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The purpose of this study was to evaluate: (1 ) the surgical protocol, effec-
tiveness, and reliabiiity tor verticai ridge augmentation using a new fitanl-
um-reinfarced membrane and osseaintegroted implants: and (2) the histo-
logie charactertstics of the interface between a pure titanium implant and
newly regenerated human bone. Five patients received 15 conical
Brônemark-type implants In six different surgical sites requiring vertical oug-
mentatian. The impiants protruded 4 to 7 mm from the bone crest. Pure
titonium miniscrews (1.3 x W mm) were positioned disfaily to the impionts,
protruding 3 to 4 mm from fhe bone level. The impionts and fhe miniscrews
were covered with a titanium-reinforced membrane, and the flaps were
sutured. fViembranes were removed at the stage 2 surgery after 9 months
of healing. Measurements of biopsy specimens showed o gain in bone
height trom 3 ta 4 mm. Histologie examination showed that ail retrieved
miniscrews were in direct contact with bone. Hisfamarphometric anaiysis
of bone contact gave a mean value af 42.5 ± 3.6% for tive ot the six exam-
ined miniscrews. Ttie resuits suggest that the placement of implants pro-
fruding 3 ta 4 mm from fhe top of resorbed bone surfaces may result in ver-
tical bone regeneration to fhe top of the impiant cylinder and that the
regenerated bone is able fo osseointegrote pure fitanium implants.
(Int JPenodont Rest Dent 1994:14:497-511.)
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Treatment of patients v^ith
severely resorbed edentulous
jaws using osseointegroted
dental implants remains one ot
the most challenging goals in
impiant dentistry. To obtoin pre-
dictable long-term results, a
sufficient amount ot bone
should be present at the recipi-
ent site for complete circumfer-
entiai coverage of the
implant.''2 The minimum
omount ot bone required to
meet this condition when using
the shortest stondard C3,75-mm
diameter) Brânemork implont is
4 mm horizontally and 7 mm
verticolly.3 Resorption patterns
toliowing tooth extraction
greatly alter the width and
height of residual ridges, espe-
cially when tooth loss results
from maxillotociai trauma, ver-
tical root fractures, or severe
periodontal invoivement, or
viihen the buccoi piate ot the
jaw has been lost through trau-
matic extractions, Jaw bone
atrophy ond anatomic aberro-
tions may also complicóte cor-
rect implant plocement with
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Fig I TR GTAM, a now type ot e-PTFE membrone that con be bent anp shaped,
mointaining the desired torm due ta trie trionium mesh included in its construction.

respect to lacation and angu-
lation. Malpositioned implanfs
may affect the coronal form,
the emergence profile, embra-
sure spaces, establishment of
physiologic buccal-lingual rela-
tionship, and the esthetics and
function of fhe final implanf-
supported restorotion.^

The appl icat ion of fhe
principle of guided fissue
regenerafion (GTR) to denfal
implanf procedures provided
the clinicians wifh the ability
to: (1) augment the width of
deficienf alveolar ridges^"'';
(2) cover implant fenestro-
tions^° and dehiscences""^''
with newly regenerated bone;

(3) allow immediate implanf
plocement in residuol osseous
defect and large post-extrac-
tive sites^'i''''!^; and (4) treat
angular bony defecfs around
"failing implanfs."'''''^* The prin-
ciples of guided tissue regener-
ation in natural foofh and den-
fal implant have been
extensively described in previ-
ous

Despife the encouroging
results obtained with GTR in
horizontol ridge augmentation
and self-spacemaking bone
defecf treatment, there is a
lack of data concerning jaw
bone augmentation in the ver-
tical dimension. The vertical
dimension of the edentulous
jaw is critical for implant place-
ment in lateral areas ot partially
edentulous potients of
Applegate-Kennedy class I
and class II, where anatomic
structures such as the maxillary
sinus or the alveolar nerve may
limit the bone height ovaiiable
for implant stability and load-
bearing capability.
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Severol techniques have
been proposed for sinus eieva-
tion vi/ith different bone grotf
moteriols^'-^^ and olveolor
nerve fronsposifion in the
mandible^'''^^ to oilow ttie
placement of implonfs ot ode-
quofe length. However, oil of
these techniques present neg-
afive side effects. They moin-
foin a wide inferorch space
thof alfers fhe coronol lengfh
ond form, the embrosure
spooes, ond fhe esfhetics of
fhe final prosfhesis, and fhey
produce a crown-roof rotio
unfavorobie for the ocoiusoi
stress-bearing capability of fhe
implants. In oddition, nerve
fronsposition procedures pre-
senf a consistenf risi< of long-
lasting femporary or perma-
nent menfal nerve disorders.

