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GBR in Human Extraction Sockets
and Ridge Defects Prior to Implant
Placement: Clinical Resuits and
Histoiogic Evidence of Osteoblastic
and Osteociastic Activities in DFDBA

Federico Brugnami. DOS'/Peter R. Then. DMD*'/
Hidetada Moroi, DMD'"/Sadrudin Kabani, DMD, MS""/
Cotaido W. Leone, DMD. DMSc"'"

This study evaiuoted new bone formotion In 3 types of osseous defects fol-
iowing treatment with demineraiized freeze-dried bone oiiografts (DFDBA)
and celi-occlusive membranes. For 8 patients eiecting lo receive impiant
treatment o distinction was made among 3 ciinical situations: (]) existing
aiveoiar ridge defects: (2) extraction sockets with iost buccol plate: and
(3) extraction soci<ets with an intact alveolus, impiants were placed a
mean of 6 months after the regenerative procedure. Clinical examinotion
of bone width and height at fhe time of impiant placement showed suffi-
cient augmentation or preservation, and implants were inserted without
Incident. Histaiogic examination of hard tissue bippsies obtained from the
impiant sites revealed no discernibio differences ampng the 3 types of
defects. Specificaiiy, ail sites demonstrated DFDBA particies surrounded by
waven or iameiiar bone. Np fibrous encdpsuidtian of DFDBA or inflammato-
ry reaction was abserved. Osteabiasts were faund iining marrow spaces.
Howeship 's iacunae, with and without resident ostepciasts. were clearly
seen in severai DFDBA particies; this Ending supports the beiief that DFDBA
undergoes osteoclasis In vivo. These resuits demonstrate that commercially
available DFDBA has osteoconductive properties that lead to appositionai
new bone growth in both self-contained ond non-self contained asseaus
defects. QntJ Poriodontics Restorative Dent 19W; 19:259-207.)
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Human demineroiized treeze-
dried bone oliogrotts (DFDBA)
ore wideiy used in periodontol
regeneration procedures.^"^ in
addition, DFDBA is used in the
preservotion ot extraction sock-
ets and in the repair ot resorbed
aiveolor ridges to provide suffi-
cient quantity ot bone tor the
piooement ot endosseous im-
plants.'"'^ in these various clini-
oal sifuations, DFDBA is believed
to act OS a spoce-maintoining
ogent ond also as o Pone-
grov/th promoter.

Aithough the combined
use ot DFDBA and celi-ocoiu-
sive memPrones has been
assooioted with nev̂ ^ bone
growth in olveolor sockets fol-
iowinQ tooth extraction,''"'^"'
the therapeutic volue of
DFDBA OS o graft materioi has
come under scrutiny.'^ Further-
more, the question of whether
intoct extraction sockets ore
suitoble sites to test for Pone-
groviifh activity of DFDBA hos
been roised." Such extraction
sockets, it con be argued, are
self-healing and would likely
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Fig la (leff) Sockef preservation ot fhe
maxiiiary right firsf and second molar
alveoii in 28-year-old whife man. Full-
thickness mucoperiosteai flap is reflect-
ed and moidrs are sectioned and ex-
tracted atraumaticaiiy. Sackets are fhor-
oughiy debrided fo remove residuai
granuiafion fissue.

Fig /b (righf) Commerciaiiy avaiiabie
DFDBA is pioced into the sockefs untii a
siighf overfiiiing is achieved, and then
covered by an ovai # 9 nonresorbobte e-
PTFE titanium-reinforced membrane (nof
shown)

Fig Ic (left) DFDBA parficies are infi-
moteiy associated wifh woven and
iameilar bone. (O'iginai rfiogniñoafion
X 50: hematoxyiin-eosin sfain.)

Fig rd{rigfif) Higher mangnifiootion of
DFDBA fragments demonsfrafes a foous
of woven bone wifh osteobiasfic rim-
ming and i-laweship's iacunoe. There is
a notabie iaok of infiammation within
fhe rniidiy fibrotic marrow. (Originoi
mogniñcoticn x fOO; hematoxylin-eosin
sfoin.)

heal wifh or wifhout the graff-
ing procedure.

