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This study investigated the effect an verticai bone regeneration of the addition ot
demineralized freeze-dried bone aitograft or autogenous bone chips to a membrane
technique. Twenty portially edentuiaus patients with vertical jawbone deficiencies
were selected for this sfudy. the patients were divided Inta twa groups of 10 individu-
als.The i0 patients af Graup A received 2Ó Brónemark Implants in 10 surgical sites. The
10 patients af Graup B received 32 Implants in !2 surgicai sites. Fifty-twa auf af 58
Implants (22 in Group A and 30 in Group B) extended i.5to 7.5 mm superior fa the
bone crest. Titanium-reinforced expanded paiytetraftuoraethylene membranes were
used to cover the impiants and. befare complete membrane fixation, demineralized
freeze-dried bone allograñ particles were candensed under the membrane in Graup
A. and autogenous bone ctiips were used in Graup 6. At the reentry after 7 to il
months the membranes were removed and a small biopsy was caiiected fram 11
sites camprehending the miniscrews. The ciinicai measurements from Group A
demonstrated a mean vertical bone gain of 3.1 mm (SD ^ 0.9 mm. range ' to 5 mm)
with a mean percentage af bone gain ot 124% (SD = •tó.6%). The measurements from
Graup B shawed a mean vertical bone gain of 5.02 mm (SD = 2.3 mm. range ' to 8.5
mm) with a mean percentage af bone gain ot 95% (SD = 2ó.8%) Hisfamarphametric
anaiysis of the present study oiearly demonstrated o direct carreiation betv/een fhe
density of the pre-existing bone and the density of the regenerated bone. The mean
percentage of new bone-titanium contact was from 39.1% to 63.2%. depending on
the quality of the pre-existing bone. Bath the clinicai and histaiogic resuits indicate a
bénéficiai effect af the addition of demineralized freeze-dried bone ailograft or auto-
genous bone particies fa vertical ridge augmentation procedures in humans.
(Int JPeriodont Rest Dent 1998;18:9-23,)
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Verfioai bone ioss in edentuious
ridges of partiaily dentate pa-
tients oonstitutes one of the
major surgicai chalienges in
impiant dentisfry. in fact, the
presence of structures such as
the nasal cavity, the maxiiiary
sinus, and the aiveoiar nerve
iimits the bone height avaiiabie
for proper impiant piacement
and stabiiization. Moreover, a
iarge interarch space, conse-
quent to verticai bone ioss.
aiters coronai iength and form
and produces an unfavorabie
crown-to-root ratio in the finai
prosthetic reconstruction,'

Sinus eievation techniques
have been suocessfuiiy used to
augment fhe verticai dimension
of the maxiiia,^-" but oniy in an
apicai direction, and these pro-
cedures cannot reduce the
interarch spaoe when neoes-
sary Therefore, their appiication
shouid be considered oniy in
ciinicai situations in which cre-
stai bone résorption in an apicai
direction is iimited and the verti-
cai bone deticiency is mainiy a
resuit of sinus pneumatizatian.
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Aiveoiar nerve transposition
has been proposed to ailow
dentai impiants to be placed in
atrophie posterior regiohs of the
mandible^*: however, this tech-
nique maintains a large inter-
arch space and presents the risi<
of mandibular nerve disorders.

Oniay bone grofts, har-
vested trom the hip, constitute a
valid aiternative to the above-
mentioned techniques.^ They
result in an increase in height cf
avaiiable bone tor implant sta-
bilizofion and reduce fhe inter-
arch space. On the other hand,
fhis technique has demon-
strated a high rate of résorption
during the firsf ó tc 12 mcnfhs ot
healing^ and is an invasive surgi-
cai approach.

Recent technicai develop-
ments in borrier membrane
materials allow improved space
maintenance in guided bone
regeneration (GBi?) and result in
vertical ridge augmentation. A
protected space is created with
a barrier membrane over the
area to be augmented to stabi-
lize the blood ciof and to ex-
clude soft fissue penetration.
The protected space can thus
be populated by slaw-migrating
ostecgenic ceils, resulting in
new bone formation.'

