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Bone replacement in the human body has a long 
history that involves a variety of graft materials, 
growth enhancers, barriers, and more. The origin 
of such materials, their rationale for use, and how 
they are removed or eliminated from the surgi-
cal site are all key issues facing surgeons when 
considering bone graft procedures. 

In this supplement to Compendium of Continuing 
Education in Dentistry, supported by Sunstar, we 
examine developments—both old and new—in 

the area of bone grafting. A continuing education article reviews the issues 
surrounding tooth extraction, ridge augmentation, and sinus grafting and 
underscores the value of understanding the various materials used when 
performing these procedures. Also, this supplement highlights an in-situ 
hardening alloplastic bone grafting material composed of β-TCP granules 
coated with PLGA. Its use is aimed at preserving the dimensions and archi-
tecture of the alveolar ridge after atraumatic extraction.

I would like to thank our sponsor for bringing you this educational opportu-
nity and hope that you find the information helpful for your own clinical prac-
tice. I welcome your feedback. Please contact me at lrose@aegiscomm.com. 

Louis F. Rose, DDS, MD
Editor-In-Chief
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Bone GraftinG: History, 
rationale, and selection of 
Materials and tecHniques
Robert A. Horowitz, DDS; Minas D. Leventis, DDS, MS, PhD;  
Michael D. Rohrer, DDS, MS; and Hari S. Prasad, BS, MDT

ABSTRACT

In the 100-year history of bone replacement in the human body for different purposes, a wide 

variety of surgical approaches and materials have been used. The techniques and materials 

selected significantly affect the outcome of bone replacement procedures in terms of bone 

formation volume and the quality and amount of vital bone. The choices facing the dental 

surgeon at the time of extraction, ridge augmentation, or sinus graft are wide-ranging. When 

choosing a bone graft material the surgeon should consider its ultimate effect on healing 

patterns in and around the alveolar bone at the endpoint of the procedure. As this article 

concludes, a better understanding of the materials and the results that can be predictably 

achieved with them can be valuable to the appropriately trained surgeon when preparing for 

these procedures.

LEARNING OBJECTIVES

+ Discuss the choices and related  

 issues faced by surgeons at  

 the time of tooth extraction, ridge  

 augmentation, or sinus graft

+ Describe the different materials  

 used for bone replacement

+ Explain how the surgeon’s ultimate  

 goal impacts decisions regarding  

 material choices and methods used

the history of bone replacement 

in the human body using different 
materials that can be purchased, 
processed, or harvested dates back 
more than a century. Significant is-
sues related to graft materials and 
growth enhancers concern their 
origin, rationale for use, how they 
are removed or eliminated from 
the surgical site, and their associ-
ated biologic “costs.” Another key 
issue when considering bone graft 
materials is the goal of the surgeon 
regarding “repair” or “regeneration” 
in the specific area treated. 

Repair is the replacement of 
a part with something that is 
physically similar but is neither 
biologically nor physiologically 
identical to the original structure. 
In contrast, regeneration involves 
a complex series of material usage 
and events that enable the miss-
ing body part to be replaced by a 
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biological structure or group of 
structures in all ways identical to 
what was lost. Surgeons contem-
plating replacement via either 
repair or regeneration should 
consider the options in bone re-
placement graft materials, growth 
enhancers, and barriers in terms 
of their expected ultimate biologic 
impact at the endpoint of the surgi-
cal procedure. depending on the 
procedure, there may be tradeoffs 
between percentage of vital bone, 
volume augmentation, and speed 
of healing, versus the simplicity of 
the procedure. 

Guided tissue regeneration 
involves a number of steps to 
achieve the goal of bone formation 
in an area. It requires a scaffold on 
which the bone is laid down. Blood 
vessels must enter the area to bring 
nutrients and the necessary cells. 
Calcium is important for miner-

alization of the organic matrix 
formed. osteoblasts will deposit 
the collagen that will become bone. 
Signaling molecules assist in the 
attraction of the precursor cells (os-
teoblasts, endothelial cells) to enter 
the area where their specific tissues 
will be built. It can be daunting to 
complete these tasks in an area of 
the mouth where there is trauma 
from food and masticatory muscles, 
bacteria, and saliva—challenges 
that can be further complicated in 
a non- or poorly compliant patient. 
Having a better understanding of 
the materials and the results that 
can be predictably achieved with 
them can help the appropriately 
trained surgeon prepare for these 
surgical endeavors.

considerations for 
Bone replacement

The choices facing the surgeon at 
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the time of extraction, ridge aug-
mentation, or sinus graft are numer-
ous, and are concerned mainly with 
the following:

Mode of entry to the site—modes 
of entry may be flapless, minimally 
invasive, or a “conventional” large 
flap may be used for access.

source of bone replaceMent 
graft Materials—Autogenous 
bone, allogeneic bone, alloplast, 
xenografts, or an autogenous blood 
harvested/concentrated product 
comprise the options for bone 
replacement graft materials.

type of graft used in the pro-
cedure—Grafts may be particulate, 
putty, or block. They are available 
with large or small particles, a 
combination of porosities, and 
from specific locations of origin (eg, 
cortical, cancellous).

