G4

Extraction Sockets and Implantation of
Hydroxyapatites With Membrane Barriers
A Histologic Study

Sang-Choon Cho, DDS, Nicolas Elian, DDS, |
Michael Rohrer, DDS, Dennis Tarnow, DDS



a

Extraction Sockets and Implantation of
Hydroxyapatites With Membrane Barriers
A Histologic Study

Stuart Froum, DDS,* Sang-Choon Cho, DDS, 1 Nicolas Elian, DDS, 1 Edwin Rosenberg, DDS,§
Michael Rohrer, DDS,|| Dennis Tarnow, DDSY|

s a result of the bone resorption
A and soft tussue shrinkage that

occurs alter routine atraumatic
tooth extraction, ideal implant place-
ment and implant esthetics are often
compromised. Controlled clinical
studies have documented an average

of 4.4 mm of horizontal and 1.2 mm of

vertical bone resorption 6 months after
tooth extraction. ~ Other studies have
documented significant dimensional
changes in the surrounding alveolar
bone after extraction procedures.’ In
I study. the incidence ol anterior ridge
deformities in partially edentulous pa-
tients was reported to be 91%.°
Various materials have been used
to prevent or minimize ridge collapse
after tooth extraction in an attempt (o
improve implant placement and the
subsequent esthetics of the final im-
plant prosthesis. The use of xenografts
(bovine bone )™ and alloplasts (includ-
ing bivactive glass™' and calcified co-
polymer''"*) have been shown both
clinically and histologically to im-
prove bone quality and quantity of the
healed extraction socket before im-
plant placement. Use ol membrane
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The purpose of this pilot study was
to investigate the effect on extraction
socket healing when an absorbable hy-
droxyapatite (AH) and a nonabsorbable
anorganic bovine bone mineral (ABB)
covered with either an acellular dermal
matrix allograft (ADMA) or expanded
polvietrafluoroethylene (ePTFE) mem-
brane barrier were left exposed to the
oral cavity. Following tooth extraction,
a total of 16 sockets in 15 patients with
deficient buccal plates of =5 mm were
randomly divided into 4 treatment
groups: 1) AH covered with ADMA, 2)
AH covered with an ePTFE membrane,
3) ABB covered with ADMA, and 4)
ABB covered with an ePTFE mem-
brane. Primary coverage was not at-
tempted or obtained in any of the 16
treated sockets. Six to 8 months postex-
traction at the time of implant place-
ment, histologic cores of the treatment
sites were obtained. These cores were
processed, stained with Stevenel's blue/
van Gieson's picro fuchsin, and histo-
morphometrically analyzed. Vital bone,
connective tissue and marrow, and re-
sidual graft particles were reported as a

percentage of the total core. The mean
vital bone was 34.5% (AH with ADMA),
41.7% (ABB with ADMA), 27.6%
(ePTFE and AH), and 17.8% (ePTFE
and ABB). The average percentage of
vital bone in the 8 sockets covered with
ADAMA was 38% compared with an
average percentage vital bone of 22% in
the 8 sockets covered with ePTFE mem-
brane barriers. Because of the small
number of specimens in the 4 groups,
statistical analvsis was not possible.
However, in this pilor study, ADMA-
covered sites resulted in more vital bone
present 6 to 8 months postsocket treat-
ment than obtained in the e¢PTFE-
covered sites regardless of bone re-
placement materials used. Further
research is warranted to see if these
results show a similar difference in
bone-to-implant contact after implant
placement. (Implant Dent 2004 13: 153~
164)
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sis, absorbable hydroxyapatite, acellu-
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barriers with allografts," with bone
replacement materials (BRM)."*'* and
BRM or bone grafts combined with
calcium sulfate'™'® have also been ad-
vocated as immediate sockel treatment
to minimize bone resorption and aug-
ment existing bone for implant
placement.

