu-Mousse

healing abutment. (b) Healing abutment and the custom
impression coping compared. Both have the same record-
ing of the soft tissue form around the implant

impression coping that had been picked up in
the impression. A soft tissue gingival mask
(Gingitech, Ivoclar Vivadent) was incorporated,
and the impression was poured in a type I'V stone
(Fujirock, GC, Leuven, Belgium).

A wax-up sleeve (Straumann) was modified
and fixed to the implant analog and waxed to con-
tour. Then a putty matrix (Sil-Tech, Ivoclar
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Vivadent AG, Schaan, Liechtenstein) was made
from the diagnostic waxing (Fig. 7.37a). The
matrix provided a cutback guide for the abutment
framework dimensions needed to support the
proposed restoration. The wax pattern incorpo-
rating the wax-up sleeve was scanned (Etkon,
Straumann), and a CAD/CAM abutment designed
and then fabricated in zirconia (Straumann),
shown in Fig. 7.37b.

The margins of the zirconia abutment fol-
lowed the contour of the silicone gingival margin
but were placed 1.5 mm subgingival to allow for
the proposed pressed margin to have a minimum
height of 2 mm. This would allow the pressed
porcelain abutment margin to begin at 1.5 mm
below the gingival margin and end 0.5 mm supra-
gingivally. The contours of the proposed ceramic

Fig. 7.36 Custom impression coping placed into the
implant site. Checked for orientation, before making an
open-tray impression

Fig.7.37 (a) For the CAD/CAM process, a scan replica
is initially made: wax-up sleeve cut to size and waxed to
dimensions according to putty matrix of the original

abutment margins were waxed directly to the zir-
conia abutment and corresponded to the soft tis-
sues that were modeled on the healed soft tissue
site (Fig. 7.38a, b).

The waxed zirconia abutment was attached to a
sprue and invested in porcelain pressing invest-
ment (Microstar HS Investment, Microstar Dental,
Lawrenceville, GA, USA). The appropriate shade
of ingot was selected (IPS e.max ZirPress, Ivoclar),
and the pressing was made following the manufac-
turer’s recommendations in the pressing furnace
(Ivopress 5000, Ivoclar Vivadent). The zirconia
abutment (Fig. 7.39a, b) with pressed ceramic
margin was recovered using airborne particle abra-
sion with the engaging surfaces of the implant-
abutment protected with a layer of wax.

The abutment was used to fabricate a ceramic
crown (IPS e.max, Ivoclar Vivadent) of the desired
color by fabricating a wax coping crown according
to the dimensions dictated by the initial diagnostic
waxing, then investing (Microstar HS Investment)
and fabricated by the pressing technique described
earlier. The porcelain of the crown and zirconia
abutment with the pressed porcelain margin was
customized with stains and glazed.

The patient approved the esthetic appearance of
the restoration, then confirmation of complete seat-
ing of the abutment the crown was done with a
radiograph prior to cementation. Both the zirconia
abutment and IPS e.max crown were returned to
the laboratory for conditioning prior to final seat.
The fitting surfaces of the abutment’s porcelain

diagnostic waxing. (b) CAD/CAM zirconia abutment
once fabricated is placed into the original soft tissue
cast
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Fig.7.38 (a)Zirconia abutment with wax added to customize and produce a supragingival margin. (b) The CAD/CAM

zirconia abutment modified with wax

Fig.7.39 (a) Pressing supragingival margin with IPS e.max ZirPress ceramic. The ceramic sprue is still attached. (b)
Zirconia abutment customized with supragingival pressed porcelain margin

margin and the internal of the ceramic crown were
prepared for adhesive bonding by etching with
hydrofluoric acid (IPS Ceramic Etching Gel,
Ivoclar Vivadent) for 20 s (Fig. 7.40), then rinsed
for 20 s. Further cleaning was with 35 % phos-
phoric acid (Ultra-Etch, Ultradent Products Inc.,
South Jordan, UT, USA) for 30 s, followed by a
20-s rinse.

Finally, cleaning was completed by sepa-
rate immersion of the crown and abutment in
distilled water in an ultrasonic bath for 5 min.
The bonding surfaces were silanated (Silane,
Ultradent Products Inc., South Jordan, UT,
USA) following thorough oil-free air drying and
dried at 100 °C for 5 min in the oven, according
to an established protocol for bonding porcelain
to porcelain restorations. The zirconia abutment
was seated (Fig. 7.41), and the screw was tight-
ened to the appropriate torque (35 Ncm).

Fig.7.40 Hydrofluoric conditioning of ceramic bondable
surfaces. Both the margins of the abutment and crown, as
well as the intaglio of the crown, are susceptible to this
process

A small pellet of sterilized polytetrafluoroeth-
ylene (PTFE) tape (Oatey Co, Cleveland, OH,
USA) was placed into the screw access channel
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Fig. 7.41 Zirconia abutment
ceramic margin being seated

with custom-pressed

Fig. 7.42 Seating of the IPS e.max crown on the modi-
fied zirconia abutment. Note that the margin of the abut-
ment is supragingival

over the screwhead, and the previously etched and
silanated supragingival porcelain surfaces were
then coated with adhesive resin (Prime and Bond,
Dentsply, York, PA, USA) followed by the appli-
cation of resin luting agent (Ultra Bond Plus,
DenMat, Santa Maria, CA, USA). The IPS e.max
crown was seated (Fig. 7.42) and held in place for
light polymerization.

The final ICEAM was cleaned of excess resin,
occlusion evaluated and adjusted, and the crown
polished with porcelain polishing points (Dialite,
Brasseler USA, Savannah, GA, USA), shown in
Fig. 7.43. In many instances the margin can be
placed very supragingival especially if the adja-
cent dentition shows cervical restorations that

Fig.7.43 The final implant crown with an esthetic adhe-
sive margin restoration 1 week after cementation

will allow for the margin to blend esthetically
(Fig. 7.44a, b).

Discussion

Immediate implant placement following atrau-
matic extraction is considered an acceptable
treatment option for the hopeless tooth.
Maintaining the soft tissue form after extraction
of the tooth remains a challenge due to alveolar
housing resorption. One means of accomplishing
this is to provide tissue augmentation at the time
of implant placement surgery. The implant soft
tissue emergence profile can also be established
early during the implant healing if an appropri-
ately formed healing abutment is fabricated. This
can be copied once osseointegration is confirmed
by customizing an impression coping as described
in this chapter.

When considering the restorative phase of
the treatment, the abutment/crown margin of
an implant restoration presents a contentious
challenge. By placing this margin subgingival,
the transition from the abutment (usually a
metal or zirconia substrate) to the crown is
hidden, but this exacerbates the issue of
excess cement extrusion. This can negatively
impact the health and integrity of the implant-
supporting tissues. Alternatively, if the junc-
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Fig. 7.44 (a, b) The margin can be placed very supragingival if cervical restorations allow for the margin to blend
esthetically

tion is supragingival, the cement issue is
negated, but the margin transition becomes
visible. One method of overcoming these prob-
lems is to use materials for the abutment mar-
gin and crown margin that are compatible
esthetically and capable of uniting by adhesive
bonding. This allows for the margin junction to
be placed supragingival. The customization of
the abutment and crown components has been
previously described; however, the materials
and techniques used were that of traditional
porcelain stacking followed by sintering the
porcelain. This is a very technique-sensitive
procedure, as the materials shrink markedly,
requiring multiple porcelain application and
sintering cycles.

With the introduction of pressed ceramic sys-
tems comes the ability to wax directly to the
implant-abutment, invest, and then process in
porcelain, with minimal dimensional change.
The technique is less demanding on the skills of
the technician as multiple applications are not
required. It can also be more economical as more
than one unit can be invested and pressed at the
same time. This form of customization with the
pressed ceramic systems available today allows
for processing directly onto either metal or zirco-
nia substructures. Pressed ceramics also allow
the ceramist to be more innovative with other
types of implant restoration designs. The pressed

ceramic can also be readily etched with hydroflu-
oric acid, so the two margin surfaces can be
bonded together. This gives an esthetic and
almost seamless transition from implant-
abutment to cemented coronal restoration, much
like that seen with traditional porcelain veneers
bonded onto teeth.

Moisture control is an important factor in
achieving predicable adhesive bonding. The use
of supragingival margins facilitates the ability to
control moisture when compared with subgingi-
val margins where sulcular fluid may negatively
affect the bonding process.

ICEAM abutments, due to their supragingival
design, can also aid in the clinical evaluation of
complete seating of the restorations.

Summary for the ICEAM

The ICEAM is a restoration that has several
advantages, which include: control of cement
lute site that has the potential to reduce cement-
induced peri-implant disease, easier cleanup,
and the ability to improve adhesion of zirconia
abutments. It is an esthetic restoration that can
be economically made and is applicable to both
metal and ceramic abutment materials capable of
being used with pressable ceramic systems. It is
considerably less demanding on the laboratory
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Fig.7.45 Casting angled abutment (Dynamic Abutment®
Solutions, Spain). Designed to allow angle changes within
the screw access channel from straight and up to 28°

technician compared to other means of creation
of a porcelain margin on an abutment.

New Innovations from the Implant
Manufacturers

Some implant manufacturers are now designing
and developing angled abutments, such as those
shown in Fig. 7.45 (dynamic abutments), allow-
ing for screw-retained options to be used in sites
where this would be problematic with a straight
abutment form. The screwdriver allows for angle
changes in some instances up to 30°, by having a
round engaging end (Fig. 7.46). The abutments
have an internal curved flute that allows the screw
to change angulation as it is placed, and the driver
can then engage the screwhead at multiple angles,
allowing the correct torque value to be applied
(Fig. 7.47). Design concepts such as the angled
screw channel abutment will allow the technician

Fig. 7.46 The screwdriver has a “ball”-type end, allow-
ing it to engage the screwhead from many angles

more flexibility in where the screw access chan-
nel will emerge, thus reducing the problem of
esthetics and occlusal loading sites.
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Fig.7.47 Angled screw
channel abutment (Nobel
Biocare, Switzerland) is a
zirconia CAD/CAM
abutment; it allows angle
deviations up to and
including 25°

Conclusion

Several techniques have been developed from
the implant restorative design perspective to
eliminate cement extrusion into the tissues.
Placing a cemented, bonded margin that is
supragingival would likely minimize cement
extrusion into the tissues. Completely elimi-
nating cement is also a possibility by utilizing
screw retention. This can be done with high
esthetic value and complete control of the
occlusion. Where the implant angulation is
such that the straight-line access would be
undesirable, newer screw access channel
angled abutments can also be considered.
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Clinical Solutions: PTFE

Chandur P.K. Wadhwani

Abstract

Controlling the amount of cement used for the restoration and abutment
form is a simple and effective means of reducing residual excess cement.
Polytetrafluoroethylene (PTFE), also known as “plumber’s tape,” has a
thickness of close to 50 pm, and it has numerous applications in dentistry.
Used as a throwaway spacer, it can limit the amount of cement applied
internally within a crown, allowing the cement to be evenly spread on all
walls with almost the ideal amount. Used within the abutment itself as a
screw head protector, PTFE has proven antimicrobial properties.
Techniques such as the PTFE “bib” protector are also described in detail.

Introduction

This chapter deals with some clinical solutions
on how to control cement for specific abutment
forms. Essentially, the custom copy abutment, a
“throwaway” plunger device, will evenly spread
a layer of cement almost the exact thickness
required on the internal aspect of the restoration.
Like all techniques, this has limitations that must
be understood. It can really only be used for
closed-off abutment systems as it would not pro-
vide sufficient cement for an open abutment
where cement is expected to flow internally.
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Department of Restorative Dentistry, University
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Private Practice Limited to Prosthodontics,
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The chapter also reports on the use of polytetra-
fluoroethylene (PTFE) also known as Teflon tape
and plumber’s tape. As a material, PTFE has one of
the lowest coefficients of friction. It is widely used
in medicine as a graft material and in dentistry as a
suture material, as well as a flossing material. It has
applications in restoring implants as well as teeth,
which will also be described in this chapter.