The externai soft fissue pres-
sure and consequent coliapse
of the barrier membrane is
considered fo be a major rea-
son tor failure of fhe regenera-
iive procedure in nonspace-
making aiveoiar bone sites."^" '̂'
Recentiy, Simian et al,^^ in a

ciinicai and histologie study in
humans, and Jovanovic et al.^''
in an experimental study in
dogs, demonstrated the use of
titanium-reihforced expanded
polytetrafiuoroethylene (e-PTFE)
membranes to promote a sig-
nificant omount of vertical
bone formation without the
addition of grafting materials.
Both studies demonstrated a
gain of vertically regenerated
bcne vorying from 2.5 to 4 mm
after a submerged healing
period of 9 months in humans
and ó months in dogs. However,
bane regeneration under the
membrane was incompiete,
and histoiogic examination
showed a iayer ot loose con-
nective tissue between the
newly tormed bone and inner
surtace of the membrone. The
mean thickness of the soff fis-
sue was 2.1 mm in the human
study and 0.9 mm in the dog
study. The possible explanations
for fhe incomplete bcne
regenerafion included micro-
movement cf the membranes,
incompiete biood ciot stabiiiza-
tion. and empty space under
the membranes. Tinti et oi^' has
shown improved resuits by
adding autogenous bone
chips to the membrane tech-
nique. The use of tilling materiai
for biood clot and membrane
stabilization was posfuloted to
Pe of some benefit in providing
increased and more predic-
tabie bone formation.

Autogenous bone chips
and demineraiized freeze-dried

bone ailografts (DFDBA) have
been demonsfrated to be
effective as grafting materiois in
associafion wifh barrier mem-
branes.'^'^^'^ The rationale tor
the use ot autografts or ailo-
grafts is that they are biocom-
pafibie and provide a stable
framewcri< under the barrier
membrane for population with
osteoprcgenitor ceiis. The bone
particles are also thought tc
improve bane formation by
means ot osteoconductive
activity and by transferring stim-
uiating factors incorparoted
info the bone matrix.

The aim of this ciinicai and
histoiogic study was to investi-
gate the beneficial effect on
verticai bone formation of the
addition of DFDBA or autoge-
nous bone chips fo the rein-
forced membrane technique.

Method and materials

Patients

Twenty partially edentulous po-
tients, between 34 and óó years
of age (mean 51 years) and
with verfical jawbone deficien-
cies, were selected for study. Ali
patienfs showed exceiient gên-
erai heaifh and no detectabie
contraindications fo impiant
surgery. Ciinicai intraorai exami-
nation, orthopantomograms,
and, in some cases, campu-
terized axiai tomographic ex-
amination with reconstruction
cf bone profiles, were used to
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assess the morphology of fhe
alveolar ridges to be aug-
mented.

The criterio chosen for surgi-
oai site seiection were in accor-
dance with the indications for
vertical bone regenerotion
described in a previous article.'^
Four pafients presented vertical
ridge deficiencies combined
wifh impianf dehiscences and
intrabony defects. However, oniy
the vertical componenfs of the
defects were considered in fhis
sfudy. The patients were in-
formed that a new surgical
technique was going to be
applied and were provided
with detaiied information rela-
five fo fhe risks and benefifs ot
fhe regenerafive therapy

Surgicai technique

Patients were divided into two
groups of 10 individuáis each.
The surgical pratocoi was fhe
same as fhat described previ-
ously,'^ except fhaf DFDBA
(Group A) ond oufogenous
bone porfióles (Group B) were
used as grafting material under
the membranes (Figs 1 to 4).
The 10 potients from Group
A received a total of 26
Brânemark impianfs (Nobel
Biocare) in 10 surgical sites. The
10 pafienfs from Group B
received a tofol of 32 impianfs,
out of which 30 were placed
info regenerated bone in 12
surgical sites.

The impiant head was posi-
tioned in an ideai vertical posi-
tion located about 3 mm opi-
coiiy trom the cementoenamel
junction of fhe odjocent teeth.
This resulted in 22 implants
extending 1.5 to 4.5 mm (mean
2.Ó8 mm, SD = 0.78) superior to
the original bone crest in Group
A. In Group B. 15 implants were
positioned simultaneously wifh
the regenerafive procedure,
ond 15 were inserted atter verti-
coi bone regeneration was
ochieved. The resulting positions
of fhe 30 implants in Group B
were 2 fo 7.5 mm superior to
the originoi bone cresf.

