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Editorial Commentary

Excuse me, how fresh is that dental article?

B

ack when I was resident, we had a
monthly session called “Current Lit”
where we would review a few dozen of
the most recently published articles that pertained
to our specialty. Current Literature - this is a
debatable term. What exactly makes literature
current? Is information current because it was
recently published or is it current only within a
certain timeframe of when it was actually written?
If you look carefully, you will notice that
many journals list when an article was submitted
for review and accepted for publication. As
I am typing this, I am reading one of my favorite
journals and just about every article was published
6 months after it was originally submitted for
review. This is actually a fairly good turnaround
time for most dental journals. So now you must
ask yourself, do you consider 6 months current?
For most information, I would say yes, this can be
considered current.
So, if 6 months is current, how about 24 to
36 months? Why do I say 24 to 36 months, you
ask? I list this timeframe because my partner and I
have an article which may take exactly this long to
publish. The article in question was in review for
no less than 18 months prior to acceptance and is
going to take another 12 to 18 months to actually
get published! Are you kidding me? We wait
18 months for approval and now we have to wait
another 12 to 18 months for the article to actually
get published? I have seen entire lines of dental
implants come and go in less time than this!
In a different journal, we have an article which
has been accepted for publication, but has
been collecting dust for nearly a year. When we
inquire as to a possible publication date, we are

told, “It could be up to 12 months before we can
publish your article.” What? The article has been
reviewed, approved, and sitting around for 12
months, and it could take another 12 months to
actually get published? What is going on here?
Part of the reason for these long wait times
is the state of our economy. As the economy
slows, advertising is one of the first costs that
many companies reduce. Fewer advertisers
mean less money available for printing costs.
While dental companies have been cutting back
on their advertising, the printing companies
have certainly not cut back on the cost of their
services. You do the math and the solution is
obvious: print fewer articles.
Look at some of your favorite dental journals.
Are they a bit thinner than they used to be? In
some cases, they are. Thinner journals mean
fewer published articles.
Fewer published
articles mean longer wait times for prospective
authors. Longer wait times for publication
may ultimately discourage some authors from
publishing future articles.
The next time you sit down to read your favorite
dental journal, ask yourself, “Is this information
current?” When did the author actually write this
article? Was it written 6 months ago or during
the previous presidential administration? ●

Dan Holtzclaw, DDS, MS
Founder, Co-Editor-In-Chief

Nick Toscano, DDS, MS
Founder, Co-Editor-In-Chief
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Case of the Month
Serialized Site Development for
Dental Implant Esthetics

Kurtzman

Hugo Bonilla, DDS, MS1 • Garrett Gouldin, DDS2

Abstract
Background: This case report documents serialized treatment of failing maxillary incisors with
dental implants. Patient and provider goals
were to restore function and improve esthetics
while avoiding the use of removable appliances.
Methods: Teeth 8/9 were extracted with simultaneous soft tissue augmentation. At the same
appointment, teeth 7/10 were prosthetically
prepared and a temporary fixed partial denture
with ovate pontics was delivered. Upon healing,
transitional mini dental implants were placed at
sites 8/9 while teeth 7/10 were extracted and
immediate full size implants were placed. The
site was temporized with an interim fixed partial
denture supported by the mini implants. After

adequate osseointegration of the full sized
implants, a fixed screw retained porcelain fused
to metal bridge was delivered to sites 7-10
utilizing two 17 degree pre-angle abutments.
Results: The patient was restored to full function with much improved esthetics. Use of
interim fixed partial dentures with ovate pontics
allowed for maintenance of gingival architecture and contributed to an esthetic outcome.
Conclusions: Using a serialized treatment
approach, it is possible to restore function and
improve esthetics with dental implants while
avoiding the use of removable appliances.

KEY WORDS: Dental implants, dental crowns, dental veneers, dental onlays
1. Private practice limited to prosthodontics, Annandale, Virginia, USA
2. Private practice limited to periodontics, Falls Church, Virginia, USA
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Introducing Choukroun’s Platelet Rich
Fibrin (PRF) to the Reconstructive
Surgery Milieu

Michael Toffler, DDS1 • Nicholas Toscano, DDS, MS2 • Dan Holtzclaw, DDS, MS3
Marco Del Corso, DDS, DIU4 • David Dohan Ehrenfest, DDS, MS, PhD5
Abstract

P

latelet-rich fibrin (PRF), developed in France
by Choukroun et al (2001), is a second generation platelet concentrate widely used to
accelerate soft and hard tissue healing. Its advantages over the better known platelet-rich plasma
(PRP) include ease of preparation/application, min-

imal expense, and lack of biochemical modification
(no bovine thrombin or anticoagulant is required).
PRF is a strictly autologous fibrin matrix containing
a large quantity of platelet and leukocyte cytokines.
This article serves as an introduction to the PRF
“concept” and its potential clinical applications.

KEY WORDS: Platelet rich fibrin, platelet rich plasma, autologous growth factors
1. Private Practice limited to Periodontics, New York, NY, USA
2. Private Practice limited to Periodontics, Washington DC, USA
3. Private Practice limited to Periodontics, Austin, TX, USA
4. Private Practice, Department of Periodontics, Turin University, Turin, Italy
5. Researcher, Department of Biomaterials, Institute for Clinical Sciences,
The Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden
This article provides 2 hours of continuing education credit.
Please click here for details and additional information.
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Learning Objectives
After reading this article, the reader should be
able to:
1. D
 iscuss the science behind
Platelet Rich Fibrin.
2. D
 iscuss how Platelet Rich Fibrin is prepared.
3. D
 iscuss how Platelet Rich Fibrin
might enhance surgical healing.

INTRODUCTION
Reconstructive dental surgeons are constantly
looking for an “edge” that jump starts the healing
process to maximize predictability as well as the
volume of regenerated bone. Is it bone morphogenetic protein-2 (BMP-2), recombinant platelet
derived growth factor-BB (rhPDGF-BB), platelet rich plasma (PRP), plasma rich in growth factors (PRGF), or a combination of all four? Let
me say from the outset, “I don’t know” and this
report will not provide the answer, but it will serve
to introduce a second generation platelet concentrate, platelet-rich fibrin (PRF). PRF is easy
to obtain, less costly, and a possibly very beneficial ingredient to add to the “regenerative mix.”
Pre-implant reconstruction of the deficient alveolar ridge facilitates ideal prosthetic positioning of
implants and improves the long-term success of
implant-supported restorations.1-3 Regardless of the
choice of graft material (autograft, allograft, xenograft
or alloplast) or membrane selection (bioresorbable
or nonresorbable), predictable bone regeneration
is dependent upon 4 major biologic principles: primary wound closure, blood supply, space maintenance, and wound stability.4 Bone grafting is most
successful when it occurs in a contained, well vas-

22 •

Vol. 1, No. 6

•

September 2009

cularized environment, stressing the importance of
primary closure and the promotion of angiogenesis.
Blood supply provides the necessary cells,
growth factors, and inhibitors to initiate the osteogenic biomineralization cascade.5 Injury to blood
vessels during oral surgical procedures causes
blood extravasation, subsequent platelet aggregation, and fibrin clot formation. The major role of
fibrin in wound repair is hemostasis, but fibrin also
provides a matrix for the migration of fibroblasts
and endothelial cells that are involved in angiogenesis and responsible for remodeling of new tissue.
Platelet activation in response to tissue damage
and vascular exposure results in the formation of
a platelet plug and blood clot as well as the secretion of biologically active proteins.6 Platelet alpha
(α) granules form an intracellular storage pool of
growth factors (GF) including platelet-derived
growth factor (PDGF), transforming growth factor
β (TGF-β, including β-1 and β-2-isomers), vascular
endothelial growth factor (VEGF), and epidermal
growth factor (EGF).7 Insulin-like growth factor-1
(IGF-1), which is present in plasma, can exert
chemotactic effects towards human osteoblasts.8
After platelet activation, α granules fuse with the
platelet cell membrane transforming some of the
secretory proteins to a bioactive state.9,10 Active
proteins are secreted and bind to transmembrane
receptors of target cells to activate intracellular
signaling proteins.11 This results in the expression
of a gene sequence that directs cellular proliferation, collagen synthesis, and osteoid production.12
Platelet Rich Plasma
Several studies have shown that bone regenerative procedures may be enhanced by the addition of specific growth factors.13,14 Platelet-rich
plasma (PRP) was proposed as a method of

JIACD Continuing Education

Figure 2: PRF collection kit including 24 gauge butterfly
needle and 9 ml blood collection tube.

Figure 1: Process® centrifuge.

introducing concentrated growth factors PDGF,
TGF-ß, and IGF-1 to the surgical site, enriching the natural blood clot in order to expedite
wound healing and stimulate bone regeneration.15 A natural human blood clot contains
95% red blood cells (RBCs), 5% platelets, less
than 1% white blood cells (WBCs), and numerous amounts of fibrin strands. A PRP blood
clot, on the other hand, contains 4% RBCs,
95% platelets, and 1% WBCs.16 The classic
PRP production protocol requires blood collection with anticoagulant, 2 steps of centrifuga-

Figure 3: Single spin produces 3 layers: top is platelet poor
plasma, middle is PRF, and bottom layer contains red blood
cells (RBC’s).

tion, and artificial polymerization of the platelet
concentrate using calcium chloride and bovine
thrombin.17,18 Since its introduction, PRP has
been used in conjunction with different grafting
materials in bone augmentation procedures.19-23
To date, the results from these studies are controversial and no conclusions can be drawn
regarding the bone regenerative effect of PRP.6
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Figure 5: Fibrin clots are transferred to sterile metal
surface and RBCs are gently scraped away and discarded.