specific characteristic of each 
graft—There may be varying 
degrees of mineralization, material 
composition and formation, and 
resorbability. Also to be considered 
is whether the material is osteocon-
ductive or osteoinductive and how 
quickly—or slowly, or if at all—the 
graft will resorb. 

barrier type—The barrier may 
be synthetic or it could be collagen—
in which case its source should be 
considered; it may be cross-linked 
or processed in a “natural” way; it 
also may be resorbable or removable, 
bioactive, or inert.

early studies on extraction 
therapy demonstrated that place-
ment of neither a graft nor a barrier 
resulted in vital bone formation in 
the socket.1 While in principle, this 
is an outstanding result, there are 
concerns related to using this as the 
only mode of preservation of the 
alveolus at the time of tooth removal. 
Fickl et al2 in 2008 investigated the 
differences between flap elevation 
and flapless extraction, with and 
without bone replacement grafting, 

in dogs. They found that raising the 
mucoperiosteal tissues resulted 
in more loss of alveolar width and 
height than leaving the soft tissues 
intact at the time of surgery. They 
also noted more, though not full, 
preservation of the dimensions by 
placement of a combination bone 
graft with anorganic bovine bone 
mineral in collagen than no graft-
ing. Iasella et al3 demonstrated that 
more vital bone was formed when 
no graft material was placed at the 
time of tooth extraction, but there 
was a more than 30% loss of ridge 
width than when a mineralized al-
lograft was inserted into the defect 
and covered with a resorbable col-
lagen barrier.3 

In a study comparing two dif-
ferent grafting methods,4 where 
bovine-derived xenografts were 
placed in a socket and covered with 
a resorbable barrier there was a 
slight gain in height, but only 26% 
vital bone formed. When a com-
posite graft with demineralized 
allograft and calcium sulfate was 
placed and covered with a calcium 
sulfate barrier, the same amount of 
horizontal ridge collapse occurred, 
but over two times the amount of 
vital bone was viewed histologically.

Grafting and Barrier Materials

Calcium Sulfate
other graft materials that have 
been used at the time of tooth 
extraction include synthetic ma-
terials. Calcium sulfate has been 
used in many configurations as a 
graft and/or enhancer (Figure 1). 
A 2004 study showed excellent 
volume preservation and that close 
to 60% vital bone formed when a 
hemihydrate form of calcium 
sulfate was used with no barrier.5 
A novel bone replacement graft 
material described in a 2012 report 
is biphasic in nature, containing 
both hemi- and di-hydrate calcium 
sulfate. This material is self-setting 
in the presence of blood or saliva, is 
reinforced, and can be used with or 
without a barrier membrane.6 The 
report presented findings on its 
use in multiple types of defects, all 
demonstrating significant amounts 
of bone histologically. In addition, 
there was significant preservation 
or augmentation of the alveolar 
ridge width. 

The patient shown in Figure 
1 had presented after significant 
endodontic-related abscesses 
reduced the height of both buccal 
and lingual plates of bone. Covering 

1

2

3

fiG 1. a 
significant 
loss of bone 
necessitated 
covering the 
BPcs with a 
dense Ptfe 
barrier.

fiG 2. Patient 
in figure 1 
who received 
BPcs graft 
shown 5 years 
after prosthetic 
loading of the 
implant.

fiG 3. although 
the graft had 
only been in situ 
for 4 months, 
the resulting 
histology 
demonstrated 
58% vital bone, 
no remnants of 
graft material, 
and a dense 
trabecular 
nature. (Histology 
sample provided by 
Dr. Rohrer and Mr. 
Prasad.)
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the biphasic calcium sulfate (BpCS) 
graft with a dense polytetraflou-
roethylene (pTFe) barrier for 3 
weeks enhanced healing in the site. 
Clinically, it is apparent that the 
ridge volume was maintained over 
5 years and supported keratinized 
tissue (Figure 2). most importantly, 
there was, on histologic evaluation, 
58% vital bone, with no remnants 
of the bone replacement graft mate-
rial (Figure 3). 

Beta-Tricalcium Phosphate
There are concerns that graft ma-
terials that fully resorb in a short 
timeframe may contribute to site 
collapse. pure-phase beta-tricalci-
um phosphate (ß-TCp) (Figure 4) 
was one of the materials developed 
to address this concern. In a clini-
cal and histologic study, extraction 

sockets were shown to have 91% of 
ridge width preserved when grafted 
with ß-TCp (Cerasorb®, Curasan, 
Inc., www.curasaninc.com) and 
covered with either a collagen or 
dense pTFe barrier.7 dental im-
plants were placed in these patients 
at 4 to 6 months postoperatively, a 
later time period than in the calcium 
sulfate studies. The patient shown 
in Figure 4 had only three maxillary 
teeth remaining, supporting an ill-
fitting removable prosthesis. due to 
the significant occlusal forces that 
were to be demanded on this single-
tooth, implant-supported restora-
tion, it was deemed advantageous 
to maximize the amount of vital 
bone in the recipient site. The area 
was left to heal for 7 months before 
flap exposure (Figure 5), implant 
placement in an ideal location, and 

fiG 4. Pure-
phase ß-tcP 
covered with a 
collagen barrier.

fiG 5. reentry 
at 7 months 
demonstrated 
full ridge width 
preservation and 
minimal residual 
graft material.

fiG 6. Histologic 
and histomorpho- 
metric analysis 
of the retrieved 
graft showing 
significant 
amounts of  
vital bone. 
(Histology sample 
provided by Dr. Rohrer 
and Mr. Prasad.) 

graft analysis in the largest part of 
the defect. Analysis of the retrieved 
specimen showed 85% vital bone in 
the apical 90% of the core and a thin 
layer of nonresorbed ß-TCp at the 
crestal portion (Figure 6).