Clinical Techniques to Control
the Flow and Amount of Cement:
The Custom Copy Abutment

The custom copy abutment can be utilized to
control and minimize the flow of cement.
Loading the abutment with appropriate amount
of cement for the system is a simple way to
accomplish this. The following text describes
how and why this is so useful.
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Fig. 8.1 (a) Actual photo of how some dentists loaded
crowns with cement as if they were to be placed on implants
in their offices. (b) Mean and range of cement used with

Cementation Techniques

Clinicians often do not understand that only a
very limited amount of cement is needed to fix
a restoration to an implant abutment. A recent
survey of more than 400 dentists showed that
many dentists placed in excess of 20 times more
cement into the crown than was required
(Fig. 8.1a, b). This overload of cement means
that 95 % is extruded out at the restorative mar-
gin, which is frequently situated below the
gum, making cement removal virtually
impossible.

Solution

Understanding how much cement is needed for
an individual restoration is paramount if residual
excess cement extrusion is to be avoided. An
“ideal” volume of cement can be calculated if the
size of the abutment is known and how it com-
pares to the internal dimensions of the crown that
is to be seated onto it.
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different application techniques (Used with permission
from Wadhwani et al. (2012). Copyright © Quintessence
Publishing Company, Inc., Chicago, IL, USA)

When fabricating tooth-borne restorations
such as full coverage crowns, the technician will
frequently apply a die spacer material. This pro-
vides relief space for the cement lute. The crown
is therefore fabricated on a die that is larger than
the actual prepared tooth. The space provided for
cement on the inside of the crown during the
making of the crown is the same thickness as a
layer of nail polish approximately 50 pm thick,
which is about the thickness of a human hair!

When an implant restoration is made to be
cemented over an abutment, the crown or bridge
has a relief space provided in a similar manner. In
the case of the CAD/CAM restoration, this is
usually milled into the restoration. Some implant
companies make laboratory analogs, which are
inclusive of the abutment (Straumann solid abut-
ment). These abutments are larger in size than the
actual implant abutment used in the patient. The
larger dimension of the laboratory analog is
advantageous to the technician, as he or she does
not have to apply additional spacer material.
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Fig.8.2 (a) A piece of PTFE ready to be adapted to the inside of the crown. This has Vaseline painted internally. (b) A

dry paintbrush is used to fully adapt the PTFE

Fig. 8.3 (a) The abutment is gently seated if the PTFE requires further adaptation. (b) The inside of the crown has a
layer of PTFE tape adapted to it

A technique has been developed using a spacer
and some fast-setting dental impression material
to make a Chairside Copy Abutment (CCA) that
can be used to coat the inside of the crown with a
layer of cement approximating to the 50 pm
needed.

The first stage: The crown is painted internally
with Vaseline or a water-soluble lubricant. This
allows polytetrafluoroethylene (PTFE) (plumb-
er’s tape, which is 50 pm thick) to be adapted to,
and stick to, the inside of the crown using a dry
brush (Fig. 8.2a, b). The adaptation is completed
by gently pushing the abutment into the crown
and then carefully removing it (Fig. 8.3a).

To make the CCA use a fast-setting impres-
sion or bite registration material. Fill the inside
of the crown and continue to overfill until a
“handle” is produced (Fig. 8.4a, b). Hint: use a

fine-tip nozzle. Then allow the material to set
(Fig. 8.5).

Remove the CCA, and then remove the PTFE
and discard. Thoroughly clean the inside of the
crown (important!) to remove the lubricating
agent (Fig. 8.6). Now you have a chairside copy
abutment. The CCA is 50 pm smaller than the
inside of the crown. Inspect it, compare it to
the actual abutment, and make sure you know the
orientation (Fig. 8.7).

The CCA is now ready for use. Place the
abutment in the patient’s mouth, confirm that it
seats correctly, and then torque the screw to the
appropriate preload value. The crown is now
ready to be cemented. Load the crown with more
cement than is required. When CCA is pushed
into the crown and seated fully, the excess
cement will be extruded chairside and easily
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Fig. 8.4 (a) Making the CCA. The crown with the PTFE lining is being filled with Blu-Mousse. (b) A handle is being

formed

Fig. 8.5 The completed Blu-Mousse replica is allowed
to set

removed—this is done outside of the mouth
(Figs. 8.8a, b and 8.9).

The Blu-Mousse (Bite registration material,
Parkell, Edgewood, NY, USA) CCA has acted as a

Fig. 8.6 Remove the Blu-Mousse copy abutment, take
out the PTFE and discard, and then follow with thorough
cleaning of the crown

plunger, extruding excess cement. It is now dis-
carded and the inside of the crown should have an
even amount of cement lining it. If there is a defi-
ciency, add a minimal amount. The crown is seated
intraorally (Fig. 8.10) with almost no excess
cement, maintaining health and reducing cleanup
time. Cleanup should be absolutely minimal.

On completion, it is advised to make a post-
cementation radiograph to confirm both that the
crown has been seated correctly and that no
excess cement exists—that is, provided the
cement used is radio-opaque enough!

Advantages of the CCA

A fast, inexpensive, simple technique, this
approach limits excess cement to an absolute
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Fig.8.7 Comparing the real
abutment to the CCA,
confirm orientation and check
for defects

Fig. 8.8 (a) The CCA is gently seated at first, (b) then completely pushed into the crown, allowing excess to be
removed extraorally. Hint: when you first try this, use cement with an extended setting time

Fig. 8.10 The crown is seated onto the abutment.
Cleanup is minimal (Note blanching is from the abutment,
Fig.8.9 Once fully seated, the excess cement is removed ~ which has a 360° porcelain supragingival margin)
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Fig.8.11 (a) This four-unit cemented prosthesis had a (b) copy custom abutment device made to pre-extrude excess
cement. It was fabricated in a similar manner as the CCA using PTFE as a spacer providing 50 pm lute space

Fig.8.12 These images represent the solid abutment and
its laboratory analog (blue). Although they appear the
same size, the analog is larger in dimension by approxi-
mately 20 pm. If it is used as a pre-extrusion device, insuf-
ficient cement will line the walls of the restoration

minimum and makes cleanup quicker and easier.
The CCA can be used for custom, stock, and even
multiple abutments (Fig. 8.11a, b).

Variations to this type of copy abutment have
been described but, in the author’s opinion, may
present more problems, as the ideal amount of
space for cement has not been factored into their

Fig. 8.13 A vinylpolysiloxane (VPS) material has been
placed directly into this crown. On removal, residue is
noted. This could interfere with the cementing process
and must be considered undesirable

design. One such example is to use the laboratory
abutment the restoration was fabricated on. Most
have a built-in die spacer and so are physically
larger than the true abutment, so when they are
used to pre-extrude cement and distribute the
cement onto the crown walls, they frequently
underload the crown. Too much cement is
extruded (Fig. 8.12).

Direct fabrication of a copy abutment without
the PTFE spacer being used has several potential
issues. First, the material being used to fabricate
the vinylpolysiloxane (VPS) abutment may leave
a residue within the crown (Fig. 8.13).
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Fig. 8.14 (a) This VPS abutment was fabricated without the PTFE spacer. It fractured on attempted removal; (b) the

other part had to be removed from the inside of the crown

Fig.8.15 Comparing a copy abutment made (a) without the PTFE and (b) with the spacer. Note the distribution of the
cement on the abutment—this is mirrored by the internal spread of cement lute within the restoration

Secondly, with no spacer, if any undercuts or
irregularities exist inside the crown, they may
lock the VPS material in place, and the copy
abutment will be difficult to remove without frac-
turing (Fig. 8.14a, b).

Finally, if a VPS copy abutment is made with-
out a spacer, the fit of the copy abutment would
be very close. This has a tendency to push the

cement up into the occlusal aspect of the crown,
an undesirable position for cement flow, leaving
the walls of the crown almost bare of cement
(Fig. 8.15a, b). Understanding how cement
placed primarily in the occlusal aspect (Chap. 4)
produces cement extrusion with greater force
than when evenly distributed also gives cause for
concern.
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Fig. 8.16 (a) Diagram of the experiment design.
Endodontic access prepared and teeth sterilized. (b) The
teeth were disinfected, rubber dam placed, and an end-

Other Uses of PTFE Tape
in Dentistry

PTFE has been used as a spacer within the screw
access channel to protect the implant abutment
screw. Traditionally cotton wool was used; how-
ever, when this material becomes contaminated,
it gives off a disagreeable odor. PTFE does not.
The author is currently evaluating the antibacte-
rial properties of this material when it remains
within the abutment.

An in vitro study was conducted by the
Endodontic and Microbiology Department of the
University of Washington and the author and
published in Quintessence International. This
was an evaluation of the ability to resist bacterial
colonization of sterilized PTFE pellets versus
sterilized cotton wool pellets that are used as a
spacer in endodontics.

Twenty-six molar teeth had endodontic access
cavities cut and the contents of the pulp removed.
They were disinfected externally and internally
using sodium hypochlorite then sterilized using an
autoclave (Fig. 8.16a, b). Six teeth were used as
controlled pairs: three used cotton wool pellets, and
three used PTFE pellets. They were sealed with the
zinc oxide/eugenol (Cavit) and immersed in sterile

| J/ \\ |
I

odontic access cavity cut. The test materials to be com-
pared: cotton wool or PTFE were placed within the pulp
chamber and 4 mm of Cavit placed to seal the cavity

media. They were used to confirm no bacterial con-
tamination was derived from the tooth itself. The
test teeth, 10 in each group, were similarly treated,
but after sealing, they were immersed in a media
broth seeded with Streptococcus gordonii and
incubated for 7 days (Fig. 8.17).

Once removed, the molar teeth were washed
with disinfectant, and the area around the tempo-
rary restoration was thoroughly cleaned so as not
to contaminate the test sites. The Cavit material
was removed carefully and the test spacers, cot-
ton wool, and PTFE retrieved. These were then
sealed in individual Eppendorf tubes with 1 ml of
media broth and agitated to dislodge adherent
bacteria. The broth and spacers were then placed
on agar plates and incubated under anaerobic
conditions for 48 h. S. gordonii contamination of
the spacer material was evaluated by the presence
of colonies on the agar plates (Fig. 8.18).

The results showed that nine out of ten teeth
had bacterial growth associated with them when
cotton wool was used as a spacer. This compared
to only one out of ten in the PTFE group
(Fig. 8.19). When the only tooth with growth
from the PTFE group was rechecked, it was found
to be contaminated and possibly had a crack that
extended from outside the tooth to the pulp cham-
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Fig. 8.17 Schematic
representation of the

< Lid for the 12 Well Plate

experimental setup (Reprinted

with permission from
Quintessence International
2012)

[\

12 Well Culture Dish

TYHK Broth with or
without Bacteria

Cotton or PTFE

Fig. 8.18 Example of agar plate with cotton wool pellet,
demonstrating S. gordonii contamination; 9/10 showed
similar contamination

ber. This study demonstrated that PTFE was a
superior spacer compared to cotton wool in teeth
and was attributed to the following: PTFE is not
an organic material like cotton, so its use as a bac-
terial substrate is limited. The low coefficient of
friction may inhibit adherence of bacteria and so
prevent establishment of bacterial colonies.

Although the use of the PTFE inside implants
is still under investigation, it has been used by the
author for many years now and has performed
very well. The material is acquired from a
hardware store and cut into 15 cm strips, then
placed within an autoclavable bag. This allows
for sterilization (Fig. 8.20).

Pellets are formed by cutting a strip of the
tape 1 cm in length and rolling between gloved
fingers. The pellet can then be introduced into
the screw access chamber to protect the screw

:

3.5 mm Cavit

Fig.8.19 Example of PTFE spacer. This showed no col-
ony growth (specks are air voids within agar media) in
9/10 cultures, demonstrating inhibition of bacterial growth

head from cement blockage that may prevent the
driver engaging it in the future if required
(Fig. 8.21a, b). It is easily found and recovered
when necessary.