The possibility ot using GTR
principies for vertical ridge
augmentotion has been ques-
tioned because of the high
tendency of fhe membrane to
collapse tovi/ard the bony ridge
under the pressure of the soft
tissues in a non-spacemai<ing
sifuofion. As o resuit of fhis
compiicafion, an insufficient
omounf of bone, or even no
bone at all, moy regenerate
from fhe procedure. Never-
theless, fhe ovailability of a
new fype of expanded poiyfe-
trafluoroethylene (e-PTFE)
membrone reinforced with a
pure titonium structure (TR
GTAM, WL Gore) (Fig 1) fogefh-
er with recent membrane fixo-
tion devices'""' (Memfix System,

Straumann) creafe new oppor-
tunities for spoce maintenanoe
using membranes and new
possibilities for vertical ridge
ougmentation using GTR tech-
niques. The TR GTAM mem-
brane con be bent and
shaped and w\\\ maintoin o
desired form, due to fhe fitoni-
um mesh included in ifs con-
sfrucfion. This characferisfic
should aliow fhe creotion and
the preservotion of a sufficienf
spoce befween the mem-
brone and the bone defecf.
Thus, regenerafion could be
obtained in situotions in which
the anotomy of fhe defect is
non-self-spocemoking.

The protocol of fhis clinical
sfudy was designed fo achieve
fhe following purposes: (a) to
presenf fhe surgicdi protocol
for o new applicotion of the
principles of guided tissue
regeneration: fhe vertical ridge
augmentation using a mem-
brane technique associofed
wifh osseointegrated implant
(b) to evaluate the effecfive-
ness and fhe reliobilify of the T\i
GTAM membrane; ond (c) fo
ossess histologicolly the chor-
ocferisfics of fhe interface
befween a pure titonium
implont and newly regenerat-
ed bone in humons.
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Method and materials

Pa fen f s

Five patients, aged between
42 and 60 years (averoge age:
51.6) participated in the study.
Potients shewed excellent gên-
erai heaifh at fhe medical
examinations, with no de-
tectable systemic contraindi-
cations to surgical treafmenf.
Patient selection was made en
the basis of fhe presence of
Appiegate-Kennedy class I or
class li partiai edentulism.
Patients had to be highiy moti-
vated tc undergo the impianf
procedure, wanting fo avoid af
all costs treatment wifh remov-
abie pcrtiai dentures. They
were informed fhof a new
opplioofion of o weii-known
and predictable technique
wos going fo be appiied during
their fherapy.

Impiant sites were selected
on the basis of the foiiowing
anatomic conditions:

1. Sufficient bone width
(greater than ó mm)

2. The top of the edentuious
ridge located at least 4 to
5 mm lower than the gingi-
val margin of fhe residual
naturai feefh

3. interarch spaoe too wide
to be compatible with an
esthetic and functionai
fixed prosthetic restoration

in ail patients, the implant
sites were assessed with clinical
intraoral examination, ortho-
ponfomograms, and compuf-
erized axiai tomographic
examination with Dentascan
(GF Medical Systems) recon-
struction of the profiles.

Surgical tecf^nique

The surgicai protocol was the
same in all tive patients (Figs 2a
to 2g and 3a tc 3g). The
impiant surgery was performed
under the hygienic conditions
adequate for impianf surgery.
After perioral skin disinfection
and 2-minufe moufhrinses wifh
0,2% ohiorhexidine giuconate
solution (Corsodyi, ICi Phar-
maceuficais, Macciesfield,
Cheshire, England), the
patients were covered with
sterile sheets to minimize bac-
terial contamination. The
patients received antibiotic
prophylaxis tor 10 days (amoxi-
ciiiin, 1 g, 12 and 2 hours preop-
erativeiy and every 12 hours
postoperotiveiy) and an anti-
inflommatary agent (ketopro-
fen, 50 mg every 12 hours) tor 7
days, The surgery was carried
ouf after adminisfering local
anesthesia (Uitraoain DS Forte,
Hoechst) which was combined
with a sedative premedication
(diazepam, 5 mg oraiiy 30 min-
utes before surgery).