TCP Coated with PLGA
A new form of tricalcium phosphate 
has been developed for ease of use in 
a syringe system, which sets the ma-
terial in the grafted site. The system 
is made up of one syringe contain-
ing 99% ß-TCp granules coated 
with poly(lactide-co-glycolide) 
(pLGA). This is mixed with an 
ampule containing BioLinker® (N-
methyl-2-pyrrolidone and water) 
(GuIdoR® easy-graft®, Sunstar, 
www.GuIdoR.com) (Figure 7). A 
study demonstrated the biocompat-
ibility and resorption of this material 
in extraction sockets.8 With its abil-
ity to resorb slowly and fully and to 
maintain its shape during healing, 
GuIdoR easy-graft is potentially 
an ideal bone replacement graft for 
defects of varying sizes, either with 
or without a barrier. 

4 5

6

Surgeons 
contemplating 
replacement via 
either repair or 
regeneration should 
consider the options 
in bone replacement 
graft materials, 
growth enhancers, 
and barriers in 
terms of their 
expected ultimate 
biologic impact at 
the endpoint of the 
surgical procedure.
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Figure 7 demonstrates the 
handling of the material as it is 
inserted into a large, mandibular 
molar extraction socket. The graft 
was covered with a collagen bar-
rier, but no primary closure was 
either planned or obtained. The 
area healed uneventfully and was 
reentered with a flap procedure at 
8 months for implant placement 
(Figure 8). Based on Figure 8 it is 
evident that much of the graft mate-
rial had resorbed and was replaced 
with vital bone while the width of 
the alveolar ridge was preserved 
to facilitate ideal placement of an 
endosseous dental implant.

Barriers
In response to challenges with expo-
sure and infection using expanded 
pTFe barriers, dense, nonporous 
barriers have been studied and 
shown to be successful for about 
20 years. using a dense pTFe bar-
rier (Cytoplast™ TXT, osteogenics, 
www.osteogenics.com) alone for 
protecting a blood clot has been 
shown in numerous papers to 
preserve alveolar ridge width to a 
great extent. In these cases, it was 
demonstrated radiographically 
and histologically that the former 
sockets were filled with vital bone 
suitable for osseointegration as 
early as 3 months post extraction 

in humans.9-11 In some instances, 
whether for the comfort of the sur-
geon or to support the membrane 
to maintain a larger alveolar bone 
volume, the site was filled with a 
graft material (as was shown in 
Figure 1 through Figure 3). 

To obtain a different type of 
barrier required engineering 
with a number of components. A 
resorbable barrier was designed 
to be space-maintaining due to its 
rigid nature and space between the 
inner and outer layers (GuIdoR® 
matrix Barrier, Sunstar). The po-
rous nature of the surfaces, made 
of a combination of a citric acid 
ester and polylactic acid, enables 
tissue ingrowth to stabilize the bar-
rier. Additionally, there is nutrient 
perfusion from the periosteum to 
the treated defect. The material has 
been shown to have a low incidence 
of inflammation and infection and 
complete resorbability in the time 
required for guided tissue regen-
eration in humans.12 These barrier 
characteristics may be quite useful 
to the dental surgeon in cases where 
osseous defects are present, either 
around implants or where bone 
regeneration is required prior to 
their placement. 

In a case presented in Figure 9 
through Figure 11, the synthetic 
barrier was inserted at the time of 

removal of a tooth with significant 
bone loss on the palatal aspect (Fig-
ure 9). The rigidity of the material 
not only enabled containment of 
the bone replacement graft mate-
rial, but also the initial formation of 
the site in the desired alveolar ridge 
shape (Figure 10). Six weeks later, 
there was no evidence of inflam-
mation and the area was healing 
quite well (Figure 11). not only was 
the alveolar ridge back to its ideal 
shape at the crest, but there was 
also a widened zone of keratinized 
tissue where primary closure was 
not attempted over the barrier. 

Putties
To overcome some of the issues 
associated with conventional 
particulate bone graft materials, 
some putties have been developed 
for multiple uses, including sockets, 
lateral-approach sinus grafts, and 
alveolar ridge augmentations. The 
previously mentioned BpCS and 
pLGA/TCp are two such materi-
als. Another is a combination 
demineralized/mineralized al-
lograft in a collagen gelatin carrier 
(optecure®, exactech, www.exac.
com), a semi-rigid material for ridge 
augmentation. Because the material 
has, according to the manufacturer, 
tested positive for osseoinductivity, 
the amount of vital bone formed in 

7 8

fiG 7. insertion 
of the PlGa-tcP 
self-setting 
composite graft 
material in the 
extraction socket. 

fiG 8. eight 
months after 
grafting the 
extraction socket 
an implant 
was placed in 
a well-healed 
ridge. (Surgery in 
this case performed 
by Dr. Leventis.)
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fiG 9. a semi- 
rigid synthetic 
barrier was 
inserted in a 
subperiosteal 
manner where  
a significant loss 
of palatal bone 
and thin buccal 
plate existed.

fiG 10. the 
deficient socket 
was grafted 
and the barrier 
trimmed and 
positioned 
over the bone 
replacement 
graft material, 
enabling ideal 
formation of 
the final ridge 
shape.

fiG 11. the 
6-week healing 
showed 
preservation/
reformation of 
the alveolar 
ridge width 
and an increase 
in the width 
of keratinized 
tissue to enhance 
future esthetics.