In confrast, non-seif healing
defecfs would be more suitobie
sifes fe fest the bone-grewfh
pofenfial of DFDBA. These de-
fects include fresh extracficn
sockets without buccal plates or
ridge defecfs resuifing from prior
exfracfions. Therefore, fhe pur-
pose cf this investigation wos to

compare fhe ciinicai and hisfo-
logio resuifs of DFDBA and
membrane treatment among
self-confained extraction sock-
ets, nen-seif cenfained exfrac-
ficn sockefs. and ridge defecfs.

Method and materials

Patient selection

Eighf patienfs seeking freat-
ment in fhe Pcstgraduote
Pericdonteicgy Ciinic at Tutts
University Scheel ef Denfai
Medicine participated in this
study. The group consisted cf 3
women and 5 men, ranging
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Fig2a Socketougmentation ofmaxii-
lory left centrot incisor aiveolus in 59-
year-old white man. Loss of the buccal
ptote and verticai fracture of the root is
evident.

Fig 2b To reshape the losi protile of
the ridge DFDBA is packed as
described in the methods section.

Fig 2c Ovoi H 4 nonresorbabie e-PTFE
membrane is trimmed ond positioned
over the buccot ond coronot aspects of
the socket, extending > 2 mm in oil dir-
ections onto sound bone, with core
taken to avoid contoct with the adjo-
oenf teeth.

Fig 2d Stondard-diameter. !5-mm
long implant is piaced ad modum
Brânemark 7 months after extraction.

Fig2e Fragments of DFDBA ore seen
adjacent to woyen ond iameiior bone
with interposed cement (reversal) lines.
The morrow demonstrates mild tibrosis
(Original magnification x óó; hemo-
toxylin-eosin stain.)

Fig 2f Higher magnification clearly
demonstrates intimate apposition of
DFDBA (empty tacunae, center ieñ) ond
new bone (cell-Wed lacunae, center
right). Striking presence of cement (re-
verso!) lines is oiso evident. (Originoi mag-
niñcation x 80; herryatoxylin-eosn stain.)

from 24 to 65 years of age
(mean 42 years). Aii patients
were medicaiiy heoithy with no
underiying systemic disease, as
assessed by medical history
screening. All patients exhibited
good oral hygiene and had no
contraindications for dentoi
treatment. Informed consent
wos obtained prior to treat-
ment.

Based on clinicoi ond radio-
graphio findings, each potient
had more than 1 hopeiess tooth
to be extracted and/or o re-
sorbed edentuious ridge sec-
ondary to previous extraction.
Ail patients chose to have the
extrocted or missing teeth re-
placed by endosseous implants,
foiiowing preimpiant bone aug-
mentation procedures. The

distribution of sites was: (¡) 4
extraction soci<ets in which the
alveolar piotes were intact
(socket preservotion. Fig l)j (2) 3
extraction sockets in which the
buccal piate was missing
(soci<et augmentation. Fig 2);
and (3) 2 edentulous ridges with
Seibert Class I buocolingual
defects (ridge augmentation.
Fig 3).2O
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Fig 3a Ridge augmentation of the maxiiiary iett conine oiy e-
oius in a 50-year-old white man. fvtissing maxiiiary ieft canine
had been extracted by a private practitioner several manths
prior ta fhe augmentatian procedure. Affer careful debride-
menf af fhe defect, an OsteaMed titanium screw of l.ó-mm
diameter and 6-mm iength is positioned perpendicular to the
buccal plate in fhe center of fhe defect to supporf ond tent
the overiying cell-occlusive membrane.

Fig 3b .Ji.ï,' t :.' I..." .leso.'i.-ij!. :^ ^-i'!ht nieDiDfaiie is fixed to
fhe borie surface with an OsteoMed fixation screw of i.2-mm
diamefer and 4-mm iength. Oampiete saft tissue closure is
achieved.

