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Verticai Ridge Augmentation:
Surgical Protocoi and Retrospective
Evaiuation of 48 Consecutiveiy
inserted Implants

Carla Tinfi. MD. DDS'
Stefano Parma-Benfenati. MD, DDS MScD"

The aim of this i&trospGctivQ study was toevaiuate the predictobiiity of
obtaining a verticai ridge augrhontotion around donfai implants, strictiy
following a surgical protocol. FourtGon partially and four fuiiy edentuious
patients were treated between Juiy 1993 and NovGmber 1995. Forty-eight
consecutive implants were placed so that the circumference ot the upper
part of the cover screw was exposed from 2 to 7 mm. in addition to bone
chips, autogenous bone grafts harvested wifh a bone-fiitering aspirator
were pidced around the exposed threads and completely covered with a
barrier membrane. Flaps were coronally displaced to cover the regenera-
tive materials. Three of the 22 membranes became exposed prematurely
and were removed immediately. The remaining 19 membranes stayed in
plaoe for a 12-mdnth heaiing period until the second-stage surgery, in
these 19 oases, where the membrane remained completely covered by
the soft tissue, all of the available space underneath the membrone was
filled with regenerative tissue, in eight cases a histoiogic biopsy was per-
formed. Histalogic analysis demonstrated vita! bone with regularly formed
bone oells; in three cases the most coronal part (approximately I mm) of
the regenerative tissue was conneotive tissue, and the remaining tissue wos
bone. This retrospective anaiysis showed that when the oiinicai pratocol
was accurateiy faltawed, the possibility of olinical compllcatian was
reduced and the resuits for achieving vertioai ridge augmentation around
implants were predictable. (Int J Periodont Rest Dent 1998; 18:435-443.)
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The successfui use and the
long-term prognosis of osseoin-
tegrated impionts in the treat-
ment of the fuiiy or partiaily
edentulous patient requires an
adequate quontity and qual-
ity of jowbone to be available
for impiant placement, '"^
When the presurgicai evalua-
tion reveáis that the width and
vertical bone height ef the
alveolar ridge are insufficient
at the desired implant loca-
tions, reconstructive bone
surgery is required if endes-
seous implants are to be used.
Autogenous bene grafting
procedures te increase the
volume ef bone tissue in the
maxiliary arch present nega-
tive consequences such os the
need for an extrooral donor
site, and patient hespitalization
and morbidity, A ccmmon
contraindication for impionts in
the mandibuiqr posterior re-
gion is inadequate bone vol-
ume above thie inferior aiveo-
lar nerve. Transposition of the
nerve to oilow the placement
cf implants is avoided by
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many surgeons because of the
risk ot temporary or perma-
nent nerve parasthesio.

Guided bone regeneration,
which is based on the bioiogic
principles of guided fissue
regeneration, is used to gain
bone regeneration around
periodontaliy compromised
teeth. A variety of techniques
have been applied to increase
the aiveoior ridge width by
excluding the invasion cf ncn-
osteogenic soft tissue ceiis, and
promoting new bone tissue
formation around implants
placed inte sites where there is
insufficient bone volume.''"'^ in
fhe last six years, improvement
and innovation in surgical tech-
niques have evolved tc en-
hance new bone formafion
around impianfs placed info
immediate exfracticn scck-
glg 8.13,11 ¡r̂  dehisced or fenes-
trated impiants,^-^"'^ and in the
treatment of peri-impiantitis.^
Furthermore, the guided bone
regeneration technique hos
been appl ied to gain bone
regeneration and eniqrgement
in edentuious ridges for the
subsequent placement of os-
seoinfegrafed impianfs,"•''•'^•'^

Recenf experimenfal and
clinical resulfs demonstrate
vertical ridge augmentation
from flat cort icai bone sur-
faces.'^-^' The purpose ot this
study was to evaluate the pos-
sibility ot obtaining regener-
ated bone tissue around im-
plants in vertical ridge defects
in consecufive cases when a

surgicol protoccl was meticu-
lously followed.