It has also been used as a “bib” to reduce
cement contamination from oral crevicular fluids
and to assist in protecting the oral mucosa from
potential irritation from chemicals found in cement

This technique uses a 2-3 mm length of
sterilized PTFE. A rubber dam punch provides a
hole in the center of the tape. The implant abut-
ment is carefully placed into the PTFE, which is
slipped up but not beyond the cement margin.
This must be carefully executed so as not to get
the tape trapped when the abutment is screwed
into the implant and also not to trap the PTFE tape
within the cemented margin itself (Figs. 8.22a, b
and 8.23a, b).
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Fig.8.20 PTFE comes in the
form of a spool. It is cut into
convenient-size strips, placed
in an autoclave bag, and
sterilized

Fig. 8.21 (a) Sterilized PTFE pellet being placed into the screw access chamber of a screw-retained implant crown
(ICAP). (b) The tape protects the screw head under the inlay plug

Fig.8.22 (a, b) The abutment being placed through the PTFE, which acts as a “bib.” Care is taken not to trap the tape
at either the implant engaging or the cemented margin site
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Fig. 8.23 (a) Facial and (b) occlusal view of the PTFE bib

'L

Fig. 8.24 (a) The PTFE used to prevent phosphoric acid
gel irritating the tissue. This is used to clean the porcelain
and decontaminate from effects of saliva just prior to

k.
A

cementation. (b) Application of a silane conditioner. Note
the PTFE pellet used to prtect the screw head

Fig. 8.25 (a) During cementation of this ICAAM excess
cement, it is necessary to have a dry, controlled environ-
ment for the porcelain-to-porcelain margin. The bib pro-

Although a rubber dam is preferred, it is not
always possible to place one. The bib provides an
adequate barrier, seen here being used on a lateral
incisor site implant. Note the margins of this
abutment are supragingival, and the PTFE tape
lies apical to the margin (Fig. 8.24a, b).

tects the site. (b) On cement set, the bib is easily removed
along with excess cement

The bib both protects the soft tissues and
isolates the restorative field. It is inexpensive
and easy to use, but care must be exercised so
as not to trap it either at the abutment screw
site or at the cemented margin (Figs. 8.25a, b
and 8.26).
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Fig. 8.26 Immediately after cementation, the tissues
have not been damaged by chemical insult, and the site
has been controlled with respect to contamination

Conclusion

Simple, yet effective, clinical techniques have
been developed that utilize a material designed
for industry—PTFE tape. This material has
properties that can aid implant restoration. As
a spacer to prevent cement from locking out
the screw head within the abutment, it has
proven antimicrobial properties and is also
inexpensive and easily removed. As a liner
prior to making a disposable custom copy
abutment, the use of PTFE tape provides a
cement space that is ideal—50 pm. When
used as a bib around a cemented abutment
margin, it can help isolate a site, minimizing
contamination.
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Importance of the Implant Screw
Access Channel Location:
Development of a Screw Access
Channel Locating Device

and Radiographic Integrator
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Abstract

There are occasions when the implant restoration requires removal.
Cemented restorations may not allow easy removal. The clinician may
then be presented with the challenge of accessing the abutment screw
channel with a bur. This chapter deals with several ways to provide infor-
mation that could be useful in determining where the access cavity should
be made. These may expedite the procedure and limit any damage as a
result, saving time and, potentially, expense.
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Introduction

Cemented implant restorations have many advan-
tages associated with their use. However, should
the restoration require removal, this may be prob-
lematic and unpredictable.

Abutment screw loosening under a cement-
retained implant restoration presents one of the
most challenging issues to the implant dentist.
From the initial concept of cemented restorations
in 1990, retrievability has been discussed with
special focus concerning the ability to access the
abutment screw. Instances in which access to the
underlying screw channel are useful include
screw loosening, repair of the restoration, and
improving access to the implant body for hygiene
or treatment of peri-implant disease (Fig. 9.1).

If the crown can be predictably, temporarily
cemented in a manner that allows for retrieval,
there is no issue. However, most US dental schools
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surveyed in 2010 were found to cement the implant ~ (described below) have deficiencies associated
restoration definitively, with the result that when with them. They all require some level of guess-
the crown needs to be removed, this may be diffi- work, which may result in excessive destruction
cult, if not impossible, to accomplish. The only of the restoration, damage to the abutment, and,
solution left is to evaluate the screw access site, cut  in some instances, destruction to the implant
into the crown, and locate the abutment screw. itself (Fig. 9.2). Most are also considered time
consuming, due to the lack of three-dimensional
information given.

Current Methods of Recording The point of entry for the drill must be assessed
the Implant Screw Access Site by one of the following:

1. Arbitrarily, that is, guesstimate. The crown
The need to evaluate the location of the underly- provides little, if any, clue as to where the
ing screw access site has led to the development screw channel lies or even the extent and the
of several techniques. However, all of these form of the supporting abutment (Fig. 9.3).

2. Evaluating a radiograph of the site—a tech-
nique frequently employed when accessing
a pulp chamber in a natural tooth during
endodontic therapy. This may provide
approximate information as to mesial-distal
location of the implant and may provide
clues to the shape of the abutment if the
crown is not extensively radiopaque
(Figs. 9.4 and 9.5).

3. Pre-cementation photographic documenta-
tion—giving a two-dimensional picture of a
3D site (Fig. 9.6a—c).

4. Have the dental laboratory tattoo on the
crown. However, the patient may object, espe-
cially in the anterior (Fig. 9.7).

Fig. 9.1 Fractured porcelain on this restoration necessi- 5. Make putty indexes.—ﬁnd the hole approxi-
tates removal and possible repair mate, add wax, then index.

Fig.9.2 The restoration has
been removed. The underlying
abutment is damaged by
overpreparation of the screw
access hole. The abutment
required replacement,
needlessly increasing the cost
of the replacement restoration
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Fig. 9.3 (a) Initial access to the screw channel is determined by “best guess™ of the site and angulation. (b) Often a
large area is involved. (¢) More extensive destruction of the crown frequently occurs

6. Have the dental laboratory make individual 8. Use cone-beam computed tomography

vacuum guides. It requires special materials
(vacuum former) and requires a complete
cast to fabricate upon. If the adjacent denti-
tion requires any restorative work or if teeth
move, then it cannot be modified easily
(Fig. 9.8).

. Use computer-aided design (CAD) and
computer-aided machined (CAM) technol-
ogy (look at an existing digital image used to
design and fabricate the abutment, then
guesstimate). Limited to CAD/CAM abut-
ments and crowns that have stored images
available.

(CBCT). This exposes the patient to a large
amount of radiation (unless it is for some
alternative reason) and is costly (Fig. 9.9).

Novel Use of Readily Available
Materials to Locate the Screw
Within a Cement-Retained Implant
Restoration

What follows is a series of innovative and
novel devices that are inexpensive and easily
made. They can be fabricated either in the dental



154 C.P.K. Wadhwani et al.

Fig. 9.4 Radiograph provides some information as to the
long axis of the implant in the mesial-distal dimension but
no indication of abutment form or position

Fig. 9.6 (a, b) Pre-cementation photographic documen-
tation of the site. When the crown is seated, the mark on
the photograph (c¢) indicates the position of the screw
access channel

laboratory or chairside. The first described uses
a paper clip, an implant screwdriver, and bite
registration material. They offer many advan-
tages over all other methods as being precise
(they are true guides), easy to use, cheap, and
can be readily modified if adjacent structures

Fig. 9.5 Radiograph also gives information on the sup-
porting abutment due to radiolucent ceramic crown change.
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Blu-Mousse® and Paper Clip Step 2. Use a new screw and an unworn driver

that fits well within the screwhead. The screw-

Step 1. Start with a sterilized paper clip and bend driver will then be a projection from the long
out an arm to assist holding the clip (Fig. 9.10). axis of the screw (Fig. 9.11).

Step 3. Using the competed cast on which the
implant restoration was made, remove the
restoration but leave the abutment and abut-
ment screw in place. Put the center of the
paper clip over the abutment and hold it so it
is elevated above the incisal edges of abut-
ment and adjacent tooth sites. Index the adja-
cent tooth sites with registration material
(Fig. 9.12). Blu-Mousse® fast-set (Parkell
Inc, Edgewood, NY, USA) works well.

Step 4. Add more registration material to join the
driver to the clip and surrounding registration

i ) o ) material. Note: Do not add too much material

Fig.9.7 A tattoo placed during fabrication marks the site . .

of the screw channel. Patients may object; it has limited in sites that would prevent the restoration from

use in esthetic sites seating under the registration (Fig. 9.13).

Fig. 9.8 (a—c) Vacuum-formed template is marked directly over the access hole site. These marks provide drill hole
sites. Once transfered onto the restoration these sites relate to the abutment screw access hole beneath the restoration
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Fig. 9.9 A cone-beam computed image gives some indication of the angulation and position of the implant but still
requires the clinician to “superimpose” this information by visual guessing

Fig.9.10 Sterilized paper clip; one arm is bent out to act
as a handle

Step 5. Remove the index, remove the screw-
driver, and clean up the embrasure areas so the
index will reseat on the model with slight
clearance once the crown is replaced
(Fig. 9.14a, b).

Step 6. Store the index. If the screw does need to
be accessed, place the index on site, and use
the guide hole site and direction to plan the

Fig.9.11 A screwdriver (Straumann) engages the head of
an implant screw. Note how the shank of the screwdriver
lies in the same long axial planes, acting as an extension
of the screw
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Fig.9.12 The paper clip is centered on the implant abut-
ment with the screwdriver projecting through it. The adja-
cent tooth sites have been indexed by using Blu-Mousse®
(Parkell)

Fig. 9.13 Join the two adjacent tooth indexes and index
the position of the screwdriver shank

drill hole (Fig. 9.15). Note: If the adjacent
teeth change, then re-index them by removal
of some registration material, then re-add to
pick up the new index.

The Precision Implant Locator
Device (PILD)

An improvement on this technique is to use a pre-
formed device, the Precision Implant Locator
Device (PILD). This consists of a preformed
plate with a hole, the dimension of a latch-grip
bur in its center. The hole enables a bur to be held
at exactly 90° to the plate in the mesiodistal plane
as well as the faciolingual plane.

With the help of a fast-setting vinylpolysilox-
ane (e.g., Blu-Mousse®), an implant screwdriver,

Fig. 9.14 (a) Remove material in the embrasure areas.
This will allow the crown to be placed back on the model
and the index should fit with space above the crown (b)

Fig. 9.15 From the occlusal view, the hole made by the
screwdriver lies directly above the screwhead

and a simple plastic device, a directly located
(site and angle and directional), minimal access
channel resulting in the least possible damage
can be made. The device acts as a three-
dimensional guide or jig that has recorded the
screw access channel site in the form of its
trajectory.
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Fig.9.16 (a, b) Plastic plate holding the latch-grip screwdriver at 90°

How to Make the Precision Implant

Locator Device (PILD)

Step 1. Use a piece of flat, ridged plastic with
dimensions about 25 mm long, 10 mm wide,
and 3 mm thick.

Step 2. In the center of the plastic plate, prepare a
hole 2.1 mm in diameter (this is the size of a
latch-grip bur, used by most implant compa-
nies for the dimension of their screwdriver
shanks). The hole must be perpendicular to the
plate in all planes (Fig. 9.16a, b).

Step 3. On one side of the plate, make some
retention pits or dimples using a bur. This will
be the underside of the plate (Fig. 9.17).

Step 4. Place the appropriate screwdriver shank
into the hole of the plate. Note: It should fit

Fig. 9.17 Place retention dimples on one side of the
plate—this becomes the “underside”

snuggly and project out at right angles to the
plate. The screwdriver engaging side should
project out from the underside. 7ip: Unworn
screwdrivers and new screws are essential for
complete engagement.