Figure 4: Pliers are inserted into the tube to gently grab
the fibrin clot with attached RBC’s.

Platelet Rich Fibrin
Platelet-rich fibrin (PRF) represents a new step in
the platelet gel therapeutic concept with simplified processing minus artificial biochemical modification.24 Unlike other platelet concentrates,17,18
this technique requires neither anticoagulants nor
bovine thrombin (nor any other gelifying agent),
making it no more than centrifuged natural blood
without additives. Developed in France by Choukroun et al in 2001,25 the PRF production protocol
attempts to accumulate platelets and released
cytokines in a fibrin clot. Though platelets and leukocyte cytokines play an important part in the biology of this biomaterial, the fibrin matrix supporting
them certainly constitutes the determining element
responsible for the real therapeutic potential of
PRF.24-28 Cytokines are quickly used and destroyed
in a healing wound. The synergy between cytok-
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ines and their supporting fibrin matrix has much
more importance than any other parameter. A
physiologic fibrin matrix (such as PRF) will have
very different effects than a fibrin glue enriched
with cytokines (such as PRP), which will have a
massively uncontrollable and short-term effect.
Preparation and Clinical Applications
of PRF
PRF preparation requires an adequate table centrifuge (figure 1), (PC-02, Process Ltd., Nice, France),
and collection kit including: a 24 gauge butterfly
needle and 9 ml blood collection tubes (figure 2).
The protocol for PRF preparation is very simple:
whole blood is drawn into the tubes without anticoagulant and is immediately centrifuged. Within
a few minutes, the absence of anticoagulant allows
activation of the majority of platelets contained
in the sample to trigger a coagulation cascade.
Fibrinogen is at first concentrated in the upper part
of the tube, until the effect of the circulating thrombin transforms it into a fibrin network. The result is
a fibrin clot containing the platelets located in the

JIACD Continuing Education

Figure 7: Complete PRF Box® set up.

Figure 6: PRF is placed on the grid in the PRF Box®.

middle of the tube, just between the red blood cell
layer at the bottom and acellular plasma at the top
(figure 3). Unlike PRP, the PRF results from a natural and progressive polymerization which occurs
during centrifugation. This clot is removed from the
tube and the attached red blood cells scraped off
and discarded (figures 4,5). The PRF clot (figure
6) is then placed on the grid in the PRF Box® (figure 7) (Process Ltd., Nice, France), and covered

with the compressor and lid. This produces an
inexpensive autologous fibrin membrane in approximately one minute (figure 8). The PRF Box® was
devised to produce membranes of constant thickness that remain hydrated for several hours and to
recover the serum exudate expressed from the fibrin
clots which is rich in the proteins vitronectin and
fibronectin.26 The exudate collected at the bottom
of the box may be used to hydrate graft materials,
rinse the surgical site, and store autologous grafts.
Concerning specific procedures, PRF membranes may be utilized in combination with graft
materials to expedite healing in lateral sinus floor
elevation.29 Choukroun et al29 evaluated the potential of PRF in combination with freeze-dried bone
allograft (FDBA) to enhance bone regeneration
in lateral sinus floor elevation. Nine sinus floor
augmentations were performed with 6 sinuses
receiving PRF + FDBA particles (test group) and
3 sinuses receiving FDBA without PRF (control
group). Four months after implantation (test group)
and 8 months later (control), bone specimens were
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Figure 9: Residual defect after extraction of fractured #8.

Figure 8: PRF Box® is used to create PRF membranes.
Serum exudate collects in the bottom of the box beneath
the grid.

harvested with a 3mm diameter trephine during
implant insertion. Histologic evaluations revealed
the presence of residual bone particles surrounded
by newly formed bone and connective tissue. At
4 months, the histologic maturation of the test
group appeared identical to that of the control
group after a period of 8 months with the quantities of newly formed bone equivalent between
the two protocols. The use of PRF in combination with FDBA to perform sinus floor augmenta-
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tion seemed to accelerate bone regeneration.
When performing ridge augmentation, PRF
membranes are used to protect and stabilize the
graft materials (figures 9-11). The membranes
act as fibrin bandages, accelerating the healing
of the soft tissues, facilitating the rapid closure of
the incision despite a substantial volume of added
bone (figures 12-14). In a two-part publication,
Simonpieri et al30,31 reported on a new technique
for maxillary reconstruction using FDBA, PRF
membranes and 0.5% metronidazole solution. A
small quantity of a 0.5% metronidazole solution
(10 mg) was used to provide an efficient protection of the bone graft against unavoidable bacterial
contamination.32 PRF membranes were used to
protect the surgical site and foster soft tissue healing and PRF fragments were mixed with the graft
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Figure 10: Defect grafted with Regenaform (RTI Biologics,
Alachua, FL).

Figure 11: Graft is covered with 2 to 4 PRF membranes.

particles. The membranes may be cut into few-millimeter fragments and mixed with the graft material
(figures 15,16), functioning as a “biological connector” between the different elements of the graft,
and as a matrix which favors neo-angiogenesis, the
capture of stem cells, and the migration of osteoprogenitor cells to the center of the graft.5,6 Using
the reported protocol, they consistently observed
a high degree of gingival maturation after healing
with a thickening of keratinized gingival tissues that
improved the esthetic integration and final result of
their prosthetic rehabilitations. In addition, all their
clinical experiences emphasized that the use of PRF
seemed to reduce postoperative pain and edema,
and limited even minor infectious phenomena.31
To get thick small discs or “plugs” of PRF, useful in protecting extraction sites, the PRF clot is

placed into the cylinder in the PRF Box® and slowly
compressed with the piston (figures 17-19). The
small discs measure 1cm in diameter and are easily
inserted into residual extraction defects to expedite
soft tissue healing in site preservation procedures
permitting ideal prosthetic implant placement (figure 20). PRF plugs are also positioned in the
implant osteotomy to facilitate sinus floor elevation using a crestal core elevation (CCE) procedure33 or osteotome-mediated sinus floor elevation
(OMSFE) with simultaneous implant placement.34
Diss et al35 documented radiographic changes
in the apical bone levels on 20 patients with 35
microthreaded implants placed using OMSFE
with PRF as the sole grafting material. Despite
a limited residual subantral bone height (RSBH)
of 4.5 to 8 mm, a healing period of 2-3 months
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Figure 12: Narrow alveolar ridge in anterior maxilla.

Figure 13: Buccal defects grafted with FDBA (LifeNet,
Virginia Beach, VA).

Figure 14: Complete coverage of graft and crest with 4 to
6 PRF membranes.

Figure 15: PRF membrane has been fragmented to mix
easily with graft material.

was found to be sufficient to resist a torque of 25
Ncm applied during abutment tightening. One
implant failed during the initial healing, but at one
year, 34/35 implants were clinically stable and the
definitive prostheses were in function, resulting in a
survival rate of 97.1%. The mean endosinus bone
gain was 3.2 mm with radiographic documentation of apical displacement of the sinus floor. Not

only can PRF be used in lieu of particulate grafting to predictably elevate the sinus floor using a
crestal approach, but the PRF membrane can
provide protection for the sinus membrane during
the use of an osteotome, and in case of perforation, the fibrin matrix can aid in wound closure.35,36
The authors always utilize PRF membranes in the
lateral window osteotomy procedure to line the
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Figure 16: “Extraction Mix” – PRF fragments + FDBA +
calcium sulfate (Ace Surgical, Brockton, MA).

Figure 17: PRF has been placed into cylinders in the PRF
Box®.

Figure 18: Pistons are used to gently compress PRF.

Figure 19: Compression results in the formation of a PRF
plug.

membrane prior to grafting as “membrane insurance” possibly sealing an undetected perforation
which can lead to serious postoperative sequelae.

intrinsic incorporation of cytokines within the fibrin
mesh allows for their progressive release over
time (7-11 days), as the network of fibrin disintegrates.30 The easily applied PRF membrane acts
much like a fibrin bandage,5 serving as a matrix to
accelerate the healing of wound edges.11 It also
provides a significant postoperative protection
of the surgical site and seems to accelerate the

DISCUSSION
PRF is a matrix of autologous fibrin, in which are
embedded a large quantity of platelet and leukocyte cytokines during centrifugation.24,25 The
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CONCLUSION
Early publications and clinical experience seem
to indicate that PRF improves early wound
closure, maturation of bone grafts, and the
final esthetic result of the peri-implant and
periodontal soft tissues. Additional reports
are forthcoming, highlighting the many clinical applications and healing benefits of this
second generation platelet concentrate. ●

Figure 20: PRF plug has been placed in grafted socket
immediately after removal of fractured #9.