Method ond materiais

Patients

Eighteen patienfs, 14 partiaily
edenfuious and 4 fuily edentu-
ious, between the ages of 38
ond 71 yeors (mean age 52
years) participated in this ciini-
coi study. They had been re-
terred for Impiant therapy, and
they were highly motivated to
avoid removabie partial den-
tures. An extensive explanation
of the procedures fhat wouid
be performed was followed by
a written consent form. Pre-
surgicoi evcluaficn end CT
scons reveaied insufficient ver-
tical bone height in the al-
veolar ridge in all cases. A
totai of 48 Nobei Biocare
impionts were consecutively
p laced from Juiy 1993 to
November 1995.

Impiont defecfs were se-
lected for treatment and in-
cluded in the study on the basis
ct an anatomic residual bone
structure that had: (I) a bcne
width and height greater than 5
mm, and (2) adequate inter-
orch space for the plocement
of a fixed prosthesis. Oniy
supracrestai bone deficiencies
were included in this refrospec-
five ciinicql study and they were
all treated at phase 1 surgery
according to the surgical prcto-
coi described below.

Surgical protocol in the
mandible

Local anesthesia (with vasocon-
strictor odrenalin 1:100,000) wos
combined with a sedative pre-
medication (diazepqm 5 mg)
and administered orally 30 min-
utes betöre surgery. A crestai
incision within the kerqtinized tis-
sue was extended introsulculcrly
tc the mesiai line angle cf the
adjocent feeth, buccqily and
lingualiy. Two "hockey stick-
shaped" vertical reieasing inci-
sions were mcde on the buccol
site; fhe mesiol incision was
made af fhe mesial line angie
of the mesiai toofh, and fhe dis-
tol incision was made ot the
mesiol line angle of the distol
tooth it present, or approxi-
mateiy 7 to 8 mm distol to the
most distal extension of the pro-
posed membrcne if no disfoi
tooth was present (fig 1). A buc-
cal mucoperiosteal tull-thickness
flap was then raised. The intra-
suiculqr lingual incision, which
continued the previously exe-
cuted crestai incision, was
extended mesioily to include ot
ieast three teeth (Fig 2). Mesiol
qnd distal vertical releasing inci-
sions that ended no more than
1 mm beyond the mucogingivai
junction were performed on
both sides (Fig 3), A full-thickness
iinguai tlop wos then raised,
extending beyond the myiohy-
oid insertion of the cmchyoid
muscle. By raising the mylohyoid
muscle with a full-thickness flap,
it is possible to raise the entire
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Fig I Buccol fiap shows crestal incision
within i<eratinized tissue ond the hockey
stick-shaped vertical reieasing incisions.

Fig 2 Linguai flap intrasuiouiar incision,
which continues the previousiy execut-
ed crestdi incision, is extended mesiaily
to include ot ledst three teeth.

Fig 3 Lingual Hap Mesiai and distal ver-
ticai releasing incisions are performed.
These incisions must end no mare than I
mm beyond the muccgingivalJunction,

Fig 4 Lingual fiap. Mesiodistol incision
releases bath the periastium and mus-
cle fibers immediately underneath the
periosfium layer.

Fig S Inner aspect of buccal flap
Periosteal incisian of full-thickness nap is
performed beginning at apical part of
distal releasing incision and continuing
mesiaily to mesiol releasing incision.

Fig 6 Ciinicai evaluation ofsimuitane-
ous coronai extension of both flaps.

floor of fhe mouth, thereby pro-
tecting the importont onatomio
structures inside the raised mus-
cle, such as the lingual nerve
and lingual artery and the sub-
lingual gland. A mesiodistai inci-
sion was made to release both
the periostium and the muscle
fibers immediately underneath
the periostium layer. This very
superficial incision is extremely
important for enhancing elasfic-
ity and obtaining a coronal

dislodgment of fhe linguai flap
(Fig 4). The coronal dislodgment
achieved with the flop must be
able to partially cover the
occlusal surtoces of the adja-
cent teeth, and the flap must
be tension-free ot closure. A
periosteal incision of the raised
full-thickess flap was fhen per-
formed, beginning ot the apical
part of fhe distol releasing inci-
sion and oontinuing mesiaily
until it reached the apical part

of the mesiol releasing inoision
(Fig 5). This incision enhanced
the eiasticity of the flap and
obtained a coronal dislodg-
ment that would allow the flap
to reaoh the occlusal surtace of
fhe adjacent teeth.

The simultaneous coronal
extension of both flaps was clini-
cally evaluated, and implants
were placed in a stable position
(Fig Ó). The cortical bone was
then perforated peripherally to
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Fig 7 Horizontai mattress sutures with U
stitches provide first line of closure.

