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Vertical Ridge Augmentation:
Wtiat is the Limit?
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The aim of this study is to show the possibility of aohieving more ttian a 4-
mm new vertical bone apposition on partialiy edentulous ridges. Six
healthy, partialiy edentuious patients were treated from July 1993 to
September 1993. After accurate radiographie investigation, ali of the
pafients were treated using the Bränemari< System. After insertion. 14 fíx-
tures were left circumferentiaiiy exposed for 37 mm. Autogenous bone
graft norvested from a bone fliter was placed around the exposed threads
and oompleteiy covered with titanium-reinforced Gore-Tex augmentation
membranes ¡JR-GTAM). Fiaps were caranally displaced to passively cover
the regenerative materiais. Only one af the six memorónos was exposed
and it was removed immediateiy. After a 12-montn healing period, the
membranes were removed in conjunction with the second-stage surgical
procedure, in the five cases where the membranes were kept covered, ali
of the ovaliable space underneath the JR-GTAM was fíiled with regenera-
tive tissue, in ail of fhe oases a histoiogic biopsy was performed. In one
case ali the space was filied with more than 7 mm of bone, in three cases
ail the space was fiiied with more than 5 mm of bone, in one case the mast
coronai part (approximately I mm) of the regenerative tissue wos repre-
sented by connective fissue: fhe remaining tissue was represented by
bone. The measurements demonstrated an average af verticai ridge aug-
mentation af4.95 mm. In the aniy case where the membrane underwent
exposure and was then removed there was no regenerative tissue present.
(Int J Periodont Rest Dent 1996,16:221-229.)
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In the lost 10 years impiant
treatment plonning proposed
by the dentist or requested by
the patient hos expanded ex-
ponentialiy with the oppiication
of osseointegration to the fuliy
or partioily endentulous pofient.
However, many patients pre-
senting for dental impiant ther-
apy are not candidotes for
such treatment because of
either an inadequate volume
of bone or a bany onatomy
that complicates the place-
ment of fixtures, especially in
sites where ideal implant posi-
tioning is mandatory for optimal
esthetics.

To obtain predictabie iong-
term results, the anatomy quan-
tity of bone, ond quaiity of the
jawbone at the site of fixture
instaiiatian are cruciol factors. A
minimum of 7 x 4 mm of bone
structure is required with use of
the shortest standard Brâne-
mark implant^: however, to
avoid any undesirable compli-
cations during the healing
prooess, a minimum buoca-
linguai width of ó mm is recom-
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mended for complete bone
coverage af the threaded part
of the titanium impiant.^-^

Bone regeneration proce-
dures can modify, correct, and
augment compromised bone
sites resuiting from on excessive
résorption phase foiiowing
tooth exfoiiation because of
trauma, deep root fracture,
advanced periadontai infiam-
matory iesions, or maxillofacial
trauma.

Prior to the ciinical applica-
tion of the principie of guided
tissue regeneration (GTR) fo
dental impiants, extraoral auto-
genous bone grafting proce-
dures were used to increase
the amount of bone tissue. The
associated probiems with these
techniques were the utiiizotion
of an exfraoral site, hospifaiizo-
fion, and pafient morbidity

in portiolly edentuious
patients, anatomic structures
such as the maxiiiary sinus or the
aiveoiar nerve may limit the
bone height avaiiabie for
implant stability and the ioad-
bearing capocity. Different
bone graff maferials may be uti-
lized for sinus eievation, and
alveolar nerve transportation in
the mandibuiar orch may
Increase the length of the bony
tissue to allow the placement of
implants of adequafe length.
However, both techniques are
stiii under clinical evaiuation,
and the lotter presents a consis-
tent risk at temporary or perma-
nent nerve damage. The bio-
logic principies of GTR, reported

for the treatment of periodon-
toiiy involved feeth, have been
applied to increase the alveoidr
ridge width prior to implant
placement, to exclude the inva-
sion af nonosteogenic saft tissue
cells, and to oilow preferential
enhancement of new bone tis-
sue around implants placed
into sites where there is insuffi-
cient bone volume,""'^ A better
understanding of the principles
of GBR and innavafions in surgi-
cal techniques have enhanced
new bone formation around
implants placed into immediate
extraction sockets,^'^''^ in
dehisced or fenestroted impiant
surfaces,^'°'^ and in treatment
of anguiar bony defects in a
peri-implantitis situation.^ in
addition, GBR has enhanced
treatment of other categories
of defects using ridge regenera-
tion, and subsequent or simulta-
neous piacement of osseointe-