integration and remodeling of the grafted biomaterial.25-27 According to Simonpieri et al,31 the use of
this platelet and immune concentrate during bone
grafting offers the following 4 advantages: First, the
fibrin clot plays an important mechanical role, with
the PRF membrane maintaining and protecting the
grafted biomaterials and PRF fragments serving
as biological connectors between bone particles.
Second, the integration of this fibrin network into
the regenerative site facilitates cellular migration,
particularly for endothelial cells necessary for the
neo-angiogenesis,24 vascularization and survival of
the graft. Third, the platelet cytokines (PDGF, TGFβ, IGF-1) are gradually released as the fibrin matrix
is resorbed, thus creating a perpetual process of
healing.20,30 Lastly, the presence of leukocytes and
cytokines in the fibrin network can play a significant role in the self-regulation of inflammatory and
infectious phenomena within the grafted material.21
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Continuing Education JIACD Quiz #2
1. P
 redictable bone regeneration is
dependent upon which major biologic
principles?
a. Primary wound closure
b. Blood supply
c. Space maintenance and wound stability
d. All of the above
2. T
 he major role of fibrin in wound repair
is hemostasis.
a. True
b. False
3. P
 latelet activation in response to tissue
damage and vascular exposure results
in the formation of a platelet plug and
blood clot as well as the secretion of
biologically active proteins.
a. True
b. False
4. P
 latelet alpha (α) granules form an
intracellular storage pool of growth
factors which include all the following
except?
a. Platelet-derived growth factor
b. Bone morphogenetic protein
c. Vascular endothelial growth factor
d. Epidermal growth factor
5. T
 he PRF technique requires
anticoagulants in order to process it.
a. True
b. False

6. P
 RF preparation requires which of the
following?
a. Adequate table centrifuge
b. 24 gauge butterfly needle
c. 9 ml blood collection tubes
d. All of the above
7. The protocol for PRF preparation
requires immediate centrifugation after
blood collection.
a. True
b. False
8. The PRF Box® was devised to produce:
a. Membranes of constant thickness
b. Recovery of serum exudate
c. All of the above
d. None of the above
9. PRF membrane acts like a fibrin
bandage, serving as a matrix to
accelerate healing of soft tissues.
a. True
b. False
10. P
 RF is a matrix of autologous fibrin, in
which are embedded a large quantity of
platelet and leukocyte cytokines during
centrifugation.
a. True
b. False

Click here to take the quiz
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Atraumatic Tooth Extraction
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Abstract

Background: While traditional dental extraction techniques encourage minimal trauma, luxated elevation and forceps removal often results
in fracture or deformation of the dentoalveolar
housing. This trauma typically results in post
extraction ridge defects that may preclude treatment with dental implants or result in sub-pontic
food traps when traditional fixed partial dentures
are used. These problems may be avoided with
“atraumatic” extraction techniques. This paper
introduces an automated periotome that combines
bone preservation with expedient extraction times.
Methods: Seven cases are presented in which
atraumatic extractions were performed with

the Powertome® automated periotome (WestPort Medical, Inc., Salem, Oregon, USA).
Results: In all seven cases, dental extractions were performed flaplessly without damaging the dentoalveolar housing. Most cases
were performed in a matter of minutes.
Conclusion: The automated periotome introduced in this paper is an effective device for
expedient atraumatic dental extractions. By avoiding mucoperiosteal flap reflection and damage to
adjacent bone, delicate gingival papillae are preserved and the opportunity for future or immediate dental implant treatment is maintained.

KEY WORDS: Atraumatic dental extraction, periotome, dental implant
1. Private practice, Lubbock, Texas, USA
2. Private practice limited to Periodontics, Austin, Texas, USA
3. Private practice limited to Periodontics, Washington DC, USA
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INTRODUCTION
Treatment modalities are in a constant state of
flux to meet the ever changing needs of the dental profession. This is readily apparent in the
field of implant dentistry, especially where dental
extractions are concerned. Traditional extraction
techniques have one ultimate goal: removal of the
tooth from its dentoalveolar housing. In certain
circumstances, achieving this goal involves fracturing or surgical removal of surrounding bone.
Basic exodontia texts often advocate as much,
and while all mention that trauma should be kept
to a minimum, bone preservation is typically a secondary concern. For example, many texts note
the thin nature of maxillary buccal bone and advocate “rolling” teeth out buccally during extractions
as this is the path of least resistance.1,2 Extracting teeth in this manner often leads to fracture
of the buccal plate or deformation of the residual socket. As such, it has been recommended
to apply inward circumferential pressure at the
socket crest to compress and reposition bone
that was traumatized during tooth extraction.3
Traumatic damage to the dentoalveolar housing during extraction can result in significant
ridge deformities upon healing. In addition to
compromising esthetics, such deformities may
preclude dental implant placement or result in
sub-pontic food traps beneath traditional fixed
partial dentures.
To avoid these complications, “atraumatic” dental extraction techniques
have gained prominence and may ultimately
become the standard of care for removal of teeth.
Atraumatic extraction preserves bone, gingival architecture, and allows for the option of
future or immediate dental implant placement. A
number of tools and techniques have been proposed for minimally invasive tooth removal includ-
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ing the Easy X-Trac System4 (Titan Instrument,
Hamburg, New York, USA), Physics Forceps5
(Surgical Solutions USA, Carlsbad, California,
USA), #15 scalpel blades, and periotomes.6 This
article introduces a new addition to the armamentarium for atraumatic tooth extraction: the
Powertome® (WestPort Medical, Inc., Salem,
Oregon, USA). The following series of cases
demonstrates utilization of the Powertome® for
atraumatic tooth removal and rationale for its use.

DISCUSSION
The basic tenements of atraumatic dental extractions include removal of teeth with preservation
of adjacent bone and gingival architecture. In
order to achieve this, conventional extraction
techniques must be abandoned. Conventional
dental extractions typically involve reflection
of a mucoperiosteal flap and significant leverage elevation of the tooth against adjacent bone
to facilitate removal with forceps. In addition to
surgically traumatizing delicate gingival papillae, such techniques have great potential to create residual ridge deficiencies secondary to bone
deformation and/or fracture induced by luxation.
One way to reduce trauma to adjacent bone
during tooth extraction is via use of the periotome.
Periotomes are extraction instruments that employ
the mechanisms of “wedging” and “severing” to
facilitate tooth removal.5 Periotomes are composed
of very thin metallic blades that are gently wedged
down the periodontal ligament (PDL) space in a
repetitive circumferential fashion.7 In addition to
minimally invasive luxation, the periotome blade
severs Sharpey’s fibers that secure the tooth
within the socket. Once a majority of Sharpey’s
fibers have been separated from the root surface,
Text continues on page 44
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CASE 1

Figure 1a: Presurgical radiograph of Case 1.

Figure 1b: Preclinical presentation of Case 1.

Figure 1c: Powertome® blade advanced in a ”sweeping”
fashion.

Figure 1d: Powertome® blade advanced down PDL.

Figure 1e: Rotational movement of root with forceps.

Figure 1f: Atraumatic removal of the tooth.
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CASE 2

Figure 2a: Fractured coronal tooth segment.

Figure 2b: Presurgical clinical presentation of Case 2.

Figure 2c: Powertome® blade advanced down PDL.

Figure 2d: Residual root removed with simple suction.

Figure 2e: Dental implant fixture delivery.
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CASE 3

Figure 3a: Powertome® blade advanced down PDL of
small mandibular incisor.

Figure 3b: Powertome® blade advanced in a “sweeping”
fashion.

Figure 3c: Mandibular incisor removed with rotational
movement.

Figure 3d: Immediate dental implant fixture delivery.

Figure 3e: Postsurgical radiograph of Case 3.
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CASE 4

Figure 4a: Presurgical clinical presentation of Case 4.

Figure 4b: Powertome® blade advanced down PDL.

Figure 4c: Atraumatic extraction of brittle maxillary
canine.

Figure 4d: Extracted segments of maxillary canine from
Case 4.

Figure 4e: Immediate dental implant fixture delivery
(facial view).

Figure 4f: Immediate dental implant fixture delivery
(occlusal view).
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CASE 5

Figure 5a: Presurgical radiograph of Case 5.

Figure 5b: Presurgical clinical presentation of Case 5.

Figure 5c: Powertome® blade advanced down PDL.

Figure 5d: Powertome® blade advanced further down
PDL.

Figure 5e: Extracted roots and tooth fragments from Case 5.

Figure 5f: Note the preservation of gingival and osseous
structures.
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CASE 6

Figure 6a: Presurgical clinical presentation of Case 6.

Figure 6b: Powertome® blade advanced down PDL.

Figure 6c: Powertome® blade advanced further down PDL.

Figure 6d: Removal of maxillary molar with forceps.

Figure 6e: Extracted roots and tooth fragments from Case 6.

Figure 6f: Note the preservation of gingival and osseous
structures.
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CASE 7

Figure 7a: Presurgical clinical presentation of Case 7.

Figure 7b: Powertome® blade advanced down PDL.

Figure 7c: Powertome® blade advanced down PDL of
additional teeth.

Figure 7d: Rotational movement allows for simple
extraction of single rooted tooth.

Figure 7e: Additional rotational extractions.

