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H
istorically, osseointegration has
been the major topic of interest
in dental implant research.1,2

Successful bone-to-implant contact
can be predictably achieved through
various surface treatments of the
implant fixture potentially accelerating
the osseointegration process. Recently,
a parallel shift of attention occurred
toward studying soft tissue integration
in the peri-implant cuff.3–32 In addition,
the focus evolved from a surgically
driven approach to a prosthetically
driven approach and now to a more
biologically driven approach with the
ultimate goal of optimizing and main-
taining esthetics.16,24 However, a pau-
city of data exists on the clinical factors
and procedures for establishing a stable
soft tissue profile and achieving long-
term esthetic success.

Modern techniques of implant den-
tistry include placing the implants at
bone level to provide adequate space for

the restoration’s emergence profile.
With this practice, the abutment usually
traverses the soft tissues and is in direct
contact with epithelium and connective
tissue.33 To obtain long-term success of
the restoration, with stable soft tissue
and therefore a stable esthetic result,
the prosthetic materials have to be in
homeostasiswith the adjacent biological

tissues and should not be irritating or
toxic to the tissues. Ideally, the pros-
thetic connection should establish a bio-
logical seal and integration to the
surrounding tissues, similar to that pro-
vided by nature.4,9,10,17,34

The interface between the gingival
soft tissue and the tooth or implant
is composed of the epithelium and
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Purpose and Objective: The aim
of this in vitro study was to investi-
gate the ability of epithelial cells to
attach to or proliferate on various
mechanical or chemical surface
treatments of an implant provisional
material.

Materials and Methods: Poly-
ethyl methacrylate discs 10 mm in
diameter and ;0.2 to 0.75 mm in
width were used in the study. Exper-
imental discs were treated with either
a mechanical (pumice, varnish for
shine, or high polishing) or a chemi-
cal agent (alcohol, chlorhexidine, or
steam) to provide cleaning and/or
polishing. Using primary human epi-
dermal keratinocytes, experiments
were performed to test the adhesion
or proliferation of cells on the discs
with various surface treatments.

Results: Scanning electron
microscope analysis, rhodamine stain-
ing, and cell counting using a hemo-
cytometer corroborated all findings

and illustrated that the highest cell
adhesion was found to be in the
smooth surface treatment groups and
the poorest adhesion was found to be
in the rough surface groups and
chemical treatment group.

Conclusion: Within the limita-
tions of this study, the following
clinical protocol is recommended
for finishing, polishing, and disin-
fecting implant provisional restora-
tions: coarse, medium, fine pumice
/ high polishing (if desired) /
steam. It is recommended to avoid
applying varnish in the perimucosal
area near the epithelium. This study
could establish the most appropriate
way to handle provisional restora-
tions in the peri-implant sulcus for
improved soft tissue health, esthetics,
and long-term stability. (Implant
Dent 2017;26:12–23)
Key Words: immediate loading,
interim prosthesis, biomaterials,
disinfection
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connective tissue, which form the bio-
logical width.4,10,33 The epithelial
attachment around natural teeth has
been well described in the litera-
ture.34–37 Light and electron micros-
copy studies illustrate similarities
between the natural tooth sulcus and
the peri-implant sulcus in both animal25

and human models.21 The tissue at the
most coronal aspect and adjacent to the
implant abutment consists of the free
gingival margin, which is covered by
stratified squamous epithelium. As the
epithelium progresses apically down
the implant abutment surface, the epi-
thelium becomes nonkeratinized.25

Below the junctional epithelial attach-
ment lies the connective tissue attach-
ment. The most critical difference
between periodontal and peri-implant
tissue is the absence of Sharpey fibers
extending into the implant. This results
in a compromised perigingival defense
mechanism, which must rely primarily
on the adhesive quality of the junctional
epithelium. There is no fiber “backup”
system as that observed on the natural
dentition because the directions of the
fibers are usually described as parallel
to the long axis of the implant and not
perpendicular as seen in teeth.4 In
effect, the periodontal and peri-implant
soft tissues are histologically similar
but not identical. The epithelial attach-
ment is similar; however, the connec-
tive tissue fibers do not attach as they
do in the natural tooth and therefore
may alter the peri-implant tissue’s sus-
ceptibility to disease. For this reason, in
this particular study, we decided to
focus on the epithelial attachment as it
serves to be the primary source of
defense for implant restorations as well
as shares most similarity with natural
dentition.