The expanded polytetraflu-
oroethylene (e-PTFE) mem-
brane creates initially secluded
space in which the blood clot
is prctected from mechanical
injuries and from the coloniza-
tion of celis deriving from the
gingivai tissues. As o result, oniy
cells from the alveolar bone
can repopulate tfie blood clot.

The reiationship between
space provision and bone
regeneratian was studied in the
1950s and in the eariy 19ó0s,
Severol studies confirmed this
biologic observation in other
types af osseous defects. Space

provision for bone regeneration
is one af the main problems in
GTR procedures, as it defines
the maximum voiume of bone
which can be regenerated.'^-^
The creation and maintenance
of a sufficienf space with an
adequate blaod ciot that does
not interfere with stabilization
must be estobiished.

it has been clinically proven
that the fewer the residual
bony waiis, the more difficult it is
to avoid soft tissue and mem-
brane coilapse. This is espe-
cially true in the presence of
gingival recession, dehiscence,
cr fenestration types of bony
defects, where there is no sup-
port to the barrier.

Various fiiiing materials have
been experimented with ond
proposed for the creation and
maintenance of space and for
prevention of a coilapse of
both the fiap and the barrier
membrane in non-space-mai<-
ing detects,^'-^^

Fram clinicai experience it
is known that empty spaces
become rapidly abliterated by
a biood ciot containing both
non-bone-forming and bone-
forming ceils after the surgicdl
procedure.

Recentiy, encouraging ex-
perimental results have been
reported utiiizing GBR tech-
niques in verticdi ridge aug-
mentation from flaf corficai
bone surfaces. ̂ -̂2''
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Many studies hove advo-
cated soft tissue pressure and
tension to cause membrane
collapse in defects, thus iimiting
the regenerative potentiai of
the bony structures.̂ '̂̂ ^

There ore oniy two studies
on jawbone augmentation of
the vertical dimension^'^' in
whioh the authors utiiized
a new type of e-PTFE mem-
brane reinforced with a pure
titonium struoture (TR-GTAM, WL
Gore) ond membrane tixa-
tion devices (Memfix system,
Straumann). Tito ni um-re in-
forced GTAM can be bent and
shaped and maintain the
desired form because of the
titanium structure inciuded in its
construction. Thus, the TR-GTAM
creates and preserves sufficient
spoce between the mem-
brane and the bony deteots,
allowing new possibilities for
vertical ridge augmentation
and regeneration in situations
in which the anatomy of the
defect is non-spoce-making.

Jovanovic et al,^^ in a study
on five adult beagie dogs, sug-
gested that supracrestal bone
regeneration con successfully
be enhanced by a submerged
membrane technique in the
dog modei. They olso sug-
gested that the TR-GTAM mem-
branes were able to maintain a
large protected space without
the addition of bone grafts, ond
fhaf they produced a larger
quantity of bone when com-
pared to standard membrones.

Simion et ai,^' in a clinical
and histologio study on five
patients, suggested that the
placement of implants protrud-
ing 3 to 4 mm trom the top of o
resorbed bone surface may
resuit in a vertical bone regen-
eration gain of 3 to 4 mm in
height, Their histologie exomina-
tion showed that ail retrieved
minisorews were in direct con-
tact with the bone, ond thot
the regeneroted bone was
abie to osseointegrate pure
titanium implants,

The aim of this ciinical study
was to demonstrate the possi-
bility of achieving more fhon 4
mm of new vertical bone
apposition on partially edentu-
ious ridges using a membrone
technique associated with
osseointegrated implants in
humons.

