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Horizontal Ridge Augmentation Using Titanium
Tenting Screws Followed by Implant Placement

Nabil E. Beaini DDS1 • Michael Umaki DDS2 • Charles Cobb PhD, DDS3
Abstract

M

any bone grafting methods have been
proposed to reconstruct maxillary or
mandibular edentulous ridges.
The
amount of resorption influences the outcome
of any regeneration technique. Siebert classified ridge defects according to their morphology
and severity.1 The “Siebert classification” has
helped standardize communication among clinicians in the selection and sequencing of reconstructive procedures designed to eliminate the
classified defects. In addition to this classification, other factors (Table 1) should be included in
considering the appropriate surgical technique.

In a systemic review by Fiorellini and Nevins,2 it
was reported that implants placed in sites treated
by guided bone regeneration (GBR) had a survival of 95.8% ± 5% at 56.5 ± 25.5 months. The
span of the edentulous ridge and the amount of
attachment on the neighboring teeth had significant impact on the predictability of the chosen surgical approach. It should be noted in this
regard that a mean horizontal width of 3.5 mm
can be expected following alveolar ridge augmentation techniques.3 This case report presents the surgical reconstruction of a maxillary
edentulous segment prior to implant placement.

KEY WORDS: Ridge augmentation, bone graft, dental implants
1. Private Practice Columbia, MO
2. Private Practice Honolulu, HI
3. Professor Emeritus, University of Missouri Kansas City
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Figure 1: Occlusal view of the maxillary right premolar
area.

INTRODUCTION AND
BACKGROUND
Over the past two decades, many bone augmentation procedures have been proposed with a
variety of factors that must be considered (Table
1). These procedures are intended to address
and augment an edentulous ridge in a horizontal
and/or vertical fashion. Sinus lifts are intended
to augment pneumatized sinuses prior to or at
the same time of implant placement.4, 5 Ramus
and chin block graft are becoming more predictable and are typically employed to reconstruct a
ridge that lacks in the horizontal and/or vertical
dimensions.6 Split ridge osteotomies are used
to increase dimensions of an edentulous ridge
in a horizontal dimension.7 The development of
barrier membranes resulted in the technique of
GBR. The concept of a barrier membrane was
first tested in the late 1950s and early 1960s by
using Millipore filters in the healing of orthopedic
bone defects. In the early 1980s the potential
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Figure 2: Facial view of the maxillary right premolar area.

of the barrier membrane technique was recognized by a Scandinavian research team, who systematically determined the relative contribution
of different tissues to the healing of periodontal structures in various experimental and clinical studies.8, 9 The Scandinavian studies lead
to the evaluation of barrier membranes for the
regeneration of bone defects in the edentulous
jaw. Two types of membranes could be used to
achieve that purpose, non-resorbable membranes
and resorbable membranes. Unlike the resorbable membrane, the non-resorbable membrane
requires an additional surgery to remove the barrier. The basic reason for using a membrane
(resorbable or non-resorbable) is two-fold: 1)
exclusion of epithelium; and 2) provide and maintain space to allow for regeneration of bone.10

CASE REPORT
A healthy 48 year-old male presented to the
Graduate Periodontics Clinic at the University

Beaini et al

Figure 3: Radiograph of the maxillary right premolar area
showing lateral profile of edentulous alveolar ridge.

Figure 4: Collagen membrane secured in place over
the tenting screws immediately prior to placement of
particulate bone grafting material.

Figure 5: Primary closure attained.

Figure 6: Edentulous alveolar ridge following tenting
screw removal and immediately prior to preparation
of osteotomies showing significant horizontal bone
regeneration.

of Missouri Kansas City for implant placement.
Approximately 5 years previous to presentation,
the patient had lost the maxillary right bicuspid
teeth (#4 and #5) due to non-restorable car-

ies. The patient’s medical history was unremarkable. An 18-film full-mouth radiographic
survey was taken and a comprehensive oral
examination and consultation was conducted.
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Figure 7: Osteotomies prepared.

Figure 8: Implants placed and flap closure.

Figure 10: Two-week post-implant placement.

Figure 9: Immediate post-implant placement radiograph.

The patient stated that bone was removed at the
time of extraction in order to facilitate removal
of the hopeless teeth. As a result the edentulous ridge was deficient in the horizontal dimension (Figs. 1 & 2). In addition, the ridge showed
minor resorption in the vertical dimension (Fig.
3). Due to the multidimensional resorption pattern the edentulous ridge was classified as a
Siebert Class 3. The treatment consisted of hori-
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Figure 11: Bitewing radiograph September 2014.

Beaini et al

Table 1: Factors Influencing Treatment Plans

zontal ridge augmentation followed by implant
placement to replace the two missing bicuspids.
Three carpules of 2% Lidocaine with
1:100,000 epinephrine and one carpule of 0.5
% Marcaine™ (Hospira, Inc., Lake Forest, IL)
with 1:200,000 epinephrine were administrated
by infiltration. Full thickness flap reflection was
performed and the edentulous bony ridge was
exposed. The existing buccal plate was decorticated11,12 using a #2 round bur and three pilot-

holes for tenting screw placement were prepared
in the buccal cortical plate. The pilot-holes were
positioned in a tripod fashion with 3 mm of separation from each other. The tenting screws,
OsteoMedTM Autodrive (OsteoMed, Addison,
TX) self-drilling screws, 2 mm diameter x 10 mm
length, were then inserted. A periosteal release
was performed in order to ensure primary closure at the end of the procedure (Fig. 4). The
next step involved using Puros Allograft® (Carls-
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bad, CA) which was hydrated and then compacted into the area.
A resorbable BioMend
Extend® membrane (Zimmer Dental, Carlsbad,
CA) was secured over the graft and titanium
screws and the flap was primarily closed (Fig. 5)
using Vicryl™ 4-0 sutures (Ethicon, Inc, Somerville, NJ). Amoxicillin 875 mg b.i.d., Vicodin
5/500 and Motrin 800 mg were prescribed. The
post operative appointment was scheduled at
10 days. Healing was normal and uneventful.
At 5-months post-augmentation surgery, the
patient presented for implant placement. Anesthesia was achieved by utilizing three carpules
of 2% Lidocaine with 1:100,000 epinephrine
and one carpule of 0.5% Marcaine™ (Hospira,
Inc., Lake Forest, IL) with 1:200,000. A full
thickness flap was elevated (Fig. 6), the tenting screws were removed and the osteotomies started (Figs. 7). Two SLA Straumann®
bone level NC implants, measuring 3.3 x 10
mm, were placed. Adequate clearance was
kept between the implants and between each
implant and adjacent tooth.13,-15 Healing abutments were placed and the flap was replaced
(Fig. 8). Periapical radiographs were taken to
verify the angulation of implants and their proximity to the maxillary sinus (Fig. 9). The patient was
given written and oral instructions and evaluated
at 10 days post-operatively (Fig. 10). A bitewing
radiograph was taken in September 2014 at the
patient’s periodontal maintenance visit (Fig. 11).

CONCLUSION
Examination and classification of resorbed edentulous ridges is critical to the long-term prognosis of the rendered treatment. Throughout
the past decades, many reconstructive surgical techniques have been developed in order
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to rehabilitate those defects.
Guided bone
regeneration has proven to be a very predictable procedure as shown in this case report. ●
Correspondence:
Dr. Nabil E. Beaini
Columbia Implants and Periodontics LLC
201 w. Broadway Ste 5A,
Columbia, MO 65203
(P) 573.443.0593
(F) 573.443.3156
nbeainidds@gmail.com
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The “Slam-Dunk” Implant - How Common Is It?
A Report of 200 Consecutive Implants in a
Military Treatment Population

Horning

Greg Horning, DDS, MS1
Abstract
Background: A “Slam-Dunk Implant” implies
an easy case in which no initial site preparation is needed, no factors complicate
placement, and a flapless approach may
be used. But how common are such easy
cases? How predictable is this assessment?
Methods: A consecutive series of 200 implants
in 161 patients (27 female, 134 male) was
reviewed in a young and healthy military treatment population. Various complicating factors
were examined, including those known beforehand, and those encountered during surgery.
Results: Only 15% of the cases actually
proved to be “straightforward,” without significant complicating factors; 26.5% were “mostly
straightforward” (1 factor); 20.5% were “less
straightforward” (2 factors); 21% were “complex”

(3 factors); and 17% proved “very complex” (4-6
factors). The mean number of complicating factors per implant was 2.04. Of the 63 cases initially considered “slam-dunks”, only 32% actually
proved straightforward, without complicating
factors during surgery, while 36% were mostly
straightforward, with one factor. The remainder (32%) had 2-6 complicating factors. Only
4 cases (2%) out of 200 actually proved to be
“slam-dunks.” Implant survival was seen in 97.5%,
and implants had an average of 1.35 mm crestal
bone loss at 7.9 months following placement.
Conclusions: Surgical placement of a dental implant is rarely a “slam-dunk.” While many
cases in this series were quite straightforward, the average case had at least two factors of complexity. The implant surgeon must
be prepared to employ advanced techniques.