9

10 11

these cases is significant. 
The patient shown in Figure 12 

presented with an alveolar ridge in 
the anterior mandible that was 1 mm 
wide starting 2 mm below the al-
veolar crest. The allograft putty was 
hydrated in sterile saline, covered 
with calcium sulfate (3d Bond™, 
Augma Biomaterials, www.augma-
bio.com) and an ossix® plus (datum 
dental Ltd, www.ossixdental.com) 
barrier, and primary closure was ob-
tained. narrow-diameter implants 
(AneW®, dentatus, www.dentatus.
com) were used to assist in retention 
of a fixed transitional prosthesis. 
Four months later, dental implants 
were inserted, then restored another 
4 months later. The clinical result is 
shown in Figure 13, which provides 
a 3-year post-loading view of the 
anterior mandible demonstrating 
the thickness and health of both the 
alveolar ridge and keratinized tissue. 

Anorganic Bovine Bone Mineral
early studies on lateral-approach 
sinus augmentation used anorganic 
bovine bone mineral as a graft.13 In 
a series of publications over many 
years,14-25 this xenograft was used 
alone, mixed with autogenous 
bone harvested from the patient, 
or mixed with growth factors from 
various sources. When the materials 
were used alone but covered with 
a barrier membrane covering the 
lateral window, there was a vital 
bone percentage ranging from 12% 
to 17% between 6 and 10 months 
postoperatively. Although this 
material has been shown to yield a 
high success rate when utilized in 

this manner, other materials and 
techniques have been investigated. 
one study demonstrated implant 
placement at the same time as sinus 
augmentation with only platelet-
rich fibrin harvested from the pa-
tient as the material used to elevate 
the Schneiderian membrane.26 In 
this multi-center study, 25 patients 
had implants placed in 1.5 mm to 6 
mm of residual maxillary bone at 
the same time as sinus augmenta-
tion. The resulting 50% vital bone 
at 6 months postoperatively enabled 
significantly faster restoration to 
function of the treated patients.

conclusion

In their discussion of the histo-
logic analysis of socket grafting 
with medical-grade calcium sulfate 
hemihydrate, Guarneri et al5 stated, 

“The goal of any grafting procedure is 
to achieve formation of 100% living 
bone tissue surrounding implants.” 
depending on the size and location 
of the defect treated relative to adja-
cent sources of both progenitor cells 
and vasculature, this may or may not 
be possible. According to long-term 
studies on implant success rates in 

grafted bone, the incorporation of 
non-vital, non- or slowly resorbing 
particles may not make a differ-
ence.27 However, in studies that were 
done with fully resorbable materials, 
there appears to be a trend sup-
porting earlier placement of dental 
implants than in other papers.9,26 
The bone replacement graft, barrier, 
and growth-enhancing materials 
presented in this discussion should 
give the surgeon some guidelines. 
Varying surgical approaches and 
types of materials affect both the 
volume of bone formed and the 
quality and amount of vital bone 
it contains. By determining the 
endpoint of the procedure 3, 6, 9, 
or more months down the line, an 
appropriate choice of technique and 
materials can be made. In this way, 
patients can receive optimal therapy 
backed by science, literature, and 
predictability.
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fiG 12. deficient 
anterior mandib- 
ular ridge with 
transitional 
implants in 
place to retain 
a transitional 
fixed prosthesis, 
eliminating 
the chance 
of premature 
loading over the 
surgical site. 

fiG 13. 3 years 
after prosthetic 
loading, the 
alveolar volume 
enabled both 
ideal placement 
and restoration 
of dental 
implants and 
supported 
healthy, thick 
keratinized 
tissue.
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GUIDOR® easy-graft®

A New SyriNge-DelivereD, MolDAble, 
AlloplAStic boNe grAft SubStitute
Kurt Ruffieux, PhD

fig 1. Market 
share of different 
bgS in 2012, 
according to 
Millenium 
research.

1
bone defects are treated using 

various sources. Autogenous bone 
is harvested from the patient at 
a donor site, eg, in the oral cavity 
or the iliac crest. This is the pre-
ferred solution for large defects. 
Autogenous bone contains living 
cells and factors that support bone 
regeneration. The grafted tissue is 
resorbed during the healing process 
and is gradually replaced by newly 
formed bone in a process called 
creeping substitution.1 

When autogenous bone is placed 
on the alveolar ridge, volume losses 
of 30% to 60% have been observed 
over 1 year.2 Depending on the donor 
site and the technique, continuing 
problems such as loss of sensitivity 
and pain have been reported at the 
donor site in up to 55% of cases.3,4 
Intraorally harvested bone chips are 
often contaminated with bacteria.5 

bone graft Substitutes (bgS) 

The limited availability of autog-
enous bone grafts and the risk of 
complications at the donor site have 
driven the development of bone 
graft substitutes (bGS) from an 
early stage. bone graft substitutes 
act as an osteoconductive scaffold. 
They support bone formation, 
which starts from the wall of the 
defect and spreads through the bone 
graft substitute to the center of the 
defect. bone graft substitutes also 
support and stabilize the surround-
ing structures and prevent volume 
loss at the site of the defect. They 
are classified by their origin. 