Figure 7f: Note the preservation of gingival and osseous
structures.
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continued from page 36
rotational movements allow for extraction of the
tooth with minimal lateral pressure.8 This reduces
potential trauma to adjacent bone and associated
gingival structures. Disadvantages of the periotome include provider fatigue and adding a significant amount of time to the extraction procedure.
The Powertome® combines the atraumatic
extraction advantages of the periotome with
mechanized speed. The Powertome® is an electric unit that has a handpiece with a periotome
blade that is controlled by a foot switch (figure
8). The automated periotome blade is controlled
by a solenoid within the handpiece. Power output to the handpiece is regulated by the controller box and may be adjusted to 10 different
power settings. The Powertome® is operated
by selecting a power setting on the controller
unit and inserting the blade into the PDL space.
User experience indicates that it is often easiest
to begin interproximally. After inserting the blade
into the PDL space, the Powertome® is activated
via the foot switch. Keeping the blade parallel
to the long axis of the tooth, the blade should
follow the contours of the tooth in a sweeping
motion, advancing apically in 2-4 millimeter increments. During activation of the unit, the Powertome® blade advances easily with minimal hand
pressure yielding much faster and less fatiguing
results than traditional periotomes. Following use
of the Powertome® the tooth in question should
be gently removed with forceps in a rotational
fashion. In some instances, the authors have
found that simple suction is all that is required
to remove smaller single rooted teeth. Multirooted teeth, on the other hand, may require surgical sectioning to convert the tooth into multiple
“single rooted” teeth. Prior to sectioning multi-
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rooted teeth, it is recommended to use the Powertome® in the same fashion as applied to single
rooted teeth. In some instances, especially in the
cases of fused or convergent roots, multi-rooted
teeth may be removed without the need for sectioning. If the roots are flared, however, sectioning the tooth into multiple single rooted teeth will
reduce potential for damage to adjacent bone.

CONCLUSION
Following the recommended protocol for Powertome® assisted atraumatic tooth extraction
as presented in this article, maximum preservation of the alveolar housing and related gingival
structures may be achieved. The multiple cases
presented in this article demonstrate the effectiveness of the Powertome® for achieving such. ●
Correspondence:
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Lubbock, TX 79414
USA
Disclosure
The authors report no conflicts of interest with anything mentioned in this article.
References
1. Dym H, Ogle O. Atlas of Minor Oral Surgery. W.B. Saunders Company,
Philadelphia 2001.
2. Hupp J, Ellis E, Tucker M. Contemporary Oral and Maxillofacial Surgery (5th
Edition). Mosby, St. Louis 2008.
3. S
 eibert J. Treatment of moderate localized alveolar ridge defects: Preventive
and reconstructive concepts in therapy. Den Clin N Amer 1993; 37(2):265280.
4. Babbush C. A new atraumatic system for tooth removal and immediate implant
restoration. Implant Dent 2007; 16(2):139-145.
5. Misch CE, Perez H. Atraumatic extractions: A biologic rationale. Dent Today
2008; 27(8):100-101.
6. Otto M. The atraumatic extraction. SADJ 2006; 61(7):320.
7. Levitt D. Atraumatic extraction and root retrieval using the Periotome: A
precursor to immediate placement of dental implants. Dent Today 2001;
20(11):53-57.
8. Garber D, Salama MA, Salama H. Immediate total tooth replacement.
Compend Contin Educ Dent 2001; 22(3):210-218.

White et al

Think all membranes
are the same?

Think again.
Only OSSIX™ PLUS™ (resorbable collagen membrane) has the unique GLYMATRIX™
Cross-Linking Technology.

• Retains functional integrity/barrier function for 4 to 6 months*,
allowing for the regenerative process to occur

• Uses a natural nonenzymatic Glycation process to optimize healing
• Better handling characteristics and excellent functional integrity
Get all the benefits you want, without compromising!

Order OSSIX™ PLUS™; call 1-866-273-7846
or visit www.orapharma.com
*Data on file, ColBar LifeScience Ltd.
© OraPharma, Inc. 2009 Rx only. Please refer to the package insert for further details. OSP-192-09 3/09
OSSIX™ PLUS™ is a trademark of OraPharma, Inc. GLYMATRIX™ is a trademark of ColBar LifeScience Ltd.

Enhancing Extraction
Socket Therapy

Horowitz et al

Robert A. Horowitz, DDS1 • Michael D. Rohrer, DDS, MS2
Hari S. Prasad BS, MDT3 • Ziv Mazor DMD4
Abstract

P

atients present for extraction of teeth
for numerous reasons. Whether teeth
are being removed in preparation for
orthodontic therapy, malposition or to eliminate dental disease, the sites require reconstruction. Many patients will have restorations
placed over or adjacent to these areas of reconstructed bone. In current times, most will have

implants inserted in the regenerated bone. For
successful maintenance of aesthetic implantsupported restorations, maximal volume in the
restored site containing vital bone with keratinized tissue will enable the surgical/restorative
team to design functional and aesthetic restorations. In this manner, the patients are returned
to an ideal state, maintainable for many years.

KEY WORDS: Site preservation, alloplast, dental implants
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INTRODUCTION
Before a tooth or multiple teeth are extracted, a
determination should be made regarding hard
and soft tissue volume in the area. Periodontally involved teeth are typically missing supporting bone which must be replaced at the time of
extraction. The roots of the teeth also take up
space which must be filled in with vital bone to
enable osseointegration. Determination of the
combined volume of these two defects and if/
where there may be missing walls will assist the
surgeon at the time of extraction. In the aesthetic zone, forced eruption may be incorporated
into the treatment plan.1 This technique utilizes
orthodontic forces to augment, non-surgically,
both the alveolar bone and keratinized tissue.
In this manner, extraction sites can be diminished in volume prior to removal of the tooth.
More often, patients present for extraction
without the luxury of time on the side of the dental team. In many instances, patients require the
removal of a tooth or teeth and do not have the
ability to wait 3 to 6 months for forced eruption to
regenerate gingiva and bone. In these cases, bone
and the surrounding soft tissue have to be reconstructed in one or more procedures at the time of
extraction. This is accomplished by a combination
of bone replacement graft materials, barriers, and
in some cases, growth enhancing factors as well.
Previous studies have documented the preservation of alveolar volume utilizing various graft
materials.2,3 These papers demonstrate that placing a biocompatible material will minimize the
decrease in socket dimensions after the procedure. Although the height and width of the remaining bone are not significantly altered by using this
type of material, the histologic appearance in
the socket is different than native alveolar bone.4
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The materials documented in this case series
have been shown in human and animal studies to
be completely resorbable in the time normally used
between tooth extraction and delayed implant
placement, 4 – 6 months. The synthetic betatricalcium phosphate (ß-TCP) has no incidence of
disease transmission and, as a salt, is dissolved
rather than depending on the action of osteoclasts to resorb it.5 The material has been shown
to be equivalent in resorption and vital bone formation to autogenous bone in maxillary sinus augmentation.5 Calcium sulfate has been used as a
bone replacement graft and/or graft enhancer for
100 years.6,7 This material as well is both synthetic and fully resorbable. The purpose of this
article is to demonstrate the use of ß-TCP alone
or in combination with calcium sulfate as predictable materials for maintenance and/or enhancement of bone volume after tooth extraction.

MATERIALS AND METHODS
Three cases are presented in which extraction
sites and their associated defects were treated
with ß-TCP (figure 1). After adequate healing
time, bone cores were harvested from the surgical sites at the time of dental implant placement.
The trephines containing the bone were fixed in
10% neutral buffered formalin. Upon receipt in
the Hard Tissue Research Laboratory at the University of Minnesota Dental School, the specimens were immediately dehydrated with a graded
series of alcohols for nine days. After dehydration,
the specimens were infiltrated with a light-curing
embedding resin (Technovit 7200 VLC, Kulzer,
Wehrheim, Germany). Following twenty days of
infiltration with constant shaking at normal atmospheric pressure, the specimens were embedded
and polymerized by 450 nm light with the tem-
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Figure 1: Scanning electron micrograph showing the
surface macro and microporosities of β-TCP alloplast.

perature of the specimens never exceeding 40°C.
The specimens were then prepared to by the cutting/grinding method of Donath.8,9 The specimens
were cut to a thickness of 150 µm on an EXAKT
cutting/grinding system (EXAKT Technologies,
Oklahoma City, USA). The slides were then polished to a thickness of 45 µm using the EXAKT
microgrinding system followed by alumina polishing paste and stained with Stevenel’s blue and Van
Gieson’s picro fuchsin. Following histologic preparation, the cores were evaluated morphometrically.
All the cores were digitized at the same magnification using a Zeis Axiolab microscope and a Nikon
Coolpix 4500 digital camera. Histomorphometric
measurements were completed using a combination of Adobe PhotoShop (Adobe Systems, Inc.)
and the public domain NIH Image program (developed at the U.S. National Institutes of Health
and available on the Internet at http://rsb.info.nih.
gov/nih-image/). At least two slides of each core
were evaluated. Parameters evaluated were total
area of the core, percentage of new bone formation, and percentage of residual graft material.

Figure 2: Case 1 presurgical radiograph.

CASE REPORTS
Case 1
After a second course of antibiotics prescribed
by another dentist, this patient presented to for
definitive therapy around tooth #30. She had
a history of pain and swelling on the tooth that
had endodontic therapy but was never restored
with a crown. When a radiograph was taken of
the lower right first molar, it was apparent that
there was significant bone loss in the furcation (figure 2). Clinical inspection of the tooth
revealed a vertical fracture through the remaining coronal portion of the tooth (figure 3).
After administration of local anesthesia, the
tooth was sectioned and the individual roots
extracted. Minor flap elevation enabled complete debridement of the area and visualization
of the sites where the residual buccal plate was
very thin (figure 4). To prevent site collapse
and to enable the possibility of future implant
placement, the site was grafted with Cerasorb® M (Riemser Inc., Research Triangle Park,
North Carolina, USA) mixed with the patient’s
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Figure 3: C ase 1 presurgical presentation.