KEY WORDS: Dental implants, oral surgery, case series, surgical technique,
risk assessment, success rates
1. Diplomate, American Academy of Periodontology, Currently: Park Place Dental Clinic, Norfolk, Virginia; Previously,
Periodontics and Implant Dentistry, Dental Department, Naval Branch Health Clinic, Port Hueneme, California*
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Figure 1: “Slam-Dunk” Ridge: no site preparation,
apparently adequate ridge.

INTRODUCTION
“Slam-dunk” is a basketball expression often used
by developing implant surgeons to broadly denote
an implant case that appears to be very simple to
place. More narrowly, this might suggest no site
preparation is needed, there are no complicating
surgical factors, and that a flapless approach can
be used, as in Figures 1 and 2. The Academy of
Osseointegration has classified implant surgeries
into two categories. “Straightforward” cases have
minimal anatomic risks, no need for significant
hard or soft tissue grafting, and no need to modify the anatomy. “Complex” cases, however, have
increased risk to anatomic structures, and may
require extensive hard and soft tissue grafting, or
alteration of anatomic structures.1 But how common are straightforward cases? How predictable
is the initial assessment on the complexity of the
case? Certainly, the simple, quick and atraumatic
placement of a dental implant into a functional and
esthetic location is a major goal of the surgeon,
but close examination often reveals factors that
make this goal more difficult than first believed.
Management of any complicating factors
observed may result in a technically challeng-
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Figure 2: “Slam-Dunk” following flapless placement, with
3 mm marginal gingiva.

ing surgery, but failure to do so may result in
the potentially serious surgical complications
that have been reported2. These may include:
wrong implant angulations, spacing, or lengths;
overheating bone or devitalizing neighboring
teeth; swallowing or aspirating implant instruments; mandibular nerve injury, maxillary sinus
membrane perforation, fracture of the mandible; and bleeding from the lingual artery following perforation of the lingual cortex.3,4
Certain factors may make dental implant surgery more complex. These may include certain challenges known before surgery, as well
as those that become apparent only during surgery. The need to employ difficult or sophisticated techniques for proper placement may also
add to the complexity. Factors known early may
include short or thin ridges, gingival deficiencies,5
ridge concavities (including the submylohyoid
space or canine fossa of the mandible, with lingual artery proximity), mandibular nerve proximity, and maxillary sinus proximity. Others factors
in this group may include esthetic zone implants,
multiple implants, immediate implants, frail or difficult patients, and sites of previous implant fail-

Horning

Figure 3: Mostly Straightforward case with 2 mm exposed
titanium.

Figure 4: Mostly Straightforward case with bone graft
placed.

Figure 5: Mostly Straightforward case flap closure with a
broad band of keratinized gingiva.

Figure 6: Complex case with apical fenestration of buccal
concavity, and coronal titanium exposure.

ure, where a survival rate of only 71% has been
reported.6 Some of these factors can be avoided
by orthodontic therapy,7 socket preservation8,
or by enhancing the ridge before implant surgery through gingival grafting, ridge augmentation, or augmentation of the maxillary sinus.9,10,11
Complicating factors revealed only during
surgery may include soft bone with consequent
poor primary stability, excessive bleeding, bony
dehiscences or fenestrations that occur during site preparation, and various clinical incidents or surprises.
Technically challenging
techniques or procedures required to properly

place implant may range from split thickness periosteal releases to permit tension-free closure12
to soft-tissue grafting13, bone grafting alone or
with guided bone regeneration barriers,9 ridge
expansion,14 osteotome sinus lifting,15,16 piezosurgical sinus lifting,17,18 lateral sinus augmentation with simultaneous implant placement,19 and
immediate implant placement at the same time
as tooth extraction and sinus augmentation.20

PURPOSE OF STUDY
The purpose of this study was to review a consecutive series of implant cases in a military treat-
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Figure 7: Planning multiple implants with sinus floor
proximity: initial x-ray.

Figure 8: Multiple implants with osteotome sinus lift.

Figure 9: Very complex case with lateral sinus
augmentation: initial.

Figure 10: Lateral sinus case grafted.

ment population, examining various factors of
complexity in surgical implant placement to determine how many dental implant surgeries actually
were complex, straightforward, or “slam-dunks”.

ment of the Naval Branch Health Clinic, Naval
Base Ventura County, California. As per U.S.
Navy protocol, none of the patients were tobacco
users, and none suffered from diabetes or significant systemic illness. The treatment plan for
each implant patient was approved though the
Dental Implant Board of the Dental Department.
The patients treated in this series were 83%
male (134) and 17% female (27), with an average age of 34.7 years (SD 8.5, range 21-59).
All surgical treatment was performed by the
author, a board-certified periodontist with more
than 27 years of experience with implant place-

TREATMENT POPULATION
AND METHODS
Records from a consecutive series of 200
implants placed in 161 patients over a threeyear period were reviewed. All patients were
active duty military members in generally excellent
physical health, and all were treated in the normal course of dental care in the Dental Depart-
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Figure 11: Radiograph showing crestal placement.

Figure 12: Radiograph showing crestal bone loss
at 3 months.

ment. Implant restorations were made by an
experienced,
board-certified
comprehensive
dentist.
As part of standardization throughout the U.S. Navy, only one dental implant system was used (BioMet 3i, Palm Beach, Florida),
but different fixture configurations in this system were used according to the needs of the
patient and the preferences of the implant team.
Detailed surgical information recorded for
each surgery included patient age and gender, fixture and site parameters, surgical findings, and treatment performed. Site and clinical
parameters included: previous site preparation,

perceived bone density at surgery, and seating position of the implant platform. Primary
stability of the fixture was recorded as excellent, good, fair, or poor. Other factors recorded
included exposure of titanium after implant seating, the type of any bone graft or barrier used,
the placement of a healing abutment or implant
submergence, and the need to use certain special techniques. Other factors recorded included:
flapless access versus mucoperiosteal flap, immediate implant placement, close proximity (<2 mm)
to anatomic hazards (maxillary sinus, mental or
mandibular nerve, or significant buccal or lingual
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concavities), immediate placement or temporization, multiple implants, bony perforations or dehiscences, maxillary anterior esthetic cases, and
special factors such as a previous implant failure
in that site. Each implant was scored according
to the factors of complexity into five categories:
straightforward (0 factors), mostly straightforward
(1 factor), less straightforward (2 factors), complex (3 factors), and very complex (4-6 factors).
Clinical examples are seen in Figures 3 to 10.
All patients were carefully followed during the postoperative and healing period, and
every effort was made to test the implants for
integration in a timely manner, typically 2-3
months, before restoration. Radiographs were
taken following integration or restoration, and
changes in bone levels from the initial crest
level were measured to the nearest millimeter.

CLINICAL FINDINGS
A large majority (81%) of the 161 patients in
this series received only one implant, while
19% received 2-4 implants. Regarding placement of the 200 implants, 67.5% were singles,
26% were doubles, 4.5% were triples, and
2% were quadruples. The mandibular right first
molar was the most common tooth replaced
(29.5%), while the lower left first molar was
next most common, at 19% (See Table 1).
A variety of implant diameters, lengths, and
configurations were used in this series: 11.5%
were narrow diameter (3.25 mm), 48.5% were 4
mm, 35% were 5 mm, 5% were 6 mm. An 8.5
mm length was used in 3.5%, while 35.5% were
10 mm, 44% were 11.5 mm, and 17% were 13
mm. Non-tapered implants were used in 7.5%,
while 46.5% were tapered implants, and 46%
were platform-switching configurations. No ini-
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tial site preparation was performed in 64% of
the implants, while 16% had initial ridge augmentations, 12.5% had socket preservation,
and 7.5% had other initial treatments, including
sinus augmentation (5%), orthodontics (1%),
and gingival grafting (1.5%). Mucoperiosteal
flap access was used in 94%, while a flapless
approach was used in 6%. In 97% of all cases
the implant was placed in a healed ridge, while in
3% the implant was placed immediately following extraction. The bone density of the site was
judged hard in 18.5%, medium in 76%, and soft
in 5.5%. Primary stability was excellent in 78%,
good in 17.5%, and fair or poor in 4.5%. The
implant platform was placed at the crest in 78%,
subcrestally in 13%, and supracrestally in 9%.
Following placement of the implant, some
crestal exposure of the titanium implant surface
was noted in 61.5% of the cases, as shown in
Table 2. This was generally a result of a thin ridge
crest relative to the implant width, and often led
to bone grafting procedures. Other than bone
grafting alone or with a barrier, the most common procedure besides implant placement was
an osteotome or piezosurgical sinus lift (Table
3). Of the 132 sites in which bone replacement grafts were used, 31.8% were autogenous,
58.3% were mineralized or demineralized freezedried allograft bone, and 6.5% were xenograft
(deproteinized bovine bone). While in 39.5% no
barrier was used, a calcium sulfate barrier was
used in addition to bone graft in 36.5%, and a
collagen or synthetic barrier was used in 24%.
A healing abutment was placed most often
(71.5%), but implants were submerged in
28.5%.
Reasons for submergence included
poor primary stability (15.8% of 57 cases), complex procedures such as sinus lift, ridge split,
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Table 1: Teeth Replaced
by Dental Implants

