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Vertical Ridge Augmentation:
What is the Limit?
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The aim of this studly is to show the possibility of achieving more than a 4-
mm new vertical bone apposition on partially edentulous ridges. Six
healthy. partially edentulous patients were treated from July 1993 fo
September 1993. After accurate radiographic investigation, all of the
patients were freated using the Branemark System. After insertion, 14 fix-
tures were left circumferentially exposed for 37 mm. Autogenous bone
graft harvested from a bone filfer was placed around the exposed threads
and completely covered with fifanium-reinforced Gore-Tex augmentation
membranes (TR-GTAM). Flaps were coronally displaced to passively cover
the regenerative materials. Only one of the six membranes was exposed
and it was removed immediately. After a 12-month healing period, the
membranes were removed in conjunction with the second-stage surgical
procedure. In the five cases where the membranes were kept covered, all
of the available space underneath the TR-GTAM was filled with regenera-
five tissue. In all of the cases a histologic biopsy was performed. In one
case all the space was filled with more than 7 mm of bene. In three cases
all the space was filled with more than & mm of bone. In one case the most
coronal part (approximately 1 mm) of the regenerative tissue was repre-
sented by connective fissue; the remaining tissue was represented by
bone. The measurements demonstrated an average of vertical ridge aug-
mentation of 4.95 mm. In the only case where the membrane underwent
exposure and was then removed there was no regenerative fissue present.
(Int J Periodont Rest Dent 1996;16:221-229.)
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In the last 10 years implant
treatment planning proposed
by the denfist or requested by
the patient has expanded ex-
ponentially with the application
of osseointegration fo the fully
or partially endentulous patient.
However, many pafients pre-
senting for dental implant ther-
apy are not candidates for
such freatment because of
either an inadequate volume
of bone or a bony anatomy
that complicates the place-
ment of fixtures, especially in
sites where ideal implant posi-
tioning is mandatory for optimal
esthetics.

To obtain predictable long-
term results, the anatomy, quan-
tity of bone, and quality of the
jawbone at the site of fixture
installation are crucial factors. A
minimum of 7 X 4 mm of bone
structure is required with use of
the shortest standard Brane-
mark implant!; however, to
avoid any undesirable compli-
catfions during the healing
process, @ minimum bucco-
lingual width of 6 mm is recom-
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mended for complete bone
coverage of the threaded part
of the fitanium implant. 23

Bone regeneration proce-
dures can modify, correct, and
augment compromised bone
sites resulting from an excessive
resorption phase following
tooth exfoliation because of
trauma, deep root fracture,
advanced periodontal inflam-
matory lesions, or maxillofacial
frauma.

Prior fo the clinical applica-
tion of the principle of guided
tissue regeneration (GTR) to
dental implants, extracral auto-
genous bone grafting proce-
dures were used fo increase
the amount of bone fissue. The
associated problems with these
technigques were the utilization
of an extracral site, hospitaliza-
fion, and patient morbidity.

In partially edentulous
patients, anatomic structures
such as the maxillary sinus or the
alveolar nerve may limit the
bone height available for
implant stabillty and the load-
bearing capacity. Different
bone graft materials may be uti-
lized for sinus elevation, and
alveolar nerve fransportation in
the mandibular arch may
increase the length of the bony
tissue to dllow the placement of
implants of adequate length.
However, both techniques are
still under clinical evaluation,
and the latter presents a consis-
tent risk of temporary or perma-
nent nerve damage. The blo-
logic principles of GTR, reported

for the freatment of periodon-
tally involved feeth, have been
applied to increase the alveolar
ridge width prior to implant
placement, to exclude the inva-
sion of nonosteogenic soft tissue
cells, and to allow preferential
enhancement of new bone fis-
sue around implants placed
into sites where there is insuffi-
cient bone volume.*12 A better
understanding of the principles
of GBR and innovations in surgi-
cal technigues have enhanced
new bone formation around
implants placed into immediate
extraction sockets, 81314 jn
dehisced or fenestrated implant
surfaces,®1912 and in treatment
of angular bony defects In a
peri-implantitis situation.? In
addition, GBR has enhanced
freatment of other categories
of defects using ridge regenera-
tion, and subsequent or simulta-
neous placement of ossecinte-
grated implants. #1516

The expanded polytetraflu-
oroethylene (e-PTFE) mem-
brane creates inifially secluded
space in which the blood clot
is protected from mechanical
injuries and from the coloniza-
tion of cells deriving from the
gingival tissues. As a result, only
cells from the alveolar bone
can repopulate the blood clot.