Fig 3c Atter surgical exposure and removal of the mem-
brane and titahium screw, ctinicai evaiuatlon shows camplete
^generation of the defecf. A standard-diameter Brânemark
impianf 15 mm in iength has been piaced

Fig 3d Fragment of DFDBA (far right) sttows the presence of
an osteodast within a Howeship's iacuna juxtapased with
woven bane separated by a praminent cement (reversal)
line. Nate rim af asteabiasts adjaceht to iameiiar bone.
(Original magnification x 66: hemataxylin-easin stain.)
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Surgical technique

Socl<et preservation and soci<et
augmentation: Bone gratting in
seit-contained and non-self
contained soci<efs. Under locol
anesthesio, o sulcuior incision
wos mode on the fooiol ospeot
beginning one tooth mesial ond
extending one tooth distai to
the tooth to be extracted.
Vertical reieosing incisions were
ploced ot the mesiol ond distai
iine ongies of the opproximoting
teeth (Figs la and 2o). A fuli-
thici<ness muooperiosteoi fiop
was reflected to expose the
tooth to be extracted and the
odjocent teeth. A iinguai sulcu-
ior incision beginning one tooth
betöre ond extending one
tooth beyond the tooth to be
extracted was oiso mode, and
the fiap wos releosed ond re-
fected. The hopeiess tooth was
extrooted otroumatioaiiy. The
sooket wos thoroughiy debrided
to remove residuoi granuiotion
fissue. The status of the ridge
was then recorded by infraorai
photogrophy Intrasocket bieed-
ing wos promoted by intromor-
row penetration prior to pioce-
ment of the groft moterioi.
Commerdoiiy ovoiioble DFDBA.
250 to 710 |jm porticie size
(LiteNet Tronspianf Service) wos
rehydrofeO with steriie soiine 30
minutes prior fo fhe procedure.
To fooiiifote hondiing of the
groff moferiai, o steriie dispos-
obie syringe wos used to appiy
bone info the socket. The bone
wos fhen manuoliy compressed

severoi fimes. with a spofuio
ond soiine-weffed gouze, to
minimize deod spoces between
the DFDBA porticies. This process
wos repeoted untii o siighf over-
fiiiing of the sooket was
ochieved (Figs Ib and 2b). in
the sooket ougmentation ooses,
porticuiar care wos token to
reshape the lost buccoi profiie
(Fig 2b).

A nonresorbabie expanded
polytetrafluoroethyiene mem-
brone (e-PTFE; Gore-Tex Aug-
mentation Material, 3i/WL Gore)
of suifoble size wos then posi-
tioned over the buocoi onO
coronai ospects of fhe soci<ef,
exfending > 2 mm in oli direo-
fions onto sound bone (Fig 2c),
wifh core token to ovoid con-
focf with adjacenf feefh. Non-
resorbobie, interrupted e-PTFF
sutures were used to approxi-
mote fiop margins; fhe buccoi
tiop wos further releosed when
neoessary to ensure primory
closure.
Ridge augmentation: Bone
graffing in the edentulous ridge.
After odministrotion of on op-
propriote iocoi onesthetic. inifioi
incisions were mode ocoording
to the surgicoi opprooch used.
In the maxiiio, o polotoi inoision
beveied fo the midorest on the
edentulous oreo wos perform-
ed. In fhe mondibie, o bucooi
opprooch was used. Verticol
releasing incisions were pioced
at the mesioi ond disfai iine
angies of fhe opproximating
feefh; in a contiguous edentu-
ious oreo the incisions were
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placed ot a reosonoPle dis-
tonce from the anticipoted
edges of the membrane, A full-
thickness mucoperiosteol tlap
was reflected to expose the
defect. The stotus of the ridge
was recorded by intraoral pho-
tography. Titanium screws 1.6
mm in diometer (OsteoMed) of
oppropriate length were sel-
ected ond positioned in the
center of the detect, perpen-
diculor to the Puocal aspect of
the residuol bone. This main-
tained space ond helped sup-
port the overlying membrone
(Fig 3o), The DFDBA wos han-
dled in the manner desoriPed
above and v^as oarefuliy
pocked around the central
screw, reshaping the lost alveo-
lar ridge. Aiso os described
aPove, o nonresorbable e-PTFE
memPrane of suitable size wos
then trimmed and positioned
over the defect. The memprone
wos then tixed to the bone sur-
face with titanium tixotion
screws 1.2 mm in diometer
(OsteoMed) (Fig 3b). Primary
closure ot flaps was achieved
with nonresorbobie, interrupted
e-PTFE sutures.