Table 2: Exposed Titanium
at Placement

Maxillary molars

27 (13.5%)

None

77 (38.5%)

Maxillary premolar

15 (7.5%)

1mm

67 (33.5%)

Maxillary anteriors

21 (11%)

2mm

39 (19.5%)

Mandibular molars

110 (55%)

3-10mm

17 (8.5%)

Mandibular premolars

22 (11%)

Total

200 (100%)

Mandibular anteriors

5 (2.5%)

Total

200 (100%)

extensive grafting (68.4%), and for other reasons, including previous implant failure (15.8%).
Nineteen possible complicating factors of
surgery were evaluated in this series (Table
4). Neither flap reflection itself nor pre-implant
procedures were considered complicating factors.
The most common complicating factor observed was exposure of less than 2 mm
of the titanium implant surface. This exposure
was mainly on the mid-buccal surface, and was
most often grafted with cortical bone scrapings. Exposure of 2 mm or greater titanium
was most often treated with bone graft and
barrier. The mean number of complicating factors per implant case was 2.04 (range 0-6).
Implant cases with no complicating factors were termed “straightforward,” while those
with 1 factor were called “mostly straightforward,” those with 2 were “less straightforward,” those with 3 were “complex,” and
those with 4 to 6 factors were called “very
complex.” The results are seen in Table 5.
Cases that had no initial site preparation, did

Table 3: Additional Procedures
at Placememt
Bone grafting alone

70 (35%)

Guided Bone Regeneration

45 (22.5%)

Osteotome Piezo Sinus Lift

19 (9.5%)

Lateral Sinus Lift

2 (1%)

Gingival Grafting

2 (1%)

None

62 (31%)

Total

200 (100%)

not require flap reflection, and had no complicating factors were termed “slam-dunks.”
These numbered 4 out of 200 cases (2%).

TREATMENT OUTCOMES
The outcome of treatment was evaluated in terms
of implant survival and crestal bone loss. Of
200 implants placed in this series, 195 (97.5%)
survived, while 5 failed (2.5%). Three of the failures occurred within 3 weeks of placement,
and appeared to be of infectious origin, per-
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Table 4: Complicating Factors
Titanium exposure of 1mm

67 (33.5%)

Multiple implants to place

65 (32.5%)

Submergence required

57 (28.5%)

Titanium exposure of 2+mm

53 (26.5%)

Proximity of anatomic hazard

36 (18%)

Osteotome or Lateral Sinus Lift

21 (10.5%)

Esthetic Demands

20 (10%)

Dehiscence of Fenestrations

19 (9.5%)

Buccal concavity

18 (9%)

Supracrestal Placement

17 (8.5%)

Poor primary stability

9 (4.5%)

Edentulous Case: No Landmarks 7(3.5%)
Immediate Implant

6 (3%)

Others*

13 (6.5%)

* Other complicating factos included: previous implant
failure in the site, ridge splitting, gingival grafting, an
unusual technique or occurrence, or a difficult patient.

haps from a previous failed endodontic treatment.21 Two of these were in a single patient
who neglected to take the prescribed antibiotic. Two failures occurred after restoration:
one at one month, and another at 10 months.
Non-standardized digital radiographs were
obtained in 191 of the 200 implants an average of
7.94 months (range 2-22 months) following placement (Figures 11 and 12). This was not possible in 9 implants due to deployments, transfers,
implant failure, or other factors. Bone crest levels
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were measured to the closest millimeter using a
calibrated digital tool. Separate measurements
were recorded for each mesial and distal surface,
and then averaged for each fixture. An overall
mean of 1.35 mm crestal bone loss was observed
(SD 0.76, range of 0 to 4 mm). Only one fixture
had 4 mm bone loss, and this was at 3 months.
Preliminary statistical analysis revealed
a trend for greater crestal bone loss for four
parameters: time following placement, complexity of implant placement, bone grafted
sites, and implant configuration. Each of these
trends, however, was confounded by significantly longer observation periods for the more
complicated implants, those requiring bone
grafting, and the platform-switched implants.

DISCUSSION
The finding that the average implant case in this
series had more than two complicating factors might seem surprising. These were young,
healthy, largely male patients who largely presented with the need to replace a single tooth,
most often a molar. And the cases selected by
the implant board appeared to be generally
straightforward to place and restore; complex
cases were often either referred to the care of a
military clinic with greater specialty resources, or
simply deferred, especially when the patient was
due to transfer. And there was certainly no incentive to treat any particular case in either a more
costly, or less costly manner: in this public health
setting, no patient was charged for treatment.
Why, then, should so many cases be complex?
In considering any patient for a dental implant,
a series of questions may be helpful in determining the complexity of the case (Figure 13). For
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Table 5: Complexity of Implant Cases
Straightforward

0 Complicating Factors*

30 (15%)

Mostly Straightfoward

1 Complicating Factor

53 (26.5%)

Less Straightforward

2 Complicating Factors

42 (21%)

Complex

3 Complicating Factors

41 (20.5%)

Very Complex

4-5 Complicating Factors

34 (17%)

Total		

200 (100%)

	
*”Slam-Dunks:” No complicating factors, no site preparation, no flap needed: 4(2%)

example, is the tooth is still present? If so, is an
immediate implant advisable? Next, is the proposed implant in an esthetic area? The International Team for Implantology would consider this
a “complex” or “advanced” implant22. Is the case
edentulous, or are multiple implants needed?
The lack of a stable landmark may make parallelism difficult to achieve, if necessary. Is the bony
volume and configuration adequate? Are there
anatomic hazards in the area? These are often
related, and avoiding perforations through lingual or buccal concavities, especially into blood
vessels or nerves, is an important consideration.
The training, experience, and preferences
of the surgeon, as well as the available armamentarium, cannot help but affect the way any
case is approached, and so the complexity of
treatment. For example, when a flapless (biopsy
punch) approach is possible, but would result in
the loss of marginal gingiva, a periodontist might
be inclined, as in this series, to reflect and then
apically position the mucoperiosteal flap in order
to provide a wide band of keratinized gingiva.5,23
Another choice affecting complexity in this series

might have been the preference to place implant
platforms at the bony crest, rather than subcrestally, where the ridge might be wider. This choice,
while allowing greater implant length, may have
led to more frequent exposure of titanium in narrow crests, and subsequently the indication for
bone grafting. The availability of osteotomes
and piezosurgical instruments in this series
also allowed the treatment of the more complex implant cases requiring their use for vertical
or sinus lifts. It should also be mentioned that
36% of the implants placed in this series had initial site preparation procedures (ridge or sinus
augmentation, etc.) that simplified the surgical
case, or made it possible. And the complexity of
an implant surgery is sometimes determined by
clinical incidents. In one case in this series, the
implant driver tip snapped off within the implant
at the final seating. After unfruitful efforts to
retrieve the broken tip, the implant was removed,
but only with difficulty. The site required bone
grafting around the replacement fixture: a simple
implant surgery had become a complicated one.
An important finding of this series was that
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Figure 13: Implant Surgery Decision Tree.

the surgeon often faced a more complex and
challenging case than the initial assessment indicated. Even when the major complicating factors that could be known initially were excluded
(multiple implants, proximity of anatomic hazards,
esthetic challenges, buccal concavities, edentulous cases, and immediate implants), only 38%
of the remaining 79 implants proved to have no
complicating factors on placement. One factor
was seen in 38%, 10% had two factors, and 14%
had 3 or 4 factors: the average was one factor.
In other words, the simplicity of implant placement
in this series was not predictable. While most
implant cases were at least somewhat straightforward, a significant number were complex to very
complex, and required a variety of regenerative
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or other clinical techniques to optimize the result.
The short-term success rate (97.5%) in
this series was excellent, and consistent with
many large implant series.24 The mean crestal
bone loss of 1.35 mm was somewhat disappointing, in view of many studies finding such
bone loss only in the range of 0.25 to 0.50
mm, occurring largely within the first three
months.25,26,27 Other recent studies, however,
suggest that early crestal bone loss of 1 to
1.5 mm is not uncommon immediately following second stage surgery and implant loading,
and that 1 mm may be expected.28,29,30 Future
methods of achieving more rapid osseointegration and coronal growth of bone may
be able to reduce such crestal bone loss.31
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CONCLUSIONS
While the majority (62.5%) of the implant cases
in this series did prove to be at least somewhat
straightforward, a significant number (37.5%)
were fairly complex, requiring advanced surgical techniques for proper placement. The initial
assessment of case difficulty was not predictably accurate. Only 4% of the cases in this
young and healthy population proved to be
“slam-dunks.” A key to successful implant surgery is to be aware of potential complexities in
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Abstract
Background: Implant-retained ceramic abutments are used to achieve better esthetic
crowns with optimum mucogingival esthetics. This study aimed to evaluate clinical performance of implant-supported all-ceramic
restoration regarding survival and periodontal
parameters, crestal bone loss, prosthetic complications, esthetics and patients’ satisfaction.
Methods: 35 patients were examined and
divided into two groups: G1 (n=15) where
implants were restored using alumina abutments
and IPS-Empress all-ceramic crowns and G2
(n=20) where implants restored using titanium
abutments and metal-ceramic crowns. Patients
were examined for periodontal parameters (plaque
index, gingival index, bleeding index, pocket probing depth, mucosal recession, and width of kera-