A fuli-thiokness crestai inci-
sion was made wifhin fhe kera-
tinized gingiva from fhe distai
aspect of fhe iasf residuai footh
to the disfal end of the edentu-
ious ridge. The incision was
extended intrasulcularly and
anteriorly fo fhe mesial aspect
of fhe adjacenf footh. Vertical
reieasing incisions were made
at fhe mesiobuccal and mesio-
palatal iine angles and at fhe
distai aspect of the crestal inci-
sion. The buccai and paiatai
flaps were wideiy reflected
with a periosteum elevator
(Pritchard 1-2, Hu-Friedy) so as
to gain o sufficienf access for
impiant and membrane place-
ment. Care was taken not to
damage the palatine arteria
and fhe menfal nerve in
severeiy resorbed maxiiiae and
mandibies, The flaps were han-
dled gently to minimize sott tis-
sue trauma and to avoid flap
perforafions, Once exposed,
the cortical bone was curetted
with a back-ootion chisel to
remove all residual connective
tissue and fhe periosteum.
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Fifteen conicai Bránemari<
impionts (Nobeipi^arma AB,
Goti^enburg, Sweden) were
p laced in six surgicai sites
requiring vertical augmenta-
tion. Conicoi impiants were
chosen to avoid exposure of
the impiont threads obove the
bone and the gingivai tissues in
cases with oniy partiai success
or complete taiiure of the
regenerative technique, in
fact, in such cases, fhe smooth
coiiar of the oonicol impiants
wouid faciiitate the mainte-
nance and heaith of the peri-
impiant soft tissues, The implont
surgery was performed accord-
ing to the standord procedure
described by Adell ef ai,^''
except for some details. To
improve primary stability, the
recipient sites were not pre-
tapped, and the impianfs were
ollowed fo profrude 4 to 7 mm
trom the bone orest. Counter-
sinks were nof used.

A pure titanium miniscrew
(1.3 X 10 mm) was positioned
distaiiy to fhe implants in eoch
surgiool site to serve as a "tenf
poie" for the membrane.
Following recipient-site prepa-
ration with a 0,9-mm-diometer
drill under sterile saiine irriga-
tion, the miniscrews were insert-
ed with a low-speed (1 rpm)
handpiece. The miniscrews
were aiiowed to profrude 3 to
4 mm trom fhe bone Ievei (Figs
2b and 3b), The protruding por-
tions of the impiants and of the
miniscrews were measured at
their mesiai and distal aspects

tor biométrie anaiysis before
and affer treatment. Before
membrane placement, the
oortical bone was perforated
with a round bur to expose the
canceilous bone and favor
bleeding. The titanium struc-
tures of GTAM membranes
were bent with pliers to obtoin
proper membrane shape, and
later fhe external portions were
frimmed with scissors so that
they extended af leosf 4 to 5
mm beyond the defeot mar-
gins. The membranes were
tried in ond reshaped several
times until o oiose adapfafion
fo tfie underlying bone and fo
fhe impianfs was aohieved.
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Fig 2a Typical irripiont site selected
for sfudy The sifes were choraoterized
by sufficient bone width (greofer fhan
ó mm): the top of the eOentulous ridge
located at a levei ot Ieost 4 to 5 rnm
lower than the gingival morgih ot the
residuai notural teeth, ond intetorch
space too wide to be corripatibte with
an esthetic dnü funcfionai fixed pros-
thetic rehabilitation.

Fig 2b Three conical B'ónemark implants piaced in the moxilia. protruding 6 to
7 mm trom the bone crest A pure titanium miniscrew protruding 3 mm from the
bone levei is visibie m the third moiar region

Fig 2c TR GTAM rnsmbroris pwsi-
fioned in the surgicoi site and fixed
to ffie bone with five Mernfix tixofion
screws.

Fig2d h ¡ipluni site just prior to stage 2
surgery after 9 months of uneventful
heaiing.

fig2e After 9months ofhsdiing. the
rnembrone ond the fixofion screws ore
in proper position wifh no ciinioai signs
of inflammation.
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fig 2f (left) nie membrane gently
dissected from the underiying newiy
formed tissue. At ttie surfoce, o whitish
and scarcely bleeding soft tissue is
visibie.

Fig 2g (beiow) The soft tissue wos
removed ond scratctrea out with
curettes until the newly formed ttard
bone wos evident. A maximum of
3to'} mm of bone wos regeneroted.