The use of nonabsorbable and ab-
sorbable membrane barriers at the
time of tooth extraction have also
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demonstrated the ability to reduce
hard tissue resorption.'” However, the
concept of socket preservation with
grafts, bone substitutes, and/or mem-
brane barriers is not without contro-
versy. Two separate studies reported
that decalcified freeze-dried bone.
with and without barrier membranes,
bovine bone, and autogenous bone
when implanted in healing extraction
sockets interfered with normal healing

NuMBER 2 2004 153



and did not result in any increased
bone-to-implant contact,"="

Recently, an acellular dermal ma-
trix allograft (ADMA) was introduced
as a substitute for autogenous connec-
tive tissue grafts for various periodon-
tal, peri-implant, and extraction socket
treatments. Although the cellular com-
ponents of the allograft are removed,
the ultrastructural integrity of the ex-
tracellular matrix is maintained.”’-2
Therefore, the use of ADMA o in-
crease the zone of attached gingiva
around teeth and dental implants, ™~
treat gingival recession defects, ™"
cover submerged implants that have
been immediately inserted into fresh
extraction sockets,™ and in socket
preservation treatment to decrease loss
of ridge height and width after oth
extraction™ has been described.

The use of guided bone regenera-
tion with nonabsorbable ¢PTFE mem-
branes' and absorbable membranes® im-
mediately after tooth extraction have
demonstrated superior clinical results in
2 separate studies, both using a nonfilled
extraction socket as the healing control.
Both studies attempted primary closure
of the wound over the membrane bar-
ricr. However, in 3 test patients using
expanded  polytetrafluoroethylene
(ePTFE) membranes, exposure of the
membrane produced results with “simi-
lar dimensional changes as controls,”™ A
surgical technique has been described
using a high-density PTFE membrane
and particulate bone replacement mate-
rial without primary closure (o enhance
socket healing. The author noted that
this technique facilitates the preserva-
tion of keratinized mucosa and gingival
architecture." It is therefore of interest
to see it ADMA and/or ¢PTFE barriers
are able to produce an improved healing
result in fresh extraction sockets when
primary coverage is purposely not
atempted.

The purpose of this pilot study
was o compare, and histologically
evaluate, the healing ol extraction
sockets implanted with cither an ab-
sorbable or nonabsorbable hydroxyap-
atite and covered by an ADMA or an
c¢PTFE membrane.

MATERIALS AND METHODS

Sixteen'® teeth scheduled for ex-
traction, for periodontal or prosthetic
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reasons, and replacement with an im-
plant were selected in 15 patients (9
mitles, 6 females) with an age range of
26 10 71 years (average, 48.1 years)
who presented to the Ashman Depart-
ment of Implant Dentistry at New
York University Kriser Dental Center.
The diagnosis of these teeth for extrac-
tion was confirmed by 2 separate in-
structors on faculty who were not part
of the study.

All patients met the established
physical and psychologic criteria for
implant treatment in the Department
of Implant Dentistry. In addition, pa-
tients did not have any medical condi-
tions and were not taking any medica-
tions that were associated with a
compromised bone healing response
(ie, diabetes, autotmmune dyslunc-
tion, prolonged cortisone therapy, or
chemotherapy). Pregnant women. or
women intending to become pregnant
within | year of the start of the study,
were excluded from consideration. All
patients were nonsmokers or previous
smokers who had not smoked for at
least 6 months. All patients had no
known allergy to tetracyeline and had
not received any antibiotic over the
previous 6 months. Patients were
given an explanation of the nature of
the study and, after expressing a wish
to participate, they signed a written
consent form before their participa-
tion. The informed consent and in-
struction to patient forms as well as
the study protocol were approved by
the University Committee on Activi-
ties Involving Human Subjects.

Participating patients were told
that if they decided to discontinue
their participation in the study at any
time, they could continue being
treated at New York University Dental
Center as a regular clinic patient.

Measurements

The measurement techniques used
have been previously described.” To
briefly review, before extraction, ra-
diographs, impressions, and diagnos-
tic casts were taken. A template was
then labricated on the study model,
including at least | tooth anterior or
posterior (o the hopeless tooth. A
light-cured resin material was used o
fabricate the template. The crown of
the hopeless tooth was cut off on the
study model and a guide hole was

EXTRACTION SOCKETS AND IMPLANTATION OF HYDROXYAPATITES

drilled with a 3 X 10-mm drill through
the template directly above the outline
of the root on the model. A metal ring
was placed in the hole and resin was
added around the ring to stabilize its
position. At the time of implant sur-
gery (6-8 months after extraction),
the template was again positioned to
obtain a histologic core from the iden-
tical site.