tinized gingival). Radiographic bone loss around
implants, aesthetics, technical complications and
patients’ satisfaction were investigated and data
analyzed using Wilcoxon’s signed ranked test
and multivariate general linear model (P<0.05).
Results: Prostheses were examined at
3.17±1.57 years mean follow-up time of
Implants survival rate, abutments and restorations was 100% in both groups.
Only one statistically significant difference (P<0.05) was found in the bleeding index (P<0.05) between both groups.
Conclusions: Alumina ceramic and titanium
abutments exhibited the same survival, technical and esthetic outcomes over 3 years period.
However, differences existed in bleeding index.
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INTRODUCTION
Titanium has been considered traditionally as
the material of choice for implant abutments
because of its well documented biocompatibility and mechanical properties. One of the
challenges in implant dentistry is creating a
gingival margin that resembles the appearance of its counterpart of a natural tooth. This
can be difficult as titanium used in implants
and abutments has color characteristics and
light reflection properties that can compromise the appearance of the peri-implant gingival tissues.1 Moreover, titanium abutments
and dental porcelains have different rates
of thermal expansion and contraction, which
makes fusing porcelain to titanium difficult.2
The development of implant supported
all ceramic restorations using ceramic abutments represented a significant advancement
in implant prosthodontics. These abutments
have many advantages over conventional titanium abutments, notably enhanced esthetics.
When ceramic abutments are combined with
all-ceramic crowns, the appearance of the periimplant tissue can be noticeably improved.1 It
should be noted that successful esthetic anterior single-crown restorations result when the
crown color matches the neighboring teeth,
the peri-implant tissue contours simulate
the gingiva around the crown, and the periimplant tissue has a natural color.1 The benefits of ceramic abutments can be maximized
in cases of compromised esthetics due to
minimal soft tissue thickness around implants2
where titanium would show under the soft tissue3 or when the implants are inserted at difficult angles.2, 3 The main drawback of ceramic
abutments is their lower strength compared
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to titanium abutments. Nonetheless, ceramic
abutments are sufficiently strong for intraoral use.4,5 Moreover, their fabrication cost is
higher than cast metal or CAD/CAM-milled titanium abutments and they are not readily available for every commercial implant system.1
As there are few studies in the dental literature regarding the evaluation of alumina abutments and their relationship to peri-implant
marginal soft tissue and bone, this study has
further investigated the clinical performance of
alumina ceramic abutments. This study aims to
evaluate the clinical performance of implant supported all ceramic restorations using ceramic
abutments in terms of survival and periodontal
parameters, crestal bone loss, prosthetic complications, esthetics and patients’ satisfaction.
The null hypothesis indicates no statistically
significant differences in all criteria mentioned
above when using all-ceramic abutments in
comparison to conventional metal abutments.

MATERIALS AND METHODS
Subject Selection
An Institutional Review Board (IRB) of Jordan University of Science and Technology
(JUST) approved the study (IRB # 7/2009).
All patients identified through records of the
Dental Teaching Centre at JUST as having
implants inserted to replace missing anterior teeth using Pitt-Easy® Implants were
invited to participate in a recall examination.
Implants for those subjects were restored
during the period between 2004 and 2008.
Patients were informed about the aim
of the investigation. Forty seven patients
were selected to participate in this study
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but only thirty-five patients were recruited
into the study as they met the inclusion criteria.
The inclusion criteria were:
1. Patients were 18 years of age or older.
2. Implants placed in the anterior area of
the mouth.
3. Implants inserted were Pitt-Easy® Implants
(Innova Corporation, Sybron Implant Solutions GmbH, Bremen, Germany) and were
restored using either Ceramium® Line Abutments or prefabricated titanium abutments.
4. A minimum of one year follow up period from
the date of restoration delivery to the day of
recall examination.
5. No history of systemic disease known to
affect bone and no history of therapeutic
cranial or cervical radiation before or during
the implant treatment period.
6. No history of parafunction and no
signs of premature contacts or abnormal occlusal contacts that may
lead to traumatic occlusion.
The patients were divided into two groups:
Group one (n=15) had received an implant supported by all ceramic restoration using ceramic
abutments (Ceramium® Line Abutments, Innova
Corporation, Sybron Dental Specialties) and
all ceramic crowns (IPS Empress). Group two
(n=20) had received an implant supported PFM
crown using a prefabricated titanium abutment.
Enrolment period and examination was
limited to 12 months, from February 2009
to February 2010. One examiner reviewed
all patients’ records and performed the
clinical examination of the patients. Data
was collected from patients’ charts, personal interviews, clinical examination and
patients’ radiographs. An esthetic assess-

ment was carried out by the examiner.
During patient interview patients were
asked about their satisfaction of the treatment
and reason for loss of their tooth/teeth, Smoking habits, oral hygiene practices(including:
scaling, brushing, sticks, rinses and flossing). The following periodontal indices were
examined on implants and control teeth at four
sites: mesial, distal, midbuccal and mid palatal:
1. Plaque index(PI): assessing biofilm formation in the marginal area around implants.6
2. Index of gingival inflammation (Gi):
The severity of the gingival response
was scored on the basis of 0-3 for
implants and control teeth.7
3. Pocket Probing Depth (PPD): This was
recorded using color-coded plastic probes.
PPD was assessed as the greatest distance
between the gingival margin and the base of
the peri-implant pocket.
4. Mucosal recession: The amount
of the exposed implant surface
from the buccal prosthetic margin was measured in millimeters.
5. Modified sulcus bleeding index (mBI): It is
generally recognized that gingival inflammation should be estimated by gingival
bleeding. The bleeding tendency of the
marginal periimplant tissues was evaluated
using mBI. Bleeding of the peri-implant
mucosa and gingiva was diagnosed by
gently moving a blunt periodontal probe in
the marginal part of the peri-implant/gingival sulcus around the implant/tooth.8
6. Width of keratinized mucosa (KM): The width
of the Keratinized Mucosa was measured in
millimeters.
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Patient Satisfaction
Patients who were examined indicated their
overall degree of satisfaction with their prosthesis on a Visual Analogue Scale (VAS)
subdivided into 100 units, 0 representing very dissatisfied and 100 very satisfied.
Esthetic Assessment
The shade selection was checked visually by the examiner and graded as good
if matching between the crown supporting the implant and the control tooth was
present, satisfactory if a minor shade disparity was noted and poor if there was obvious color mismatch between the crown
supporting the implant and the control tooth.
Bone Levels around Implants
Periapical radiographs were taken for each
implant by one or two senior dental radiographers, who were trained at the Faculty of
Dentistry, at JUST. The magnification power
was adjusted using the length of the placed
implants. The bone level was measured from
the crest of the alveolar bone on the mesial and
distal sides of the implant to the implant/abutment junction. Marginal bone loss was recorded
mesially and distally of the implants using the
implant-abutment junction as a reference point.
Prosthodontic Complications
All restorations were examined for any technical failures. These includes: esthetic veneer
fracture (resin), opposing prosthesis fracture, prosthesis screw loosening, abutment
screw loosening, prosthesis screw fractures,
metal framework fractures, implant fractures.
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Implant, Abutment and Restoration Survival
Dental
implant
survival
was
judged
on
the
following
criteria9:
● Absence of mobility
● Absence of painful symptoms or paresthesia
● Absence of peri-implant radiolucency during
radiographic evaluation
● Absence of progressive marginal bone loss
In the present study abutments and restorations were considered surviving if they are in service at the time of follow up examination without
any prosthetic complication such as porcelain
chipping, opposing prosthesis fracture, abutment
screw loosening, metal framework fractures,
abutment screw fractures and implant fractures.
Statistical Analysis
Statistical Package for the Social Sciences software (SPSS, v. 16.0, Chicago, IL, USA) was
used to analyze the data at a significance level
of P=0.05. Frequency distribution was used to
describe categorical variables and median, mean
and standard deviation were used to describe
continuous variables. Wilcoxon signed rank
test was used to compare mean/medians of the
studied parameters between implants and their
control teeth in ceramic and titanium groups.
The multivariate analysis using general linear model procedure was used to compare
both groups for differences in peri-implant and
periodontal parameters computed between
implants and their controls. An p-value less than
0.05 was considered statistically significant.

RESULTS
Reasons for Loss of Teeth
Congenitally missing (6 patients, 46.9%) was
the most common reason for tooth loss in
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Table 1: Differences Between Each Peri Implant Parameter and Control Teeth
after Adjusting for Various Variables Including Smoking Status,
all Oral Hygiene Practices, Age and Length of Follow Up Period.
		