Once positioned in the sur-
gical site, the membranes were
fixed to the bone with 3 to 5
Memtix fixation screws.^ The fix-
ation screws were applied at
the mesiabuccal. mesio-
palatal, and distal edges af the
membranes to achieve opti-
mal stobilization (Figs 2c and
3c). Where the augmentation
material was next to naturol
teeth, 2 mm ot crestal bone
wos left uncovered, so as not
to interfere with the healing
process ot the periodonfol tis-
sues. Releasing incisions in the
periosteum were mode at fhe
base of the buccal flaps to
enhance the elasticity of the
flaps and to achieve a tension-
free adaptat ion at closure.
Closure was performed with

vertical moftress sutures alfer-
nated with interrupted sutures.
Patients were nat allowed to
wear a partial denture on the
surgical site until stage 2
surgery to avoid any pressure
on the wound area. Chemical
plaque control with chlorhexi-
dine (0.12% solution twice a
day) was instituted for 15 days.
The sutures were removed atter
10 days, following topical
application of 0.2% chlorhexi-
dine gel (Corsodyl Gel) for 2
minutes to reduce bacterial
contomination of the wound.
After sufure removal, the
patients were checked once a
week for the first month and
then once a month until stage
2 surgery.
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Fig Jo (above) Atrophie edentuicus
ridge in the mandible characterized by
fhe ohofomic conditions required for
participation in the study.

Fig 3b (right) The impiants and fhe
pure titanium miniscrew are positioned
ih accordance wifft the sfudy profocoi.
Perforations of the cortical bone are
evident

fig 3c The TR GTAM membrahe is
in pasifian and sfabiiized wifh Memfix
fixation screws.

Fig 3d hiealing was uneventful and
no dehiscences of fhe memOrone
occurred. The verticdl augmentation
of ttie edentulous ridge is evident.

Fig 30 At removal, tfie membrane
adhered to tfie newly formed tissues
and ho clihical signs cf inflammation
were present.
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F(g3f(above) Newly termed tissue
was inspected and probed fallowing
dissection of the membrane.

Fig 3g (rigtit) Tne saft tissue was
removed to assess tf¡e regenerated
tiard bone. The impiont in site 45 wos
completely coyered by newly formed
bone.

After 9 manths of heaiing,
membranes were removed at
stage 2 surgery. Foiiowing
membrone removal, the pure
fifanium miniscrews were
removed with a small trephine
so that a small biopsy speci-
men of preexisting and newly
formed tissue was coliected
from each site to be processed
for histologie examinations. The
specimens were fixed in 10%
neutrai buffered formaiin for 24
hours. They were dehydrafed in
an ascending series of alcohol
rinses and embedded in
methyimefhacryiate resin
(Technovit 7200 VLC, Kulzer).
After polymerization, fhe blocks

were sectioned with a dia-
mond saw to a thickness of 200
|jm and ground down to 40 pm
according to the technique of
Donafh and Breuner,^' The
siides were roufinely sfained
with basic fuchsin-methyiene
blue. Histologie anaiysis was
performed under a Laborlux S
microscope (Leitz) and histo-
morphometric measurements
were made by a Microvid
Computer (Leifz) oonnected fo
an iBM personal compufer fo
assess the length of the screws
protruding from the crestal
levei and the percentage of
regenerated bone-titanium
contact.
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Table 1 Implant placement and alveolar ridge height gains resulting from augmentation

impionf exposure (mm)

Patient Healing

Unevenfful
Uneventfui
Uneventfui
Uneventfui
Uneventful
Unevenfful
Unevenfful
Uneventfui
Uneventfui
Uneventfui
Uneventfui
Unevenffui
Unevenfful
Unevenfful
Unevenfful
Unevenffui
Uneventfui
Uneventfui

Abscess
Abscess
Abscess

Site
(tooth no.)

35
3Ó
37 (pin)
45
46
47 (pin)
15
1Ó
17
18 (pin)
34
35
36
37 (pin)
36
37
38
38 (pin)
45
4Ó
47 (pin)

Stoge 1
surgery

4.5
5
4
4
7
4
6
7
7
3
3

C
ri

3

C
ri

C
ri

C
ri

3
2
6
5.5
2

Stage 2
surgery

1,5
2
1
0
3
1.5
2
3.5
3
2
0
0
0
0.5
0
0
0
0
5,5
5
2

Gain of
ridge height

(mm)

3
3
3
4
4
2.5
4
3.5
4
1
3
3
3
2.5

C
ri

C
ri

tri

2
0,5
0.5
0

Results

The resuifs of the present study
are summarized in Tabie 1. Aii
patienfs recovered well and no
signs of infection were noted af
the surgioal sifes. Only one
patient (patient 5) deveioped
an abscess involving thie entire
surgical site affer 1 monfh of
healing. The abscess probabiy
derived from a periodontolfy
involved third molar, present af
the disfai aspecf of thie surgicai
site. The membrane wos imme-
diately removed, fhe fhird
molar was extracted, and fhe
pafienf underwent anfibiotic

fhierapy (fetracyciine, 250 mg
4 times a doy) for 7 doys, Af
the membrone removai, a
hyperemic, heavily inflamed
soft tissue was evident under
the membrane. The flap was
sutured again and left to heai
for 8 Gddifionai months.