The relationship between
space provisicn and bone
regeneration was studied in the
1950s and in the early 1960s.
Several studies confirmed this
biologic observation in other
types of asseous defects, Space

provision for bone regeneration
is one of the main problems in
GTR procedures, as it defines
the maximum velume of bone
which can be regenerated.!”-20
The creatfion and maintenance
of a sufficient space with an
adequate blood clot that does
not interfere with stabilization
must be established.

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

Various filing materials have
been experimented with and
proposed for the creation and
maintenance of space and for
prevention of a collapse of
both the flap and the barrier
membrane in non-space-mak-
ing defects,?1-24

From clinical experience it
is known that empty spaces
become rapidly obliterated by
a blood clot containing both
non-bone-forming and bone-
forming cells affer the surgical
procedure.

Recently, encouraging ex-
perimental results have been
reported ufilizing GBR tech-
niques in vertical ridge aug-
mentation from flat cortical
bone surfaces.?5-27
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Many studies have advo-
cated soft fissue pressure and
tension to cause membrane
collapse in defects, thus limiting
the regenerative potential of
the bony structures.2528

There are only two studies
on jawbone augmentation of
the vertical dimension?’-2% in
which the authors utilized
a new type of e-PTFE mem-
brane reinforced with a pure
titanium structure (TR-GTAM, WL
Gore) and membrane fixa-
tion devices (Memfix system,
Straumann). Titanium-rein-
forced GTAM can be bent and
shaped and maintain the
desired form because of the
titanium structure included in its
construction. Thus, the TR-GTAM
creates and preserves sufficient
space between the mem-
brane and the bony defects,
allowing new possibilities for
vertical ridge augmentation
and regeneration in situatfions
in which the anatomy of the
defect is non-space-making.

Jovanovic et al?’ in a study
on five adult beagle dogs, sug-
gested that supracrestal bone
regeneration can successfully
be enhanced by a submerged
membrane technigque in the
dog model. They also sug-
gested that the TR-GTAM mem-
branes were able to maintain a
large protected space without
the addition of bone grafts, and
that they produced a larger
quantity of bone when com-
pared to standard membranes.

Simion et al,2? in a clinical
and histologle study on five
patients, suggested that the
placement of implants protrud-
ing 3 fo 4 mm from the top of a
resorbed bone surface may
result in a verfical bone regen-
eration gain of 3 to 4 mm Iin
height. Their histologic examina-
fion showed that all retrieved
miniscrews were in direct con-
tact with the bone, and that
the regenerated bone was
able to osseoinfegrate pure
titanium implants.

The aim of this clinical study
was to demonstrate the possi-
bility of achieving more than 4
mm of new vertical bone
appesition on partially edentu-
lous ridges using a membrane
technique associated with
osseointegrated implants in
humans.

Method and materials

Six patients between 40 and 52
years (mean age: 46 yedrs)
participated in this clinical
study. They were partially eden-
tulous, were initially referred fo
our dental offices for evaluation
for implant therapy, and were
highly motivated to undergo
this procedure because they
wanted to avoid removable
partial dentures at all costs. All
patients reported in good
health and received a com-
prehensive periodontal evalua-
tion and a complete-mouth
radiographic survey.

Computerized tomograms
revealed a minimum guantity
of residual bone in a corono-
apical direction. The bone
ridges were carefully exam-
ined, and the desired implant
location from a prosthetic point
of view was determined utiliz-
ing a guiding surgical stent.

All patients received an
extensive explanation of the
procedures that would be per-
formed and signed a written
consent form. A total of 14 den-
tal implants (MK I, Nobel-
pharma) were placed.
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Surgical technigue (Figs 1a to
1h and 2a to 2e)

All patients were freated follow-
ing an idenfical surgical profo-
col. A crestal incision within the
keratinized gingiva was used fo
elevate a buccal mucoperie-
steal full-thickness flap. This inci-
sion was extended intrasulcu-
larly and anteriorly fo the mesial
line angle of the adjacent
tooth. Vertical releasing incisions
were made at the distal aspect
of the crestal incision, approxi-
mately 7 to 8 mm distal to the
proposed most distal position of
the memkbrane. The lingual flap
was raised fo full thickness and
continued mesially infrasulcu-
lary to include three teeth, and
a vertical releasing incision of
approximately 3 to 4 mm was
used on the distal aspect. The
periosteumn was then released in
such a way as fo enhance elas-
ficity and to obtain a coronally
accentuated dislodgement of
the lingual flap.