Postsurgioai oare

All patients received doxycy-
cline, 100 mg daily, tor 3 weeks
postsurgicai. Sutures v^ere re-
moved 2 weeks postsurgicai.
During the first month after grott
and membrane plocement,
patients were seen weekly and

chlorhexidine gluconote (Peri-
dex. Proctor & Gamble) wos
prescribed 2 times a day to
enhance plaque control. All
membranes were kept in ploce
for ot least 6 weeks postsurgicai,
Membrones were removed
using techniques described
above, Brietly, the potient wos
anesthetized and a full-thiok-
ness mucoperiosteal flap was
elevated. The e-PTFF mem-
branes were then coretully
separated trom the underlying
tissue and the flops were pos-
itioned ond sutured, Roufine
postoperofive oore wos pro-
vided. The heoiing wos normoi
and unremarkoble.

Bone core sampiing and
histology

Endosseous implonts were in-
serted a meon ot 6 months offer
the gratf ond membrane piooe-
ment (ronge = 3 to 9 months). At
the time of implant surgery, the
patients agoin received on ap-
propriate local anesthetic fol-
lowed by elevotion of o full-
fhiokness mucoperiosteal tlop.
Preservation ond/or augmenta-
tion ot ridge height and width,
as well as locolization ot the
grafted sites, was established
intraoperatively by comparison
with initioi photogrophs ond
rodiographs (data not shown).

As part of the implant site
preporation, o surgicol trephine
2 mm in net diometer (Implant
Innovations) was used to
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harvest ó mm x 2 mm bone
ceres, which were immediafeiy
tixed in 10% tormalin. Following
compietion of impianf site
preparation, the implants were
inserted and the fiaps were
reposifioned and sutured. The
sutures were removed offer 2
weeks and posfoperafive heoi-
ing was uneventful.

Core sampies were ob-
fained from 9 sites in the
8 patients. Approximately 3
months affer grafting, 2 core
biopsies were obtained frem 2
differenf sookef preservation
sites in the some patient.
Another socket preservation
biopsy was ebtoined from ene
pafient appreximofely 5 months
affer graffing. One socket aug-
mentation biopsy trom one
patient and or\e ridge aug-
mentotion biopsy frem onofher
patienf were obtained 6
menths offer grafting. One
socket augmentafion cere wos
horvesfed at 7 months (from
one potienf), and fhe 3 remain-
ing biopsies were ceiiected af 9
menths (one socket preserva-
fion, cne scckef augmentafion,
and one ridge augmentatien
oore from 3 differenf pofienfs).
All cere samples were decalci-
fied by < 3 hours inoubatien in
100 mL of o sfandard decaici-
fying soiufien ccnsisfing of
disodium efhylenediamine-
fetraacefic acid (EDTA). pefas-
sium forfrate, and diiuted
hydrochloric acid in distiiied
water, pH < 1 (RDO selutien;
DuPage Kinetic Laberafories).

Secfions were cuf to a thickness
of ó |jm. stained with hemo-
foxylin-eesin. and examined
using iighf microsccpy

Results

Ciinicaiiy, sufficient bene was
present in every case to aiiow
fhe piacemenf of impiants
compiefely info bone (Figs 2d
and 3c). Hisfologicaiiy a fotai of
48 secfions were obfained from
fhe 9 core biopsies, wifh fhe fol-
iewing distribution: 3 sections
each trom the 2 biopsies taken
at 3 monfhs; 9 sections frcm the
biopsy token ot 5 months.' 10
sections from the 2 bicpsies
faken of 6 monfhs; 11 secfions
from fhe biopsy taken af 7
menfhs; and 4 sections eoch
from the 3 biopsies taken of 9
monfhs.