Surgical Protocol

After administration of local anes-
thesia, crestal, intrasulcular. and
where necessary, vertical incisions
were made 1o expose the involved
roots and alveolar crest. Full-thickness
buccal and lingual flaps were raised
and split apically with sharp dissection
to adequately view the sockets and
allow sufficient Map release to obtain
closure (primary closure was not at-
tempted or obtained). After extraction
of the tooth, the sockets were de-
brided, measured, and decorticated
with a half-round burr under copious
irrigation. After tooth extraction, those
sockets with buccal plate bone loss =5
mm were included in the study. Thus,
cach of the sockets treated had a com-
bined 3- to 4-wall configuration.
Treatment selection was then made
randomly Irom sealed envelopes pre-
pared hy a statistician. Of the 16 sock-
ets treated, 8 sockets received absorb-
able hydroxyapatite bone substitutes.
Four of these sites were covered with
ADMA membranes and the 4 others
covered with ePTFE membranes.
Eight additional sockets received non-
absorbable anorganic bovine bone
substitutes. Four of these sites were
covered with ADMA membranes and
the other 4 covered with ePTFE mem-
branes (Fig. 1-8). Four treatment
groups were therefore established as
follows:

1. Fill with absorbable hydroxyapatite
(AH) and covered with ADMA:;

2. Fill with AH and covered with an
¢PTFE membrane;

3. Fill with anorganic bovine bone
(ABB) and covered with ADMA;
and

4. Fill with ABB and covered with an
¢PTFE membrane.

The AH consisted of a low-
density 100% pure synthetic hydroxy-



Fig. 1. After debridement of the extraction socket on tooth no. 9, the acellular dermatic matrix

allograft was fitted and
hydroxyapatite.
Fig. 2. The ADMA was thes

reflected to the lingual. The socket was filled with absorbabie

secured buccally under the periosteum.

Fig. 3. The flap was sutured with no attempt at primary closure
Fig. 4. Six weeks postsurgery, the ADMA membrane remains in place with surface sloughing

observed

Fig. 5. Three month

postsurgery, the flap margins have migrated over the ADMA.

apatite with a particle size ranging
from 250 to 420 pm
R/LD: Dentsply. Lakewood, CO). The
ABB was a natural anorganic bovine-
derived microporous hydroxyapatite
(100% protein-free) with a particle
size ranging from 250 to 420 pum (Os-
teoGraf R/N300: Dentsply). These
bone substitute particles were placed
into the socket to the level of the in-
terproximal bone and covered with ei-
ther ADMA or e¢PTFE membranes.
The ADMA was obtained from tissue
hank skin and was processed before
freeze-drying Lo remove the entire epi-
dermal layer superficial to the base-
ment membrane, removing dermal
cellular elements (Alloderm Life Cell
Corp., The Woodlands. TX). The non-
absorbable membrane was composed
of ¢ePTFE (Gore-Tex Regenerative

(OsteoGrafl

material, oval 4 or 6; W.L. Gore &
Associates, Inc.. Flagstaff, AZ).

In all cases. the ADMA or ePTFE
membranes were shaped to completely
cover the socket, extend 4 o 5 mm
apical (o the buccal and lingual walls,
and be located | to 2 mm from the
adjacent teeth. The barriers were then
stabilized by “tucking” them under the
buccal and lingual periosteum and
connective tissue that had been sepa-
rated from the bone with a small peri-
osteal elevator. The ADMA barriers
were placed with the connective tissue
side Tacing the socket and the base-
ment membrane side (smooth side)
facing the oral cavity.