Figure 4: Case 1 atraumatic extraction with maximum
osseous preservation.

own blood (figures 5,6). Combining the graft
particles with blood from the site enabled the
mixture to handle like a gel or putty and kept
the material where it was placed in the socket
without washing out during the procedure. To
enhance guided bone formation in the defect,
the graft was covered by a resorbable barrier
(EpiGuide®, Riemser Inc., Research Triangle
Park, North Carolina, USA). This three layer
synthetic membrane has the ability to maintain its’ own shape and allow fluid transfer to

the graft beneath it. A recent study comparing
resorbable barriers has demonstrated that Epiguide® has one of the best abilities to facilitate
early osteoblast cell attachment, ideal for promoting maximal bone formation in an extraction
socket.10 The area was closed with sutures,
but primary closure was not obtained (figure 7).
By the three month postoperative visit, the tissues had fully keratinized and radiographic evidence of bone fill was apparent (figures 8,9).
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Figure 5: β-TCP alloplast mixed with patient’s blood.

Figure 6: Extraction site grafted with β-TCP. Note
resorbable membrane.

Figure 7: Case 1 surgical closure. Note that full primary
closure was not obtained and portions of the resorbable
membrane are visible.

Figure 8: Note full soft tissue closure and keratinization of
the surgical site in Case 1.
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Figure 9: Radiographic evidence of bone fill in Case 1 at 3
months after surgery.

Case 2
This patient presented with pain in a maxillary molar tooth. Though the tooth was vital,
inspection revealed a complete vertical fracture
through the central portion of the tooth incorporating the distobuccal root (figure 10). To
minimize trauma to the alveolar bone, the tooth
was sectioned and the other roots extracted utilizing Piezosurgery (Mectron, Verona, IT). Previous papers have shown the effectiveness of
this type of instrument as an aid to numerous
types of oral surgical procedures.11 The tooth
was extracted with minimal trauma to the bone
and surrounding soft tissue (figure 11). Elevation of a full thickness flap was only needed for
access to and debridement of the defect on the
mesiobuccal region. After careful debridement,
the graft material (Cerasorb M) was mixed with
a calcium sulfate containing a methylcellulose
binder (CalMatrix, Keystone Dental, Boston,
MA). This mixture was utilized to give more of
a putty-like consistency (figure 12), enabling
maximal volume preservation in the mesiobuc-
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Figure 10: Case 2 presurgical presentation.

cal region. The addition of calcium sulfate to
the graft material has also been shown in other
studies to enhance vital bone formation and
turnover of the graft material to vital bone.12 A
recent paper has shown more complete healing when calcium sulfate has been added to
ß-TCP.14 In this animal study, better bone was
formed and the bone fill was to a higher level
coronally compared to sites grafted without
the extra graft additive. For complete graft
containment and to further enhance healing,
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Figure 11: Case 2 atraumatic extraction with maximum
osseous preservation.

Figure 12: β-TCP and calcium sulfate mixture. Note
cohesiveness.

a calcium sulfate barrier (Bone Gen, Orthogen, NJ) was placed over the coronal portion of the graft (figure 13). The flaps were
closed, but primary closure was not obtained
and sutures were placed (figure 14). An immediate postsurgical radiograph demonstrated
alloplastic fill of the extraction site (figure 15).
Over the next two months, the soft tissues fully granulated over the calcium sulfate
barrier and closed the coronal portion of the

socket (figure 16). Six months after extraction and grafting, the site was opened. Clinical
evaluation revealed an absence of graft particles, but full volume and width reconstruction
from the surgical procedure (figures 17,18). A
one-stage dental implant was placed with an
osteotome technique to facilitate the placement of a longer implant and to enable better
stabilization at the sinus floor. A 5 year postsurgical radiograph is presented in figure 19.
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Figure 13: Extraction site grafted with β-TCP and covered
with calcium sulfate barrier.
Figure 15: (right)
Immediate postsurgical radiograph
demonstrating alloplastic fill of the extraction site.
Figure 18: (bottom right center)
Case 2 radiographic presentation
at 6 months after surgery. Note bone fill.
Figure 19: (bottom far right)
5 year follow up radiograph of Case 2.
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Figure 14: Case 2 surgical closure. Note that full primary
closure was not obtained and portions of the resorbable
barrier are visible.
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Figure 16: Note full soft tissue closure and keratinization
of the surgical site in Case 2.

Figure 17: Case 2 clinical presentation at 6 months after
surgery. Note bone fill.
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Figure 20: Case 3 presurgical radiograph.

Case 3
This patient presented with a failing restoration
on a mandibular right first molar tooth (figures
20, 21). Upon evaluation, the tooth was deemed
to be non-restorable and atraumatically extracted
(figure 22). After debridement of the socket,
the site was grafted with a mixture of blood from
the site and a pure phase, beta-tricalcium phosphate (Cerasorb M) to ideal contour (figure 23).
The graft material was covered with a resorbable collagen membrane and the flaps closed.
The site was followed radiographically,
observing resorption of the graft particles and
concomitant vital bone formation in the site (figure 24). Six months after the extraction, the site
was opened for placement of a dental implant.
No graft particles were evident on visual inspection of the site. After retrieving a core of the
regenerated material for histologic analysis, the
implant was placed.
The alveolar ridge volume was sufficient to enable placement of a
wide body, wide neck one stage dental implant
that was fully stable at insertion (figure 25).
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Figure 21: Case 3 presurgical presentation following
crown removal.

Figure 22: Case 3 atraumatic extraction with maximum
osseous preservation.
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Figure 24: Case 3 radiographic presentation at 6 months
after surgery. Note bone fill.

Figure 23: Extraction site grafted with β-TCP. Note
resorbable membrane.

Figure 25: Case 3 radiograph at 14 months after implant
delivery.

All Cases
Dental implant fixtures were delivered in all cases.
At the appropriate time after implant placement,
restorative procedures were performed.
The
implants were restored with cemented ceramometal restorations to return the patients to ideal
form and function. Alveolar crestal height was
followed radiographically from the time of extraction through placement of final restoration to
assist in determination of stability of the crestal

attachment apparatus. In all cases, there has
been no loss of alveolar bone from the crestal
region over the time frame studied (1-5 years).
There has also been no change in the level of the
facial gingival margin over the same time period.

CONCLUSIONS
The techniques of extraction and simultaneous
graft and barrier placement presented in this
article are very predictable for restoring volume
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Figure 26: Low power H&E photomicrograph from case 2.
Note vital bone and lack of alloplast.

Figure 27: Low power H&E photomicrograph from case 3.
Note vital bone and lack of alloplast.

of the alveolar ridge. When resorbable barriers are utilized to cover the graft, certain materials can be safely left partially exposed to the oral
environment. The cases shown in this report
demonstrated this principle with various materials. If primary closure cannot be maintained
leaving a large area exposed, or is not desired,
the surgeon may benefit by the placement of
a dense PTFE barrier over the grafted site.15,16
Synthetic graft materials are advantageous in
their ability to be used in any country around the
world. The same is not true for all products of
human and/or animal origin. Patients must make
informed decisions on the materials that surgeons
place with respect to the origin of these products
and their expected biologic results. In the cases
shown in this paper, vital bone was formed in all
re-entered, regenerated sites.
In the maxillary
molar site, 32% vital bone was formed and only
8% residual graft was left (figure 26). In the mandibular molar site, 51% vital bone resulted with
less than 1% remaining bone replacement graft

material (figure 27). This is in contrast to studies with bovine graft materials where anywhere
from 25-35% residual graft has been shown.17
The predictable formation of vital bone
in the treated extraction sockets of this and
other studies has led to 100% success rates
in implant placement and loading.18
Additionally, this bone has maintained radiographic integrity and enabled support of
keratinized tissue with no dimensional alterations over time. Additional studies are needed
comparing vital bone formation in sockets and in maxillary sinus augmentation with
ß-TCP compared to other graft materials. ●
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Excess Cement
and Peri-implant Disease

Callan et al

Donald P. Callan, BS, BA, DDS1 • Charles M. Cobb, DDS, PhD2
Abstract
Background: Among the dental consumer
population, dental implants are an increasingly
popular option for replacing teeth and restoring function. Since implants became a common
modality, assessments of their success have
included improved appearance, restored ability
to eat, and longevity of placement. By and large,
the most appealing appearance drives the choice
of dental implants for the patient. However,
patients and dentists should be aware of possible complications that could affect the patient’s
oral and systemic health, even when excellent
esthetic results are achieved. This article demonstrates an excellent esthetic result even with
the presence excess subgingival cement following placement of a fixed prosthesis associated with no clinical signs of inflammation but
with radiographic signs of peri-implant disease.
Methods: Three healthy females sought tooth
replacement with dental implants. There were
no contraindications for the placement of dental implants and proper surgical protocols were
followed as specified by the implant manufacturer. The implants were restored three and one
half months post surgery with a cemented crown.

Three different restorative dentists were utilized
for the three patients. Occlusal evaluations and
adjustments were performed for each patient along
with proper home care instructions as needed.
Results: The first recall visit showed no clinical signs of inflammation and all patients reported
no discomfort, bleeding during routine home
care procedures, normal function and acceptable esthetics. A radiograph was taken on each
patient.
Radiographic bone loss was noted
on the mesial or distal coronal portion of the
implant body. Mucogingival flaps were elevated
on each implant and subgingival dental cement
was noted on the three dental implants. The
cements were not visible on the radiographs.
Conclusion: When restoring dental implants,
the restorative dentist must exert extreme care to
remove all dental cement about the implant body.
In the cases presented in this report, although the
restorations displayed acceptable esthetics and
normal function with no clinical signs of inflammation or patient discomfort, excess cement appeared
to create a localized inflammatory response that
resulted in bone loss about the dental implants.