Mettiod and materials

Six potients between 40 and 52
years (mean age: 46 years)
part ioipated in this clinical
study. They were partially eden-
tuious, were initiaiiy referred to
our dental offices for evoiuation
for implant therapy, and were
highly motivated to undergo
this procedure because they
wanted to avoid removable
portial dentures ot ali costs. All
patients reported in good
health ond received o com-
prehensive periodontal evaiuo-
tion ond a compiete-mouth
radiographie survey.

Computerized tomograms
revealed a minimum quontity
of residual bone in o corono-
apicai direction. The bone
ridges were carefully exam-
ined, and the desired implant
location trom a prosthetic point
of view wos determined utiiiz-
ing a guiding surgical stent.

Ail patients received an
extensive explanation of the
procedures thot would be per-
formed and signed a written
consent form. A total of 14 den-
tal implants (MK II, Nobei-
pharma) were piaced.
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Surgical technique (Figs ¡a to
m and 2a to 2e)

All patients were treated toliow-
ing an identical surgical proto-
col, A crestal incision within the
i<eratinized gingiva was used to
eievate a buccal mucoperio-
steai tull-thickness flap. This inci-
sion was extended intrasulcu-
larly and anteriorly to the mesiai
iine angle ot the adjacent
tooth. Vertical releosing incisions
were made at the distal aspect
of the crestai incision, approxi-
mateiy 7 to 8 mm distai to the
proposed most distal position ot
the membrane. The iingual flap
was raised to full ttiickness and
continued mesially intrasuiou-
lary to include three teeth, and
a vertical releasing incision of
approximateiy 3 to 4 mm was
used on the distai aspect. The
periosteum was then released in
suoh a way as to enhonce elas-
ticity and ta obtain a coronaliy
accentuated dislodgement ot
the linguai flap.

On the vestibuiar side the
periosteai releasing incision
was started from the most api-
cal part of the mesioi reieasing
incision and continued until
joining the most apical part of
the distal releasing incision. This
type of incisioh left the flap ten-
sion-free at closure.

On the maxillary arch, a
crestai incision and two verti-
cal buccal reieasing incisions
were used at a reasonable dis-
tanoe from the anticipated
edge of the membrone ond

were connected by a mesio-
distal incision at the base of
the flap to enhance flap elas-
ticity by reieasing the perios-
teum, On the paiatal side, a
coronaiiy positioned paiatai
siiding fidp was performed as
described by Tinti and Parma-

Atter positioning the surgi-
cai stent made by the prostho-
dontists, a totai of 14 MK ii
Nobelpharma fixfures were
inserted. Stondard implant pro-
tocol as described by Adeii et
ai^ was foilowed, except thot
implants were piaced in an
ideai position for restoration,
and were intentionaiiy allowed
to protrude 3 to 7 mm from the
bone crest, Countersinks were
not used, Aii the measurements
for biométrie anaiysis were
taken with a caiibrated perio-
dontoi probe from the top of
the cover screw to the peri-
implant bone crest ot the mesiai
and distal aspects before and
after treatment,

During the drilling phase for
the preparation ot the tixture-
recipient sites the physioiogic
soiution was suctioned with
the interposition of the bone tii-
ter (Quaiity Aspirotors, Quality
Dent) for the purpose of saving
the bone, Before implant place-
ment a round smail-diameter
bur was used to perforate the
cortical bone to aiiow a idrger
number of medulidry oovities to
tavor bleeding, Fourteen fi>cfures
were positioned in six surgical
sites, and the bone particles

taken for the bone tiiters were
positioned all around the fix-
tures.