Step 5. Place the screwdriver and plate assembly

onto the implant model with just the implant

abutment in place. Engage the screw with the
screwdriver and rotate the plate so it aligns
and covers the adjacent sites that will be
indexed. Ensure sufficient vertical space exists
between all occlusal surfaces (about
0.5-1 mm) and the underside of the plate
(Fig. 9.18).
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Fig.9.18 PILD in place checking for position, not touch-
ing the model. The screwdriver has the same trajectory as
the long axis of the implant

Fig. 9.19 PILD underside. Note retention dimples.
Adhesive has been applied; screwdriver engages
underside

Step 6. Apply polyvinyl siloxane adhesive agent
onto the retention dimples on the underside of
the PILD (Fig. 9.19).

Step 7. Apply Blu-Mousse® to either side of the
screwdriver, directly onto the dimples. Tip:
Use a slightly smaller extruder to control how
much is expressed.

Step 8. Quickly seat onto the model, ensure the
driver has locked itself correctly into the scre-
whead and allow to set (Fig. 9.20). Tip: When
first trying this, use a longer setting time
Blu-Mousse®.

Step 9. Remove the index, remove the screw-
driver, and now try the PILD device to check
that it is stable.

Step 10. Finally, make sure that the device will fit
correctly when the restoration is put on the abut-
ment (Fig. 9.21a). If not, clean the embrasure
areas next to the crown, as the Blu-Mousse®
may be preventing it from seating at this site.
Tip: A sharp surgical blade does this nicely

Fig.9.20 PILD in use. The screwdriver is a trajectory of
the implant long axis. Blu-Mousse® provides the indexing
media for adjacent sites

Fig.9.21 (a) Check the PILD seats when the crown is in
place on the model. It should not rock. (b) Cleaning the
embrasures with a blade is usually necessary

(Fig. 9.21b). If you would like to make the PILD

even more stable, add a little more Blu-Mousse®

to the area of the crown (Fig. 9.22). Using a

blade, carefully tidy the PILD (Fig. 9.23a, b).

Tip: Do not block the trajectory hole.

Now the device is made and ready in case you
ever need it (Figs. 9.24 and 9.25). Keep the PILD
with the patient’s records. It can also be used to
record data on it, such as which implant was
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Fig. 9.22 Additional material may be added to stabilize
the PILD if required but should not block the PILD hole

Fig.9.23 (a, b) The PILD is cleaned up and checked to
be stable. Buccal and lateral views of the guide in place on
the model

Fig.9.24 Occlusal view of PILD guide (Note: Trajectory
of the screw is visible)

Fig. 9.25 A bur is placed in the PILD guide, and when
held at 90° to the plate, it will give the site and direction of
the underlying screw with minimal time and damage to
the crown

Fig.9.26 Information can be stored on the PILD, includ-
ing implant type, date, laboratory where it was fabricated,
etc.

used, the date, and laboratory (Fig. 9.26). The
PILD can be given to the patients if they leave
your office. Your laboratory can make these very
easily for you. It provides a great service for our
patients and may save you a lot of time, effort,
and, yes, money in the future.

Should the restoration need to be removed and
the screw accessed, place the device onto the site,
hold the drill at 90° to the plate, and go! With Blu-
Mousse®, there is the added advantage that should
the indexing site change—for example, the resto-
ration next to the implant is altered—then simply
remove the Blu-Mousse® at that site, place the
plate back on, and add some new Blu-Mousse®.
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Fig.9.27 (a,b) The PILD has now been adapted so it can
also be used to connect to commercially available X-ray
film and sensor holders. Recent studies have shown this
method gives significantly more accurate information
about bone levels and component fit

The PILD is currently being modified to
enable it to be attached directly to commercial
X-ray film holders. Because of its ability to
record the long axis of the implant itself, and the
plate lies 90° to this, with an attached X-ray
holder, radiographs more accurately record
component fit and bone levels (Fig. 9.27a, b).

Conclusion

Several techniques have been presented for
locating the screw access channel of a
cemented implant restoration. They vary in
complexity and at which stage the record is
made. Some are simple, requiring only a brief
description of the screw access site prior to

cementation, while others make use of cone-
beam computed tomograms post-cementation.

It seems more prudent to accurately record
the information prior to delivery of the final
crown or bridge. Some devices can also pro-
vide information that the patients can keep
with them if they move between clinics.
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Abstract

One of the most useful tools available for implant dentistry is radiography,
from initial assessment all the way through to long-term health monitoring
of the peri-implant tissues. The restorative dentist frequently uses intraoral
radiography to conduct evaluations on implant component fit and the bone
related to the implant. However, limitations exist arising from the way
radiographs are made as well as how they are interpreted. Clinically sig-
nificant factors will be discussed in this chapter, as well as ways to improve
the diagnostic value of intraoral radiographs.

Introduction

The planning and surgical phases of implant den-
tistry often involve modern, sophisticated three-
dimensional imaging equipment and techniques,
which few dental offices currently possess. This
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is in contrast to the implant restorative and fol-
low-up phases, where more traditional two-
dimensional intraoral radiography (IOR) is more
commonly used as a diagnostic tool, with the
equipment necessary readily available in most
dental offices. When used appropriately, IOR can
provide clinically relevant information in a mini-
mally invasive, inexpensive, and immediate man-
ner. It remains the preferred method for most
clinicians when evaluating hard dental tissues,
especially bone where implants are involved.

Intraoral Radiography: Uses
and Limitations

Intraoral radiography (IOR) has been useful for
the detection of pathology, visualization of tra-
becular bone pattern, and highlighting of ana-
tomical aberrations and adjacent tooth
angulations that may affect the restoration path
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Fig. 10.1 Histological section of an osseointegrated
implant. The red part is the bone; the black item is the
implant. Notice the tight adaptation of bone to the implant.
Thirty-five percent to 40 % of the mineralized content is
in contact with the implant surface

of insertion. It can also offer useful information
with respect to the mechanical alignment and
union of the implant components, which is con-
sidered vital for the long-term success of the
implant restoration. Radiographs have also been
used to evaluate the success of dental implants as
well as to provide a means of monitoring their
long-term health. This is accomplished by com-
paring successive images to baseline records over
a period of time.

However, as with any diagnostic test, limitations
exist. Some are the result of the radiographic pro-
cesses in general; others have to do with the tech-
nique-sensitive nature of the equipment and making
the radiographic image. Also, the diagnostic value
of any given radiograph varies, depending upon the
pathological process being examined, as well as the
ability or expertise of the clinician evaluating the
radiographic image. It is also known that IOR can
give false negatives; in other words, a disease pro-
cess or issue may present but may not be detected,
especially in the early pathological and/or bone
remodeling phase (Fig. 10.1). Given this informa-
tion, the prudent clinician will use IOR as part of
the evaluation process along with other clinical
assessment methods. Specifically with implant
therapy, IOR can supplement the clinical implant
site examination along with other signs, for exam-
ple, inflammation, recession, probing pocket depth,
and mobility. Consistent with all radiographic
examinations, IOR should be applied according to a
strategy to reduce patient exposure to radiation. The
radiograph should be made and developed to be of

the highest quality possible to provide as much
information as possible to the clinician.

Even given these limitations, IOR still provides
some degree of quantitative and qualitative analy-
sis that may be extremely useful. The purpose of
this chapter is to evaluate and give guidance to the
clinician regarding the appropriate use of IOR, spe-
cifically during the restorative phases of implant
therapy and subsequent monitoring and follow-up.

IOR, Bone-to-Implant Contact
and Health of the Tissues

Implant dentistry frequently focuses on the bone
directly adjacent to the implant. In fact, osseointe-
gration is defined as “the apparent direct attachment
or connection of osseous tissue to an inert, alloplas-
tic material without intervening connective tissue.”
Although radiographic assessments of bone adja-
cent to the dental implant are made, it should be
understood that direct implant—-bone contact cannot
be accurately determined. Because IOR is two-
dimensional, there exists an inability to discern bone
levels directly facial and lingual to the implant body,
as these sites will be obscured by the implant itself.
Even at interproximal sites adjacent to the implant,
bone attachment cannot be easily determined.

A study on the accuracy of radiographs to diag-
nose radiolucencies surrounding implants was
undertaken by Sewerin. A series of implants were
inserted into bone, some with intimate contact to
bone, while others had an intentional gap of vary-
ing size created between the implant and the
socket. These were radiographed under standard-
ized conditions and then evaluated by 10 experi-
enced implant clinicians who were asked to judge
the likelihood that a space was present. The inter-
observer agreement was low and the diagnostic
accuracy was greatest only when a 0.175 mm
space existed. It was concluded that, in general,
radiographs were an unreliable method for diag-
nosing peri-implant spaces. However, their value
improved with increasing space widths up to
175 pm between the implant and surrounding
bone. Clinically, the study has implications in that
radiology cannot be relied on as the only means of
determining the extent of bone to implant contact.
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Fig.10.2 An example of alveolar space. The endodontist
has used calcium hydroxide as an interim treatment.
During the process of placing this into the root canal sys-
tem, some has been extruded. Note the radiopacity in
areas of the alveolar spaces that were previously occupied
by marrow space

Bone-to-implant contact is the amount of bone
that generally contacts the implant body. Bone is
composed of both mineralized and non-
mineralized material of varying degree and is in
large part dependent upon the type or character of
bone being examined. This results in the actual
mineralized bone contact often being limited to
only 35-40 % of the implant surface, as seen in
Fig. 10.1, which further compounds the ability to
determine how much bone is truly in contact with
an implant when relying on IOR.

Implants are generally placed into cancellous
or alveolar bone. The word alveolar is derived
from the Latin “alveolus” meaning “little cav-
ity.” Therefore, this bone is not solid, but rather
consists of many little cavities within it. The
alveolar or marrow spaces, which are filled with
readily displaced non-mineralized tissue, can
frequently be highlighted by endodontic pro-
cesses (Fig. 10.2) with the intrusion of radi-
opaque material.

The ability to assess the status of implants at
any stage is important, and apart from routine
monitoring it should be considered a prerequisite
to know and record the health status prior to
reconstruction, at the commencement of a resto-
ration, or when a replacement prosthesis is being
considered. Radiographs can also provide a
baseline standard against which subsequent
radiographs can be compared to monitor changes

X103 1.1 € . JPC 90

Fig. 10.3 This radiograph was made prior to the com-
mencement of the final restoration. It provides some infor-
mation about possible pathological issues, the type of bone,
how deep the implant is placed, and potential angulation
issues with adjacent teeth. It can also be used as a reference
to compare future serial radiographs against to evaluate
long-term changes, provided they are all standardized

over time, provided there is adherence to some
form of standardization (Fig. 10.3).

Marginal bone height around implants has
been used as a measure for monitoring bone
health. Again, in vitro studies have reported on
potential errors, suggesting in clinical cases dis-
tortion of buccal and lingual bone margins may
result in an overestimation of bone heights. The
degree of overestimation is influenced by the
buccolingual position of the implant. Again, even
given these limitations, it is advised that a base-
line record should be made with an exacting tech-
nique that controls for factors such as position
and angulation relative to the implant position
prior to the fabrication of a new or replacement
restoration.
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Mechanical Connection of Implant
Components

Visual examination may be possible if the implant
head connection to the impression coping is
above or very near the free gingival margin. If
not, tactile perception may be considered, but a
radiograph made with the correct angulation may
provide the most useful data.