in five surgicai sifes of eoch
group a pure titanium miniscrew
(1.3 X 10 mm) was allowed to
protrude 2 fo 7 mm from fhe
bone level to improve fhe sup-
porf of the barrier membrane
and fo provide a biopsy for his-
foiogic examinafion of fhe re-
generafed bone and af fhe
bone-implant interface at the
second stage ot implant sur-
gery. The most protruding por-
tions of the implants and fhe
miniscrews were measured wifh
a caiibrated periodonfal probe.
Titanium reinforced (TR) ex-
panded polytetrafluoroethylene
(e-PTFE) membranes (GTRM. WL
Gore) were used to cover fhe
defects. Affer a partioi fixofion
of fhe membrones to the dis-
fal or palafal aspecf of the sur-
gical sife with fags or screws,
rehydrafed DFDBA porticies
(tor Group A) or autogenous
bone chips (for Group B) were

condensed info fhe space
between the membrane and
the alveolar bone. The tixafion
was compiefed af the mesiai
and buccal edges ot the mem-
brane to achieve optimum sfa-
biiizafion, and the fiops were
sufured to obtain an absoiute
tension-free adaptation. Re-
enfry surgery was performed
offer 7 fo 1 1 months of sub-
merged membrone healing.
After membrone removal, fhie
fhickness of the sott tissue iayer
was measured with a periodon-
tal probe, and the maximum
score was recorded. The per-
centage ot new bone forma-
tion was caiculafed; 100% re-
generafion wouid indicóte a
complete regenerotion from
the fop of the bone crest fo fhe
top of the implant head. Before
implanf abufmenf connection.
11 biopsies fhaf included the 10
minisorews were collected wifh
a smoll frephine.

Voiume 18, Number 1,1998



12

Fig la Partiaiiy edehtuiaus ridge in
the anterior mandibie: the incisors and
surrounding alveolar bane were iost in
a car accident.

Fig ¡b Remote tlap is elevated and
bone defect is exposed ond cleaned.
Titanium asteasynthesis piates fhat had
been piaced to treat the mohdibuiar
fracture, are still present.

Fig Ic Osteasynthesispiotes are
removed and three Brânemark implants
are placed in the ideal prosthetic posi-
tion. The periodontal probe indicates
that the implant head in the sife af the
mandibuiar right central incisor is 5,5
mm coronai to the bone crest.

Fig ¡d Autogenous bane was harvest-
ed from the chin with a trephihe bur
and particulated with a Quetin Bone
Miil The tDone particies were positioned
around the exposed impiants.

Fig Je Gare-Tex reinforced mem-
brane is tixed with togs to protect the
underlying bone graft and blood olot.

Fig If Clinicai aspect of the ridge
after 7 manths of uneventfui heaiinc

Fig lg (leff) At second-stage surgery
the membrane appears adherent fa
fhe underiying tissues without clinicai
signs af inflammation.

Fig Jh(right) Añermembrane
removai. a thin iayer of soft tissue is
curetted, demonstrating the hew ridge
height with regenerated bone.
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Fig 2a Orthapantomogrom demon-
strafing a biiateral atrophie edentulous
ridge in the posterior mondibie. The
inferior aiveaiar nerve is located 4 to 5
mm from the crest of fhe ridge,
preventing impiant stabilization.

Fig 2b Preoperative ciinicai status af
the right resorbed edentuious ridge.

fig 2c Staged surgicai approach was
chosen. Two commerciaiiy pure titanium
pins are placed 7 mm above the bone
crest to support the reinforoed rnern-
brane. Multiple perforations are made in
the cortical bone plate to favor bleed-
ing and stimulate bone repair.

Fig 20 Autogenous bone partides.
collected from the chin, are grafted
into the sboce under the titanium
membrane.

Fig 2e (left) Tifanium membrane is
trimmed, formed, and stabiiized with
Memfix screws.

Fig 2Í (righf) Ciinicai status after a
7-monfh heaiing period. Nofe the
newly established verticai height.
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Fig 2g Orthopantamogram lilustratlnQ
Ihe bilaterai treatment effect after 6
months of heaiing.

Fig 2h At secand-stage surgery after
7 months, the membrane demonstrates
a goad maintenance of space and
ridge cantaur.

Fig 2i After membrane remaval, the
regenerated bone is visibie. The titani-
um pins are completely embedded in
new bane

Fig 2j Twa Brànemark implants have
been positianed bilateraiiy. Cne of the
pins was removed and anaiyzed far
hisfamorphometric evaluation.

