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_Bone defects are a common finding in oral and
maxillofacial surgery. These defects can arise as a re-
sult of pathological cavities (cysts), bacteria causing
periodontal disease (periodontitis) or following the
removal of teeth that are not worth saving (extrac-
tion sockets). In addition, bone deficits are caused by
age-related bone atrophy as well as inactivity atro-
phy after tooth loss. Oral and mandibular trauma
may also lead to substantial bone loss. Modern den-
tal implantology has become well established not
only as a possible alternative, but often as the treat-
ment of choice, also favoured by patients, owing to
a statistically high success rate in relation to the os-
teointegration of oral implants. As a result, there is
considerable demand for methods that will com-
pensate for the bone loss that arises. There are nu-
merous methods available to the clinician, such as
distraction osteogenesis, onlay grafts, open and
closed sinus lift as well as GBR and a wide variety of
materials (autologous, allogenic, xenogenic or allo-
plastic) with all their advantages and disadvan-
tages. Increasingly, however, a preventive approach
to bone defects has emerged as a better option. This
includes the technique known as ridge or socket

preservation. The aim is to prevent the five wall bone
defect from collapsing in height and width, by fill-
ing the well curetted extraction socket, and thus to
create favourable preoperative conditions for de-
layed implant insertion or other prosthetic treat-
ments such as bridge pontics. In most cases this
means that time consuming, costly and often more
risky bone reconstruction at a later stage can be
avoided to the benefit of the patient. A technique of
socket preservation is presented below, in which
soft tissue coverage of the augmentation material
or placement of a membrane can be omitted in most
cases because of the special properties of the bone
augmentation material used.

_Material and method

The material used for this purpose is a phase-
pure �-TCP with high microporosity and intercon-
necting pores which is coated with a thin layer 
of polylactide-co-glycolide (PLGA-coated) (easy-
graftTM). Mixing an organic solvent (biolinker) with
the coated granules in an applicator syringe pro-
duces an augmentation material with a pasty con-

Fig. 1_ �-TCP granules in applicator

syringe + biolinker in eye-dropper

bottle after removal from the sterile

packaging (easy-graftTM 400).

Fig. 2_ The mixture of �-TCP and 

biolinker is ready to use immediately. 

Before use, the excess biolinker sim-

ply has to be discarded onto a sterile

swab.
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sistency (Figs. 1 and 2). When in contact with an
aqueous liquid (e.g. saline) or blood, this material
hardens within 30 to 120 seconds to form a stable
filler or padding. Before application, the excess vol-
ume of biolinker from the mixture
of �-TCP granules and biolinker is
dripped from the syringe onto a
sterile swab. The sterile syringe
opening can then be placed di-
rectly onto the socket entrance and
the syringe contents fed into the
bone lumen. The defect should be
completely filled in a single action,
as far as possible, and slightly com-
pressed in site by condensing with
a flat plugger. The top layer of the
material is then proper condensed
in the crestal portion. This creates a
marginal pseudomembrane and,
after the material has hardened, 
a dimensionally stable, alveolus
congruent �-TCP filler which sta-
bilizes the five wall bone defect and
acts as a guide to osseointegration
(osteoconductor). A crossed verti-
cal mattress suture can be placed
over the filling material to appose
the wound margins. In most cases,
flap mobilisation or coverage with
a membrane is unnecessary. It is
important to ensure that the mixed
material does not come into con-
tact with fluids or blood before ap-
plication because the material will
start to harden before the defect
has been filled, preventing proper
handling.

_Case study

At the beginning of treatment
the 57-year-old patient presented
with an unremarkable general
medical history. The oral examina-
tion revealed an inadequate cantilever bridge (25,
26 with abutment 24) in the 2nd quadrant which, af-
ter the loss of tooth 26 owing to massive secondary

caries, had simply been temporar-
ily fixed onto the root remnant of
25 around two months earlier. This
root remnant, which had already
undergone previous endodontic
treatment, already displayed in-
creased loosening and was sensi-
tive to pain, especially in response
to percussion (Figs. 3 and 4). The
patient wanted a fixed restora-
tion, if possible, without bridge
pontics or extension abutments in
order to support oral hygiene.
Analysis of clinical and radiologi-
cal findings revealed advanced,
transverse bone resorption in the
region of 24 and limited bone
height in the region of 26. The pa-
tient stressed her desire for the
safest possible procedure during
planning and surgery. This was 
the indication for a CT-based 3-D
planning should be used. Before
the implant treatment started, the
inadequate remaining root in re-
gion 25 was removed and the 
extraction socket was filled up
with a dimensionally stable �-TCP
composite (easy-graftTM 400) for
the purpose of socket preserva-
tion and was left without mem-
brane coverage to allow open
granulation of the soft tissue (Figs.

5 and 6). One advantage of this approach, as well as
preserving the bony parts of the alveolar ridge, is the
additional profit of soft tissue over the augmenta-

Fig. 3_ Initial Panoramic X-ray with

measuring ball in region 26. The re-

duced vertical bone stock in region 26

is clearly visible.