Gliow access to fhe marrow vas-
cular spaces. Autogenous bone
particles and/or autogenous
bane chips were positioned
around the exposed threads fo
completeiy cover fhem. Ti-
tanium-reinforced expanded
polytetrafluoroefhylene mem-
branes (TR-GTAiVi, 31) were used
in all pofients. The fifanium-rein-
forced (TR) membranes were
benf wifh fine tweezers to
obtain a ciose adaption to the
underlying bone and to the
implants. The lateral portions ot
the membrane were trimmed
with scissors to overlap the
edge of the bone beyond the
defec i margins by approxi-
mafely 4 mm. The fifanium-rein-
forced membranes were sfabi-
lized fo fhe bone with fixation
screws. The augmentation
maferiai was positioned 3 fo 4
mm oway from the nafural
teefh. Horizonfal maftress sufures
wifh U sfifches (first iine of

Fig 8 SImpie interrupted sutures pro-
vide second iine of closure in a more
coronai position (compare with Fig 7).

ciosure) were used to create
two contact surfaces at leost 3
mm thick; the U stitches were
alternated with simple inter-
rupted sutures. The first ond sec-
ond iines of ciosure are shown in
Figs 7 ond 8, respectively. No
pressure was applied to the sur-
gicai orea.

The patients were premed-
icoted with an antibiotic (2 g
amoxicill in 2 hours prior to
surgery), and they received 1
g amoxicill in per doy for 1
week postoperafive.They were
also given appropriote onoi-
gesics. Patients were exam-
ined at the end of the first
week for materiai exposure,
and the sutures were removed
after 15 days. Patients were
checked monthiy thereafter.
The use of a removable pros-
thesis was avoided on fhe sur-
gicai site untii stage 2 surgery
to prevent any trauma to the
augmented site.

Surgical protocol in the moxiiio

The procedure in the moxilla
only differs in the management
of fhe palatol flap. This flap can
be disploced buccaiiy when
necessary to offer compiefe
coverage of fhe membrone.^^
The palatol flap has been man-
aged as described in o previous
publication by the aufhors,^^
The surgery was ofhetwise iden-
ficai fo fhat described for the
mandible.

This surgicai fechnique,
which leaves an implonf expo-
sure of 2 fo 7 mm—fhe goal is
to cover fhem ccmpleteiy—has
been appiied to the moxillory
arch when a wide interarch
space discrepancy is present.
This ciinicai situation aiters the
coronai iength and form, and
the embrasures, and produces
o crown-to-root rotio thot is
unfavorabie for fhe occiusoi
sfress-bearing capabilify of the
implanfs, fhus compromising
the function ond esthetics of
fhe final prosthesis,

A fotai of 48 Nobel Biocare
implanfs were inserfed accord-
ing to the standard implant pro-
tocol described by Adell et al,^
except that the implants were
intentionaily allowed to pro-
trude occlusaliy 2 to 7 mm from
fhe bone cresf with no counter-
sinks. The exposed impiant
threads were compietejy cov-
ered by a combination of auto-
genous bone graft particies har-
vested wifh a bone-filtering
ospirator (Qualify Dent) ond
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autogenous bone chips of
approximately 2 mm. All mea-
surements for biométrie anaiysis
were tai<en with a calibrated
periodontai probe. The distance
from the tap of the cover screw
to the peri-implant bone crest
at the mesiai and distal aspects
was measured before and after
treatment. Autogenous bone
was accumulated with a bone-
filtering aspirator during the
driliing phases ot the implant-
recipient preparation.

Second-stage surgery:
Membrane removal

After a 12-month heaiing
period, aii TR membranes were
removed at the surgery for
abutment connection. Three
membranes had become ex-
posed during the healing
period and were removed prior
to second-stage surgery. In all
cases a crestal incision was per-
formed in a distomesial direc-
tion to raise a fiap just beyond
fhe most apicai margins of the
augmentation material, Affer
removing the fixation screws,
the TR membrane was raised
with smaii surgical pliers, begin-
ning at its most apical portion
(Fig 9a). Complete photo-
graphic documentation and
clinical measurements were
retaken at the time of mem-
brane removal and abutment
connection, Aii ot the space
underneath the TR membranes
was completely filled with

regenerafed tissue. The regen-
erated material appeared as a
hard, boneiii<e structure, A small
biopsy specimen of the newly
regenerated hard tissue was
collected randomiy to be
processed for histoiogic exami-
nation. These specimens were
removed, fixed in 10% neutrai
buffered formalin for 24 hours,
and then dehydrated in an
ascending series of alcohoi
rinses. The sections were stained
wifh hematoxylin-eosin stain.