Allogenic bone graft substitutes 
consist of processed human bone, 
generally from cadavers. The hu-
man material has the advantage 
of being available from accredited 
tissue banks. Allogenic bone is often 
available in a demineralized, freeze-
dried form. Although allogenic 
materials yield good clinical results, 
they also have disadvantages that 
must be considered, such as the risk 
of disease transmission, particularly 

if the origin of the bone is obscure, 
and possible rejection reactions.6 

Xenogenic bone graft substitutes 
are manufactured from non-human 
bone, such as bovine, porcine, or 
equine sources, and are therefore 
readily available. Xenogenic bone 
particles are known to resorb slowly 
and have been shown to remain 
embedded in newly formed bone 
after 11 years.7

Synthetic (alloplastic) bone 
graft substitutes are manufactured 
from mineral raw materials; their 
composition is precisely defined and 
availability is unlimited. There is no 
possibility of transmission of disease 
pathogens or rejection reactions. In 
general, patients do not have any 
ethical concerns when synthetic 
bone graft substitutes are used. 

The most commonly used al-
loplastic bone graft substitutes 
consist of calcium phosphates, such 
as ß-tricalcium phosphate (ß-TcP) 
and hydroxyapatite (HA). calcium 
phosphates have been in use in oral 
surgery for more than 20 years with 
very good results and are thoroughly 
scientifically documented.8 Their 
resorption characteristics can be 
controlled by the composition, 
ranging from fully resorbable to 
practically insoluble.

Use of the different bone graft 
substitutes varies worldwide from 
country to country (Figure 1). In 
the United States, allografts are 
preferred; in europe, xenografts 
are used the most. millenium 
research9,10 attributes the highest 

europe52%

13%

36%

uSA

10%

29%

61%

Allografts Synthetics Xenografts
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growth rate to synthetics (europe 
9.9%, US 8.4%) due to the appear-
ance of newly engineered products, 
such as GUIDor® easy-graft® 
(Sunstar, www.GUIDor.com), as 
well as increasing patient concerns 
regarding human- or animal-
derived products. 

improvement potential for bgS

bone graft substitutes are mainly of-
fered in the form of granules, which 
need to be placed in a bowl, mixed 
with blood or saline, transferred 
in several steps to the defect site, 
and be completely covered by a 
membrane to keep the granules 
stable in the site. This suboptimal 
handling procedure was the moti-
vation to engineer a better, more 
user-friendly, less cumbersome 
product. The objective was to create 
a product that could be placed from 
the syringe directly into the defect, 
be moldable to the contours of the 
defect, and then harden to a stable 
scaffold. This goal was achieved 
by creating a novel composite 
biomaterial supplied in a syringe 
(as described below). because of its 
unique easy handling properties it 
was named easy-graft. 

GUIDor easy-graft products are 
fully synthetic and do not contain 
any substances of human or animal 
origin. The granules in the syringe 
consist primarily of porous calcium 
phosphate (ß-TcP). The unique 
handling of GUIDor easy-graft is 
based on an extremely thin (10-μm) 
coating of polylactide around the 
granule (Figure 2). In medicine, 
polylactide is used to manufacture 
devices such as dental membranes, 
suture materials, resorbable screws, 
plates, and suture anchors for or-
thopedics. before application, the 
granules are mixed with bioLinker® 
(Sunstar). This consists of water and 
N-methyl-2-pyrrolidone (NmP). 
NmP is a non-volatile solvent that 
has been in use in various medical 
products for more than 10 years. The 

biolinker turns the coated granules 
into a sticky mass and allows mold-
ability of the biomaterial (Figure 
3), which starts to harden when in 
contact with blood (Figure 4).

resorption of graft Material
and bone formation 

The resorption process of GUIDor 
easy-graft products has three stages: 

1. N-methyl-2-pyrrolidone (NmP) 
is extracted within hours.

2. The polylactide coating (PLGA) 
is resorbed over a period of a few 
weeks.

3. The  ß-TcP resorbs and new 
bone is formed over the course 
of several months. 

In the defect, NmP is extracted 
by incoming blood, which leads to 
hardening of the material. more 
than 90% of the NmP is removed 
from the bone graft substitute 
within 3 hours (unpublished 
in-vitro data, Sunstar Degradable 
Solutions AG). NmP itself and its 

fig 2. SeM 
image of porous 
ß-tcp granules 
coated with a 
10-µm layer of 
fast-resorbing 
polylactide.

fig 3. the 
biomaterial is 
syringed directly 
into the defect. 

fig 4. the 
biomaterial may 
be molded into 
the defect.

resorption products are primarily 
excreted through the patient’s urine 
within 1 to 3 days.11,12

once in the body the polylactide 
coating is resorbed over 3 to 6 weeks. 
Throughout this period the connec-
tion between the granules becomes 
gradually weaker until the adhesion 
is completely lost. During this time, 
the porous biomaterial is invaded 
by tissue, so the material becomes 
stabilized with the body’s own tissue. 