In fhe remaining four
potienfs, no dehiscenoe of the
membranes occurred during
fhe entire heaiing periad (Figs
2d and 3d). At the membrane
removai after 9 months, aii
membranes and fixation screws
were found in proper position
with no clinical signs of infiom-
mafion (Figs 2e and 3e). The fix-

ation screws were removed
with a screwdriver and the
membranes were gently dis-
sected from the underlying
newiy formed tissue. At the sur-
face, o whifish and scarcely
bieeding soff tissue was present
in aii sifes (Figs 2f and 3t). The
soft tissue was removed and
scratched out with ourettes untii
fhe newly formed hard bone
was evidenf (Figs 2g and 3g).
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Fig 4 Histologio sections of Ihe retrieved miniscrew in site 47 (potient ¡).

Fig 4a Oid bone is distinguishobie. os
it hdd a lower stoining dffinity for bosic
fuchsln. Arrows indicóte the position of
the preexisting bone level. (Origindl
magnification X 10)

Fig 4b Regeneroted bone is in direct
contact with the titonium surface.
Poiarized light microscopy shows a
bone pattern ot spongious iomeilar
bone. (Original magnification X 100.)

Fig 4c Poiarized tight microscopy
shovi/s the iamellae present in fhe pre-
existing bone has o different
direcfion fhon fhose in the new bone
(orrows). Osseointegrofion is evident
(Originai mognificotionx 100)

Biometrie measurements
were taken mesiaiiy ond distal-
iy trom the top of each impiant
cylinder to the exposed newly
formed hard bone, The mea-
surements showed a gain in
bone height varying trom 3 to 4
mm (Table 1). Potient 5, in
whom an abscess occurred
and the membrane was pre-
matureiy removed, did not
show any new bone tormation
otthe implant sites.

Histoiogic examination cf
the bone biopsies showed that
aii retrieved miniscrews v^ere in
direct contoct with bone. The
most coronal portions of the
screws, however, v^ere over
the crestal level of the bone,
immersed in a dense fibrous tis-
sue. The histomorphometric
anaiysis ot the percentoge of
bone contoct gove o mean
voiue of 42.5 ± 3.0% for five of
the six examined miniscrews.
The remoining miniscreu^
(patient 2), which was posi-
tioned in the tuberosity of the
upper jaw, showed only 21.6%
of the surtoce in contact with

bone, in the majority of cases,
histoiogic examination did not
distinguish the newly formed
bone from the oid bone, but in
some coses the oid bone was
distinguishable, as it had a
lower staining affinity for basic
fuchsin (Fig 4a). Polarized light
microscopy showed a bone
pattern of spongious lameliar
bone (Figs 4b and 4c). In the
most coronal port of the bone
surrounding the miniscrews,
direct contact with the titani-
um surface was detectable in
same coses, and osteobiastic
bone formotion activity was
present near the screw surtace.
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Fig 5 Bone tormotion ocfivity present
Ot the top of trie regenerating bone
oround o miniscrew (site 37, patient I)
islands of osteoid tissue wiiti ongoing
intramembronous ossitication are
visibie (arrows). (Origino! magnification
X 100.)

Af fhis level, bone formofion
activity was present mainly at
fhe mosf coronal portions of
fhe miniscrews, where islands of
osfeaid fissue, wifh ongoing
infromembranous ossification,
were visible (Fig 5). The apical
portions were in contact with a
mature bone without signs of
bone apposition. The portion of
fhe miniscrews surrounded
by supracrestal connective
tissue had a mean value of
2.2 + 0.46 mm.

In fhe connective tissue
overlying the crestal bone, no
inflammatory reaction was pre-
sent, and no macrophages
were visible at the implant sur-
foce. This tissue consisted of
densely packed collagen fibers
with few cells and scarce
blood vessels No epithelial tis-
sue was present.