Results

From Juiy 1993 fo November
1995, 48 Nobel Biocare implanfs
were piaced in 22 surgical sites
and covered with TR-STAM,
During fhe first surgical implant
phase, the expérimentai im-
piants were positioned so that
the circumference of the most
coronal part of fhe cover sorew
was exposed for 2 to 7 mm (Figs
9b fa !0b).

During a 12-month healing
period, 3 out of 22 membranes
(13,6%) became exposed, in
one oase the membrane be-
came exposed 15 days postop-
erative; fhe membrane was
removed and no regeneration
was achieved. The second
membrane exposure ooourred
2 months postoperative be-
cause of suppuration; both the
impiant and membrane were
removed, in the third case the
membrane became exposed
after 5 months. The implant was

sfabie and the space previously
created for the regenerafed tis-
sue was filied by compact, hard
tissue. The histoiogic specimen
trom a randomiy taken biopsy
revealed new immature bone
tissue and spongy lameliar
bone with osfeoblastio lines
and osteocyte ceils. In the
remaining 19 out of 22 cases
(86,4%), fhe membranes re-
mained covered for a 12-manth
healing period; new tissue for-
mation obiiterated the spaoe
created but the barrier mem-
brane was found, in three oases
a very thin connective tissue
layer af approximateiy 1 mm or
less was noted immediateiy
underneath the barrier mem-
brane.

The histoiogio biopsy speci-
mens, randomly taken in eight
oases, demonstrated that the
new regenerated fissue had fhe
olinioai appearance of heaithy,
mature bone, in one patient,
the TR membrane iost its fixation
and was dislodged in a distal
direction, ieaving oniy the
mesial aspect of the experi-
mental impiant uncovered; in
only this area was fhe regener-
afed fissue represented by
fibrous connecfive fissue. As in
aii other patients, the regener-
afed material under fhe mem-
brane appreared as a hard,
bonelii<e structure.
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Fig 9a QefX) Experimental implant is
positioned so thot the ciroumferenoe of
the coronal portion extends outside the
bone crest Distance from residuai alve-
oiar crest to top of caver screw is mea-
sured. Implont protrudes at ieast 5 mm
from bone crest.

Fig 9b (right) Flap elevation and TR
membrane removai after a i2-rnonth
heaiing period. Regenerated tissue not
only covers the previously exposed
threads, but reaches the upper part of
the coverscrew.

Fig 10a (iett) Wobei Biacare impiant
protrudes 7 mm oiroumferentially from
bone crest.

Fig iOb (right) Newiy regenerated tissue
oimost completely covers cover screw:
tissue extends severai millimeters above
cover screw on distoi aspect Impiant is
stabie and regenerated tissue oonnot be
probed periodontaiiy or detached with
a periastium eievdtor Regenerated tissue
appears as hard, bonelike structure.
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Discussion

This retrospective onolysis
demonstroted that this vertical
bone augmentation technique
is predictable only when the
surgical protocol is followed
end the clinician pqys attention
to all the detaiis (Figs 9 and 10),
It is the authors' opinion thot the
predictability of this new tech-
nique is strictly related to
respecting the clinical protocol
and is highly technique-sensi-
tive. A very important step is to
obtain tension-free flaps at the
barrier membrane, so fhat fhe
regenerotive moteriol con be
kept completely covered for o
12-month healing period. The
buccal and lingual periosfium
must be released in such a way
that elasticity is greatiy en-
honced and q coronal dislodg-
ment of both fiaps is ochleved.
For the buccal flap the major
precaution is to stay as for
oway as possibie from the men-
tal foramen. For the iinguai
ospect it is extremely important
that the fuli-thickness fiap is
raised beyond the insertion of
the mylohyoid muscie; the mus-
cie must be raised to protect
importent onatomic structures,
including the iinguai nerve, lin-
gual artery, and sublinguai
gland.