Histologie processing

The bone biopsies were rinsed
in saiine soiution, tixed in 10%
neutrai buttered formaiin, and
processed to obfain thin
ground sections. After fixation,
the specimens were dehy-
drated in an ascending series
of aicohoi rinses and embed-
ded in giycoi-methacryiate

resin. Sections (200 to 250 pm
thick) were obtained with a
watering high-speed rofafing
biade microtome and were
subsequently reduced to
about 40 to 50 pm with a grind-
ing machine. Atter polishing,
the histoiogic siides were
stained with basic fuchsin, toiui-
dine biue, hemataxyiin and
eosin, iight green, and von

Kossa for iight-mioroscopic
observation.

Histomorphometric anaiysis
was performed by counting, in
a grid eyepiece, the area
occupied by bcne trabeculae
over the bone-pius-marrow
spaces. These measurements
were performed with a lOx lens
in the fieids of aii the speci-
mens. Finaiiy, the resuits were
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Fig 2k (ieff) Hisfoiogic section of fhe
bone biopsy from fhe site in Fig 2; treaf-
ed wifh autogenous bone chips. The
pre-existing oortlcoi bone piafe
(arrows) is still distinguishabie at 3 mm
from the opex of the titanium pin. The
regenerated bone extends foi 7 mm fo
the top of the pin and shows o high
rate of direct contact wifh the tifanium
surfoce (Originai magnification x 10:
basic fuchsin stain.)

Fig 3 (right) Higher mognificafion of
histoiogic section oto bone biopsy
from o site treoted with autogenous
bone ohips. The transplanted oorticoi
bone partides (arrows) ore stiil distin-
guishabie and are weii integrated with
fhe newly formed bone (Criginai rnag-
nifíoation x 50: basic fuchsin )

Fig 4a Three Brônemark impionfs
hove been positioned supracrestoiiy in
an atrophie edentuious ridge in the
maxiila.

Fig ¡lb Demineraiized freeze-dried
bone aiiogroft is used fo fiil the spoce
under the tifonium membrone.

Fig 4c Affer 9 months of heating fhe
membrane and fhe underiying soft
fissue are removed and the newiy
formed bone is exposed.

expressed as a percentage ot
the area of bone trabeculae
over the tofai bone area. The
same method was opplied to
evaluate the percentage of
direcf bane confact with the
titanium surface of the mihi-
screws.

Results

Clinical results

The ciinicai resuifs ot the present
study are summarized in Tables
1 and 2. Two patients (i?J and
SH) from Group A and 1 patient
(CF) trom Group B demon-
strafed membrone exposure
after 1 to 4 months ot healing.

The membranes were immedi-
oteiy removed to prevent possi-
ble intection of fhe underiying
regenerating tissues. At removal,
fhe membranes appeored still
to be integrated with fhe sur-
rounding tissues, and under the
membrane a whitish, transiu-
cent, and scarcely bleeding
soft tissue was present. Demin-
eraiized freeze-dried bone
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Table 1 Supracrestal bone gains resulting from augmentation in Group A (treated witti DFDBA)

Implant
no.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
Mean
SD

Patient

C G
CG
ivip
MP
MN
NL
NL
PM
RJ
RJ
RJ

VG
VG
AD
AD
WV
WV
WV
SH
SH
SH
SH

Implant
Sife
(FDI)

35
36
24
2Ó
16
26
27
15
25
2Ó
27
32
33
36
37
35
36
37
12
11
21
22

Length
(mm)

10
10
15
13
13
13
13
13
10
13
10
13
13
10
10
10
10
85

10
10
10
10

impiant exposure
Bo sel i ne

(mm)

-2.5
-2.0
-2.5
-3.0
-4.0
-2.5
-2.5
-2.5
-2.0
-4.5
-4.0
-1.5
-1.5
-2.0
-3.0
-2.0
-3.0
-3.0
-3.0
-3.0
-2.0
-3.0
-2.68
0.78

Reentry
(mm)

+ 1.0
+1.5
+1.0

0.0
+ 1.0
+1.5
+1.5
+1.0

0.0
-1.0
0.0

+1.5
+2.0
+1.0

0.0
+1.0
+1.0

0.0
-1.0
-1.0
-1.0
-1.0
0.45
0.98

Bone goin
Height
(mm)