On the vestibular side the
periosteal releasing incision
was started from the most aplh-
cal part of the mesial releasing
incision and continued unftil
joining the most apical part of
the distal releasing incision. This
type of incision left the flap ten-
sion-free at closure.

On the maxillary arch,
crestal inclsion and two verti-
cal buccal releasing incisions
were used af a reasonable dis-
tance from fthe anticipated
edge of the membrane and

were connected by a mesio-
distal incision at the base of
the flap fo enhance flap elas-
ticity by releasing the perios-
teum. On the palatal side, a
coronally positioned palatal
sliding flap was performed as
described by Tinti and Parma-
Benfenati 39

After positioning the surgl-
cal stent made by the prostho-
donftists, a total of 14 MK Il
Nobelpharma fixtures were
inserted. Standard implant pro-
tocol as described by Adell et
al® was followed, except that
implants were placed in an
ideal position for restoration,
and were infentionally allowed
fo protrude 3 to 7 mm from the
bone crest, Countersinks were
not used. All the measurements
for biomeftric analysis were
taken with a calibrated perio-
dontal probe from the top of
the cover screw to the peri-
implant bone crest at the mesial
and distal aspects before and
affer freatment.

During the drilling phase for
the preparation of the fixture-
recipient sites the physiologic
solution was suctioned with
the inferposition of the bone fil-
ter (Quality Aspirators, Quality
Dent) for the purpose of saving
the bone. Before implant place-
ment a round small-diameter
bur was used fo perforate the
corfical bone to allow a larger
number of medullary cavities to
favor bleeding. Fourteen fixtures
were positioned in six surgical
sites, and the bone particles

taken for the bene filters were
positioned all around the fix-
fures.

Titanium-reinforced e-PTFE
membrane (TR-GTAM. WL Gore)
was used in all patients (Fig 1c).
Titanium-reinforced membranes
were bent with fine tweezers fo
obtain the desired shape for a
close adaption to the underly-
ing bone and to the implants.
The lateral porfions were
frimmed with scissors in such a
way that the outer portion over-
lapped the edge of the bone
beyond fthe defect margins by
approximately 4 mm. All the
fitanium-reinforced membranes
were additionally stabilized to
the bone with Memfix fixation
screws (Fig 1c). When the aug-
mentation material was close
to natural feeth, attention was
given to prevent interference
with the healing process of the
periodontal structures. Every
effort was made to achieve pri-
mary closure of the flaps and
passive adaption at closure.
Horizontal mattress sufures with
U stitches were used to create
two contact surfaces af least 3
mm thick and were alternated
with simple inferrupted sutures.

The patients were premed-
icated with an anflbiotic (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 analgesics. They were
examined atf the end of the first
week for maferial exposure,
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Fig 1a Edentulous space in the left
mandibulfar region of a 48-year-old
woman. First and second mandibular
molars were lost several years previous-
ly. There is insufficient bone height to
allow fraditional implant placement.

Fig 1b Two 10-mm self-fapping
implants placed in ideal prosthetic
position. The distal fixture protrudes 6 to
7 mm from the bone crest. The mesial
fixture is not included on the study.

Fig 1d Clinical appearance prior to
stage 2 surgery arter 12 months of
uneventful healing.

Fig le Periapical radiogroph immedi-
ately affer positioning the two implants,

Fig 1g Membrane removal demon-
strates a newly regenerated ridge and
that the peri-implant bone defects are
filled with new osseous tissue.

Fig lc Titanium-reinforced GTAM is
positioned over the bone defect and
the profruded implants and fixed to the
bone with one Memfix fixation screw.
The titanium frame gives rigidity to the
membrane fo mainiain space.

Fig 1f Periapical radiograph 1 year
postoperative. Newly regenerated cal-
cified tissue can be seen

Fig 1h  Histologic finaings from the
bicpsy specimen. New regenerated
bene (lamellar) with osteoblastic lines
and osfeocite cels are present.
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Table 1 Result of GBR treatment in vertical ridge augmentation
around implants in six patients
Gainin
Stage 1  Stage 2 ridge height
Patient Healing Tooth no. surgery surgery (mm)
1 u 15 4 0 4
u 14 5 0 )
u 13 7 0 7
2 u 47 5 +2 7
3 u 37 7 1 <]
4 u 35 4.5 0 45
u 36 4 0 4
u 37 4 0 4
5 MD 24 4 4 0
MD 25 4 4 0
6 u 21 5.5 0 55
u 22 4 (o] 4
u s 4 0 4
u 24 4.5 0 4.5

U = Uneventful; MD = membrane dehiscence.

and the sutures were removed
in 15 days.