Out of the 19 cases in which
the membrones were kept
completeiy covered, the regen-
erotive tissue completely filied
the spqce ovailoble for bone
regeneration in nine cases. The

space created and mantained
with the TR-GTAM wos related
to the individual regenerative
needs of each case. In the
early cases the regenerative
needs were limited to less diffi-
cult situations (those requiring
less than 3 mm of verticoi ridge
ougmentction), and oniy outo-
genous bone particles token
from fhe bone-filtering aspirator
were positioned around fhe
exposed threads of fhe im-
piants. With more experience,
more compl ica ted coses
(those requiring more thon 3
mm ot vertical ridge augmen-
tation) were treated using auto-
genous bcne chips in addition
to the bone particles, in ail ot
the 19 cases analyzed, the
avouable space beiow the
membrane was tilled almost
exciusiveiy with newly regen-
erated tissue, which both clini-
coi ond histoiogic anaiysis
showed to be bone. These
resuits are in agreement with
previous clinioql and histciogic
studies en verticoi ridge aug-
mentotion.""^'

Advanced atrophy repre-
sents a great probiem for
esfhetic and prosthetic rehabili-
tofion in fhe edenfuious jow.
From a surgical poinf of view,
the insertion of impianfs is not
possibie without onlay bone
grafts in combination with ves-
tibuloplasties or other surgical
techniques. Discouraging results
caused by fhe rapid résorption
of the graft or a sensory distur-
bance in the mentoi nerve

region called the necessity of
bone groffing into question,^-'
One of the major advantages
of such a surgical prccedure is
fhqf it spares the potient ccnsid-
erqble biologic cosf. Other
odvonfoges ore thot this proce-
dure con be performed in en
office setting without hospitai-
izotion when o stondard surgi-
coi protocoi is followed, ond
pafienf morbidity is fhe some as
thof associofed with one-phase
impiont inserfiori. Furthermore,
the autogenous bone graft is
coiiected from fhe same surgi-
cai sife, eiiminating the need for
either an infrcorai or extraoral
donor site. Because guided
bone regeneration is a simulfa-
neous approoch, it is impie-
mented at the same time as
dentai implant piacement. This
simultaneous opproach is an
advontageous alternative to o
staged opproooh, ovoiding the
troubie of on additionol surgery
tor fhe pafienf.
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The major disadvantage to
this procedure seems to be the
need to strictly follow a clinicol
protocol, rendering the pro-
cedure technique-sensitive.
Ancther disadvantage is the
possibility of early membrane
exposure ond/or on infecfed
implant surtace, but lost im-
plants can most likely be re-
placed later.

This surgical technique is
indicated (1) for the primary
stobilify cf an implant that is
associated with a highly re-
sorbed alveolar ridge, or (2) for
the placement of a dental
implant in an appropriate posi-
tion trom a functional and
prosthetic point of view. The
major contraindication in a pri-
vate office setting is severe
alveolar bone résorption that is
manageable only by a maxillo-
facial approach. The frequent
lack of interocclusal space in
edentulous posterior areas
must also be considered an
anatomic ccntraindicotion.
Vertical ridge augmentation in
the posterior sextants could
result in the less of interocclusol
space, which often impairs the
clincion's ability to make a
proper restoration. A longer
healing period was used in this
clinical situation than in a
staged approach because
these defects are "nonspace-
making"; bone formation and
bone moturafion take more
time in fhese larger defeofs
treafed wifh a simultaneous
approooh.

Conciusion

After an unavoidable olinical
learning experience and a
development pericd for this
procedure, the guided bone
regeneration technique de-
scribed can be considered pre-
dictable in every case where
the surgical protocol has been
respected.

This guided bone regenero-
ticn approach is only recom-
mended for vertical ridge
augmentation in partially eden-
tulous patients with reduced
alveolar ridges. As previously
mentioned, this technique has
limitations imposed by the avail-
able residual alveolor ridge for
the placement of an impiant
with primary stability. In fully
edentulous patients with severe
bone atrophy the use cf auto-
genous bone grafts from fhe
iiiac crest following the biologic
principles of guided bone re-
generation is the treatment of
choioe if osseointegrated im-
plants ore to be inserted. Further
research is needed fo evaluate
the load-bearing capocity
of fhe newly formed tissue
and the long-term results of
this procedure.
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