3.5
3.5
3.5
3.0
5.0
4.0
4.0
3.5
2.0
3.5
4.0
3.0
3.5
3.0
3.0
3.0
4 0
3.0
2.0
2.0
1.0
2.0
3.14
0.90

Percentage

140
175
140
100
125
160
160
140
100
77

100
200
233
150
100
150
133
100
66
66
50
66

124

46.6

Time
• (mas)

10
10
10
10
10
9
9
9

10
10
10
8
8
7
7
9
9
9

11
11
11
11

Healinq

Comments
UneventtuI
Uneventfui
Uneventful
Uneventful
Uneventfui
Uneventful
Uneventful
Uneventful
Exposure
Exposure
Exposure
Uneventful
Uneventful
Uneventful
UneventtuI
Uneventfui
UneventtuI
Uneventful
Exposure
Exposure
Exposure
Exposure

aliograft particles or bone chips
were detectable under fhe
transluoenf surface of the tissue.
Another potient (OC) trom
Graup B stiawed an abscess
after 1 month ot healing. The
patient received anfibiofic ther-
apy ond fhe membrone was
immediafely removed. The tis-
sue under the membrane ap-
peared immature and in-
flamed. The tiaps were sutured
bock and iett to heal untii sec-
ond-stage impiant surgery The
overoll percentage ot heoiing
compiications was 18%.

in fhe remaining 18 surgicai
sites, the membrane was re-
moved atter 7 to 11 months of
uneventful heaiing. Af removai
there was no evidence ot
infiammatory reaction in the tis-
sues surrounding the mem-
branes. The centroi portion of
the membranes, where the fita-
nium mesh was locafed, de-
fached easily from the underiy-
ing newly formed tissue. The
newiy regenerated tissue be-
neath the TR membranes re-
sembled bone tissue covered
witti a thin and incompiete soft

tissue iayer. The maximum thick-
ness ot the sott iayer oppeared
to be less than 1 mm. The site
was curetted until a hard bone
surface was defectobie. The
ciinical appearonce of the
newly formed hard tissue was
identicai to bone, but DFDBA
particies or bone chip remnants
appeored macroscopicaily fo
be incorporated into ttie con-
text of fhe bone tissue.

The clinicai meosurements
from Group A (initiai mean
detects = 2.68 mm, SD = 0.78
mm) demonstrated a meon
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Table 2 Supracresfal bone gains resulting from augmentation in Group B (treated with outogenous
bone chips)

Implant
no.

V
2*
3'
4 '
5*
Ó'

7-
8*
9-

10-
11-
12-
13-
14"
15*
1Ó
17
16
19
20
21
22
23
24
25
26
27
28
29
30
Mean
SD

Patient

SP
SP
SP
SP
BR
BR
BR
BR
BR
BR
PG
PG
VA
VA
VA
CF
CF

CF
IA
iA
lA

OC
OC

oc
RL
RL
SP
SP
PJ
PJ

Impiant
Site
(FDI)

35
3Ó

45
46
15
16
17
24
25
2Ó

36
37
36
37
35
11
12
21
32
41
42
11
12
22
35
3Ó
45
46
35
36

Length
(mm)

10
10
10
10
15
13
13
15
13
10
10
10
10
10
10
13
13
13
15
15
15
13
13
13
10
10
10
10
10
10

Implont exposure
Basel i ne

(mm)

-7,0
-7,0
-7,0
-7,0
-3,0
-7,0
-4,0
-5,0
-7.0
-6.0
-4.0
-4,0
-3,0
-5,0
-5,0
-4,0
-2,0
-2,0
-5,0
-5,5
-7,5
-4,0
-3.0
-3,5
-3.0
-3.0
-2.0
-3.0
-3.0
-3.0
-5.09

1,75

Reentry
(mm)

+ 1.0
0.0
0.0
0.0
0.0
0.0

+2.0
0.0
0.0

+ 1.0
0.0
0.0
0.0
0.0

-1.5
-3.0
-1.0
-1,0
+1.0
+1.0
+ 1.0
-1,0
-1.0
-1.0
0.0
0.0
0.0
0,0
0,0
0,0

-0,02
1,05

Bone gain
Height
(mm)