Periapical radiographs can be a useful adjunct
to determine the accuracy of fit for a prosthesis.
They provide high-dimensional accuracy, image
detail, and minimal magnification and distortion
when they are made correctly. To utilize the
advantage of intraoral radiography, it is abso-
lutely critical to maintain the X-ray beam perpen-
dicular to the implant’s component connection
junction (CCJ). The component connection can
be at the crown—abutment junction or abutment—
fixture junction. When the proper long-cone par-
alleling technique 1is adopted, they offer
significant diagnostic value for the dentists and
minimal negative health impact on the patients.
Inadequate fit of components may result in fail-
ure of the prosthesis and the retaining screws
connecting the implants to the superstructure and
may also have the potential to cause implant-to-
bone changes (Fig. 10.4).

Proper radiographs can help clinicians evalu-
ate the fit at the CCJ, but improper alignment
between the fixture and the X-ray beam could
result in not detecting a misfit and mislead clini-
cians about the true fit of the implant compo-
nents. Radiographically detectable edges of the
abutment and head of fixture become smaller as
the divergence of the X-ray beam increases.
Laboratory studies have also confirmed that as
the angulation of the X-ray tube diverges away
from the angle perpendicular to a restorative mar-
gin or the long axis of the implant fixture, identi-
fying misfit becomes increasingly difficult. A
model was fabricated with an implant and a
spacer providing a gap of 100 pm with the healing
cap. Radiographs were made at 0° (orthogonal),
10°, 20°, and 30°. The radiographs produced are
seen in Fig. 10.5a-g.

The angulation of the X-ray tube head rela-
tive to the implant long axis is critical. Under

Fig. 10.4 The restoration was placed on an implant,
which trapped tissue between the implant body and abut-
ment (CCJ). Once the tissue was released, the inflamma-
tion resolved. Follow-up revealed no further lesions

optimum conditions, gaps of 0.05 mm may be
detectable, but become obscured when devia-
tions of the X-ray tube head are 5° or more to
the long axis of the implant. Gaps of 0.1 mm or
larger can also be detected with 10-15° X-ray
beam incidence away from the long axis.
However, when the incident beam is greater
than 10-15°, as seen in Fig. 10.5e, f, these gaps
also become obscured. Other factors that also
alter the ability to detect gaps include radio-
graphic focal spot size and Focus film distance
(FFD). This is the distance between the X-ray
source and the film or sensor receptor in diag-
nostic radiography.

If the goal of treatment is to determine exact-
ing component fit, then clearly the tube angula-
tion must be strictly controlled. This becomes
more of a challenge when restorations are splined
(Fig. 10.6a, b). The fit of a splinted restoration on
implants or a fixed partial denture may present
with particular issues related to non-passive fit.
Laboratory processes, along with embedment
relaxation effects that occur when metal compo-
nents are connected with screw joints, make mul-
tiple implant connection particularly susceptible
to non-passive fit errors. When evaluating the
seating of such a prosthesis, the individual
implant positions must be accounted for with
each attachment site (Fig. 10.7a, b).

It is clear that in evaluating for the fit of
implant components, the radiographic image is
subject to distortions as a result of angulation
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Fig.10.5 (a-g) These radiographs were made by altering  how minor errors in angulation alter the ability to detect
the X-ray cone relative to the implant and healing abut-  component fit
ment by (d) 0°, (e)10°, (f) 20°, and (g) 30°. They show

Fig. 10.6 (a, b) Radiograph at metal try-in appointment. Enlarged image shows intimate contact of both abutments
with the implants
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Fig.10.7 (a, b) On final delivery, an orthogonal radiograph indicates a misfit on the left central implant. The prosthesis

was remade

effects. Several studies have evaluated these
artifacts and how they develop, assessing the
relative angulations of X-ray tube, implant
body angle, and film or image sensor angula-
tion. The findings from these investigations
suggest the following: determine the angle of
the implant with respect to the surrounding
occlusal plane prior to radiographing, if possi-
ble (Fig. 10.8a, b).

However, if the implant has been previously
restored, it may be more difficult to determine the
orientation without first removing the restoration.
The angulation of the X-ray tube head relative to
the implant long axis is critical. If the goal of
treatment is to determine exacting component fit,
then clearly the tube angulation must be strictly
controlled. In the horizontal plane, if the incident
X-rays are perpendicular to the long axis of the
implant (orthogonal), the mesial and distal tube
head angulations are not critical as long as the
gap size is uniform; it will be detected from any
angle. As a result of this information it is sug-

gested that, given a knowledge of the implant
angulation, the tube head orientation in the verti-
cal plane is most critical. To standardize sequen-
tial radiographs, a paralleling device may be of
use, for example, RINN systems (Dentsply Rinn,
Elgin, IL USA). However, the holder should be
orientated relative to the implant long axis rather
than the occlusal surfaces, which more commonly
occurs and produces information that may be
inaccurate.

Understanding the component structures and
how these relate to the radiographic images seen is
also vital for diagnosis of component fit (Fig. 10.9).
Implant components come with a variety of match-
ing surfaces that can lead to misinterpretation of a
radiographic image (Fig. 10.10a, b). When an
implant component only touches at the periphery,
a radiographic anomaly known as the “peripheral
eggshell effect” may result. This may lead to the
false impression that the components do not match
or have failed. This would be an incorrect
assumption.
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Fig. 10.8 (a) It is important to access the implant with
respect to radiographic techniques. This implant is angled
toward the midline, which must be taken into account
when making radiographs. (b) Now restored, the underly-
ing implant’s orientation can only be guessed at

The Value of Orthogonal
Radiography with Implants:
Connection and Health

For determining implant component fit, there are
ways to provide for orthogonal radiographs to be
made. To ensure a perpendicular relationship

Fig. 10.9 Understanding the radiographic properties of
the implant system, it appears as if this Zimmer AdVent
implant abutment only seats onto the implant body mesi-
ally and distally. This is a radiographic artifact—the so-
called peripheral eggshell effect (PESE)

between the X-ray beam and the implant compo-
nents, all existing paralleling devices usually
attach directly to the implant body at the time of
making radiographs. This is a limiting factor
because the implant restoration would have to be
deconstructed for access to the implant itself;
therefore, radiographic assessments can gener-
ally only be done on screw-retained restorations
or implant bars where the implant access channel
is not permanently blocked (Fig. 10.11). In addi-
tion, by having to deconstruct the implant pros-
thesis, the paralleling devices may disrupt the
peri-implant tissues and affect their overall
health, thus limiting the capacity to monitor
crestal bone loss. So, in reality, component misfit
can only be evaluated.

By indexing the implant fixture to the adjacent
dentition or anatomical landmark, the authors
developed a novel X-ray paralleling device, the
Precision Implant X-ray Relator and Locator
(PIXRL), that can be attached to commercially
available film holders. The PIXRL is first posi-
tioned perpendicularly to the implant fixture
using implant drivers or implant placement driv-
ers; it then allows for registration record to be
made between the adjacent teeth or anatomical
landmark and the positioned PIXRL jig. The
sequence is described in greater detail with the
provided illustrations (Fig. 10.12a—e). Because
the occlusal relationship is indexed with the adja-



170

C.P.K. Wadhwani et al.

Fig. 10.10 (a) The PESE results from the margin of the
abutment contacting the lip of the implant only. (b)
Enlarged image. This must be understood; failure would
result in potential misdiagnosis of the components not

cent teeth, accurate radiographs can be made
consistently without the removal of implant
prosthesis thereafter; the evaluation of CCJ
occurs at the abutment level.

A study was conducted at the University of
California, San Francisco, to compare whether

A\

DETAIL D
SCALE 40 : 1

fitting together correctly (Reprinted with permission by
Dentistry Today Wahdwani (2012). Intraoral Radiography
and Dental Implant Restoration. Dent Today August 2013;
Vol. 31; 8:70])

misfit at the AFJ can be more accurately and con-
fidently assessed using radiographs made with
the PIXRL X-ray paralleling device in a clini-
cally simulated model. A microgap ranging from
0, 50, to 100 pm was introduced at the AFJ of a
provisional implant crown in a manikin-typodont
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Fig. 10.11 Example of existing devices that allow true
orthogonal standard X-rays to be made. All must attach to
the implant body (fixture) directly at each and during
X-ray exposure (Reprinted from Cox and Pharoah (1986).
Copyright © 1986, with permission from Elsevier)

assembly (Fig. 10.13a—c). In 50 and 100 pm mis-
fit conditions where PIXRL was used, clinicians
were able to detect prosthetic misfit with 77.8
and 100 % accuracy, respectively. Without the
use of PIXRL, clinicians were able to detect only
16.1 % of the misfit in 50 pm gap and 92.6 % of
the misfit in 100 pm gap. The sample of radio-
graphs made under each misfit condition (0 um,
50 um, 100 um) is provided (Fig. 10.14a—f).
Consistent with previous findings, the study
effectively demonstrated that paralleling devices
are critical in helping clinicians obtain diagnostic
radiographs for implant assessment. How the
device provides orthogonal radiographs is dem-
onstrated in Fig. 10.15a, b.

Limitation with Radiography
and Professional Responsibility

Adopting the use of a paralleling device in mak-
ing clinical radiographs provides an opportunity
for clinicians to monitor changes in bone archi-
tecture or prosthetic misfit around an implant
accurately and consistently over time.

Anatomical limitations (i.e., missing teeth, the
palatal vault contour, shallow lingual sulcus,
presence of tori, or unfavorable mandibular arch
form) and patient factors (i.e., prominent gag
reflex or psychological issues) may restrict the
use of such devices. The application of the
device in various clinical situations must also be
considered.

The accuracy of an intraoral radiograph inevi-
tably reduces the number of X-ray images to be
remade in a clinical situation; if the clinician can
be more certain about the diagnostic quality of a
radiograph, there would be less need for expos-
ing patients to additional radiation. Claus and
colleagues have recently correlated dental X-rays
to an increased risk of meningioma in a
population-based case—control study. Despite the
shortcomings in its study design, the subsequent
negative publicity generated reminded the entire
dental community of the significance of minimiz-
ing the patient’s radiation exposure when
possible.

Intraoral radiography, although considered
somewhat basic, has certain advantages over
more sophisticated radiographic examinations
from cone beam computer tomography and pan-
oramic radiography, as listed below.

Cone Beam CT

1. ‘Sunburst’ effect due to x-ray scattering from
metallic components may make detecting
misfit challenging

2. Limited resolution (local cone beam has high-
est resolution at 70um)

3. Expensive

Panoral Radiograph
1. High false negative rate in detecting small
gaps due to inherent limitations such as mag-
nification, distortion, negative vertical angula-
tion of projection, and patient movement
2. Limited resolution
A protocol should be developed by the clini-
cian to determine when radiographs should be
made. This is especially important during the
initial pick-up impression, seating of the final
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Fig. 10.12 Fabrication and clinical application of the
X-ray paralleling device are critical in helping operators
obtain diagnostic radiographs for implant assessment. (a)
Access to implant fixture obtained intraorally or from
implant master cast; implant placement driver is attached
to the fixture. (b) Connect the paralleling PIXRL device to
shank of implant placement driver; adhesive is applied on
undersurface of the jig. (¢) Orient PIXRL jig assembly to

abutment, completion of the restoration, and
any other clinical situations when the compo-
nent fit cannot be directly verified by sight or
feel. When a restoration is to be cemented onto
an implant abutment and where a connection is

implant placement driver and make occlusal registration
record against adjacent teeth. (d) Attach radiographic film
holder to PIXRL jig; use occlusal registration record to
maintain orientation of film holder and radiographic film.
(e) Adopt conventional parallel-cone technique to make
radiographs intraorally with device (film holder paralleling
arm was attached for actual clinical use; it was only
removed here for better visualization of PIXRL assembly)

not accessible, for example, when it lies beneath
the peri-implant tissues, it would be prudent to
radiograph the components before final cemen-
tation to confirm they match as intended. This
is to confirm that the abutment is correctly
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Fig. 10.13 The simulated clinical study. (a) The implant
crown was fabricated with proper anatomy and occlusion
by building composite on the modified UCLA abutment.
(b) The PIXRL jig is indexed to the implant fixture and
the adjacent dentition using an implant placement driver

located onto the implant, as well as to confirm
that the crown seats onto the abutment itself.
Failure to do so may fail to detect errors as a
result of fabrication, or components not seating
(Fig. 10.16).