Discussion

In this controlled study in
humans, a guided fissue regen-
eration technique was tested
for ifs capability ot promoting
vertical ridge augmentation in
severely atrophie partially
edentulous ridges. Vertical
bcne formation was tested af
surgical sifes in which implonfs
were inserted and letf profrud-
ing from flat atrophie edentu-
lous ridges. In this way, the pos-
sibility of circumferenfial bone
formafion in verficai direcfion
from flat cortical bone surfaces
around firanium implanfs was

verified. Verficai bone oug-
menfafion from flof cortical
bone surfaces has been previ-
ously demonstrated by Dahlin
ef al^' in rat calvaría and by
Schmid et aP^ in rabbits, but a
lack of investigations exists
demonstrating this possibility in
humans. This study clearly
demonstrafed that, wifh fhe
surgical profocol described, it is
possible to obtain up to 4 mm
of vertical jowbone augmenta-
tion wifh a high degree of pre-
dictability. On the ather hand,
this investigation failed fo
demonstrate vertical bone
regeneration greater than 4
mm. In fact, fhe mast coronal
portions of the implants pro-
truding more than 4 mm from
the bone crest were olways
surrounded by dense fibrous
tissue.

The retrieved titanium minis-
crews showed a mean gain in
vertical direction of approxi-
mately 2,2 mm. The apical por-
tion of the bone in contact
with fhe screws showed an
advanced stage of bone maf-
urafion, while fhe most coronol
bone showed bone-forming
ocfivify. This observation sub-
sfanfiates the hypothesis that
bcne regeneration was still in
progress at the time of mem-
brane removal, affer nine
months of healing.

Ttie internatianal Journai ot Periodontics & Restorative Dentistry



509

The theoretical basis for fhe
use of titanium reinforced e-
PTFE membranes in verfical
augmenfotion would suggest
the complete filling ot the
space under the membrane
with newly termed bone. The
lock, in our cases, of a com-
plefe bone regeneration over
fhe 4-mm limit could be
explained with different hypo-
theses:

1. The adaptation of o fiot
membrane to o fhree-
dimensionoi curved anafo-
my coused different
amounts of folds at fhe
membrone borders. The
folds moy become "leoky
spofs, " parfially reducing
the mechanicai barrier
effecf of fhe membrane.
Such ledky spots could
have d limifed effect when
a small volume of bone
has to be regenerated, but
might hinder compiete
bone regeneration when
consideroble verfical aug-
mentation is required. From
this point ot view, the e-
PTFE membrane could be
considered capoble of
refarding the penetrofion
of connecfive fissue for a
period long enough to
allow the verticol regener-
ation of a maximum of 3 fo
4 mm of bone.

2. The large blood clof under
the membrane could
undergo o certain amount
of shrinkage during fhe
eorly sfage of healing, thus
reducing the amounf of
bone regenerafion. in fhis
case, some filling maferiai
oble to stabilize fhe blood
clof could be helpful in
augmenting fhe formotion
at new bone. This hypothe-
sis is in accordance wifh
previous studies^' showing
greater omount ot bone
regeneration when graft-
ing materiais are used
under the membranes.

3. Biood supply in the most
coronal portion of fhe
space, secluded under the
membrane, could be insuf-
ficient to allow osfeogenic
ocflvify.

4. A ionger period might be
necessary to ochieve com-
plefe bone regenerotion
up to fhe infernal surface
of fhe membrane. This is
supported by fhe hisfologic
finding in this study af
bone-forming activity in
the most ooronal portion of
bone regenerafed around
the fifanium minlscrews,
which demonsfroted that
bane regeneration was still
in progress affer nine
monfhs of healing.

The oim of fhis sfudy was
oiso to ossess fhe possibilify for
regenerafed bone to grow in
direcf confocf with the surfoce
of a titanium implant. [Histologie
resulfs from the retrieved
miniscrews have shown that
fhe regenerated bone is abie
to asseointegrate titanium
implants in humans, even
though the percentoge of
direcf bone-fitonium confact in
the regenerated bone (42.5 ±
3.6%) wos consistently less thon
those reported in implonts
inserted in regular conditions.

in conciusion, fhe results ot
fhis sfudy suggesf fhat the
piocement of implonts protrud-
ing 3 fo 4 mm ouf from fhe fop
of resorbed bone surfoces may
resuit in vertical bone regener-
ation up fo fhe fop of fhe
implant cylinder, and that
regenerafed bone is abie to
osseoinfegrafe pure tifanium
impianfs. Further research is
needed fo evoluofe fhe load-
beoring copabilify and long-
term results of newly formed
bone.
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