8.0
7.0
7.0
7,0
3 0
7.0
6.0
5.0
7.0
7.0
4.0
4.0
3.0
5.0
3.5
1.0
1.0
1.0
6.0
6.5
8.5
3,0
2,0
2,5
3,0
3,0
2,0
3,0
3,0
3,0
5,02
2,33

Time
Percentage (mos)

114
100
100
100
100
100
150
100
100
100
100
100
100
100
70
25
50
50

120
118
113
75
67
71

100
100
100
100
100
100
95
23

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

Healing

Comments

Uneventfui
Uneventful
Uneventful
Unevenfful
Unevenfful
Uneventful
Uneventful
Uneventful
Uneventfui
Uneventful
Uneventful
Uneventful
Uneventful
Uneventful
Unevenfful
Exposure
Exposure
Exposure
Unevenfful
Unevenfful
Unevenfful
Abscess
Abscess
Abscess
Uneventful
Uneventful
Uneventful
Uneventful
UnevGntful
UnevGntful

•Impiant sites treated witti a staged opproach

verfical bone gain of 3,14 mm
(SD = 0,9 mm, range 1 ta 5 mm),
with a mean percentage af
bone gain af 124% (SD = 40,6%).
The measurements fram Group
B (initial mean defects = 5,09
mm, SD = 1,75 mm) shovi/ecl a
mean verticai bane gain of 5.02

mm (SD = 2,3 mm, range 1 to 8.5
mm) with a mean percentage
of bone gain af 95% (SD =
26,8%),

The percentage af vertical
bane gain in sites with compli-
cations during the heaiing
period was visibly less (75%, SD -

18,8%. range 50% to 100% in
Group A and 56,3%, SD = 18.7%,
range 25% fo 75% in Group B)
thon sites in which the mem-
brane remained covered for
the entire heaiing period
(147,1%, SD = 36,6%, range 100%
to 233% in Graup A, and 103.5%,
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Table 3 Histomorphometric evaluation of bone density in thie
biopsies of Group A (Percentage of mineralization)

Patient

Preexisting
cortical
bone

Regenerated
bone

Preexisting spongious
and regenerated

bone

C G
VG
MN
PM
RJ
MP
Mean
SD

85.2
80.4
Ó1.2

75.6
12.7

Ó1.8
58.1
39.6

53.1
11.8

46.3
19.8
43.6
36.6
14.6

In the spongious bone the pre-sxisting and Ihe regenerated bone were e\raluotea logefrier
because ¡1 wos impossible to make a clear dislincfion.

Table 4 Histomorphometric
evaluation of bone density in
ttie biopsies of Group B
{Percentage of mineralization)

Pre-existing iïegenerated
Patient bone bone

71,5
58.5
60.0
35.2
30.1
51.1
17.6

PG
SP
SP
BR
VA
Meon
SD

80.5
80.5
60.1
80.2
75,1
75.3

8.7

SD = 13.5%, range 70% to 150%
in Group B). Aii 58 impiants were
judged to be osseointegrated
at the abutment connection
(100% implant survival) and
were used as anchorage for
provisionai and finoi prostheses.

Histologie results

The amount of verticai bone
regeneration and the generoi
features ot the regenerated
bone, as assessed by histoiogic
anaiysis. varied widely between
the treated cases. Nevertheiess.
it was possibie to distinguish two
ditferent situations: (1) spe-
cimens demonstrating pre-
existing corticai bone; and (2)
specimens demonstrating pre-
existing spongious bone. This dis-
tinction is important becouse
the pattern of the regenerated
tissue voried depending on the
quality of the originai bone
(Tables 3 and 4).

Specimens demonstrating
pre-existing cortical bone, in the
specimens thot demonstrated
pre-existing corticai bone
(mean density = 75.6%, SD =
12.7%), the verticaiiy regener-
ated tissue demonstrated
dense bone with a mean den-
sity ot 53.1% (SD = n.8%).This tis-
sue was characterized by iarge
trabeculae composed ot a
core of woven bone and gratt
porticies surrounded by lameilar
or parallei-fibered bone.
Particles ot the gratt were ron-
domly embedded in the regen-
erated trabecuiae or in the
marrow connective tissue.

in these specimens, the
demarcation between the origi-
nai crestai bone ond the newly
formed bone was easily distin-
guishable (Figs 2k ond 5), Usuaiiy
the originai crest couid be rec-
ognized becouse of the pres-
ence of longitudinaiiy orranged
iameiiar bone. Above these
iameilae. a cement line iini<ed

the pre-existing bone to the
newiy formed woven bone. The
retrieved titonium screw from
Group A showed a percentage
ot bone-titanium direct contact
of 03.6% (SD = 23.4%) in the
pre-existing bone and of 56.4%
(SD = 12,3%) in the regenerated
bone, in Group B the percent-
age ot bone-titanium contact
was 67.6% (SD = 14,9%) in the
pre-existing bcne and 63.2% (SD
= 15,4%) in the regenerated
bone.