An important method of establish-
ing and stabilizing the soft tissue profile
around dental implants is through the
healing phase of provisionalization.
Dental implant provisionalization can
be performed at the time of implant
placement or after implant osseointe-
gration allowing for the recommended
manufacturer healing time. Implant
provisionals provide significant and
invaluable benefits such as enhanced
patient comfort and satisfaction, as well
as the ability to contour peri-implant

tissues.38 This procedure is critical in
the esthetic zone, where the restorative
dentist is able to contour the soft tissues
and provide an ideal emergence profile
to aid in both esthetics and phonet-
ics.14,16,38 In nonesthetically critical
areas of the mouth, the provisional is
necessary for occlusion refinement, es-
tablishing critical gingival embrasure
areas to prevent or reduce food impac-
tion and to provide an ideal emergence
profile to ensure proper oral hygiene
around the implant platform. In effect,
proper provisionalization allows for
both diagnosis and treatment of implant
prosthetics. If the provisional restora-
tion is not handled with proper care, it
may negatively impact the final restora-
tion, as well as the integrity and health
of the implant body. Complications
such as gingival recession, inflamma-
tion, crestal bone loss, poor access to
proper hygiene, and even implant fail-
ure are possible.10

Some of the most popular materials
for dental implant provisional restora-
tions are polymethyl methacrylate
(PMMA) and polyethyl methacrylate
(PEMA) because of their ease of manip-
ulation, strength, ability to conform to
tissues, and relatively nontoxic proper-
ties.39,43 Ethyl methacrylates were for-
mulated as an alternative to methyl
methacrylates to overcome some of their
disadvantages. Some of the improved
characteristics include good polishabil-
ity, improved stain resistance, lower exo-
thermic setting reaction, and lower
polymerization shrinkage.40–42 Informa-
tion related to implant-fixed provisional-
ization is limited and is based on natural
tooth provisionalization techniques.44–46

Existing dental literature, regarding cell
adhesion or cell proliferation, primarily
focuses on permanent abutment materi-
als such as titanium, gold alloy, and
ceramic.5,9,15,19,21,22,25,27–29 Material
composition, surface topography, sur-
face tension, and surface energy have
been studied in the past.3,5,7,9,22,23,27,29

Regarding surface topography, the
literature is controversial, as it has been
shown that both rough and smooth
surfaces allow for epithelial cell adhe-
sion to a substrate.3,7,9,15,22,27,29,47,48

However, a slight majority of studies
show increased attraction of epithelial
cells toward a smooth surface as

opposed to a rough surface.9,22,27,29

Bacterial plaque was not examined in
this study; however, as demonstrated
in early studies by Waerhaug, a rough
surface facilitates the retention of bac-
terial plaque.48 This is another critical
source of irritation to peri-implant tis-
sues; therefore, surface topography
may play an important role in cell adhe-
sion, cell proliferation, and therefore
soft tissue stability around dental
implants.

In addition, it has been well docu-
mented that epithelial tissue attachment
is significantly improved when a clean
and smooth surface is introduced, such
as scaling the root surface of the tooth or
cleaning the restoration.27 A strong epi-
thelial attachment prevents both bacte-
rial down growth as well as soft tissue
stability both esthetically and structur-
ally around the implant restoration.10

Therefore, the method with which the
restorative dentist treats the provisional
restoration may impact the short- and
long-term outcome and success of over-
all implant therapy.

Some of the anecdotal protocols for
treatment of implant provisional resto-
rations include mechanical polish using
fine laboratory burs with pumice,
applying a varnish as well as high
polishing.40,41 Some of the common
chemical treatments include treatment
with alcohol, chlorhexidine gluconate,
or steam. However, there is no report in
the literature of studies completed to
determine which technique is most effi-
cient in improving the ability of epithe-
lial cells to attach to the provisional
restorative material. Improving epithe-
lial cell adhesion could potentially
strengthen the peri-implant cuff and it
can create a biological seal that prevents
bacterial invasion, peri-implant disease,
and furthermore implant loss. In addi-
tion, it could allow for the soft tissues
surrounding the implant to keep a good
spatial relationship and might play an
important role in esthetics. Biocompat-
ibility is therefore an important factor
for treatment success.

The purpose of this in vitro study
was to investigate the ability of epithe-
lial cells to attach to and proliferate on
various surface topographies of tempo-
rary implant material after different
mechanical and chemical treatments.
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Todate, there is no evidence-based clin-
ical protocol for proper handling of pro-
visional restorations traversing the soft
tissues of an implant restoration.