The resorption of the polylactide 
releases small amounts of lactic 
acid and glycolic acid. Lactic acid 
is found naturally in the body. It is 
degraded in the body by metabolic 
processes. Glycolic acid is a fruit 
acid and can be degraded in the body 
or excreted with the urine. 

When the ß-TcP granule is 
exposed, it is accessible for the 
tissue. The larger pores between 
the granules provide space for the 
formation of new bone and for the 
development of blood vessels, which 
are required for supplying the new 
tissue and to remove metabolic 
products. Fully microporous calci-
um phosphates (pore size 1 µm to 10 
µm) have increased osteoconductiv-
ity and increased bone formation in 
comparison with materials without 
micropores.13 Full resorption in a 
few months has been confirmed.14

The GUIDor easy-graft granules 
are openly microporous. macro-
pores exist in the spaces between the 
round, pressure-resistant granules 
and the interior of the particles 
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(Figure 5 through Figure 7). The 
total porosity is approximately 
70%. In this development of bone 
graft substitutes, attention was paid 
to ensuring that the material would 
not fragment or crumble during 
application to make sure that a 
comprehensive, intact pore system 
is retained. Figure 8 shows bone 
formation around the granules in a 
rabbit cranial model after 16 weeks.15

unique properties

As formulated by Hammerle and 
Jung in 2003: “Developments in 
bone augmentation procedures 
can be related either to simplifica-
tion of the clinical handling or to 
influencing of biological process. 

To simplify clinical handling, new 
materials should comprise a matrix 
with optimal cell ingrowth capaci-
ties and good mechanical properties, 
providing space for tissue regenera-
tion. No membrane and no specific 
procedures for mechanical fixation 
should be necessary. The use of syn-
thetic (alloplastic) materials would 
result in lower surgical risks and 
lower morbidity in augmentation 
procedures and would represent an 
important step forward in simplify-
ing bone regeneration techniques.”16 

meeting all of these criteria, 
GUIDor easy-graft thus set a 
trend toward bGS being delivered in 
syringes. Launched in Switzerland 
following collaboration with Zürich 
University and then internationally 
in 2007, GUIDor easy-graft has 
quickly established itself as a leading 
alloplastic material with more than 
250,000 applications in europe. 

About the Author
Kurt Ruffieux, PhD
CEO, Founder, Sunstar Degradable Solutions AG, 
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GUIDOR® easy-graft® bone grafting technology

References
1. Goldberg VM, Stevenson S. The biology of bone 
grafts. Semin Arthroplasty. 1993;4(2):58-63.
2. Sbordone L, Toti P, Menchini-Fabris GB, et 
al. Volume changes of autogenous bone grafts 
after alveolar ridge augmentation of atrophic 
maxillae and mandibles. Int J Oral Maxillofac 
Surg. 2009;38(10):1059-1065.
3. Goulet JA, Senunas LE, De Silva GL, Greenfield 
ML. Autogenous iliac crest bone graft. Complica-
tions and functional assessment. Clin Orthop Relat 
Res. 1997;339:76-81.
4. Clavero J, Lundgren S. Ramus or chin grafts 
for maxillary sinus inlay and local onlay aug-
mentation: comparison of donor site morbidity 
and complications. Clin Implant Dent Relat Res. 
2003;5(3):154-160.
5. Lambrecht JT, Glaser B, Meyer J. Bacterial 
contamination of filtered intraoral bone chips. Int 
J Oral Maxillofac Surg. 2006;35(11):996-1000.
6. Sun L, Hu Y, Ning Z, Liang Z. The correlation 
between immune rejection and osteoinduction 
of allogeneic bone grafting. Chin Med J (Engl). 
1998;111(9):818-822.
7. Mordenfeld A, Hallman M, Johansson CB, Al-
brektsson T. Histological and histomorphometrical 
analyses of biopsies harvested 11 years after 
maxillary sinus floor augmentation with deprot-
einized bovine and autogenous bone. Clin Oral 
Implants Res. 2010;21(9):961-970.
8. LeGeros RZ, LeGeros JP. Calcium Phosphate 
Bioceramics: Past, Present and Future. Key Engi-
neering Materials. 2003;240-242:3-10.
9. North American Markets for Dental Biomateri-
als 2012. Toronto, Canada: Millennium Research 
Group; September 2012.
10. European Markets for Dental Biomaterials 
2013. Toronto, Canada: Millennium Research 
Group; March 2013.
11. World Health Organization. Concise Inter-
national Chemical Assessment Document 35 
N-Methyl-2-Pyrrolidone. Geneva, Switzerland: 
WHO; 2001.
12. Bader M, Wrbitzky R, Blaszkewicz M, van 
Thriel C. Human experimental exposure study on 
the uptake and urinary elimination of N-methyl-
2-pyrrolidone (NMP) during simulated workplace 
conditions. Arch Toxicol. 2007;81(5):335-346.
13. Habibovic P, Yuan H, van der Valk CM, et 
al. 3D microenvironment as essential element 
for osteoinduction by biomaterials. Biomaterials. 
2005;26(17):3565-3575.
14. Nair PN, Luder HU, Maspero FA, et al. Bio-
compatibility of Beta-tricalcium phosphate root 
replicas in porcine tooth extraction sockets – a 
correlative histological, ultrastructural, and x-ray 
microanalytical pilot study. J Biomater Appl. 
2006;20(4):307-324.
15. Schmidlin PR, Nicholls F, Kruse A, et al. 
Evaluation of moldable, in situ hardening cal-
cium phosphate bone graft substitutes. Clin Oral 
Implants Res. 2013;24(2):149-157.
16. Hammerle CH, Jung RE. Bone augmentation 
by means of barrier membranes. Periodontol 
2000. 2003;33:36-53.