Specimens demonstrating
pre-existing spongious bone, in
the case of vertical regenera-
tion in originai spongious bone,
the regenerated tissue was
composed of fhin bony trobec-
uiae hardiy distinguishable trom
the pre-existing bone (Fig 6). In
these cases the pre-exisfing cor-
tex was not visibie, but it was
aiways possible to identity the
new crestal cortex. The medium
bone density was 36.6% (SD =
14.6%), and it wos impossibie to
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Fig 5 Histoiagic sectian of a bone
biopsy from a site treated with DfDBA
aitograft. The arrows indicate the ioca-
tlon af the pre-existing corticai bone
piate. The regenerated bone extends
to the tap of the pin and exhibits
extensive areas of direct contact with
the surface of the titanium pin. (Originai
magnification x 12; tight green stain.)

Fig 6 i-iistciagic sectian ot a biapsy
coiiected from a site with spongy bane.
The site was treated with DFDBA. The
limit between the regenerated bone
and the native bone (arrows) is almost
indistinguläiabte. The newly formed
bone extends over the top ot the pin.
but direct contact with the surface of
the titanium pin is limited. (Original
magnificatian x 10: von Kossa stoin.)

Fig 7 Higher magnification of a speci-
men treated with DFDBA. Some rem-
nants ot demineralized bone particles
(arrows) are stiil present In the newly
formed bone. Round bodies of reminer-
atization are visible in the particies
(Originai magnification ~.< 100: von
Kossa stain.)

differentiate the regenerated
trom the pre-existing bone. The
mean percentage of bone
oontact with the retrieved
screws was 39,1%CSD= 13.6%).

The particles of demineral-
ized freeze-dried bone were
either completely embedded
in the newiy formed trabeculae
or oniy partiaiiy embedded in
meduliary tissues, showing os-
teoconductive properties. Signs
of ongoing remineralization
were evident, as demonstrated
by the presence of rounded

bodies of remineralization (20
to 3D Mm in diameter). These
bodies, which were posifive in
the von Kossa staining, were vis-
ibie inside the demineraüzed
matrix and tended to coalesce
(Fig 7). In some particles this
process was aimost compiete,
and the matrix assumed the
aspect of the woven pone with
some remnants of confiuent
mineraiization bodies in the
centrai area.

The particies of autogenous
bone were easiiy distinguishable

becouse of their different affin-
ify to basic fuchsin. They ap-
peared to be compieteiy sur-
rounded and integrated with
the newiy formed bone (see
Fig 3). The iargest bone parti-
oies appeared to have frac-
tured in some areas, and new
bone formation was evident in
the rims of the fraofures. The
smaiiest partioies showed signs
of résorption wifh osteooiasts
and iHowships lacunae.
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Discussion

in the lost tew years, a mem-
brane technique has been pro-
posed to obtain aiveoiar bone
regeneration in a verticai direc-
tion.'^"'^ In a previous study,
Simion et al'^ have shoyi/n that
when a mechanicai barrier was
used to protect the blood ciot
and to prevent the invasion of
fibrous connective fissue, it was
possible tc achieve verticol
bone regeneration up to 3 fo 4
mm after a submerged heaiing
period of 9 manfhs. The same
sfudy, on the other hand,
demonsfrated an incompiefe
bone fill of the space avaiiable
for bone regeneration and the
regular presence ot a fibrous
connective tissue layer separat-
ing the membrane from the
regenerating bone. Simiiar find-
ings have been presenfed by
Jcvanovic et ai'^ in an experi-
mental study in dcgs. Same of
the possible expianofions for fhe
incompiefe new bone forma-
tion proposed by the authors
were: (1) the shrinkage ot the
blood clot under the mem-
brane during fhe eariy sfage of
healing; (2) the entrapment ot
air under the membrane; (3)
membrane micromovement;
and (4) on insufficient healing
period. The aim ot the present
study was to investigate the
potentiai beneficioi effect ot
DFDBA aiiograft or aufogenous
bane chips when used as graft-
ing materials in vertical ridge
augmentation procedures.