In the cases in which the barriers
were not stable after shaping and
placement, they were sutured with 5-0
absorbable suture (5-0 coated Vieryl
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sutures; Ethicon, Inc., Somerville, NJ)
to the remaining periosteum at the api-
cal part of the flap. The mucoperios-
teal flaps were sutured with 4-0 silk
(Silk Black braided 4-0; Ethicon,
Inc.), ePTFE (Gore-Tex suture CV-5,
Gore-Tex: W.L. Gore & Associates,
Inc.). or absorbable sutures (4-0 chro-
mic gut; Ethicon, Inc.) using inter-
rupted and vertical mattress sutures.
However, no attempt was made to
cover the membrane barriers. The
temporary prosthesis was relieved be-
fore insertion. Patients were placed on
100 mg doxycycline beginning at least
I hour before surgery and continuing
for 13 days after surgery. Patients
were also prescribed 0.12% chlorhexi-
dine rinses (Penidex; Zila Pharmaceu-
ticals, Inc.. Phoenix, AZ) twice a day
beginning the day of surgery and con-
tinuing until the time of membrane
removal. Patients were seen weekly
for 4 weeks and then once a month to
monitor healing until the barrier was
removed. Al these visits, the tissue
around the membrane was examined
for evidence of inflammation, infec-
tion (exudate), or exfoliation of the
membrane. The membranes and tissue
were irrigated with a syringe filled
with Betadine followed by 0.12%
chlorhexidine and concluding with
0.9% saline. When inflammation was
detected, patients were placed on 100
mg doxycycline once a day for 2 1o 4
weeks, When infection or exudate was
detected, the membrane barriers
(ADMA or ePTFE) were removed and
the time of removal recorded (Table
1).

Six 10 8 months after extraction
socket surgery, an implant of appro-
priate size was placed in the healed
socket. At time of implant site prepa-
ration, the template was again placed
and a core of bone 2.0 mm > 7.0 mm
long was obtained. The cores were
coded and sent to the Hard Tissue
Research Laboratory at the University
of Minnesota School of Dentistry. The
processing and histomorphometric
measurements were performed by an
investigator who had no knowledge ol
the treatment rendered. The cores
were stained with Stevenel’s blue/van
Gieson's picro fuchsin and histomor-
phometrically analyzed for bone and
soft tissue. Processing and analysis of
the specimens using a nondecalcified
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Fig. 6. The extraction socket of tooth no. 13 after debridement.

Fig. 7. The
Fig. 8. The ePTFE membrane is secured
vertical mattress sutures

socket is filled with anorganic bovine bone (ABB).
wer tha ABB and the flap suture with absorbable

technique has been described.” Val-
ues were then reported using a grid
overlay lor total hone material, per-
cent connective tissue (%CT), and
percent residual implant matenals
(7 RIM).

REsSULTS B

Histomorphometric results are
presented in Table lof the 16 extrac-
tion sockets covered with cither
ADMA or ePTFE barriers and lilled
with an AH or a nonabsorbable ABRB.
Clinically, all sockets exhibited a nor-

mal healing response at the time of

implant placement and core removal.
The ADMA barriers exhibited surface
sloughing within 2 o 4 weeks post-
placement. All at but one site. the
ADMA was not evident by the 12-
week follow-up period. No patient re-
ported knowledge of the barrier exlo-
liating at those time periods (Figs. 4
and 5). However, at | site in the
ADMA group and at 6 sites in the
¢PTFE group, it was necessary (o re-
move the barriers at various times be-
fore implant placement because of in-
fection (exudate) present at the
surgical site. The ADMA barrier was
removed 6 weeks postplacement and
the 6 ¢PTFE barriers were removed
from 4 10 16 weeks after placement. In
all cases, removal was accomphished
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by deepithelialization of the inner
layer of the overlying flap and lifting
the barrier with a periosteal elevator
and a hemostat. In all except 2 cases
(¢PTFE membranes). suturing of the
overlying flap was not required. In
these 2 cases, ePTFE sutures were
used 1 suture the flap over the healing
tssue, No attempt was made to de-
bride or remove the tissue under the
membrane barrier.