		
Parameter

Ceramic
Mean		
Difference*
S.D

Titanium
Mean		
Difference*
S.D

Adjusted
P-Value

PI

-0.10

0.81

-0.32

0.61

0.291

GI

0.23

0.69

0.16

0.54

0.428

BI

-0.17

0.89

0.17

0.89

0.013

PPD

1.12

0.88

0.25

0.72

0.107

KG

-1.15

2.19

-0.52

2.29

0.920

Mucosal
Recession

0.08

0.28

0.23

1.7

0.607

*Mean difference=mean of implants-mean of control teeth

patients with ceramic abutments, followed by
trauma in 4 patients (30.8%) then periodontal problems in 3 patients (23.1%). However,
the reasons for tooth loss in patients with titanium abutments were periodontal problems in 8
patients (36.4%), trauma in 8 patients (36.4%),
congenital absence in 3 patients (13.6%) and
advanced dental caries in 3 patients (13.6%).
Length of Follow Up Period
Patients with ceramic abutments were followed for an average period of 3.87 years
(SD=0.52) while their counterpart titanium
abutments patients were followed for an average period of 2.76 (SD=1.83) years. The
mean follow up period of the whole subjects
included in the study was 3.17 (SD=1.57) years.

Implant Data
Thirty implants (85.7%) in this study were
in the maxillary anterior area while only 5
(14.3%) were in the mandibular anterior area.
The majority of implants (97.1%) were less
than 14 mm in length and 4 mm in diameter.
Survival Rate
No failures were reported for the implant,
abutment or restorations in both groups during the follow-up period. All implants were
successfully osseointegrated, resulting in a
100% accumulative survival rate (CSR) in
both groups. Moreover, no technical complications were observed at any of the crowns
and/or abutments in either group. For both the
ceramic and titanium groups, the survival rate
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Table 2: Mean and Standard Deviation (S.D) of Mesial and Distal Bone Losses
Around Dental Implants of Two Different Abutment Types; Ceramic and Titanium.
		
Parameter

Ceramic

Titanium

Mean

S.D

Mean

S.D

P-Value

Mesial bone
loss (mm)

1.73

0.63

1.57

0.71

0.476

Distal bone
loss (mm)

1.81

0.52

1.45

0.60

0.097

*Adjusting for smoking status, oral hygiene practices, age and length of follow up period
of the abutments and the crowns was 100%.

evident in the other peri implant parameters.

Peri-implant Parameters
There were no statistically significant differences (P>0.05) in the average Pi, Gi, Gi
indices, width of keratinized gingiva or mucosal recession between implants in both
groups. However, statistically significant differences (P<0.05) were found in the average PPD in ceramic group and (mBI) in
titanium group. A significantly higher mean
of PPD was found at implants compared
with control teeth in the ceramic abutments groups. A significantly higher mean
of mBI around implants with titanium abutments was found compared to control teeth.
The general linear model procedure was
used to adjust for the following variables: smoking status, oral hygiene practices, age and lastly
the length of follow up period. The p-values
after adjusting for the above mentioned variables are shown in Table 1. A significant difference was found in mBI between ceramic and
titanium abutment groups while this was not

Bone Loss Around Dental Implants
No statistically significant difference in bone
levels was found between the two groups.
The mean and standard deviation for levels
of bone loss around implants are presented
in Table 2. In the multivariate analysis used to
adjust for smoking, oral hygiene practices,
length of follow up period and age of subjects, no significant difference in mesial bone
loss and distal bone loss between the ceramic
and titanium abutment groups was found.
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Esthetic Assessment
A high percentage (> 90%) of implant restorations were considered either satisfactory or good (Table 3). No significant
differences were reported when comparing
restorations supported by ceramic abutments
over those supported by titanium abutments.
Patient Satisfaction
A high degree (> 85%) of patients’ satis-
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Table 3: Reported Frequencies of Patient Satisfaction of Color Match
Between the Implant Retained Restorations and Control Teeth.
		
		
Variable

Ceramic
abutment
numbers (%)

Titanium
abutment
numbers (%)

Total (%)

P-value

Poor

1 (7.7)

4 (18.2)

5 (14.3)

0.332

Satisfactory

4 (30.8)

10 (45.5)

14 (40)

Good

8 (61.5)

8 (36.4)

16 (45.7)

Table 4: Reported Overall Satisfaction Percentage of Patients with their Implant
Restorations of Two Different Abutment Types; Ceramic and Titanium.
Groups

Mean (SD)

Ceramic Abutments

87% (0.15)

Titanium Abutments

89% (0.14)

faction was reported for implant restorations (Table 4).
No significant differences
were reported when comparing restorations supported by ceramic abutments with
those supported by titanium abutments.

DISCUSSION
Restoring missing anterior teeth esthetically
(Figures 1a, 1b) with an implant-supported
crown is a major challenge to clinicians. Titanium implant abutments have inherent esthetic
disadvantages. However, they are most widely
considered the standard treatment option
for implant-supported restorations. Innovative materials and application techniques are

P-Value
0.593

constantly being developed in the ongoing
search for improved esthetics of implant restorations. To achieve optimal mucogingival aesthetics, ceramic abutments were developed.
This retrospective study provided the results
from 35 implants used for single tooth crowns
cemented on either titanium or ceramic abutments made of densely sintered alumina.
No major statistical differences were found
between the two types of abutments with
respect to biological, technical (prosthetic) and
esthetic complications. This reflects the clinical
success of densely sintered alumina abutments
when used for restoring single anterior implants.
So far in the English literature, no compa-
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Figure 1a: Implants 7 and 10 with ceramic (Ceramium®
Line) abutments prior to the placement of final
restorations.

Figure 1b: Implants 7 and 10 restored with all-ceramic
restorations.

rable follow-up studies are available for Ceramium® Line Abutments, (Innova Corporation,
Sybron Dental Specialities) for single-tooth
replacement. Moreover, there are no studies indexed on Medline for Pitt easy® implants,
even though these components have been
in service for many years. The sample size of
ceramic abutments in the present study is relatively small, but to the best of the knowledge of
the researchers, this is the first study in literature on Ceramium Line Abutments. Few studies in the literature were found for comparison
with the results reported in this study (Table 5)
In a systematic review10 of the performance of ceramic and metal implant abutments supporting fixed implant restorations
only 29 studies were chosen since they
were well designed with a minimum of 3
years follow up. Only two of them studied
abutments made from densely sintered alumina.11,12 Yet, only one of them investigated
abutments made of densely sintered alumina

(CerAdapt) in single units in the anterior areas
of the mouth similar to the present study.
In 2001, Andresson et al.11 published an
article entitled “Alumina ceramic implant abutments used for single-tooth replacement: a
prospective 1 to 3 year multicenter study”. The
most common reason for loss of teeth in that
study was trauma, followed by congenitally
missing teeth and root fractures. In the present study the same pattern of teeth loss was
apparent with trauma being the most common followed by periodontal problems then
congenitally missed teeth and the least common cause was caries. This is in an agreement
with previous studies for patients referred for
single tooth replacement.13, 14 While Henriksson et al.15 reported 30% partial anodontia and
70% trauma or fracture of the permanent tooth
as indications for loss of teeth in their sample.
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Table 5: Detailed Breakdown of Experimental and Clinical Studies Investigated
the use of All-Ceramic Abutments in their Settings
		
Study
Andersson
et al. 1999
Boudrias
et al. 2001

Abutments
Used

Sample
Size (n)

CerAdapt®
CeraOne®

53
50

Henriksson
et al. 2003
Andersson
et al. 2003

Procera
24
Prospective
alumina			
53
50

Single
crowns

No follow
up-

Single
crowns

No follow
up

Single
1 year
crowns		

Randomised
FPD		
clinical trial			

Pape
CeraBase®
44		
et al 2001				
Yildirim
et al, 2003
		

Follow Up
Period

Survival
Rate
98.1%
100%
N.A.

34
Randomised
Single
1 year
93%
35
clinical
crowns		
100%
10
trial		
3 years
100%
10				
100%

CerAdapt
2
Case report
and Procera			
alumina
abutment

CerAdapt®
CeraOne®

Type of
Restoration

Randomised
FPD
2 years
clinical trial			

Procera
2
Case report
Alumina			

Andersson CerAdapt®
et al. 2001
CeraOne®
		
CerAdapt®
		CeraOne®
Heydecke
2002
		
		

Study
Design

Single
crowns

25-36
months

N.A.