MATERIALS AND METHODS

PEMA samples (Super-T Tempo-
rary Crown and Bridge material; Amco
International, Conshohocken, PA) were
all prepared by the same operator using
vinyl polyvinyl siloxane (PVS) dupli-
catingmaterial (PolyPour; GCAmerica,
Alsip, IL) to duplicate a model plate
(Permanox Cell Culture Dish; Thermo
Scientific, Waltham, MA). The model
plate that was duplicated for all the
samples had the following parameters:
10 mm in diameter and;2 to 0.75 mm
thick. Thickness varied among samples
because of the rebound effect of the PVS
material. Thiswas not a concern because
the thickness of the disc did not affect the
cell behavior or the results, as the cells
were added directly to the surface.

A total of 84 experimental PEMA
discs were prepared and were mechan-
ically finished to smooth out any irreg-
ularities using laboratory carbides
(H251.11.060 HP TC cutter carbide;
Brasseler, Savannah, GA) and diamond
burs (368.11.023 HP medium football
diamond; Brasseler, Savannah, GA).
The control discs were not treated any
further. The remaining discs were
divided into 6 additional groups based
on the surface treatment as follows:
group1dcontrol (C), group2dPumice
(Pum), group 3dVarnish (Palaseal;
Heraeus Kulzer, South Bend, IN),
(Var), group 4dHigh polishing (Acri-
lustre; Buffalo Dental, Syosset, NY),
(HPol), group 5dChlorhexidine gluco-
nate 0.12% (CHX), group 6dAlcohol
(Al), and group 7dSteam (St).
(Table 1).All discs ongroups2 to 7were
initially polished mechanically starting
with coarse, medium, andfine laboratory
pumice (Henry Schein; Melville, NY)
using a wet rag wheel (Muslin Wheel;
Kerr, Orange, CA), before they were
treated further mechanically or chemi-
cally. The discs were washed with water
and mild soap (Moist Sure; Sultan York,
PA) in between each polishing cycle.
Hand polishingwas used to best simulate
clinical conditions as would occur in
a dental office. Vinyl gloves (Kimberly-
Clark, Irving, TX) were used throughout

all the treatment procedures, and discs
were wrapped in sterile gauze when not
in use.

The surface treatmentswere selected
based on those that are most commonly
used in the dental practice. To simulate
clinical conditions, groups 5 (CHX) and
6 (Al) were soaked for 10 minutes and
group 7 (St) was treated for 10 seconds.
Immersion time was not a critical factor
in this particular experiment as the aim
was to evaluate cell adhesion or cell
proliferation on different surfaces as
opposed to the ability of the chemical
treatment to disinfect the surface in the
given period. According to the Centers
for Disease Control and Prevention
(CDC), immersion times vary depending
on the level of disinfection that is
required. In this particular study, clin-
ical conditions were simulated for
a 10-minute disinfection soaking.20

The same operator performed all
surface treatment procedures. Because

this was an in vitro study, the samples
that were not chemically treated,
which included groups 1 (C), 2
(Pum), 3 (Var), and 4 (HPol), had to
be sterilized under ultraviolet (UV)
light for 10 minutes before the cell
attachment assay. This is due to the
fact that the cells are isolated in media
and do not have an immune system to
ward off any potential contaminant
that may be present on the surface of
the discs. The limitation of this treat-
ment will be discussed in further
sections.

The sample size consisted of 3
discs per group for each experiment. A
total of 4 experiments were performed:
2 attachment assays, 1 proliferation
assay, and 1 chemical treatment com-
parison assay.

Primary human epidermal kerati-
nocytes at low passage were used in all
the experiments. One advantage of
using human cells is easier correlation

Table 1. Surface Treatments Groups Description

Groups Surface Treatments

1. No Treatment/Control
(C)

Mechanical finishing with laboratory carbide and diamond
burs.

2. Pumice (Pum) Mechanical finishing with laboratory carbide and diamond
burs. Polishing using coarse, medium, and fine
pumice. Washed with water and mild soap between
each polishing cycle.

3. Varnish (Var) Mechanical finishing with laboratory carbide and diamond
burs. Polishing using coarse, medium, and fine
pumice. Washed with water and mild soap between
each polishing cycle. Application of 1 layer of varnish
followed by curing cycle.

4. High Polishing (HPol) Mechanical finishing with laboratory carbide and diamond
burs. Polishing using coarse, medium, and fine
pumice. Washed with water and mild soap between
each polishing cycle. High polishing application using
a dry rag wheel.

5. Chlorhexidine
gluconate 0.12% (CHX)

Mechanical finishing with laboratory carbide and diamond
burs. Polishing using coarse, medium, and fine
pumice. Washed with water and mild soap between
each polishing cycle. Soaked in chlorhexidine for
10 min.