Titanium-reinforced e-PTFE
membrane (TR-GTAM. WL Gore)
was used in all patients (Fig Ic),
Titanium-reintorced membranes
were bent with fine tweezers to
obtain the desired shape for a
oiose adaption to the underly-
ing bone and to the impiants.
The iateral portions were
trimmed with scissors in such a
way that the outer portion over-
iapped the edge of the bone
beyond the detect margins by
approximateiy 4 mm. All the
titanium-reintorced membranes
were additionaliy stabilized to
the bone with Memfix fixation
screws (Fig Ic), When the aug-
mentation material was close
to notural teeth, attention wos
given to prevent interference
with the healing process of the
periodontal structures. Every
etfort was made to ochieve pri-
mary closure of the fiaps and
passive adaption at closure.
Horizontal mattress sutures with
U stitches were used to create
two contact surfaces at ieast 3
mm thick and were alternated
with simple interrupted sutures.

The patients were premed-
icated with an antibiotic (2g of
amoxicillin 2 hours prior to
surgery), and were prescribed 1
g of amoxicillin per day for 1
week postoperatively. The
patients were given appropri-
ate anaigesics. They were
examined at the end of the first
week for material exposure,
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Fig la Edentulous space in the I'ert
mandibulor region of a äS-yeor-old
womon. First ond second mondibular
molOiS were lest several years previous-
ly. There is insufHoient bone height to
allow traditionai implant placement.

hg 10 IWO iO-mm self-topping
impiants pioced in ideal prostnetic
position. The distai fixture protrudes ó to
7 mm from fhe bone orest. The mesiai
fixture is not induded on fhe study.

Fig Ic Titonium-ieinfotced GTAM is
portioned over the bone defecf and
the protruded impiants and fixed to fhe
bone with one Memtix fixation screw.
The titanium frame gives rigidity to the
membrone to maintain space.

Fig Id Ctinicai appearance prior to
sfoge 2 surgery offer 12 months of
uneventfui heoiing.

Fig le Periaploal radiograph immedi-
ately after positioning the two implonts.

Fig It Periapicai radiograph l year
postoperative. Newly regenerated cai-
cified tissue can be seen.

Fig Ig Membrone removal demon-
strates a newiy regenerated ridge and
that the peri-impiant bone defects are
fliied with new osseous tissue.

Fig lh Histologie findings from the
biopsy specimen. New regenerated
bone (lomellar) with osteobtostio lines
ond osteooite oeiis are present.
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Table 1 Result of GBR treatment in vertical ridge augmentation
around implants in six patients

Patient

1

2
3
4

5

6

Healing

U
U
U
U
U
U
U
U

MD
MD
U
U
U
U

Tooth no.

15
14
13
47
37
35
36
37
24
25
21
22
23
24

Stage 1
surgery

4
5
7
5
7
4.5
4
4
4
4
5.5
4
4
4,5

Stage 2
surgery

0
0
0

+2
1
0
0
0
4
4
0
0
0
0

Gain in
ridge height

(mm)

4
5
7
7
ó
4.5
4
4
0
0
5.5
4
4

4.5

u = Uneventful: MD = membrane dehiscence.
Fig 2a Three M/Í il Nobelphorma
impionts placed in ideal prosthetic
pcsiticn with coronal impiant surface
extending outside the Pone crest
Measuisments were taken from the
residuol oiveoior crest to the fop cf the
cover sorew.

and the sutures were removed
in 15 days.

The patients were oheci<ed
monthly, and the use of a
removable prosthesis was
avoided on the surgical site until
stage 2 surgery to prevent ony
trauma to the augmented site.

One Ti? membrane become
exposed offer 11 days and wos
immediateiy removed.

Second-stage surgery—
Membrane removal

Affer a 12-month heoiing
period, aii TR membranes were
removed exoept for the one
that became exposed at the

surgery for obutment connec-
tion, in ali oases a orestai inoisian
in a distomesiai direction was
performed to roise a fiap just
beyond the most apicai margins
of the augmentation material.

After removing the Memfix
fixotion screws, the TR mem-
brane was raised with smoii sur-
gioal piiers from its most apical
portion.

Complete photographic
documentation and clinicai
measurements were retaken at
the time of membrane removal
and abutment connection.