The patients were checked
monthly, and the use of a
removable prosthesis was
avoided on the surgical site until
stage 2 surgery fo prevent any
traurna to the augmenied sife.

One TR membrane became
exposed after 11 days and was
immediately removed.

Second-stage surgery—
Membrane removal

After a 12-month healing
period, all TR membranes were
removed except for the one
that became exposed at the

surgery for abutment connec-
tion. In all cases a crestal incision
in a distomesial direction was
performed to raise a flap just
beyond the most apical margins
of the augmentation material.

After removing the Memfix
fixation screws, the TR mem-
brane was raised with small sur-
gical pliers from its most apical
portion.

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

All the space underneath
the TR membranes was com-
pletely filled with regenerated
tissue (Figs le to 1h and 2a to

Fig 2a Three MK il Nobelpharma
Implants placed in ideal prosthetic
position with coronal implant surface
extending culside the bone cresf.
Measurements were faken from the
residual alveclar crest to the fop of the
cover screw.

2d). In one patient the most
coronal part, approximately 1
mm, contained fibrous connec-
tive tissue. The regenerated
material in the remaining
space, as well as all the space
In the other patients, appeared
as d hard, bone-like structure. A
small biopsy specimen of newly
regenerated hard tissue was
collected from each patient fo
be processed for histologic
examination (Figs 1h and 2e).
These specimens were re-
moved, fixed in 10% neutral
buffered formalin for 24 hours,
and then dehydrated in an
ascending series of alcohol
rinses. The sections were stained
with hematoxylin-eaosin stain,
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Fig2b Clinical view after flap eleva-
tion and TR membrane removal.
Previous ridge loss is completely regen-
erated with newly formed bone

Results

The results of the present study
are summarized in Table 1. All
patients recovered well, and
no signs of infecfion were
noted at the surgical site. Only
one patient reported a mem-
brane dehiscence after 11
days of healing. The membrane
was removed immediately. This
patient did not show any bone
formation at the implant site. In
the remaining five patients (12
fixtures), no exposure of the
membrane occurred during
the entire healing period. The
membranes remained stable
as they were placed. There
were no signs of inflarnmation.

Fig 2c Radiogroph immediately after Fig 2d Radiograph | year postopera-
fixture positioning. tive.

Fig 2e Histologic findings. New bone tissue-spongeous lameliar bone with
osfeoblastic lines and osteocite cells.
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During the second-stage
surgical phase at membrane
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 fissue
was present after removal of
the membrane in the most
coronal part in only one case.
This tissue was removed, leaving
only bone around the implant.
Connective tissue was not
found around the implants in
any of the other cases.

Measurements were car-
ried out mesially and distally
from the highest part of the
cover screw to the top of the
newly formed ridge. The meac-
surements demonstrated an
average circumferential bone
formation in vertical regenera-
tion of the ridge of 4.95 mm,
and in one case the regenera-
fion was over 7 mm.

The histclogic examination
of the regenerated tissue
unequivocally demonstrated
that it was healthy. vital bone
with mature and regularly
formed bone cells (see Figs 1h
and 2e). The histologic exami-
nation of the soft fissue demon-
strated that it was connective
tissue with no inflammatory
reaction, no macrophages, few
cells, and scarce blood vessels.

Discussion

This study confirmed the capac-
ity of the GTR technigue to verti-
cally augment bone from flat
cortical bone surfaces, as was
previously demonstrated in
experiments with both ani-
mals?®-2” and humans.?? Simion
et al*” found @ 4-mm limit of ver-
fical regeneratfion 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 space below the mem-
brane in all cases presented
had been filled almost exclu-
sively with tissue which both clin-
ically and histologically was
shown to be bone. The discrep-
ancy in the results shown in the
present article and that of
Simion may be caused by (1)
the amount of time between
stage 1 and stage 2 surgery.;
and (2) the use of autogenous
bone graff from the filter.

Conclusion

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

1. The flap completely cov-
ered the membrane and
was placed without tension.

2. The membrane was Cov-
ered for 1 year.

3. The membrane was sfabi-
lized.

4. Autogencus bone was used,

5, There were abundant perfo-
rations of the cortical bone.

6. Horizontal mattress sutures
with U stitches were used to
creafe two contact sur-
faces at least 3 mm thick.

Further research is needed
to evaluate fthe load-bearing
capability and leng-term results
of the newly formed fissue.
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