95.7%
100%
98.1%
100%
98.1%

CerAdapt®
51
In vitro
Not
28 months
98.1%
ZrO2			
available		 100%
Wohlwend

• These two studies are with the same population but followed over different periods of time.
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SURVIVAL OF IMPLANTS,
ABUTMENTS AND
RESTORATION:
Well established criteria for the success of
implant have been proposed and implemented
for many years.9, 16 However, no consensus on
the definition of abutment or restoration survival
or success has been proposed. Sailer et al.10
defined survival as “the abutment-restoration
remaining in situ for the observation period with
or without modification”. In another investigation,
Andersson et al.11 reported “crowns abutments
as successful when patients and clinicians were
satisfied with function and esthetics”. In another
investigation,17 a restoration of the crown and
abutment was judged “surviving” when it was
“still present at the respective examination”.
In the present study abutments and restorations
were
considered
surviving
if
they are in service at the time of follow up
examination without any prosthetic complication such as porcelain chipping, opposing prosthesis fracture, abutment screw
loosening, metal framework fractures, abutment screw fractures and implant fractures.
This study recorded a 100% survival rate
for Pitt easy® implants which is in line with
many studies reporting more than 95% of
implants survival rate (87,137). The success
of implants has been well established since
many years. These results are comparable
with Andresson et al.11 and Henriksson et al.15
who reported a 100% survival rate after 1-3
years. Moreover, it has been estimated that the
5-year survival rate for implants to be 96.4%.10
During the course of the present study,
none of the abutments fractured and no prosthetic complications were reported. So, a
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Cumulative Success Rate (CSR) of 100%
for both titanium abutments and ceramic
abutments has been reported. However, a
CSR of 93% for the CerAdapt abutments
after 1 year of follow up was reported.11 In
the same study; another group of patients
(10 CeraOne Abutments and 10 CerAdapt
abutments) were followed over 3 years. It
was found that no abutments failed, giving a CSR of 100% for the CerAdapt abutments.
It was explained that fracture of
these abutments may be due to extensive
preparation and/or to the fact that they were
exposed to an excessive bending moment.
In 2003, the same investigators reported
the performance of alumina and titanium abutments supporting FPDs. Fracture of ceramic
abutments was found in 1.9% of the restorations leading to a CSR of 98.1% after both
2- and 5-year follow-up periods.11, 18 In both
studies the fractures occurred in the first
year of clinical observation. In another study
Henriksson et al.15 investigated custommade Procera ceramic abutments for singleimplant tooth replacement and found that one
ceramic abutment fractured in the laboratory before placement in the patient mouth.
These studies led Sailer et al.17 in their systematic review to conclude that “alumina abutments experienced failures due to fracture”.
The same conclusion was made by Glauser19
who stated that “ it may be speculated that
by using zirconia instead of alumina as an
abutment material, adverse technical events
such as abutment fractures were reduced”.
Nevertheless, further studies are needed to
support this speculation using larger sample sizes and longer periods of follow up.
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None of the crowns in the present study
failed in either the ceramic or titanium groups.
Andresson et al.11 reported one fractured crown,
which means a 90% success rate of implant
restorations was reported. Although Henriksson15 reported “no severe problems” in restorations around custom made Procera alumina
abutments, one subject presented with a buccal
fistula after crown delivery. Another two patients
in the same study presented with mucosal
recession that led to exposure of implant-abutment junction. However, the authors blamed
excess of cement for these complications.
The 100% CSR of the implants, abutments and crowns in the present study may
be explained by previously acquired clinicians’ experience, as a learning curve is always
involved when new concepts are tried. Also,
the present study was performed under a university setting where senior consultants were
responsible for treating the patients, whereas
Andresson study11 was run in a multi-center
specialized clinic. This probably means that
the clinical conditions and case selection may
be different between the studies. A similar high
success rate was reported for single-implant
crowns using zirconia abutments in anterior and
premolar regions after 4 years of clinical service.19 It should also be noted that early designs
of alumina implant abutments like CerAdapt
were totally made of alumina, while the new
designs of these abutments like Ceramium have
a metal reinforced base at the hex which may
affect the outcome of both abutment designs.

TECHNICAL COMPLICATIONS
No prosthetic complications were encountered
in the present study. This agreed with a previ-

ous investigation reporting on all ceramic restorations supported by zirconia abutments that
exhibited no technical complications after 1
year of clinical follow-up.15 However, this is in
disagreement with other studies where fractures of veneering porcelain are a common
technical complication of implant supported
single crowns and FPDs.20-22 This low frequency
of porcelain chipping is not in accordance with
results published for all-ceramic crowns supported by natural abutments.23 The outcome of
the present study could probably be explained
by good case selection in conjunction with
senior consultants and professional lab technician that may lead to these good results.
Peri-implant/Periodontal Parameters
The periimplant mucosa and the gingiva were
generally healthy around implants and control
teeth. This is in agreement with similar studies.11,12,24 This favorable soft tissue reaction
to ceramic abutments concurs with a similar
study25 on implant-supported restorations and
could be related to the optimal biocompatibility
and the acceptable marginal gaps as shown in
a previous investigation on zirconia abutments.
Moreover, abutments of commercially pure
titanium26,27 and high-purity dense-sintered alumina have established a high quality of attachment to the periimplant mucosa in experimental
studies. Such an abutment– soft tissue attachment has been proposed to have good potential to prevent subgingival plaque formation.
In our study, statistically significant differences were observed between implants
(in patients with Ceramium® Line Abutments) and control teeth with respect to
mean PPD (2.98 mm at ceramic group and
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1.89 mm at its control teeth, P=0.003), and
mean mBI (0.65 for titanium group and 0.47
for their control teeth, P=0.043). Whereas
mean modified Pi, mean Gi, mean recession
and mean width of keratinized gingivitis did
not show statistically significant differences
between implants and teeth in both groups.
This is in line with a previous investigation.28
Modified Plaque Index
The
implant
restorations
accumulated
less plaque than the control teeth. This
observation is not in agreement with
results of other studies28, 29 examining
peri-implant
and
periodontal
conditions.
Similar findings were found when zirconia abutments were examined.17 The findings in our study may be attributed to the fact
that patients under investigation tend to take
more care of their implants. However, slightly
more plaque was found at the ceramic abutment sites compared with the titanium abutments sites. One possible reason for this
unexpected and rather coincidental finding might be that the emergence profile of
the ceramic abutments restorations differed
from that of the titanium abutments group.30,31
The importance of the emergence profile on
plaque accumulation has previously been demonstrated.30 This assumption, however, has
to be analyzed in more details in the future.
Mucosal Recession
The clinically measured recession did not differ significantly between control teeth and
implants in agreement with other studies.29
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Modified Bleeding Index
In the present study there was a statistically
significant difference in mBI between crowns
over titanium implants and control teeth. These
observations are in agreement with another
study28 which showed increased risk for gingival inflammation around crowned teeth. Bleeding was more often recorded at teeth with all
ceramic crowns than at contralateral teeth. This
was most likely dependent on the placement
of the preparation margin and the precision of
fit of the crown. Furthermore, the bleeding on
probing was significantly higher around implants
with zirconia abutments than around teeth.17
Also at the present study, a statistically significant higher “mean BI difference” of titanium
abutments over ceramic abutments was found.
However, no significant difference was recorded
at the 1-year follow up between CerAdapt and
CeraOne abutments in terms of mBI.11 These
findings can be explained as depending on the
position of margins of the abutment restoration interface. Clinicians and lab technicians
tend to position the margins of titanium abutments more apically to give better esthetic
results while this is not necessary in the case
for the ceramic abutments. The position of the
margin will automatically affect the position of
abutment restoration gap which may lead to
bleeding on probing. This is consistent with
the finding of Andresson12 where more crown
margins were placed submucosally on titanium (31%) than on ceramic (14%) abutments.
Pocket Probing Depth
The PPDs were statistically significantly higher
for implants with ceramic abutments than teeth,
which is in accordance with previous studies. At
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the follow-up examination, the frequency distribution of the percentage of sites with PPD from
0 to 6mm indicated that probing depth values of
3mm were frequently present around implants
when compared to control teeth which are comparable with that reported by Karoussis et al.29
Bone Loss Around Implants
No statistically significant difference in bone
levels were found between the two examined
groups. The mean bone loss around implants
with ceramic abutments was a little higher (but
not statistically significant) than that around
their titanium counterparts. Andresson et al.11
reported no marginal bone loss and no differences in this respect between CerAdapt and
CeraOne abutments indicating a stable bone
situation both at CerAdapt and CeraOne abutments on single-tooth implants. Our reference point for calculating the bone loss was
the implant abutment junction while in Andresson et al.11 study; bone loss was calculated
from the bottom level of the implant flange.
Although the reference point was not mentioned, no radiographical difference was found
between the two groups investigated using
customized zirconia and titanium abutments17
reported a mean marginal bone loss of 0.3
mm after 1 year in service around Branemark
implants restored with costumed Procera alumina abutments. However, marginal bone level
around these implants was measured in relation to a reference point placed 0.8 mm below
the abutment-implant junction. In contrast to
the clinical findings of the present study, one
clinical study reported slightly more bone loss
at implants supporting titanium abutments
than at implants supporting alumina abutments

(0.4 vs.0.2mm).12 Again, bone loss was calculated from the lower level of the implant flange.

PATIENT SATISFACTION AND
ESTHETIC ASSESSMENT
More than 85% of the subjects were satisfied
with their implant restorations. On the other
hand, the examining dentist rated more than
45.7% of restorations as having good match
with control teeth and another 40% as satisfactory. This is in disagreement with some other
studies in which clinicians were more critical
than patients.32,33 However in Andresson study11
both clinicians and patients rated the esthetic
result as excellent for practically all cases.