All the spoce underneath
the TR membranes was com-
pieteiy filied with regenerated
tissue (Figs le to lh and 2a to

2d). In one patient the most
coronol part, approximotely 1
mm, contained fibraus connec-
tive tissue. The regeneroted
materiai in the remaining
space, OS well as all the space
in the other patients, oppeared
OS a hard, bone-iike structure. A
smaii biopsy specimen of newiy
regenerated hard tissue was
collected from eoch patient to
be processed far histoiogic
exominotion (Figs lh and 2e).
These specimens were re-
moved, fixed in 10% neutral
buffered formalin for 24 hours,
and then dehydrated in on
ascending series of aicohol
rinses. The sections were stained
with hematoxylin-eosin stoin.
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Fig 2b Clinical view after flop eleva-
tion and TR mernbrane removal.
Previous riäge loss is completely regen-
erated with newly formed bane.

Fig 2c Raúiogropn immeaioteiv oner
fixture pasltioning.

Flg2d Radiograph I year pastopera-
tive.

Results

The results af the present study
are summarized in Table 1. Ali
patients recovered well, and
no signs of infecfion were
noted at fhe surgical site. Oniy
one patient reported a mem-
brane dehiscence after 1 1
days of healing. The membrane
was removed immediafely. This
pdtient did not show any bone
formation at the implant site. In
the remaining five patients (12
fixtures), no exposure of the
membrone occurred during
the entire healing period. The
membranes remained stable
as they were p laced. There
were no signs of infiammation.

Fig 2e Histologie findings. New bone tissue-spongeous lamellor !
osteoblastic lines and osteocite oells.
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During the second-stoge
surgical phase at membrone
removal the fixation screws
were removed and the mem-
branes were gently dissected
from the underlying newly
regenerated tissue.

An approximately 1-mm-
thick layer of connective tissue
wos present after removol of
the membrane in the most
coronoi part in only one case.
This tissue was removed, leaving
only bone around the impiant.
Connective tissue wos not
found oround the implants in
any of the other cases.

Measurements were cor-
ried out mesially and distally
from the highest part of the
cover screw to the top of the
newiy formed ridge, The mea-
surements demonstrated an
average circumterential bone
formation in verticai regenera-
tion of the ridge of 4.95 mm,
and in one case the regenero-
tion wos over 7 mm.

The histoiogic examination
of the regeneroted tissue
unequivocaiiy demonstrated
that it wos healthy, vitai bone
with mature and reguiariy
formed bone cells (see Figs lh
and 2e). The histoiogic exami-
nation of the soft tissue demon-
strated that it was connective
tissue with no inflammatory
reaction, no macrophoges, few
cells, and scorce blood vesseis.

Discussion

This sfudy confirmed the capac-
ity of fhe GTR technique to verti-
colly augment bone from flot
cortical bone surfaces, os was
previously demonstroted in
experiments with both oni-
mais^^- '̂ and humons,^' Simion
et al^^ found a 4-mm limit of ver-
tical regeneration of the ridge.
In this study, five of six cases
showed a vertical bone regen-
eration of approximately 5 mm,
and in one case of more than 7
mm,The spoce beiow the mem-
brane in all cases presented
hod been filied almost exclu-
sively with tissue which both clin-
icaliy and histoiogicaily wos
shown to be bone. The discrep-
ancy in the results shown in the
present ortiole and that of
Simion may be coused by (1)
the omount of time between
stage 1 ond stage 2 surgery:
and (2) the use of autogenous
bone graft from fhe fiiter.

Conclusion

The aim of this study was to
demonstrate the possibiiity of
supracrestal bone regeneration
of over 4 mm. This gool ap-
peared possible when:

1. The fiap completeiy cov-
ered fhe membrone and
was piaced without tension.

2. The membrone wos cov-
ered for 1 yeor.

3. The membrone was stabi-
lized.

4. Autogenous bone was used,
5. There were obundant perfo-

rations of the corticai bone,
6. iHorizontol maftress sutures

with U stitches were used to
create two contact sur-
faces at ieost 3 mm thick.

Further research is needed
to evaiuate the load-bearing
capobility and long-term resuits
of the newly formed tissue.
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