6. Alcohol (Al) Mechanical finishing with laboratory carbide and diamond
burs. Polishing using coarse, medium, and fine
pumice. Washed with water and mild soap between
each polishing cycle. Soaked in alcohol for 10 min
(leaving some alcohol behind vs drying it).

7. Steam (St) Mechanical finishing with laboratory carbide and diamond
burs. Polishing using coarse, medium, and fine
pumice. Washed with water and mild soap between
each polishing cycle. Disinfected using steam.
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between the observations and clinical
extrapolation. In particular, primary
cell cultures more closely mimic the
physiological state of cells in vivo.
Epidermal keratinocytes (skin cells)
are highly specialized epithelial cells
designed to perform a very specific
function, which is the separation and
protection of the organism from its
environment.28 Although oral and
skin keratinocytes have certain
intrinsic differences, they share many
histologic and functional characteris-
tics.60,61 Ueda,59 in 1995, was the first
to describe the use of oral mucosal

keratinocytes for skin wound repair,
therefore demonstrating the utility of
epidermal keratinocytes as a model of
cell adhesion with relevance to oral
epithelial cells.

Techniques for isolation and prop-
agation of keratinocytes from human
skin have been established and are
being routinely used in research.49

The human primary epidermal kerati-
nocyte isolation protocol was com-
pleted as follows: first, skin specimens
were rinsed thoroughly in phosphate-
buffered saline (PBS) (Gibco; Thermo
Fisher Scientific, Waltham, MA) con-
taining Pen/Strep (Gibco; Thermo
Fisher Scientific, Waltham, MA),
0.1% betadine and 70% ethanol. After
that, the tissue was transferred to
a 100 mm petri dish with the epidermis
side down. This allowed for access to
remove adipose tissue from the sample.
The skinwas then transferred to another
dish and sectioned into small fragments
(1–3mm in size). These fragmentswere
then transferred to a tube containing
5 mL dispase (Gibco; Thermo Fisher

Scientific, Waltham, MA) and incu-
bated overnight at 4°C. Dispase is
a protease, which cleaves fibronectin
and collagen, allowing for isolation of
epithelia from the mesenchyme. The
next day, the tissue was isolated from
the dispase and the epidermis was sep-
arated from the remaining dermis with
a sharp scalpel dissection. The isolated
epidermis was placed into 5 mL of
0.25% trypsin (Gibco; Thermo Fisher
Scientific,Waltham,MA) and incubated
in a water bath for 30 minutes at 37°C.
After this, 20 mL DMEM (Dulbecco’s
Modified Eagle Medium)/10% FBS
(Fetal Bovine Serum) (Gibco; Thermo
Fisher Scientific, Waltham, MA) was
added to inactivate the trypsin. Dissoci-
ated cells were passed through sterile
cell strainer and resuspended in CnT-07
keratinocyte growth media (CellnTech)
and seeded onto P100 dish for mass
propagation as described below (Fig. 1).

After the keratinocyte cells were
isolated from the primary human fore-
skin, a process of subculturing (passag-
ing) was performed to prolong their life
and expand the number of cells in the
culture. The human keratinocyte passage
protocol was completed as follows: First,
the cells were washed once using 3 mL
versene solution (Gibco; Thermo Fisher
Scientific, Waltham, MA). Versene was
aspirated, and 3 mL 0.05% trypsin-
EDTA (Ethylenediaminetetraacetic
acid) (Gibco; Thermo Fisher Scientific,
Waltham, MA) was then added and the
mixturewas incubated for 6 to 8minutes
at 37°C. Using a pipette, the cells were
detached and 10 mL 10% FBS (Fetal
Bovine Serum)/DMEM (Dulbecco’s
Modified Eagle Medium) was added
and centrifuged at 1000 rpm for 7 mi-
nutes. The supernatant was aspirated
and keratinocyte growth media were
added. The cells were then resuspended
and seeded.49

Cellular adhesion is a necessary step
for many cellular activities, such as
differentiation, proliferation, and cell
expression. Adhesion of the cell on
a substrate will determine its fate. It will
allow the cell to spread. The attachment
assay in this studywas primarily focused
only on the number of cells that were
attached to the substrate (Fig. 2).

The attachment assay (group 1A–
group 7A) was the same as the

Fig. 1. Schematic diagram for the isolation of keratinocytes from human skin. A, Separation of
the epidermal and dermal compartments. B, Isolation of keratinocytes. Adopted from Nor-
mand and Karasek,67 1995.

Fig. 2. Illustration of the attachment and
proliferation experiments. Acrylic discs made
of PEMA were placed in a culture dish and
seeded with epithelial cells.
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