KEY WORDS: Dental implants, dental restoration, cement, inflammation
1. Private Practice limited to Periodontics, Little Rock, Arkansas, USA
2. Professor Emeritus, Department Of Periodontics, School Of Dentistry, University of Missouri-Kansas City,
Kansas City, Missouri, USA
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INTRODUCTION
Among the dental consumer population, dental
implants are an increasingly popular option for
replacing teeth and restoring function from the
missing teeth. Since implants became a common modality, assessments of their success have
included improved appearance, restored ability to eat, and longevity of placement and maintaining a healthy environment. By and large,
appealing appearance drives the choice of dental implants for the patient. However, patients
and dentists should be aware of possible complications that could affect the patient’s oral and
systemic health, even when excellent esthetic
results are achieved. Local inflammation associated with teeth and dental implants is a significant clinical phenomenon and may pose systemic
concerns through the inflammatory response of
the host. The occurrence of infection, inflammation, and bone loss about teeth and implants will
often compromise long-term prognosis, esthetics, function, oral health, and, if extensive, will
ultimately lead to tooth and implant failure.1-4
Some researchers and implant companies
have indicated the crestal bone loss around dental implants is a normal occurrence. Local bone
loss about teeth and dental implants is the result
of inflammation. Gingivitis and periodontitis are
both caused by a diverse population of oral bacteria with similarities of microbial populations existing between implants and natural teeth. Many
of the same periodontal pathologic bacteria
have been isolated from implants, thus concluding that Periodontitis and Peri-Implantitis are one
in the same5 and may have systemic concerns.
Implant supported restorations may be retained
by either dental retrievable screws or cements.6,7
Attaching the restoration to the implant body with
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a screw may have problems including loosening of the screw, fracture of the screw, esthetic
concerns, increased cost, and a complex restoration.8-10 Utilizing dental cements may alleviate most of these problems.11 Applying dental
cements on the abutment of dental implant restorations is much the same as crown restorations on
natural teeth. Little information has been provided
in the literature regarding the potential problems of
excess cement being retained subgingivally about
dental implants after the completion of the restoration.12-14 This report documents three cases
illustrating complications that may arise following
the cementation of dental crowns on osseointegrated dental implants. One possible problem
appears to be the inflammatory response as created by not removing excess subgingival cement.

MATERIALS AND METHODS
Three healthy partially edentulous patients aged
36 to 56 years were evaluated after the placement of dental implants and the final cementation
of dental prostheses. All patients were in good
health and had no contraindications for the placement of dental implants. Following completion of
oral hygiene evaluation, oral hygiene instructions,
and necessary periodontal therapy, one dental
implant was placed in each patient according to
the manufacturer’s protocol. All three patients
were allowed to heal for a minimum of 3½ months
to a maximum of 4 ½ months after implant placement. After implant placement, a second surgical
procedure was performed to expose the implants
to the oral environment for prosthetic connection. During the second stage surgery, no bone
loss was noted at the about the neck of any of the
implants. Oral hygiene instruction was reviewed
with each patient before and after implant place-
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Figure 1: Six months after prosthetic procedures, note the
soft tissues about the implants appearing normal in color,
texture, and form.

Figure 2: Radiograph revealed bone loss on the mesial of
the implant being evaluated. No cement was noted on the
radiograph.

ment and at the second surgical procedure. There
were no complications following the first and second surgeries and all three patients healed as
anticipated. Radiographs were taken prior to
implant placement and 3½ months after implant
placement. All radiographs showed no bone loss.
After healing of the second surgery, the soft tissues appeared normal in color, texture, form,
and the patients reported little to no discomfort.
The patients were referred back to the restorative dentist for the completion of the restorative procedures. The cements were selected
by each individual restorative dentist as to their
preference and were used according to the
manufacturer’s specifications. After cementation of the prosthesis, the restorative dentists
attempted to remove excess cement about
the abutment/prosthesis in the usual fashion.
Six months following the prosthetic procedures,
the soft tissues about the implants appeared normal in color, texture, and form (figure 1) and all
patients reported no discomfort. Upon probing
with a periodontal probe (Williams markings), the

pocket depths ranged from 6 to 7 mm in depth
and there were no bleeding points. Radiographs
revealed bone loss on the mesial or distal of each
implant being evaluated (figure 2). The pocket
depths were noted on the same side as the radiographic bone loss. Mucoperiosteal flaps were
elevated about each implant (figures 3,4). Dental cement was noted at the most coronal area of
each implant that showed radiographic bone loss.
On one of the patents, the bone loss so severe
the implant was removed while removing the granulation tissue and the excess cement (figure 5).
To verify the identity of the material, a biopsy
was taken from one of the patients and submitted to the oral pathology department at the University of Missouri at Kansas City for histological,
scanning electron microscopy (SEM), Secondary
Electron Imaging, and Electron Dispersion X-ray
Analysis (EDS) evaluations. Four particles of a
solid hardened material were chipped from the
implant abutment/prosthesis interface and placed
in a 10% neutral buffered formalin solution. A soft
tissue biopsy consisting of gingiva and granula-
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Figure 3: Excess cement was noted about the apical
portion of the prosthetic margin.

Figure 4: Excess cement was noted about the apical
portion of the prosthetic margin.

tion tissue was procured circumferentially from
around the implant prior to removal of the implant
from the alveolus (figure 5). The soft tissue biopsy
was also placed in a 10% neutral buffered formalin solution and later processed for routine
light microscopy, i.e., sectioned at 7µm thickness
and stained with hematoxylin and eosin (H & E).
Following fixation in the buffered formalin
solution, the solid particles were washed in ice-
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Figure 5: Implant as shown in figure 1 was lost during the
removal of the excess cement about the apical portion of
the prosthetic margin and on the implant body.

cold 0.1 M cacodylate buffer at pH 7.4 for three
cycles of 2 hours each. The specimens were
then allowed to dry and dehydrate in a dissector
for 24 hours. Following drying/dehydration the
specimens were affixed to aluminum stubs and
sputtered coated with a carbon film. The coated
specimens were then examined with the aid of a
Philips field emission SEM (model XL-30 ESEMFEI, Philips Electronic Instruments, Inc., Mahwah,
NJ, USA). In addition to routine morphology, the
particles were examined by: 1) x-ray microanalysis using electron dispersive x-ray spectroscopy
(a.k.a. EDS; Bruker AXS Microanalysis, Ewing, NJ,
USA); 2) secondary electron imaging; and 3) x-ray
mapping, the latter two procedures using 15 kV
accelerating voltage at a 10 mm working distance.

RESULTS
Soft Tissue Light Microscopy
Hematoxylin and Eosin (H&E) stained soft tissue
sections revealed a moderately dense fibrosis surrounding numerous embedded foreign material
(figure 6). The connective tissues were infiltrated
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Figure 6: H & E stained section from the soft tissue biopsy
embedded particles of solid material that are heavily
hematoxylinophilic (arrow) adjacent to other solid particles
that exhibit a mixed eosinophilia and low affinity for
hematoxylin (forked arrow). The blue-purple area in the
upper center of the specimen represents an impacted mass
of bacteria (star). Note the extensive fibrosis surrounding
the solid particles. Original magnification of 100x.

Figure 7: Higher magnification of area of interest from
figure 6 showing the amorphous structure of the solid
particles. Again, note the fibrosis with an interspersed
infiltrate of chronic inflammatory cells. Original
magnification of 200x.

by chronic inflammatory cells dominated by lymphocytes and plasma cells. The foreign material
was particulate and presented two different staining affinities. There were particles that exhibited
an overt affinity for hematoxylin, resulting in a deep
purple staining pattern while other particles exhibited a slight affinity for the hematoxylin (figure 7)
that resulted in a faint purple-pink staining pattern.
Lastly, isolated islands of embedded microbial
biofilm were noted near the tissue surface adjacent to the presumed peri-implant pocket area.

face features were induced craze lines (cracking), a result of the dehydration process. There
was no evidence of soft tissue adherence (figures
8,9). Secondary electron imaging of the same
specimen revealed a more roughened and irregular surface topography. However, both routine
SEM and secondary electron imaging provided
sufficient morphologic evidence to allow differentiation of the material from tooth root or bone.

SEM and Secondary Electron Imaging
All particles were characterized by a relatively
amorphous surface topography. Under routine
SEM examination, the surface appeared relatively smooth except for the presence of localized
deposits of loosened debris. The primary sur-

Electron Dispersion X-ray Analysis (EDS)
The EDS scan of the particle surface showed
peaks of varying intensities conforming to
the following elements: low peaks for sodium
and potassium; moderate peaks for carbon and sulfur; moderately high peaks for
oxygen, calcium, aluminum, and phosphorus; and a high peak for silicon (figure 10).
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Figure 8: Routine SEM of solid particle removed from the
implant collar/prosthetic abutment interface. Surface
features consisted of dehydration induced crazing and
loosened debris. Bar = 500 µm at an original magnification
of 40x.