Fig. 4_ Clinical situation (occlusal

view) before the start of treatment

without the bridge in the 2nd quadrant.

Fig. 5_ Condition immediately after

socket preservation. Region 25 filled  

with easy-graftTM 400.

Fig. 6_ Postoperative check X-ray af-

ter socket preservation region 25. The

�-TCP material inserted up to approx.

2 mm below the crest can be seen.

Fig. 7_ Condition 10 days post op.

Early soft tissue granulation over the

augmentation material.

Fig. 8_ CT planning template in situ. A

reproducible, non-rocking position

is important to ensure the same seat-

ing of the template during CT imaging

and operation.

Fig. 9_ 3-D planning region 24: the

minimal transverse bone quantity is

noticeable.

Fig. 10_ 3-D planning region 25: the

augmented alveolar area is radiologi-

cally visible and not yet fully trans-

formed into bone. However, good

preservation of the alveolar crest is

visible (3 months after socket filling).

Fig. 11_ 3-D planning region 26: the

minimal height of residual bone is visi-

ble as well as a harmonious course of

the maxillary sinus floor without inter-

ference from any antral septa.

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9 Fig. 10 Fig. 11

Fig. 3
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tion material (Fig. 7) because no
soft tissue coverage is required to
stabilise the material (internal
tissue engineering). Furthermore,
since the periosteum must not be
detached, the supply of blood to
the buccal bone lamella remains
intact and there is no displace-
ment of the mucogingival border.
After about three months’ con-
solidation of the augmentation
material, a CT data set was pre-
pared with an integrated plan-
ning template (Fig. 8). Based on
these data, alignment of the im-
plant positions could be opti-
mised with the aid of planning
software (med3D) (Figs. 9–11).
The transverse bone width in re-
gion 24 was adequate for inser-
tion of an implant 3.5 mm in di-
ameter, which was further opti-
mised intra operatively by targeted bone spreading.
In the region of 26, however, lifting of the sinus
membrane with augmentation by approx. 4 mm was
necessary to achieve an adequate vertical bone
height. After 3-D examination of the sinus in this re-
gion, a closed procedure in the form of an internal
sinus lift by the Summer’s technique seemed possi-
ble and was performed. First the pilot drill was used
for deterning the implant positions with the support
of a navigation template.

The final preparation of the implant cavities was
done with appropriate osteotomes. In the region of
26 the cavity was first prepared up to 1 mm before
the sinus floor and the induced fracture of the thin
bone lamella was performed with the last os-
teotome. For sinus augmentation, autologous bone
harvested from the operating field was inserted

through the prepared implant cavity with the os-
teotome (Figs. 12 and 13). Simultaneous insertion of
the implants in the region of 24, 25 and 26 followed.

After a operative procedure without any compli-
cations, the three inserted implants were left cov-
ered and stressless for around 4.5 months to be-
come incorporated. Throughout the treatment pe-
riod, the patient was fitted with a temporary pros-
thesis. The  implants were exposed by a slit incision

and formation of a split flap in the
region of 24–26. The final restora-
tions (zirconium oxide single
crowns) were inserted two weeks
after exposure and after open im-
pression taking with a custom tray
(Figs. 14–16). 

_Conclusion

The complex treatment process
shows that, by collaborative team
work (implantologist, dental tech-
nician, radiologist), a predictable
aesthetic outcome can be achieved
with modern techniques in preven-
tive augmentation (socket preser-
vation) using suitable materials as
well as prosthetic and surgical plan-
ning (3-D analysis). Good horizon-
tal as well as vertical ridge preserva-
tion can be achieved by socket fill-
ing. Compared with the untreated
extraction socket in the region of
26, better dimensional preservation
of bone was found radiologically
(Fig. 13) and clinically (Fig. 12) in the
region of 25. This allows optimum
functional and aesthetic alignment
of the implant position. The clean-
ability of the zirconium oxide single
crowns is good, so that a positive

long-term prognosis is possible with regular
checkup procedures, professional hygienist treat-
ment and the best possible oral hygiene at home. _
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Fig. 12_ Situation after bone

spreading region 24, internal sinus

lift region 26 and simultaneous im-

plant insertion region 24, 25 and 26

(3.5 months after extraction and

socket filling region 25).

Fig. 13_ X-ray check after implanta-

tion and internal sinus lift region 26

with autologous bone. Extraction

and socket preservation in region 25

was performed about 3.5 months

earlier.

Fig. 14_ Situation after prosthetic

treatment: zirconium oxide crowns

region 24, 25 and 26 approx. 

5 months after implantation and 

internal sinus lift (lateral view from

the left).

Fig. 15_ Situation after prosthetic

treatment: zirconium oxide crowns

region 24, 25 and 26 approx. 

5 months after implantation and 

internal sinus lift (occlusal view).

Fig. 16_ Periapical X-ray after 

prosthetic treatment (5 months after

implantation and approx. 8 months

after socket preservation).

Special thanks to Dentallabor

Gäßler, Ulm, Germany.
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