Cemented Implant Restorations

There is increasing evidence that residual excess
cement may lead to peri-implant disease. It is
the responsibility of the implant-restoring den-
tist to ensure and check that no excess cement
invades and remains in the peri-implant tissues.
One way of confirming that excess has been
removed is by the use of IOR. However, there is
no standard for the radiopacity required of
implant cements, which is problematic. An
in vitro study and case studies have reported on

and a vinyl polysiloxane bite registration material. (¢) The
assistants were asked to position X-ray film holding
assembly and the X-ray tube in a routine manner. They
were free to use cotton roll, gauze, or cotton pad as they
saw necessary

the ability to detect commonly used implant
cements radiographically. The results indicated
that many cements would not be easily found,
and some not at all, at any given thickness, as
shown earlier in Fig. 10.14a—c. While there is
no ideal implant cement, the onus must be on
the restoring clinician to choose one that can be
readily seen radiographically and to understand
the characteristics of the cement extrusion pat-
terns that may present with IOR. When a radi-
opaque cement is used, a radiograph may be
used to determine if residual excess cement
exists (see Fig. 10.15a).

Implant Health and Follow-Up

Much has been written about the success of dental
implants, with radiographic evaluation used for
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P T—

Fig. 10.14 Examples of radiographs with different gap
dimension, from 0 to 100 pm, typical of those produced in
the study with and without the PIXRL device. (a) 0 pm

measurements. The early criteria for implant suc-
cess included values related to acceptable bone
loss and time. IOR has been used as a tool to eval-
uate hard tissue health, but again, there are limita-
tions with this method of assessment. Mineral
loss from bone is not consistently or easily quanti-
fied and varies from site to site. The difference lies

L

i

without PIXRL; (b) O pm with PIXRL; (¢) 50 pm without
PIXRL; (d) 50 pm with PIXRL; (e) 100 pm without
PIXRL; (f) 100 pm with PIXRL

in the initial mineral content, the alveolar content,
and the amount of cortical bone in the area evalu-
ated. Early studies suggested that mineral loss
needed to exceed 7 % of the mass before it may be
detected on a film radiograph in the maxilla, but
mineral loss in the mandible may have to be as
great as 30 % before it is readily detected. More
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Fig. 10.15 (a, b) How the PIXRL attaches to a parallel-
ing device. Once the PIXRL is indexed to the implant,
consistent standardized radiographs are possible to moni-
tor bone health as well as confirm connection of the
abutment

recent studies have reported on mineral loss as a
result of osteoporosis and have suggested that
detectable mineral changes may be as little as
1.2 % with photo-stimulable phosphor systems.
Frequently, studies compare marginal bone
loss measurements; however this may be prob-
lematic. Marginal bone height adjacent to
implants is highly susceptible to angulation
effects relative to X-ray film and implant (see
Fig. 10.15a). The ability to obtain consistent
perpendicular radiographs that will provide diag-
nostic relevance is problematic. Devices exist
that are directly screwed into the implant body
itself that allow the film, X-ray tube, and implant
body axis to be related. However, once the
implant restoration is placed, this becomes
impractical, as removal of the restoration at sub-
sequent visits is both time consuming and may
alter the soft tissues and bone levels around the

Fig. 10.16 This restoration was cemented onto the abut-
ment. No pre-cementation radiograph was made; the
crown did not seat as intended. It is likely the adjacent
teeth contacted the restoration prematurely, preventing its
placement. The restoring dentist failed to detect this error

implant, as it is known that the disruption caused
by removal and replacement of the abutment may
lead to loss of the implant supporting tissues.
One means of standardizing IOR is to develop
more practical devices that align the implant
body to the X-ray beam precisely, but do not
require the removal of the restoration on subse-
quent visits.

To date, few protocols have been developed
that recommend specific time intervals for radio-
graphic evaluation. However, data from one study
suggests a correlation between probing attach-
ment levels and radiographic presentation. It was
noted that probing attachment levels obtained
with a periodontal probe at 1, 3, and 6 months
after loading proved to be a good indicator of
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peri-implant radiographic status at 2 years.
Conversely, radiographically assessed tissue
changes observed during the same test periods of
1, 3, and 6 months were good indicators of probing
attachment levels expected at 2 years. This rela-
tionship between probing and radiographic evalu-
ation may be used to assess examination needs,
suggesting that when changes in probing levels
occur, radiographic assessment may be advised.
For longitudinal research purposes, it is recom-
mended that radiographs be obtained at baseline,
1 year, 3 years, and 5 years, and thereafter every 5
years. How this relates to everyday clinical prac-
tice procedures has yet to be ascertained.

Conclusion

The usefulness of intraoral radiography has
been described, along with its limitations when
considering implant restorations. One major
issue is the alignment of the incident X-rays so
that they are consistently perpendicular to the
implant body, to provide the most reliable
information possible. Other limitations include
inconsistencies as a result of the inability to
verify the nature and extent of bone around an
implant, which is subject to variation as a
result of type of bone and site. Where implants
are concerned, as a diagnostic tool, IOR should
be considered as part of a multitude of tests—
including probing, mobility, symptoms, and
other soft tissue evaluations. It must be empha-
sized that IOR cannot be relied upon as being
the sole diagnostic test.
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Treatment Options Related
to Cement Contamination
and Repair of Lesions

Ken M. Akimoto and Ralf F. Schuler
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Abstract

Periodic evaluation of the implant and restoration should be made to mon-
itor overall health. The examination should include mobility (restoration
as well as implant), probing (depth and especially bleeding on probing),
plaque score, radiographic and visual tissue examination (color, texture,
tissue dimension changes), recession, and suppuration. The ability for the
patient to adequately clean and maintain the implant site is also vitally
important, and this too should be assessed regularly. The level of therapy
required to restore implant health will be determined by the severity of the
issue, which can often be determined during these examinations. Sequential
information and how this changes between examinations will also give an
indication of progression, although it must be remembered that peri-
implant disease may have a unique pattern of onset time and progression,

very different from periodontal disease.

Introduction

Dental implants can predictably achieve osseoin-
tegration and retain implant-supported restora-
tions in function with long-term success. Failures
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of dental implants, however, are a clinical reality,
and implant-related complications can be attrib-
uted to many factors including, but not limited to,
surgical complications, prosthetic or mechanical
failures, and biological complications. Biological
complications consist of adverse changes in the
peri-implant support, presenting mainly as inflam-
mation and peri-implant bone loss (Fig. 11.1). The
ultimate, tangible end point of biological compli-
cations might be the loss of the dental implant sub-
sequent to persistent inflammatory changes in the
surrounding mucosal tissues and/or progressive
peri-implant bone loss.

This chapter will illuminate the potential role
of residual excess cement as an etiologic factor
for the development of biological complications
around dental implants. The importance of a
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thorough clinical examination and diagnostic
radiographs will be demonstrated, and potential
treatment options will be discussed.

Clinical Examination

Periodic post-treatment examination of dental
implants is of utmost importance since implant
complications can often be treated success-
fully when detected early. Without periodic
re-examinations, peri-implant disease might not
be detected early enough due to the absence of
tangible clinical symptoms. The American

Academy of Periodontology issued a paper in
2003 on periodontal maintenance stating, “patients
should be evaluated at regular intervals to monitor
their peri-implant status, the condition of the

Fig.11.1 Clinical example of a dental implant (maxillary
left central incisor) exhibiting biological complications
following restoration

implant supported prostheses, and plaque control.”
Some authorities recommend regular peri-implant
re-evaluations every 3 months during the first year
after restoration, followed by less frequent office
visits thereafter. Evaluation of the dental implant
includes but is not necessarily limited to radio-
graphic examination, implant stability tests, analy-
sis of microbial profiles, peri-implant probing, and
assessment of clinical attachment levels.

Diagnostic periapical and vertical bitewing
radiographs should be taken at the time of implant
placement to establish baseline bone levels and at
the time of delivery of the final implant-supported
restoration. Subsequent radiographs should be
ordered as indicated and compared to the base-
line to rule out progressive peri-implant bone loss
(<0.1 mm bone remodeling per year, 1 year after
implant placement).

Implant stability measurements using impact
resistance (Periotest, Avtec Dental, Mount
Pleasant, SC, USA) or resonance frequency anal-
ysis (RFA) could be implemented during post-
treatment. Automated implant stability meters are
readily available that measure the implant stabil-
ity quotient (ISQ) value as an indicator for the
level of osseointegration in dental implants. The
ISQ scale ranges from 1 to 100, and values from
55 to 85 indicate acceptable stability ranges. The
cause of any implant mobility needs to be assessed
carefully to distinguish between peri-implant tis-
sue destruction due to loss of osseointegration and
peri-implant mucositis due to failing (mobile or
fractured) prosthetic components (Fig. 11.2a, b).

Fig. 11.2 (a) Peri-implant mucositis as a result of micro-movement due to inadequately tightened abutment screw
(maxillary left central incisor). (b) Uneventful healing 2 weeks following adequate torque of abutment screw
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However, significant amounts of peri-implant
bone loss may not be detected with either of these
methods due to their low sensitivity. Both meth-
ods might, however, be helpful in determining
initial implant stability at the time of implant
placement to assist in selecting the correct loading
protocol.

Periodontal probing around dental implants
provides important diagnostic information to
evaluate peri-implant health and assist in long-
term monitoring. Periodontal probing around
dental implants does not seem to have a long-
term effect on the soft tissue seal, since complete
epithelial reattachment will occur within 5 days
following probing with no signs of residual soft
tissue damage. Traditionally the use of plastic
periodontal probes has been recommended even
though conventional metal probes do not appear
to elicit any adverse effects on the implant sur-
face or surrounding tissues. When considering
probing as a test method, the difference between
peri-implant probing and periodontal probing
around healthy teeth must be understood.
Specifically, the peri-implant probing depth typi-
cally measures the thickness of the surrounding
sulcus, junctional epithelium, and connective tis-
sue attachment and correlates, therefore, more
closely with the level of the surrounding bone
than the apical termination of the junctional epi-
thelium (aJE) around dental implants. With prob-
ing around healthy teeth, the probing will
generally be limited by the connective tissue fiber
bundles that insert into the cementum lining the
tooth root (See Chapter 1, Figure 1.5 a,b). Dental
implants placed at bone level might therefore
exhibit probing depths slightly greater than 4 mm
at baseline (delivery of final implant-supported
restoration). Increases in clinical probing depth
over time, however, are usually associated with
progressive loss of clinical attachment including
peri-implant bone and should therefore be viewed
as a sign of peri-implant disease.

It is generally believed that periodontal patho-
gens that cause periodontitis are also related to
the onset and progression of peri-implant disease.
Several microbiological tests are commercially
available to measure the levels of putative peri-
odontal pathogens either in saliva samples or

through paper-point sampling from peri-implant
pockets. It might, therefore, be prudent to mea-
sure spirochetes and Gram-negative mobile
anaerobic bacteria levels in patients with signs of
peri-implantitis to better assist in selecting appro-
priate treatment options.

Etiology of Biological Complications
Due to Residual Excess Cement

As discussed previously in this book, bacterial
colonization, foreign body reaction, corrosive
effects, and allergic reactions might play a role in
the etiopathogenesis of biological complications
due to residual excess cement. Different luting
cements exhibit varying degrees of bacterial pro-
tection against periodontal pathogens due to their
inherent antibacterial activities and solubility
patterns. It is also known that some luting
cements might elicit significant inflammatory
responses and cytotoxicity in conjunction with
foreign body reactions presenting as multinucle-
ated giant cells. Additionally, micro-movement
of loose cement particles might play a role in
causing biological complications around dental
implants similar to mobile prosthetic components
(seen in Fig. 11.2a, b) that cause peri-implant
mucositis if not detected early.