CONCLUSIONS
At 3 years, alumina ceramic and titanium
abutments exhibited same survival, technical and esthetical outcomes. However,
minor differences were reported in bleeding index and pocket probing depth. ●
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Abstract
Background: Dental implant is an artificial tooth
root fixed into the jaws to hold a replacement
tooth or bridge. Functional surface modifications by organic material such as propolis coating seem to enhance early peri-implant bone
formation, enhancing the initial cell attachment.
The aim of the study was to study the expression of osteocalcin and collagen I as bone formation markers in propolis coated and uncoated
implant in interval periods( 1, 2, 4 and 6 weeks).
Materials and Methods: Commercially pure
Titanium (cpTi) implants, coated with propolis protein, were placed in the tibias of 40 New
Zealand white rabbits, histological and immunohistochemical tests for detection of expression
of osteocalcin and collagen I were performed on

all the implants of both control and experimental
groups for (1,2,4 and 6 weeks) healing intervals.
Results: Histological finding for coated titanium implant with propolis illustrated an early
bone formation, mineralization and maturation in comparison to control. Immunohistochemical finding showed that positive reaction
for osteocalcin and collagen I was expressed
by osteoblast cells at implants coated with
propolis, indicating that bone formation &maturation was accelerated by adding biological materials as a modification modality of implant surface..
Conclusion: The present study concludes that
coating of implants with propolis showed increment in osseointegration in short interval period

KEY WORDS: Propolis, dental implant, biochemical bone markers, osteocalcin, collagen I
and osseointegration
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INTRODUCTION
Dental implant is an artificial tooth root fixed into
the jaws to hold a replacement tooth or bridge.1
Titanium is widely used for dental implants
because of its biocompatibility, mechanical
strength and plasticity for prosthetic design.2
Osseointegration is commonly defined as a
direct and stable anchorage of an implant by
the formation of bony tissue without growth of
fibrous tissue at the bone-implant interface.3 In
order to enhance bone formation, implants have
been coated with bone specific biomolecules.4
Propolis is the most important chemical
weapon of bees against pathogenic microorganisms, it has been used as a remedy by humans
since ancient times. It is a sticky, resinous substance collected by honey bees from the sap,
leaves, and buds of plants, and then mixed with
secreted beeswax.5 In dentistry, propolis has
been used for the treatment of aphthous ulcers,
candidiasis, acute necrotizing ulcerative gingivitis (ANUG), gingivitis, periodontitis and pulpitis.6
The most important constitution of the propolis is
the flavonoids, Havsteen.7 Caffeic acid phenethyl
ester (CAPE) one of major component of the
honeybee propolis, it stimulates the proliferation
of wound epidermis keratinocytes.8 Application
of 5% ethanolic extracts of propolis in the dental
cavity of dogs were reduction of the inflammatory
reaction & positive performance as tissue reorganization.9 Duarte10 reported that the (CAPE)
is effective in osteoarthritis, showed significantly
decreased cartilage destruction & reduced loss
of matrix proteoglycans. Experimental work in
vitro show that the ethanolic extracted propolis
able to prevent cartilage destruction where the
caffeic acid ester able to glycosaminoglycans
(GAGs) release into medium of human cartilagi-
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nous tissue cultures, & help of GAGs synthesis
in chondrocytes. The honey, bee venom, pollen
& propolis used to treat arthritis & other inflammatory, autoimmune, & degenerative diseases
such as multiple sclerosis.11 A study by Chai12
investigated that the attenuation of osteoclastogenesis & induction of osteoclast apoptosis
through the inhibition of nuclear factor-kB (key
regulator of osteoclast differentiation, activation & survival) activation by the propolis caffeic
acid phenethyl ester, this might be useful for the
treatment of osteolysis attended with enhanced
osteoclast formation & activation. The ipriflavone
(available in bee propolis) stimulates the secretion & synthesis of calcitonin from the thyroid,
as well as aiding bone formation & density.13
Sabir14 reported the Propolis is capable of
stimulating the production of (TGF)-beta1. AlMoll15 showed the propolis enhanced the bone formation when implanted in a defect in the mandible.
Osteocalcin, the ϒ-carboxyglutamic acidcontaining protein, which in most species is the
predominant noncollagenous protein of bone
and dentin, has been postulated to play roles in
bone formation and remodeling.16 Osteocalcin
is secreted solely by osteoblasts and thought to
play a role in the body’s metabolic regulation and
is pro-osteoblastic, or bone building, by nature. It
is also implicated in bone mineralization and calcium ion homeostasis.17 Type I collagen (COLL1)
is the major organic component of the mineralized bone matrix. By immunihistochemical staining they could detected its expression in bone
matrix. The formation of bone by osteoblastic cells
requires the deposition of an extracellular matrix
consisting of type I collagen and a variety of noncollagenous proteins, which subsequently mineralizes by the formation of hydroxyapatite crystals.18
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Figure 1: Thread show bone trabeculae in marrow space of
P –implant at 1w interval, H&E X 20.

MATERIAL & METHODS
Materials
1.80 screw shaped implants, 3.5mm in diameter
& a total length of 8mm (threaded part
is 5mm & smooth part is 3mm)
2. Ethanolic extracted propolis.
3. Anti-Osteocalcin antibody (ab13418)
Abcam UK
4. Anti-collagen-I antibody (ab90395) Abcam UK
5. Detection Kits System (ab 94740) Abcam UK
6. Protein Block 15 Enhancer
7. Naphthol Phosphate
8. Fast Red Chromogen
9. AP-Conjugate
10. Co-factor Enhancer

METHODS
Forty New Zealand rabbits aged 10-12 months
were used in this study, they were divided into four
groups for (1, 2, 4 and 6 weeks) healing intervals,

Figure 2: Thread shows no bone trabeculae in uncoated
implant at 1w interval, H&E X 20.

10 animals for each period. Animals were generally anaesthetized & atraumatic surgical technique
was performed to prepare two holes in the tibia,
propolis coated implant was inserted in one hole
&uncoated implant (control) placed in the second
one. All tissue specimens, samples and controls,
were fixed in 10% neutral formalin and processed
in a routine paraffin blocks. Each formalin-fixed
paraffin-embedded specimen had serial sections
were prepared as follows: 5μm thickness sections were mounted on clean glass slides for routine Hematoxylin and Eosin staining (H&E), from
each block of the studied sample and the control
group for histopathological re-examination. Other
4 sections of 5μm thickness were mounted on
positively charged microscopic slides to obtain a
greater tissue adherence for immunohistochemistry. The procedure of the IHC assay adapted
by this study was carried out in accordance
with the manufacturer instructions (Abcam UK).
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Figure 3: Thick bone trabeculae with osteoclast and
osteoclast cells in P –implant at 2w interval, H&E X 20.

RESULTS
HISTOLOGICAL EXAMINATION
1 week postoperatively
Threads in the marrow space followed the
shape of the screw showed bone trabeculae within woven bone, large and more fat
cells with small amount in between them
appeared in the marrow space, large number of active mitotic progenitor and osteoblast
cells (figure 1). In uncoated implants the marrow space showed large number of fatty tissue with granulation tissue with large blood
vessels, no woven bone shown (figure 2).
2 weeks postoperatively
Microphotograph view of bone section shows
thick bone trabeculae with reticulofiber tissue
scattered between them and large number of
the osteocytes embedded within these trabeculae, raw of osteoblasts and other of osteoclasts
arranged on the periphery of the trabeculae
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Figure 4: Thread show bone trabeculae in marrow space in
uncoated implant at 2w interval, H&E X 20.

shown in figure 3, in control group, a number of
active osteoblast and progenitor cells scattered
within woven bone, with few thin bone trabeculae
involve preosteocytes and osteocytes (figure 4).
4 weeks postoperatively
Bone thread developed after 4 weeks of implantation shows thick bone trabeculae with active
bone forming cells and progenitor cells in
between them, osteoid tissue formed at the
periphery of the trabeculae(figure 5), control one show threads formed at the site of the
implant with thin bone trabeculae and reticulofiber tissue in between them (figure 6).
6 weeks postoperatively
mature bone shown in the figure 7, in the
thread area of implant coated with propolis, bone deposit around uncoated implant
(control) in a form of thread with thick
bone trabeculae in control group (figure 8).
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Figure 5: Calcified bone thread in P-coated show thick
bone trabeculae at 4w interval, H&E X 20.

Figure 6: Thread show bone trabeculae in uncoated
implant at 4w interval, H&E X 20.

Figure 7: Calcified bone thread in P-coated show thick
bone trabeculae at 6w interval, H&E X 20.

Figure 8: Thread show bone trabeculae in uncoated
implant at 6w interval, H&E X 20.
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Figure 9: View for strong positive AP - conjugate red
stain for localization of OC of P-coated implant for 1week
interval in osteoblasts, osteocytes, progenitor cells, H&E X
20.

Figure 10: Negative expression AP - conjugate red stain
for localization of OC of uncoated implant for 1week
interval in osteoblasts, osteocytes and progenitor cell, red
stain with counter stain hematoxylin, X 40.

IMMUNOHISTOCHEMICAL
EXAMINATION FOR:
OSTEOCALCIN (OC)
EXPRESSION

that OC expression was strong positive in the
osteoblasts, osteoclasts , osteocytes, progenitor cells and extracellular matrix (figure 12).

1 week postoperatively
Propolis coated implants staining with OC monoclonal antibody showed that OC expression
was strong positive in the osteoblasts, osteocytes , progenitor cells (figure 9). Uncoated
implants, negative expression of OC monoclonal antibody on uncoated implant in progenitor, fatty cells and extracellular matrix (figure 10).