7

8

65

fig 5 – fig 7. 
porosity of the 
intergranular 
space demon- 
strated by  
blood uptake.

fig 8. bone 
formation 
around the 
granules in a 
rabbit cranial 
model after 16 
weeks.

To simplify clinical 
handling, new 
materials should 
comprise a matrix 
with optimal cell 
ingrowth capacities 
and good mechanical 
properties, providing 
space for tissue 
regeneration. No 
membrane and no 
specific procedures 
for mechanical 
fixation should be 
necessary.



Case RepoRt

Extraction SitE PrESErvation USing 
an in-SitU HardEning alloPlaStic 
BonE graft SUBStitUtE
Minas D. Leventis, DDS, MS, PhD; Peter Fairbairn, BDS; and Robert A. Horowitz, DDS

ABSTRACT

This case report highlights the use of an in-situ hardening alloplastic bone grafting material composed of beta-tricalcium phosphate (β-TCP) 

granules coated with poly(lactic-co-glycolic acid) (PLGA) to preserve the dimensions and architecture of the alveolar ridge after atraumatic 

extraction. This material provided a stable scaffold that, although left uncovered, deterred the ingrowth of unwanted soft tissue, allowing newly 

formed keratinized soft tissue to proliferate over the healing grafted socket and gradually cover the site. At re-entry after 4 months adequate 

newly formed bone was observed, allowing for the correct positional placement of an implant. The results of this case suggest that an in-situ 

hardening alloplastic grafting material can be successfully utilized with minimally invasive procedures to preserve the bone and the soft-tissue 

profile of the alveolar ridge for future implant rehabilitation. 

clinical and experimental studies 
have shown that tooth extraction 
leads to bone resorption and 
atrophy of the alveolar ridge, 
especially when associated with 
disease, which may complicate 
proper future implant placement. 
Atraumatic extraction followed by 
immediate socket grafting seems to 
be a predictable way to preserve the 
dimensions, contour, and architec-
ture of the alveolar frame and the 
residual ridge.1-3 Surgical methods 
that do not require primary soft-
tissue closure by flap mobilization 
have the added benefit of further 
minimizing patient discomfort 
and morbidity, while allowing for 
the preservation of the soft-tissue 
profile for optimum esthetics and 
greater predictability.4

In clinical practice several 
bone graft substitutes of biologic 
or synthetic origin are being used 
for socket preservation and bone 
regeneration prior to implant 
placement. These materials may 
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fig 1. initial 
clinical situation. 
Mandibular right 
lateral incisor 
was fractured. 

fig 2. atraumatic 
extraction 
without flap 
raising. the 
socket was 
grafted with the 
in-situ hardening 
alloplastic 
material. no 
primary closure 
was necessary. 
vertical cross-
mattress sutures 
were placed 
to stabilize 
the adjacent 
papillae.
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vary in composition, mechanical 
characteristics, and biological 
mechanism of function regarding 
resorption and new bone formation, 
each having its own advantages and 
disadvantages.1,2

Alloplasts represent a group of 
synthetic osteoconductive, bio-
compatible bone substitutes that 
are free of any risk of transmitting 
infections or diseases by themselves, 
and their availability is unlimited. 
one of the most promising groups 
of alloplastic bone substitutes are 
calcium phosphate ceramics, and 
among them β-TCp is very com-
monly used.5 Coating the alloplastic 
graft granules with pLGA can en-
hance the handling properties and 
biomechanical characteristics of 
the material, and produce an in-situ 
hardening, stable, and at the same 
time porous and osteoconductive 
bone graft substitute.6

case report

A 65-year-old male patient, non-
smoker, without medical contraindi-
cation for implant therapy presented 
with a fractured mandibular right 
lateral incisor (Figure 1). After thor-
ough examination a delayed implant 
placement protocol was decided.

After administration of local 
anesthesia the fractured tooth was 
atraumatically extracted using 
periotomes without raising a flap. 
Care was given not to damage the 
surrounding soft and hard tissues 
and especially the thin buccal bone 
plate that was identified intact after 
removal of the tooth fragments. Af-
ter thorough debridement and rins-
ing with sterile saline, an alloplastic 
in-situ hardening bone substitute 
(GuIdoR® easy-graft® CLASSIC, 
Sunstar, www.GuIdoR.com) was 
used to graft the site (Figure 2). It 
consists of β-TCp granules, which 
are coated with pLGA. The granules 
are mixed in a syringe with the 
provided BioLinker® (N-methyl-
2-pyrrolidone solution) (Sunstar). 

upon contact with blood or saliva 
the graft granules adhere to each 
other forming a sticky, easy-to-
handle, moldable mass that begins 
to harden. Wet gauze can be used to 
compact the material and acceler-
ate this process so as to form a hard, 
osteoconductive, porous scaffold for 
the host osseous regeneration. 