Treatment Modalities

Implant success is defined as implants with no
pain, mobility, or radiolucencies and no more than
0.2 mm of peri-implant bone loss annually follow-
ing the first year of loading. Additionally, peri-
implant hard and soft tissues should remain
healthy, and the patient should be satisfied with the
final result both from esthetic and functional point
of view. Biological complications are one of many
etiologic factors for implant failures and involve
pathologic changes in the peri-implant hard and
soft tissues. Inflammatory changes in response to
residual excess cement (REC) are prevalent and
present a therapeutic challenge in maintaining
healthy peri-implant tissues. The following para-
graphs will discuss several treatment modalities
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that will aim at removing the foreign etiologic
agent (REC) and help in preserving or restoring
lost peri-implant soft and hard tissue structures uti-
lizing an incremental therapeutic approach.

While biological complications associated with
residual excess cement can be due to bacterial
colonization, foreign body, corrosion effects, and/
or allergic reactions, removing contaminants from
the implant surface and surrounding tissues is con-
sidered the most important step during surgical
management.

Decontamination of the Implant
Surface

Many different decontamination techniques
including mechanical, chemical, and electro-
chemical disinfection have been studied in the
past. Ultrasonic scalers, plastic-tip scalers, tita-
nium curettes, air-powder systems, rubber cups,
titanium brushes, and cotton pellets have been
used in combination with various chemicals
including chlorhexidine solution or gel, stannous
fluoride, tetracycline, minocycline, citric acid,
hydrogen peroxide, and saline to decontaminate
the implant surface. Photodynamic therapy, as
well as different types of laser, including Er: YAG,
Nd:YAG, and CO, lasers, have been tested in ani-
mals and clinical settings. More recently,
electrochemical disinfection of dental implants
using electrolysis to remove adherent bacteria
from the implant surface is showing promising
results as a method to decontaminate dental
implants. While most of these decontamination
methods have shown efficacy at removing bio-
films, attempts to compare different decontami-
nation methods have failed to show significant
differences in treatment outcome.

Removal of residual excess cement requires
mechanical debridement of the implant surface
with either hand- or power-driven devices and

depends significantly on the morphology of the
peri-implant defect. A recent study indicates that
implants surrounded by bony walls are less
accessible for mechanical debridement even
when air-flow devices are used. Clinicians cur-
rently use glycine-based air-flow devices as well
as chemicals, including chlorhexidine and tetra-
cycline solutions, to decontaminate the implant
surface. It is still not clear if decontaminating
implant surfaces will result in re-osseointegration
of the entire implant. Even pristine implants
placed into artificially created peri-implant
defects show significantly less bone to implant
contact as the width of the gap increased.
Although some animal studies have shown the
possibility of re-osseointegration of previously
contaminated implant surfaces, achievement of
re-osseointegration in a clinical setting might still
be elusive. The therapeutic goal is the preparation
of an implant surface that is biologically compat-
ible with the peri-implant tissues and no signs of
inflammation such as swelling, bleeding, or
suppuration.

Nonsurgical Approach
to Remove REC

“Less is more,” a phrase coined by Robert
Browning (1855), still holds true for many proce-
dures in clinical dentistry today. Generally, pro-
vided the goal of therapy is achieved, the less
invasive the intervention, the more postoperative
comfort for the patient, and the faster the healing
occurs. The less the mucoperiosteal flaps need to
be elevated, the more the mucogingival architec-
ture will be preserved. The following case history
(Fig. 11.3a—g) demonstrates a clinical example of
residual excess cement causing peri-implant
mucositis that was subsequently treated utilizing
the least invasive approach possible. The imme-
diate implant was restored 12 weeks following
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Fig. 11.3 (a) Clinical example of residual excess cement
causing peri-implant mucositis (maxillary left central
incisor). (b) Radiograph with typical “peripheral egg-
shell” effect indicating residual excess cement at crown/
abutment margin. (c¢) Status post removal of residual

excess cement;

(d) excess
Radiographic evaluation following cement removal indi-
cating lack of REC; (f) 2 weeks later. (g) Uneventful heal-
ing 4 months following removal of REC

cement removed. (e)
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Fig. 11.3 (continued)

implantation with a zirconia computer-aided
design-computer-aided manufactured (CAD-
CAM) abutment, utilizing temporary luting
cement (TempBond, Kerr). The patient presented
two years following restoration with signs of
peri-implant mucositis in combination with ten-
derness to palpation of the peri-implant soft tis-
sues (Fig. 11.3a). A typical “peripheral eggshell
effect” was evident upon radiographic examina-
tion, confirming the diagnosis of REC
(Fig. 11.3b). Additionally, no radiographic bone
loss could be detected ruling out the diagnosis of
peri-implantitis. The treatment consisted of
meticulous cement removal utilizing hand instru-
ments and piezoelectric devices followed by
copious irrigation with chlorhexidine gluconate
solution and digital pressure to achieve adequate
hemostasis postoperatively (Fig. 11.3c, d).
Uneventful healing was evident at 2 weeks,
and complete resolution of the soft tissue defect

was observed 4 months following therapeu-
tic intervention (Fig. 11.3e—g). Subgingival
debridement, including removal of excess lut-
ing cement, traditionally entails the use of plas-
tic curettes and polishing pastes. Most plastic
instruments, however, are highly flexible and
can therefore not be used to dislodge subgingi-
val calculus and dental cements with high bond
strengths. Additionally, those instruments carry
an increased risk of leaving remnants of the
instrument material in the surgical site, com-
promising the wound healing. Stainless steel
hand instruments, on the other hand, might
leave significant damage on the treated implant
surface, with subsequent increased plaque
accumulation and biofilm growth. Titanium
instruments are therefore considered state of
the art to avoid the mentioned shortcomings,
yet establishing a biocompatible implant sur-
face after mechanical debridement.
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Magnetostrictive or piezoelectric devices also
seem to damage the implant surface if conven-
tional tips are wused. Copper alloy or
plastic-covered tips are believed to minimize the
damaging effect on the implant surface but may
also increase the risk of leaving material rem-
nants behind. Irrespective of the instrument used,
it seems to be a “conditio sine qua non” to remove
the REC as thoroughly as possible to allow for
soft tissue healing and “restitutio ad integrum.”
This should be accomplished even at the poten-
tial expense of damaging the implant surface, if
necessary, since unequivocal evidence is missing
to support the notion that a damaged implant sur-
face will eventually lead to peri-implant mucosi-
tis or peri-implantitis.

Another, slightly more invasive, approach
consists of removing the entire cemented implant-
supported restoration to obtain extraoral access
for cement removal; this treatment modality is
mainly indicated in the esthetic zone to avoid
negative esthetic sequelae following surgical
intervention.

Case Report (Fig. 11.4a—e) A female patient 45
years of age had an implant placed several years
earlier. She presented complaining of inflamma-
tion around the implant site. A radiograph did not
indicate REC presence; however, this is not
uncommon as described in the previous chapters
within this book. REC was suspected due to the
depth of the restorative margin, so a procedure
designed to evaluate the site was proposed to and
accepted by the patient. Initially the crown/abut-
ment complex would have to be removed. To
obtain access to the contaminated abutment, a
hole was prepared through the implant-supported
crown to access the implant-abutment screw. The
crown and abutment were removed by counter-
torquing the abutment screw (Fig. 11.4b, c).
Residual excess cement was present as suspected.
The foreign material was carefully removed, and
the site cleaned with chlorhexidine gluconate
solution. The crown/abutment complex was also
cleaned then retightened to the recommended
torque and the screw access site within the crown
restored with composite, thereby converting a
cement-retained restoration into a screw-retained

restoration. Significant resolution of the peri-
implant mucositis was observed 6 weeks follow-
ing treatment (Fig. 11.4d). Subsequently, a more
appropriately designed abutment with a more
coronally placed cement margin and a new crown
were made and delivered. Ten months after the
initial visit, the implant restoration remained
clinically inflammation free (Fig. 11.4e) with
complete resolution.

Surgical Approach to Remove
Residual Excess Cement (REC)

The advantage of a noninvasive approach to
remove REC is evident, especially in situations
that are esthetically challenging, and adequate
access for cement removal is likely, for example
the maxillary anterior zone. In situations, how-
ever, where complete cement removal cannot be
accomplished utilizing a closed-flap approach,
surgical intervention becomes more appropriate.
Raising soft tissue flaps to allow access to the site
may also be combined with antimicrobial ther-
apy, regenerative techniques, or adjunctive laser
therapy. Along with an improvement to access
the implant body for debridement, the soft tissues
may also be surgically accessed allowing removal
of any foreign body matter that may also be
present.

Most of the surgical techniques employed to
treat peri-implantitis as a result of REC have
been derived from and used successfully to treat
periodontal lesions around natural teeth. Access
flap, removal of granulation and/or granuloma-
tous tissue, and surface decontamination are a
common practice in treating periodontal or peri-
implant defects.

A clinical example demonstrating the effec-
tiveness of open flap debridement is provided in
the following case example: A 72-year-old male
in good health had 2 implants placed in a one-
stage surgical procedure, with healing caps, in
the maxillary first and second premolar sites.
After allowing for a healing period of 4 months,
the implants were deemed sufficiently osseointe-
grated to allow for final restoration and the treat-
ment completed. After restoration, the first annual
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Fig. 11.4 (a) Inflammation of the peri-implant mucosa.
Residual cement was not detected on radiographic survey.
However, considering the restorative design with a deep
cement margin, incomplete removal of cement was sus-
pected. (b) The decision was made to remove the crown
and the abutment, by creating an access to the abutment
screw. Upon removal of the crown/abutment complex,

recall appointment revealed no issues. However
at the second annual patient follow-up examina-
tion, intraoral radiographs revealed REC on both
implants (Fig. 11.5a, b). The time line prior to
discovering any issues appears to corroborate
Wilson’s study, which found a delay of between 4
months and nearly 9.5 years, with a mean of 3
years, before any issue with the implant is found

residual cement was found. Seen here in the distal- buccal
aspect of the sulcus. (¢) Occlusal view immediately after
removal of the crown. Inflammation is found at the sulcus.
(d) Six weeks after removal of cement. Upon removal of
the crown/abutment complex, absence of inflammation
was found. (e) Facial view 10 months after the initial visit.
The crown and abutment were remade

when cement is involved in the pathogenesis of
peri-implant disease.

Local anesthesia was obtained and a full-
thickness flap was elevated to allow for adequate
visualization of the peri-implant defects. The
mucogingival flap was designed to preserve as
much keratinized tissue as possible and allow for
adequate visual inspection (Fig. 11.5c). Excess
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Fig. 11.5 (a) Peri-implant mucositis is found on follow-
up exam after the restoration was completed. (b)
Radiograph of the area indicates REC. (¢) Upon flap ele-

cement was identified and removed followed by
implant surface decontamination (Fig. 11.5d, e)
using hand instruments and piezoelectric devices.
The mucoperiosteal flap was then apically posi-
tioned allowing for primary closure utilizing 6-0
polypropylene sutures. Complete resolution of
the peri-implant mucositis resulted within three
months  following  surgical intervention
(Fig. 11.5%).

vation, REC was found. (d) Removed cement. (e) Implant
site following cement removal. (f) Uneventful healing 3
months post treatment

The use of implant debridement instruments
made of titanium bristles with a stainless steel shaft
is particularly favorable in achieving a “clean”
implant surface following debridement of the con-
taminated implant surface with conventional
instruments (Straumann guide manual). A conven-
tional surgical or oscillating (maximum of 900
oscillations per minute (OPM) handpiece may be
used with the brush attachment. The following case
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Fig. 11.6 (a, b) Use of titanium brush through a soft tissue fenestration to clean the implant site

report describes the use of the titanium brush
(Fig. 11.6a, b). In this particular situation direct
access was available through the soft tissue fenes-
tration that existed, so no surgical flap was required.
Debridement was carried out using the titanium
brush on a conventional handpiece (Salvin). The
site was carefully evaluated to confirm all undesir-
able material on the implant had been removed and
cleaned with chlorhexidine solution. An autoge-
nous soft tissue graft derived from the palatal tissue
was used to cover the mucosal fenestration in order
to achieve complete coverage of the formerly
exposed and contaminated implant surface.