Both fhe clinical and histo-
logie results from the present
sfudy indicate a beneticiai
effect from the use of DFDBA
and autogenous bone as graft-
ing maferiais for vertical ridge
augmentafion procedures. In
fact, in all the sites anaiyzed, fhe
thicl<ness of fhe soft tissue layer
observed befween the regener-
ated bone and the membrane
was iimited to less than 1 mm,
and almost all the space avail-
able under the membrane was
occupied by new bone. The
limit of vertical bone regenero-
tion seemed to be determined
more by the space avaiiable
under the membrane than by
the limits of the surgicol tech-
nique Itself. These findings
demonsfrated an improvement
when compared to the above-
mentioned human study,'^
which reported a mean con-
nective tissue thickness of 2.1
mm (range 0.5 to 4.5 mm) and
a maximum vertical bone gain
of 4 mm.

Possible explanations for
more effecfive verticai bone
regenerafion in the present
study are:

1. The grafted particles, öfter
implantation, became com-
pletely soaked by blood,
aliowing coaguium stabiliza-
fion and preventing the for-
mation of an empty space
under the membrane.
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2. The presence ot tiiiing mate-
riois couid hove reduced
fhe micromovement ot the
membrane.

3. The osteoconductive activ-
ity of the DFDBA and auto-
genous bone chips clearly
demonstrated by the histo-
logie observotions, couid
have enhonced the new
bone formotion.

4. The possible osteoinductive
octivity of the grofted mote-
riols used.

The resuifs of the presenf
study ore in occordance with a
recent study by Tinti et oi^''
showing enhonced verticoi
bone regenerotion using auto-
genous bone chips and powder
as filling materials under e-PTFE
membranes.

The histomorphometric
analysis in the present study
cleariy demonstrated a direot
correlation befween fhe den-
sity of fhe pre-existing bone
and the density of the regener-
ated bone. When the newly
regenerated bone originated
from corfiooi pre-existing bone
(mean density = 75.60%, SD =
12.09%) if showed dense bone
regenerafion (mean density =
53.16%. SD = 11,89%). When fhe
regenerafed bone originafed
from spongious bone (mean
density = 3ó.ó3%, SD = 14.63%), if
demonsfrafed simiiar charac-
feristics ond was almost indistin-
guishabie from the pre-exisfing
bone.

Histoiogic observations trom
the retrieved minisorews have
confirmed the tindings ot previ-
ous studies^^-'* demonstrating
the oapability of the suprocre-
staliy regenerated bone to
grow in direct contact wifh a
fifanium implant surface. The
meon percenfage of bone-
titonium contacf was from
56.4% (Group A) fo 63,2%
(Group B) in corfical bone
specimens and 39.1% in spon-
gious bone specimens. These
dafa are within fhe normai
range tor impianfs inserted in
native bone.

Both demineralized treeze-
dried bone and autogenous
bone porticies were stiii visible in
the histoiogic sections offer a
heaiing period of 7 fo 11
monfhs. They appeared com-
plefely surrounded and inte-
grated with the newly formed
bone.

The exposed sites (18%)
showed a lower percentage of
bone regenerafion (56% fo
75%) when compared fo sifes
wifh uneventful healing (103%

.to 147%), and this is in aocor-
dance with the resulfs of previ-
ous studies^^"^^ that demon-
strafe thaf early exposure and
premature removal of the
membrane may reduce bone
regeneration.
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Conclusions

The results from the present
study demonstrate the benefi-
cial effect af the addition of
DFDBA and autogenous bane
ta the membrane technique
tor vertical ridge augmenta-
tion. The histomorphometric
anaiysis cieoriy demonstrated
a direct correlation between
the density of the pre-existing
bone ond the density of the
regenerated bone. The regen-
erated bone appeared in gen-
eral to be slightly iess dense
than the pre-existing bone.

The titanium miniscrews
demanstrated a percentage of
direct bane-impiant contact
with the newly formed bone
within the narmai range for
implants inserted in native
bane.
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