The decalcif ied secficns
cieariy showed i'oci of DFDBA
parficies surrounded by wcven
and lamellar bone (Figs Ic, Id,
2e, 2f and 3d). Disfinct cement
lines were evident at the inter-
face between DFDBA and new
bene. The lacunae of DFDBA
were acellular, whereas csfee-
cyte-containing lacunae were
prevaient within the new bcne,
Osteobiosts were seen lining
endosteal spoces and the new
bcne marrew exhibited a miid
degree of fibrosis wifhouf signs
cf infiammafery reaction. Evi-
dence of osfeoclasfic activify
en DFDBA surfaces was aiso
seen in several sections (Figs Id

and 3d). There was, in addition,
a notable iack ef fibrous en-
capsulation of the allografts.

Voiume 19, Number 3.1999
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Discussion

Periodic assessment of freat-
ment outcomes is the hallmari<
of any ciinical profession, Rei-
ative fo the present report, it is
noteworthy thot the roie of
DFDBA in periodontics has re-
centiy been chalienged,'^ This
has led to reevaiuation not only
of osseous graft materials, but
also of intraorai test sites. In par-
ficulqr, Melionig and Towle'"'
have questioned whether intact
extraction sockets are ap-
propriate sites to test bone
growth-promoting activities ot
any graft material. They postu-
iate that only 2 responses can
occur in such self-heaiing de-
fects: either the graft materiol
has no influence on the nafurai
healing ot the socket, or the
graft maferioi impairs the heal-
ing process. Consistent with the
former possibiiity test and con-
trol sites would give the same
final results. Consistent wifh the
latter possibiiity test sites wouid
likely heal slower than controi
sites, with or without ciinicaiiy
worse outcomes. Within this
conceptual framewori<, there-
tare, osseous grafting of intact
extraction sockets may help
maintain space but does not
necessarily enhance bone fiii.

Thus, non-seif heaiing de-
fects can be considered more
suitabie fest sites. For this reason
we examined 3 different clinicai
situotions; (i) extroction sockets
in which the alveolus was intact
(socket preservation); (2)

extraction saci<ets in which the
aiveolus was altered by o
pathologic or traumotic event,
such as loss cf buccoi plate
after extraction (soci<et oug-
mentation); and (3) Seibert
Class 1̂ '-' edentulous ridge de-
fects in which the buccolingual
osseous dimension wos oifered
by a previous pafhoiogic or
frqumatio event (ridge aug-
mentation). The latter 2 clinical
situations share feotures that dis-
tinguish them from intacf extrac-
fion sockets. In ali 3 defect
fypes, however, we expected
DFDBA fo act as a space moin-
tainer underneath fhe ceil-
occlusive membranes, qnd to
serve as a scaffoid for migrating
host osfeogenic ceils (ie, osfeo-
conducfion).

From a clinicai standpoint,
sufficient osseous width ond
height were present öfter
the preservation and aug-
mentation procedures to ailow
implant placement in all 8 pa-
tients. iHistologicaily no dif-
ferences in new bone forma-
tion were seen among the 3
classes of detects. Individual
particles of DFDBA were dis-
cernible up to 9 months in situ.
in all sampies, DFDBA was weil
incorporated within nevj bane,
which exhibited csteocyte-
containing lacunae. The pres-
ence of osteobiasts and osteo-
clasts was also noted. As
expected, the basic healing
processes were simiiar and
independent ot the osseous
topography seen ciinicaiiy

The present report confirms
ond extends previous findings
by the authors,' in that eorlier
study we evaluated self-heal-
ing extrootion sockets treated
with DFDBA ond found resuits
similar to those reported here,
iVloreover, our observations
now include non-seif heoiing
defects such as sockets with no
buccal piate ond edentuious
ridge defects. These resulfs
demonstrate fhat DFDBA has
osteoconductive properties
that are usefui for impiont site
development in a variety of
clinical situations.
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