4 weeks postoperatively
Propolis coated showed that OC localization
was weakly positive expression in osteoblasts,
progenitor cells (figure 13). While the Uncoated
implants moderate positive expression in osteoblasts and osteocytes, progenitor cell in 4 weeks
interval but showed weakly positive expression in 6 weeks postoperatively (figure 14).

2 week postoperatively
The immunohistochemical staining with OC
monoclonal antibody at 2 weeks of healing period showed that OC expression was
moderate positive in osteoblasts and osteocytes (figure 11). Uncoated implants showed

6 weeks postoperatively
Propolis coated showed that OC localization was weakly positive expression (figure 15) While the Uncoated implants
weekly
positive
expression
(figure
16).
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Figure 11: View for moderate positive AP - conjugate
red stain for localization of OC in in some osteoblasts,
osteocytes of P-coated implant for 2week interval, red stain
with counter stain hematoxylin, X 40.

Figure 12: Strong positive expression AP - conjugate
red stain for localization of OC in osteoblasts, osteocytes,
progenitor cells in uncoated implant, red stain with counter
stain hematoxylin, X 40.

Figure 13: View for weak positive AP - conjugate red
stain for localization of OC in osteoblasts and extracellular
matrix, of P-coated implant for 4week interval, red stain
with counter stain hematoxylin, X 40.

Figure 14: Moderate positive expression AP - conjugate
red stain for localization of OC in osteoblasts, osteocytes
in uncoated implant, red stain with counter stain
hematoxylin, X 40.
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Figure 15: View for negative AP - conjugate red stain for
localization of OC in thread site of P-coated implant for
6week interval, red stain with counter stain hematoxylin,
X 20.

COLLAGEN I (COLL1)
EXPRESSION
1 week postoperatively
Propolis coated implants staining with COLL1
monoclonal antibody showed that COLL1
expression was strong positive in the osteoblasts,
osteocytes , progenitor cells (figure 17). For
uncoated implants Weak positive expression of
COLL1 monoclonal antibody on uncoated implant
in osteoblasts, osteocytes progenitor (figure 18).
2 weeks postoperatively
Propolis coated implants the COLL1expression
was weak positive in osteoblasts and osteocytes (figure 19). Uncoated implants showed
that COLL1expression was strong positive in
the osteoblasts, osteoclasts, osteocytes, progenitor cells and extracellular matrix (figure 20).
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Figure 16: Weak positive expression A P- conjugate red
stain for localization of OC in osteoblasts, osteocytes
in uncoated implant, red stain with counter stain
hematoxylin, X 40.

4 weeks postoperatively
propolis coated implants COLL1 monoclonal
antibody at 4 weeks of healing period showed
weak positive expression in osteoblasts, progenitor cells and the extracellular matrix (figure
21). In uncoated implants was moderate positive
expression in osteoblasts, progenitor cell, blood
vessels and extracellular matrix (figure 22).
6 weeks postoperatively
COLL1 localization was negative expression in osteoblasts and osteocytes (figure 23). Uncoated impants, the COLL1
localization was weakly positive expression in osteoblasts at the periphery of
the bone and progenitor cells (figure 24).
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Figure 17: Woven with strong positive AP- conjugate
red stain for localization of COLL1 of P-coated implant
for 1week healing period in osteoblasts, osteocytes,
progenitor cells and extracellular matrix (pink color), red
stain with counter stain hematoxylin, X 20.

Figure 18: View for weak positive AP - conjugate red stain
for localization of COLL1 in thread site of uncoated implant,
red stain with counter stain hematoxylin, X 20.

Figure 19: View for weak positive AP - conjugate red stain
for localization of COLL1 of P-coated implant for 2week
healing period in osteoblast, extracellular matrix, red stain
with counter stain hematoxylin, X40.

Figure 20: With strong positive AP - conjugate red stain for
localization of COLL1 in ostecytes, osteoblasts, progenitor
cells, red stain with counter stain hematoxylin, X 40.
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Figure 21: View for weak positive AP- conjugate red stain
for localization of COLL1 in P-coated implant for 4week
healing period in some osteocytes and osteoclasts, cell red
stain, with counter stain hematoxylin, X40.

Figure 22: View for moderate positive AP - conjugate red
stain for localization of COLL1 in uncoated implant for
4week healing period in osteoblasts, progenitor cells and
extracellular matrix (red arrow) red stain with counter stain
hematoxylin, X 40.

DISCUSSION

week, embryonic connective tissue with active
collagen fiber around the implant which represent organic constitution of bone would be
formed. Uncoated Ti implant in rabbit tibia after
two weeks of implantation shows a number of
active osteoblast and progenitor cells scattered within woven bone, with few thin bone
trabeculae. These finding supported by the
result of Niehaus,22 who found more osteons
had uptake of bone marker on day 14 than at
any other time during the study new bone was
visible within the area between the threads of
the control screws. At four weeks duration,
according to the study conducted by Yoshinari,23 the micrographs of the implant–bone
interfaces at 4 weeks after implantation show
that bone tissue has grown on the implant surface, while after six weeks duration thick bone

The results of this study showed that osseointegration can be obtained when implants
are inserted in a living bone and when a suitable biological environment for bone formation
is created. The strength of the bond between
osseointegrated implant, this result coincides
with finding of Wnnerber.19 Successful attachment on artificial surface is prerequisite for
inducing new bone formation locally at the site
of implantation. Protein-coated surfaces may
influence the biocompatibility of implant materials by initiating and supporting osteogenesis.20
The uncoated implants, at one week duration, showed embryonic connective tissue with
active collagen fiber deposition were showed
around implant this result agreement with finding of Jamel,21 who reported that within one
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Figure23: View for negative AP - conjugate red stain
for localization of COLL1 in P-coated implant for 6week
healing period in thread site, red stain with counter stain
hematoxylin, X 20.

Figure 24: View for weak positive IHCred stain for
localization of COLL1 in uncoated implant for 6week
healing period in osteoblasts and progenitor cells, red stain
with counter stain hematoxylin, X 40.

trabeculae and large number of bone forming cells on the border of bone trabeculae and
this agree with Depprich,24 who found that
when the healing period was near the 6 weeks.
The propolis coated implants, at one and
two weeks duration the threads in the marrow space followed the shape of the screw
showed bone trabeculae, osteocytes embedded within these trabeculae, raw of osteoblasts and other of osteoclasts arranged on
the periphery of the trabeculae. This result
agree with Al-Molla,15 who showed that
increased in bone formation in one and two
weeks in comparing to the control group.
Milot et al.13 where they found that the ipriflavone (component of propolis) stimulate the
secretion & synthesis of calcitonin from the
thyroid as well as aiding bone formation. Cal-

citonin facilitate the storage of calcium in the
bone from the blood.25 Sabir et al.14 showed
that the propolis stimulate the production of
(TGF-B1). This growth factor increase the
rapidity of bone formation.26 Studies by Wickiewicz et al.27 investigated that the, extracts
of propolis for mouth rinsing, or toothpastes
or gel based on propolis extract seems to be
a promising agent, not only for prophylaxis but
also for the treatment of periodontitis/periimplantitis. Systemic use of propolis may hasten new bone formation at the expanded suture
in rats in 12 days of mechanical retention.28
At four and six weeks duration, micrograph
view of bone thread shows thick bone trabeculae with active bone forming cells and progenitor cells in between them and osteocytes
within their lacunae also the osteon appeared.
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Propolis not only decreased apoptosis but also
increased the metabolic activity and proliferation of PDL cells.29 A great portion of these flavonoid molecules seem to have their effects on
bone through an estrogen-like activity and have
been therefore termed phytoestrogens. Toker
et al.30 showed propolis significantly reduced
the periodontitis-related bone loss, the findings
of this study provide morphologic and histological evidence that propolis, when administered
systemically prevents alveolar bone loss in
the rat model, Also the result agreed with AlMolla(15), who showed that the propolis take the
higher score in bone healing criteria in comparing with other groups in 4 weeks interval.
Osteocalcin (OC) expression was strong
positive in the active mitotic osteoblast, and
progenitor cells in all experimental groups at 1
week interval. OC seems to have a role in the
early stages of bone formation and some studies by Al-Ghani et al.17 suggest that is a chemotactic for osteoclast and regulate osteoblast
activity too. Our results shows a greater num-

ber of positive cells indicate a more rapid tissue
reaction on implant surface. Novaes et al.31 who
reported that osteocalcin, as one of the important indicators of osteogenic differentiation
and bone tissue formation, have been shown
to express at higher levels on modified titanium
surfaces. In vitro studies demonstrated that
mRNA of collagen type I is expressed during
the initial period of proliferation and extracellular-matrix biosynthesis, since it is hypothesized
that enhanced expression of osteogenic markers in vitro leads to more and more expeditious bone formation at the bone–biomaterial
interface in vivo.32 Coll1 is a bone marker associated with the differentiation of osteocyte,33 and this agree with the results in this
study where the osteocyte express Coll1. ●
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