Figure 9: Secondary electron image of same specimen
shown in figure 8 indicating a more undulating and
roughened surface topography than can be seen using
routine SEM imaging techniques. Bar = 500 µm at an
original magnification of 40x.

Figure 10: EDS scan of surface of specimen pictured in figures 8 & 9 showing peaks that identify the presence of the
following elements (left to right): carbon, calcium, oxygen, sodium, aluminum, silicon, phosphorus, sulfur, potassium, and a
second calcium peak.
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Figure 11: X-ray mapping of the surface of the same specimen shown in Figures 8 & 9. Note the uniform distribution of
calcium (Ca K), phosphorus (P K), aluminum (Al k), silicon (Si K), and sulfur (S K). The last image is a routine SEM to show the
surface morphology that corresponds to the location and distribution of the various elements.

X-ray Mapping
X-ray mapping confirmed the EDS observations by revealing a consistently uniform and
regular pattern of distribution of calcium, phosphorus, silicon, aluminum and sulfur (figure
11) on the surfaces of the various particles.

DISCUSSION
The surgical dentists and three restorative dentists involved with these cases had extensive
implant experience.
The restorative dentists
were surprised to see the amount of bone loss
as indicated by the radiographs at the six month

appointment. All three dentists stated they had
no indication the bone loss was occurring or
the etiology of the bone loss prior to viewing the
radiographs. After advising the patients of the
bone loss about the implants, the patients agreed
to exploratory surgery to determine the cause
of bone loss to correct the problem, if possible.
During the exploratory surgery on all 3 implant
cases, excess cement was noted about the apical portion of the prosthetic margins (figures 3-5).
Histologic evaluation of the biopsy sample
revealed solid globular masses, surrounded by
fibrosis and a mononuclear inflammatory cell
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infiltrate consistent with a low-grade chronic
inflammation. Both the morphology and multiple
staining intensities were consistent with residual
dental cement. Interestingly, the biopsy exhibited several areas of embedded masses of bacteria as well. The overall impression suggests
the high probability of residual cement and bacterial biofilm having been forced into adjacent
gingival tissues during instrumentation of the
peri-implant sulcus and/or periodontal pocket.
When viewed collectively, the various methods used to examine the hard particles confirm
the presence of a non-biologic material, most
likely residual dental cement. Routine and secondary electron imaging were used to provide
high-resolution images of the surface morphology to rule out biologic origins that might include
bone or residual tooth structure (figures 8,9).
Furthermore, the morphology appears inconsistent with synthetic bone grafting material, such
as hydroxyapatite granules or bioactive glass.
EDS is an analytical technique used for
the qualitative elemental analysis or chemical
characterization of a sample (figure 10). The
high silicon peak, when coupled with the presence of aluminum, is conclusive evidence that
the specimen was of non-biologic origins. The
uniform distribution of the silicon and aluminum within the specimen, as shown by the
x-ray mapping technique (figure 11), is further
support for the presence of dental cement.

CONCLUSION
This limited study demonstrates that dentists
should be aware of the potential problems with
cementing permanent restorations with subgingival margins on dental implants. Residual subgingival cement appears to establish inflammatory
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conditions that resorb bone about the dental
implants. It is recommended that clinicians utilize radiopaque cement to allow for radiographic
visualization before dismissing the patient. ●
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Abstract
Background: Crown lengthening is one of the
many tools that clinicians can utilize to promote a
healthy periodontal and restorative inter-relationship. It is a surgical procedure aimed at increasing the amount of supragingival tooth structure
for the maintenance of the biologic width and
also for the retention of restorations. An adequate biologic width is important in maintaining
periodontal health and ensuring long-term stability and success of restorations and prostheses.
Methods: After a full thickness mucoperiosteal
flap is reflected atraumatically, the bone and root
surfaces are debrided. The crown preparation is
finalized ensuring that there is a minimum distance of 3mm between the final restorative margin and the alveolar bone crest. A provisional
restoration is placed to protect the exposed

tooth structure and promote soft tissue healing.
Results: This proposed technique offers
increased accessibility for accurate determination of the location of the final crown margin
and its precise preparation. Thus, saving chair
time. A provisional crown, which restores function and esthetics, is provided to the patient
for added comfort and satisfaction. It also
protects the weakened tooth structure from
mechanical and/or chemical insults that can
potentially fracture it during the healing period.
Conclusions: Therefore, this paper aims to
introduce clinicians to a technique, which
simplifies the process of restorative therapy by combining the surgical crown lengthening
with
immediate
provisionalization.

KEY WORDS: Restorative crown lengthening, surgical crown lengthening, pre-prosthetic surgery,
provisional restoration
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Introduction
The role of a Periodontist has been to preserve
the natural dentition in optimal form and function.
However, with the increasing popularity of implant
therapy, maintenance of the natural dentition has
become even more challenging. Fortunately, more
clinicians are utilizing techniques such as crown
lengthening1,2 to overcome challenging situations
like inadequate ferrule3 and the presence of subgingival caries to enhance the prognosis of the tooth.
As defined by the Glossary of Periodontal
Terms in 2001, crown lengthening is “a surgical procedure designed to increase the extent
of the supragingival tooth structure for restorative or esthetic purposes by apically positioning
the gingival margin, removing supporting bone,
or both. It may be accomplished by orthodontic
tooth movement.”4 With this specific procedure,
the clinician will be able to fabricate an ideal restoration through gaining sound tooth structure
above the alveolar crest level, achieving adequate retention and resistance form for crown
fabrication, removing subgingival caries, and
identifying the extent of a fracture or crack line.
Surgical crown lengthening can be catego-

rized into 2 main forms – restorative or esthetic
crown lengthening. In both forms, the biological
goal is to achieve periodontal health by maintaining the biologic width. This concept stems from
the human histological study conducted by Gargiulo and co-workers in 1961.5 They described
the combined length of epithelial attachment
(mean 0.97mm) and connective tissue attachment (mean 1.07mm) as the biologic width (mean
2.04mm). As the dimensions stated in the article
are mean values, it may be prudent to do bone
sounding for each patient in order to get a more
accurate reading. Conservation of the biologic
width is important because its violation will lead
to a disruption in the hermetic seal around the
tooth and an invasion of bacteria and their toxic
byproducts into the periodontium. This results
in the formation of an inflammatory lesion with a
concomitant loss of connective tissue attachment
and apical migration of the junctional epithelium.6,7
Numerous techniques have been introduced
to maintain the biologic width around a tooth for
increased periodontal health.8 These techniques
include gingivectomy, apically positioned flaps
with or without osseous surgery, and orthodon-

Table 1: Potential Drawbacks of Conventional Crown Lengthening Procedure
1. Re-violation of the biologic width during tooth preparation
2.	Increased risk of fractures or cracks occurring in the weakened tooth structure during
the healing period
3. Contamination of the existing tooth structures with loss of the temporary restoration
4. Reduction in esthetics which creates social and psychological stress for the patient
5. Reduction in masticatory function
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Table 2: Indications for Crown Lengthening Procedure
1. Periodontal considerations
		

i. To maintain biologic width

2. Restorative considerations
		

i. To increase retention and resistance form of crown preparations

		

ii. To correct occlusal plane

		

iii. To create adequate ferrule effect in endodontically treated teeth

		 iv. To expose subgingival preparation margins, carious lesions, restorations, root resorptions,
			 perforations or fractures
3. Esthetic considerations
		

i. To correct gummy smiles (altered passive eruption)

		

ii. To correct gingival overgrowth

tic forced eruption.9,10 Conventional restorative
crown lengthening involves the reflection of a full
thickness mucoperiosteal flap, degranulation, root
planning, osseous recontouring to create biologic
width, apical positioning of the flaps, suturing,
placement of a periodontal dressing, and suture
removal 7 – 10 days post-surgically.11 Healing
of the wound site depends primarily on the extent
of the surgical procedure. In soft tissue surgery,
such as gingivoplasty or gingivectomy, connective tissue takes 4 – 6 weeks to mature.7,8 In flap
procedures e.g. apically positioned flap, total tissue maturation and functional orientation takes 4
– 6 months to complete.12 When osseous recontouring is involved, a longer healing time of 6 – 8
months is needed for complete bone maturation.13
This is of significant importance in the aesthetic

zone such as the maxillary anterior teeth. This is
because healing of the soft and hard tissues must
be completed before the level of the free gingival
margins can be accurately determined. The crown
preparation will be finalized just before the final
impression is taken. In this way, margins of the
restorations can be established slightly subgingival
for a more aesthetic result. Therefore, depending
on the extent of the crown lengthening procedure,
the final impression of the crown preparation will
be taken 6 – 8 months later if bone is removed,14
10 – 12 weeks later if bone is exposed, and
6 – 8 weeks later if only soft tissue is removed.
Although the conventional crown lengthening
procedure is adequate in routine dental practices,
it suffers from several drawbacks summarized in
Table 1. In an attempt to overcome these poten-
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Table 3: Contraindications for
Crown Lengthening Procedure
1. Unfavorable crown-root ratio
2. Mobility
3.	Possibility of compromising the
support of the adjacent dentition
4. Esthetic areas