Surgical Approach to Remove REC

in Combination with Regenerative
Techniques

In the presence of more advanced peri-implant bone
loss and crater-like defects, regenerative techniques
might be employed. Schwartz classified peri-
implant bony defects as they relate to morphologies
that are amenable to hard tissue augmentation.

Class I Well defined intra-bony peri-implant
defects that may present 3- or 4- wall defects
or bony dehiscence. These have some ability to
retain and support bone graft materials.

Class 2 Represents a more horizontal bone loss
pattern.

The better the peri-implant bony defect is
capable of retaining and supporting the bone
graft, the more bone regeneration and clinical
attachment gain will be achieved following surgi-

cal regenerative therapy. The use of bone graft
material in combination with regenerative mem-
branes might be considered in severe 3-wall
defects. The possibility of re-osseointegration at
contaminated implant surfaces was reviewed by
Renvert et al. They concluded based on animal
studies that re-osseointegration is not possible for
the entire contaminated implant surface, with the
amount of re-osseointegration depending largely
on the implant surface and type of access surgery
selected.

Surgical intervention with or without concom-
itant regenerative procedures carries the risk of
esthetic complications including exposure of
implant components and loss of peri-implant soft
tissues.

Case Report A female patient in good health
presented with a complete horizontal fracture
of an maxillary left left lateral incisor. Options
for treatment included extraction of the root and
replacement with a fixed conventional tooth-
borne bridge or an implant, as the root was con-
sidered too short for endodontic therapy and post
core placement. The patient had experience with
dental implants as the contralateral site was pre-
viously replaced with a dental implant and resto-
ration (Fig. 11.7a-h).

The patient opted for extraction, and an imme-
diate implant was placed (Fig. 11.7a). A radio-
graph was made to show the final implant
placement (Fig. 11.7b). A custom healing abut-
ment was fabricated and placed at the time of
implant placement, and the site was allowed to
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heal for 3 months. Once clinical osseointegration
was confirmed by the implant surgeon, the patient
was referred back to the restorative dentist for
completion of treatment.

Four-and-a-half years after the final cemented
crown was placed, the patient returned to the
implant surgeon complaining of pain and
swelling (Fig. 11.7c). Radiographic examination
indicated evidence of significant bone loss asso-
ciated with the implant (Fig. 11.7d).

A full-thickness surgical flap was elevated,
revealing a large bony dehiscence and black dis-
colored mass of foreign material on the implant
surface (Fig. 11.7¢). Further evaluation determined
the mass to consist of REC with the discoloration

Fig. 11.7 (a) Tooth #10 was removed and immediate
implant was placed with customized healing abutment.
Clinical view 3 months after the surgery, immediately
prior to the restorative procedure. (b) Radiograph of the
area showing good peri-implant bone level. (¢) Four-and-
a-half years after restoration, patient presented with severe
gingival inflammation. (d) Radiograph of the area shows
significant peri-implant bone loss. (e) Upon flap elevation,

a result of hemosiderin staining from blood break-
down products. The mass was removed and the
site cleaned first using hand instrumentation then
air abrasion (Fig. 11.7f). Demineralized bovine
bone matrix was grafted and covered with a resorb-
able collagen membrane and the surgical site
closed and sutured (Fig. 11.7g).

The esthetic outcome is unlikely to be accept-
able for many patients even if a complete resolu-
tion of the inflammatory process is achieved
(Fig. 11.7h). Explantation of the affected implant
followed by regenerative therapy and reimplanta-
tion might therefore be considered as an alterna-
tive treatment modality to achieve a more
favorable esthetic outcome.

‘

large amounts of foreign material deposits were found on
implant surface. (f) Air-powder spray device was used to
clean implant surface. Note deep cement margin on the
abutment. (g) Demineralized bovine bone matrix was
grafted and covered with collagen membrane. (h) Two
months post-op (Note significant loss of soft tissue around
the implant)
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Fig. 11.7 (continued)

Long-Term Outcome Following
Surgical Regenerative Therapy

Case Report A female patient 47 years of age
presented for extraction of the maxillary right
canine due to secondary caries resulting from
repair of an external resorption lesion. The tooth

had been diagnosed with irreversible pulpitis,
and treatment options were provided to the
patient. These included root canal therapy and
clinical crown lengthening with possible post
core crown preparation (due to the extent of the
lesion) or replacement of the tooth with a dental
implant (Fig. 11.8a, b). The patient opted to have
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Fig. 11.8 (a) Maxillary right canine with extensive sec-
ondary caries. Clinical view at the time of initial presenta-
tion. (b) Initial radiograph. Note note extensive caries
under the existing restoration. (¢) The tooth was removed
and implant was placed immediately into the extraction
socket. The remaining gap facial to the implant was
grafted with deproteinized bovine bone mineral (DBBM).
(d) Customized healing abutment was fabricated. Clinical
view immediately after the procedure. (e) Radiograph 3
months post-implant placement upon confirmation of the
integration. (f) Clinical view 3 years after implant was

restored. Swelling is seen around the implant. (g)
Radiograph shows significant peri-implant bone loss. (h)
Clinical view upon flap reflection. Note residual cement
(REC) with peri-implant bone loss. (i) Clinical view after
removal of the deposits and decontamination. (j) Clinical
view with deproteinized bovine bone mineral (DBBM) in
place. (k) Surgical site closed and sutures placed. (I)
Clinical view 5 years post decontamination and surgical
repair. Surgical repair site failed to fully resolve. Bleeding
with suppuration were present on probing. (m) Radiograph
taken at 5-year follow-up
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Fig. 11.8 (continued)
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Fig.11.8 (continued)
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Fig. 11.8 (continued)

the tooth removed. At the time of extraction, the
site was evaluated and measured to see if it was
possible to use an immediate implant placement
protocol. The extraction socket was intact, and an
immediate implant placed (Fig. 11.8c, d).
Integration of the implant was confirmed several
months later both clinically and radiographically
(Fig. 11.8e), and the patient returned to the restor-
ative dentist for restoration with a cement-
retained implant-supported crown.

Three years later, the patient presented at the
periodontist’s office with significant swelling
around the implant and complaining of tenderness
on palpation of the site (Fig. 11.8f). Radiographic
evaluation revealed excessive peri-implant bone
loss in combination with REC (Fig. 11.8g). Upon
flap reflection, residual cement was found sur-
rounding the implant-abutment interface resulting

in a significant amount of peri-implant bone loss
including the partial loss of the buccal plate
(Fig. 11.8h). An air-flow device was used to
remove all deposits on the implant surface fol-
lowed by copious irrigation with 0.12 % chlorhex-
idine gluconate in an attempt to decontaminate
the implant surface (Fig. 11.8i). To cover the
implant initially, deproteinized bovine bone min-
eral (DBBM) was placed against the cleansed sur-
face, and then a bovine-derived collagen
membrane was used. To complete the graft proce-
dure (Fig. 11.8)), flap adaptation was performed,
and closure was achieved with 6-0 gut sutures
(Fig. 11.8k). Systemic antibiotics (amoxicillin)
were then prescribed for 10 days and combined
with chlorhexidine gluconate rinses twice daily
for 2 weeks.

Although an attempt was made to resolve the
peri-implant disease with surgical intervention,
the inflammation remained and resolution did
not occur. This was evident at subsequent fol-
low-up visits (Fig. 11.8], m). Suppuration and
bleeding were found upon probing, and while
the implant survived during this period, surgical
intervention clearly failed to re-establish healthy
peri-implant tissues. This problem is not uncom-
mon with Schwartz reporting poor surgical out-
comes associated with bony dehiscences. When
this type of defect is found in the esthetic zone,
it may be better to remove the implant rather
than trying to regenerate the peri-implant
tissues.

Explantation and Subsequent
Implant Replacement

Explanation therapy is indicated in situations
where previous regenerative attempts were
unsuccessful or when peri-implant bone loss
exceeds more than 50 % of the implant surface.
Class I peri-implant defects tend to yield better
results compared to class II (characterized by
consistent horizontal bone loss by Schwarz)
defects in their inherent regenerative potential
following removal of the failing dental implant.
Different implant removal systems are available
(Implant Extraction System, Biotechnology
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Institute, Blue Bell, PA, USA) to remove failing
implants minimizing the need for bone trephina-
tion, which would leave larger circumferential
bone defects. The atraumatic extraction systems
are counter-threaded which are inserted directly
into the implant in a counterclockwise manner.
The torque wrench is subsequently fitted and fur-
ther turned counterclockwise with up to 200 Ncm
until the osseointegration between the implant
and surrounding bone fails, releasing the implant.
In the event that the counter-torque exceeds 200

Ncm and the implant fails to unscrew, a trephine
bur is recommended to remove the most coronal
3—4 mm of the bone from the implant (BTI man-
uval). This approach facilitates rapid and predict-
able implant removal with minimal trauma to the
peri-implant bone and tissues.

Case Presentation (Fig. 11.9a-g) A male
patient presented with a failing implant in the
mandibular right second premolar region
location as evidenced by increased peri-implant

Fig. 11.9 (a) Clinical photograph and (b) radiographic
image of implant site. Lower right second premolar pre-
senting with signs of peri-implantitis. (¢) Implant removal
using counter-torque device seen within the implant. REC
is seen at the implant collar. (d) The explanted implant site

is cleaned and graft material placed. (e) New implant
placement with healing cap in situ. (f) Subsequent new
restoration with screw-retained crown 3 months later. (g)
Final radiographs demonstrating adequate peri-implant
bone levels (Photo courtesy of Dr. Darrin Rapoport)
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Fig. 11.9 (continued)
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probing depth in combination with suppuration
and severe radiographic peri-implant bone
loss. His dental history revealed previous
attempts to save the failing implant via nonsur-
gical and surgical means including regenera-
tive procedures. Findings, treatment options,
risks, and benefits were reviewed with the
patient, and the need for implant removal was
explained. The implant was subsequently
removed with the use of an atraumatic extrac-
tion system, and its explantation site was
grafted with rehydrated solvent-dehydrated
allograft (SDA) and covered with a collagen
membrane. Surgical field closure with good
hemostasis was accomplished with 5-0 ePTFE
sutures. The site was left for 4 months of heal-
ing prior to implant replacement. A replace-
ment implant was subsequently placed and a
further 3 months of healing to allow for osseo-
integration before the implant was restored,
this time with a screw-retained implant-sup-
ported restoration thereby avoiding the need
for any type of luting cement.

Conclusion

Residual excess cement is one of many etiologic
factors for the development of peri-implant
mucositis, peri-implantitis, and possible loss of
osseointegration of dental implants. The use of
screw-retained implant-supported restorations
would eliminate the need for luting cements and
therefore eliminate a potential component cause
for implant failures. Unfortunately, anatomical,
esthetic, and occlusal considerations might
require the use of cement-retained, implant-
supported restorations.

This chapter proposes an incremental treat-
ment approach to prevent or treat peri-implant
mucositis and/or peri-implantitis related to
residual excess cement (see Fig. 11.10). A less
invasive treatment approach is always prefer-
able to minimize postoperative morbidity and
avoid negative esthetic sequels. In certain clin-
ical indications, removal of the failing implant
might be the treatment modality of choice in
order to avoid additional damage to the peri-
implant structures or adjacent periodontia.

C Can you detect residual cement? )

Fig.11.10 Proposed
incremental treatment
approach to prevent or treat
peri-implant mucositis and/or
peri-implantitis related to
residual excess cement

Non-surgical
removal of cement

Persistant inflammation?
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