The grafted socket was left uncov-
ered in order to heal by secondary 
intention. A prefabricated provi-
sional removable one-tooth bridge 
was placed after the surgery without 
applying pressure to the grafted site.

The postoperative healing was 
uneventful. The biomechanical char-
acteristics of the grafting material 
permitted the gradual proliferation 
of the epithelium over the grafted 
site (Figure 3 and Figure 4), and 
after 4 months the area was covered 
with newly formed keratinized epi-
thelium. At that time point clinical 
examination showed that the volume 
and architecture of the ridge were 
adequately preserved (Figure 5). 

At re-entry after 4 months, the 
post-extraction site was filled 
with newly formed bone. Residual 
granules were visible, embedded, 
and in continuity with the regen-
erated hard tissue (Figure 6). An 

fig 3. the 
biomechanical 
stability of the 
graft, provided 
by the Plga 
coating of the 
β-tcP granules, 
permitted 
the gradual 
proliferation of 
newly formed 
soft tissues over 
the grafted 
site. clinical 
view 4 days 
postoperatively.

fig 4. clinical 
view 2 weeks 
postoperatively.

fig 5. clinical 
situation after 4 
months.

fig 6. re-entry 
at 4 months. 
the site was 
filled with newly 
formed bone. 

implant (paltop Advanced dental 
Solutions Ltd., www.paltopdental.
com) 3.25 mm in diameter and 
11.5 mm in length was inserted at 
the optimal position (Figure 7), 
achieving good initial stability (final 
seating torque: 50 ncm). The final 
titanium abutment was placed and 
a provisional acrylic restoration 
with a non-functional occlusion was 
temporarily cemented (Figure 8). 

After allowing the soft tissue to 
mature for 3 months the abutment-
level impression was taken and a 
final metal-ceramic restoration 
was fabricated (Figure 9). The final 
clinical outcome was esthetically 
successful. The radiological exami-
nation from the initial situation to 
the final outcome demonstrated 
that the socket grafting and the 
subsequent bone regeneration 
of the site had been successful 
regarding biological and functional 
parameters (Figure 10).

discussion

In this case a minimally invasive, 
flapless protocol was followed. no 
membrane was used to cover the 
grafted post-extraction site. The 
mechanical stability of the site, pro-
vided by the unique biomechanical 
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properties of the in-situ hardening 
bone graft substitute, allowed the 
site to heal by secondary inten-
tion.6,7 This resulted in the preser-
vation of the attached keratinized 
gingiva buccally and permitted the 
development of newly formed kera-
tinized soft tissue over the grafted 
site. primary flap closure patients 
generally experience more discom-
fort and the mucogingival junction 
is significantly more coronally dis-
placed, which may result in esthetic 
problems and could negatively 
influence peri-implant soft-tissue 
health and long-term stability.4,8

The use of β-TCp as a resorb-
able socket grafting material can 
preserve space for bone formation 
until new bone is formed, obtaining 
high-quality regenerated vital bone, 
without any nonresorbable grafting 
material embedded in the bone 
matrix after several months.9 Thus, 
the peri-implant bone will be able to 
adapt according to Wolff’s law after 
the occlusal loading of the implant 
through functional remodeling. It 
is suggested that the long-term 
presence of residual nonresorbable 
or slowly resorbable graft particles 
might interfere with normal bone 
healing and remodeling, may reduce 
the bone-to-implant contacts, and 
have a negative effect on the overall 
quality and architecture of the bone 
that surrounds the implant.10

conclusion

In the presented case, an in-situ 
hardening alloplastic bone grafting 
substitute was used in a minimally 
invasive, successful, and predictable 
way for socket preservation, result-
ing in pronounced regeneration of 
bone capable of supporting implant 
placement after a 4-month healing 
period, and capable of remodeling 
and maturing after loading. The 
in-situ hardening property of this 
material may enable clinicians to 
utilize a flapless procedure without 
primary wound closure that reduces 

patient morbidity, preserving the 
attached keratinized gingiva and 
allowing for further production of 
newly formed keratinized soft tis-
sue. Thus, both hard- and soft-tissue 
preservation and regeneration have 
been utilized in achieving an optimal 
soft-tissue profile both esthetically 
and functionally allowing for im-
proved long-term implant stability.
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fig 7. implant 
placement; good 
initial stability 
was achieved.

fig 8. 
Provisional 
restoration.

fig 9. final 
restoration 
after 3 months 
showing 
successful 
esthetic outcome.

fig 10. 
radiographic 
examination: a. 
initial situation; 
b. immediately 
after socket 
grafting; c. 
bone modeling 
after 4 months; 
d. implant 
placement; e. 
peri-implant 
bone remodeling 
after 3 months 
of non-occlusal 
loading. the 
maturation of 
the surrounding 
bone can already 
be radiologically 
observed.
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