tial difficulties, this paper aims to introduce a new
crown lengthening technique that combines both
restorative and periodontal considerations at the
time of surgery. This technique is designed to
shorten overall treatment time, to provide enhanced
esthetics, function and comfort, to protect the
weakened tooth structure, to create a sufficient
biologic width of 2 – 3mm for long-term stability
of the tissues, and to increase incorporation of
crown lengthening procedures in clinical practice.5
Crown Lengthening with Immediate
Provisionalisation Technique
In order to achieve successful and predictable treatment outcomes, case selection is crucial. Crown lengthening is mainly indicated for
periodontal, restorative or esthetic reasons as
summarized in Table 2.15 However, in situations
where there is an unfavorable crown-root ratio,
mobility, esthetic concerns, or risk of compromising the adjacent structure (Table 3), crown
lengthening is not the appropriate therapy.
Besides determining the aim of the procedure,
presurgical clinical and radiographic assessments
of the tooth and/or teeth of concern consider all
factors that can possibly influence the treatment
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outcome. Some of these considerations are the
strategic value of the tooth, apical extension of
subgingival carious lesions, fracture extent, and
the relationship between the biologic width and
an acceptable crown-root ratio. These influencing
factors, which are summarized in Table 4, not only
influence the treatment outcome but also dictate
the decision to keep or extract the tooth of concern.
This technique can be summarized into
eight stages, namely incision design, flap reflection, root surface preparation, tooth preparation, impression, suturing, provisionalization,
and placement of a periodontal dressing.
Following the principles of osseous surgery
as proposed by Oschenbein,16 a reverse bevel
incision is placed after considering the probing
pocket depth of the tooth/teeth, width of keratinized gingiva, location of furcation, and potential
of flap mobilization in the area of concern. Due
to the elasticity of the facial and lingual flaps,
the position of the incision should avoid furcation exposure while retaining a minimum of
2mm of keratinized gingiva.17,18 However, on
the palatal side, a resective approach is advocated because the palatal tissue is thicker and
immobile. Thus, the incision should remove half
to two-thirds of the pocket depth to facilitate
pocket reduction and exposure of tooth structure.
In order to gain access to the bone and root
surfaces, a full thickness mucoperiosteal flap is
reflected atraumatically using either a Buser elevator (Hu-Friedy, Chicago, IL) or a No. 7 wax spatula.
The bone and root surfaces are carefully debrided
using curettes, ultrasonic scalers, back action chisels and, Neumyer’s bur (Brasseler, Savannah, GA)
on a slow speed handpiece. This procedure not
only removes all granulation tissue, it also achieves
hemostasis so that the distance from the cemento-
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Table 4: Factors Influencing Crown Lengthening Treatment Outcome
1.

Biologic width

9.

2.

Type of restorations

10. Apical extent of caries

3.

Root anatomy, furcation location

11. Apical extent of perforation

4.

Health of dentogingival unit

12. Apical extent of old restorations

5.

Loss of mesiodistal (embrasure) space

13. Level of the alveolar crest

6.

Esthetic concerns

14. Pre and postsurgical crown-root ratio

7.

Endodontic status of the tooth

15. Post-surgery maintenance

8.

Strategic value of the tooth

enamel junction or the restoration margin to the
alveolar bone crest can be accurately determined.
The crown preparation should be finalized
at this stage due to better access of the preparation margin. A minimum distance of 3mm
between the final restorative margin and the
alveolar bone crest is necessary to ensure the
preservation of the biologic width.19,20 This can
be achieved with minimal damage to surrounding
structures by using an end-cutting bur labeled
with a 3mm mark on the bur shank (Brasseler,
Savannah, GA). In endodontic ally treated teeth,
an additional 1.5 – 2mm is required to create a
ferrule. The ferrule is a 360° metal crown collar surrounding 1.5mm of parallel walls of dentin
that extends coronals to the shoulder margins
of the preparation.3 Having an adequate ferrule increases the resistance form of the crown
restoration, hence preventing its failure.21 If a
cast post and core is needed, the clinician can
fabricate the impression of the post space prep-

Apical extent of fracture

aration at the same visit. The surgical site is
subsequently closed passively with either a continuous sling suture or vertical mattress sutures.
In order to protect the exposed tooth structure from mechanical and chemical trauma, to
promote soft tissue healing and prevent soft tissue rebound,22 provisionalization of the crown
preparation is essential. A preformed plastic
crown or a customized temporary crown that is
temporarily cemented onto the preparation will
serve this purpose. Placement of a periodontal dressing, such as Coe-Pak (GC America,
Alsip, IL), to protect the surgical site and apply
positive pressure to apically position the flap is
advised. The final impression for fabrication of
the crown will be obtained 5 – 6 months after
bone healing is completed. Before taking the
final impression of the crown, the clinician can
assess the level of the crown margins and
make adjustments accordingly. As the crown
margin was prepared as close to the final mar-
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Figure 1a: Presurgical view of tooth #28.

Figure 1c: Performing the root preparation and crown
lengthening.

Figure 1b: After flap elevation and crown preparation.

gin during the crown lengthening procedure,
it is assumed that only minor adjustments will
be needed during the final impression stage.

Clinical Cases
Two clinical cases will be presented here to illustrate the use of this technique that combines
crown lengthening with immediate provisionalization. These cases demonstrate that this
technique is an easy and predictable approach,
which clinicians can adopt in their daily practice.
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Figure 1d: Notice the distance from the crown margin to
the alveolar bone is 3mm (biologic width).

Case 1
A 46 year old male patient presented with subgingival caries on the mandibular right second
premolar (Figure 1a) and crown lengthening
was required before final crown placement. A

Tseng et al

Figure 1e: Flaps closed with vertical mattress sutures and
the provisional crown cemented after occlusion adjusted.

Figure 1f: One week post-op visit.

full thickness mucoperiosteal flap was elevated from the first premolar to the first molar
(Figure 1b) and degranulation and root planing were thoroughly performed with curettes
and a Neumyer’s bur on a slow speed handpiece (Figure 1c). Subgingival caries removal
and crown preparation were performed before
the biologic width (3mm) was recreated (Figure
1d). The surgical site was closed and secured
with vertical mattress sutures to apically position the flaps. A preformed provisional crown
was adjusted and cemented onto the crown

Figure 1g: Final restoration placed 6 months later.

preparation using temporary cement (Figure 1e)
and a periodontal dressing was placed to protect the wound site. Final crown preparation
adjustments and impression were performed 6
months after the crown lengthening procedure
was completed with a double retraction cord
technique.23 The retraction cords served to displace the gingiva from the crown preparation
margins so that a detailed and accurate impression can be obtained. Addition polymerized
silicon impression material was syringed onto
the crown preparation after the removal of the
superficial retraction cord and the impression
was removed 6 minutes later after it had set.
Case 2:
A 55 year old female patient presented with a
heavily restored maxillary left central incisor.
The tooth had a slight mesiobuccal rotation and
defective buccal composite resin restorations
with secondary subgingival caries. On top of
plaque-induced gingivitis, there was also a violation of the biologic width on the buccal surface
resulting in erythematous and edematous marginal gingiva (Figure 2a). As mentioned in the
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Figure 2a: Presurgical view of tooth #9. Notice the
erythematous and edematous facial gingival tissue.

Figure 2d: Flaps closed with vertical mattress sutures.

Figure 2b: Tooth after degranulation, root planing, crown
lengthening and preparation.

Figure 2e: Final restoration 6 months later.

Figure 2c: Provisional crown cemented with temporary
cement..
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previous case, a full thickness mucoperiosteal
flap was elevated from right central incisor to
the left lateral incisor, granulation tissue was
removed, and the roots were planed. The crown
preparation was performed before the biologic
width was recreated (Figure 2b). Provisionalization of the tooth was achieved with a temporarily cemented preformed acrylic crown (Figure
2c) and the flaps were apically positioned and
secured with vertical mattress sutures (Figure 2d). The tooth was subsequently restored

Tseng et al

with a ceramic crown (Figure 2e).
Similar to the previous case, the final impression
was taken 6 months after the crown lengthening procedure using the same technique.

Discussion
A healthy periodontium is the foundation for
long-term restorative stability and success.
Crown lengthening is a surgical intervention that
promotes a strong periodontal/restorative interaction. Therefore it should be incorporated into
the daily practice of all clinicians. The proposed
technique thus serves to simplify conventional
crown lengthening techniques for increased
clinician confidence and patient satisfaction.
This technique also offers several advantages, such as increased accessibility for accurate determination of the location of the final
crown margin and its precise preparation. This
leads to having minimum or no modifications
when seating the final crown restoration. A
provisional crown, which restores function and
esthetics, is provided to the patient for added
comfort and satisfaction. It also protects the
weakened tooth structure from mechanical and/
or chemical insults that can potentially cause
fracture during the healing period. A precise
post-core impression can be obtained because
any undercuts in the preparation are removed
during the crown preparation. Besides having these advantages, this technique also
saves chair time by reducing the number of
appointments needed. In general, the treatment process can be reduced by two appointments because the crown preparation and
soft tissue recontouring stages are addressed
during the crown lengthening procedure.
On the other hand, this technique is not

without its limitations, which are increased
surgical time, increased difficulty in controlling a dry field for an accurate impression, and
additional challenge to the host system during wound healing because of contamination
of the surgical site with restorative materials.

Conclusion
The proposed crown lengthening with immediate provisionalization technique is a surgical
intervention that considers both periodontal and
restorative perspectives. It simplifies the process of restorative therapy by shortening the
overall chair time, protecting weakened tooth
structure, providing function and esthetics to
the patient, and promoting periodontal health
through creating an adequate biologic width. ●
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