Histology of the cores from sock-
ets covered with ADMA and filled
with AH showed an average vital bone
of 34.5% (range, 19-57%). an average
marrow and connective tissue of
61.8% (range, 40—-81%), and an aver-
age residual graft material of 4%
(range. 0—11%). Bone present at these
sites was 100% vital and ranged from
19% 10 57%. Evidence of AH particles
were stll present in all sections but in
maost specimens appeared separate and
distant from the vital bone. In other
sections, these particles were incorpo-
rated into new bone as well as being
separate from vital bone (Figs. 9 and
10). Histology of the sockets covered
with ADMA and filled with ABB
showed an average vital bone of
41.7% (range, 19.5-62.4%), an aver-
age marrow and connective tissue of
45.5% (range, 34—-63%), and an aver-
age residual graft material of 12.2%

HYDROXYAPATITES

(range, 1-30.6%). Particles of ABB
were surrounded by vital bone incor-
porating the particles into a well-
formed cancellous bone pattern (Figs.
I'l and 12). Histology of sockets cov-
ered with ¢PTFE membranes and
lilled with AH showed an average vi-
tal bone of 27.6% (range, 14—40.1%),
an average marrow and connective tis-
sue of 60.5% (range, 43.5-69.6%),
and an average residual graft material
of 11.9% (range, 6-19%). Bonc
present at these sites was 100% vital.
All sections contained remaining par-
ticles of AH, most surrounded by con-
nective tissue and a few others in close
proximity, even fusing with the bone
(Figs. 13 and 14). Histology of the
cores [rom sockets covered with
¢PTFE membranes and filled with
ABB showed an average vital bone of
17.8% (range, 10.6-25%). an average
marrow and conneclive tissue of
60.7% (range, 42-75.4%). and an av-
erage residual grafl material of 21.4%
(range, 14-33%). The bone present at
these 4 sites was 46.2%, 88.2%,
100%, and 100% vital, respectively.
Active new hone [ormation was seen
around most ol the remaining ABB
particles with the beginning ol bridg-
ing of particles by vital bone (Figs, 15
and 16). The average percentage vital
bone in the 8 sockets covered with
ADMA was 38% compared with an
average percentage vital bone of
22.7% in the 8 sockets covered with
¢PTFE membrane barriers (Table 2).
Because of the small number of
specimens in the 4 groups, statistical
analysis was not possible.
Discussion

Attempts 1o prevent or minimize
postextraction bone resorption prob-
lems include:

1. Immediate placement ol an implant
in the extraction sockel.

2. Immediate implant placement and
use ol a bone gralt or hone substi-
tute in the extraction sockel.

3. Placement of various matenals im-
mediately alter woth extraction to
fill and/or cover the socket in an
attempt 10 prevent resorption. The
implant is then placed in a delayed
protocol following socket healing.

4

An cxtensive literature review of
human studics reported high survival



Table 1. Histomorphometric Results of the 16 Extraction Sockets

Early Healing Vital
Barrier Graft Age Removal Period Bone Marrow Remaining
Type Type Initials (yrs) Sites (months) {months) (%) (%) Graft (%)
ADMA AH LM 47 7 8 25 64 11
RZ 56 2 6 19 81 C
LW 63 3 7 37 62 2
WH 7" 9 6 57 40 30
ABB PT 45 3 1.5 6 195 499 30.6
CL 26 18 6 62.4 34 36
YL 53 14 6 48.7 35 16.3
IR 57 3 6 36 63 1
ePTFE AH S 36 1 2 6 32 62 6
LM 47 10 1 B 14 67 19
GH 43 19 4 8 40.1 43.5 16.4
Vi 31 4 8 243 69.6 6.1
ABB SD 60 14 2 7 10.6 75.4 14
RK 51 8 4 7 12.9 65.4 21.7
WG 50 4 8 25 42 33
GS 33 13 2 T 23 60 17
Thig table hists estomorphometrn 15, 8 covered with the ADMA bamer with-aither AH or ABP as the zocket fil rmatenal and 8 coverad with the eFTFE bamer with the same
ket fill matenals, The tabike shows the ¢ percent mamow, and percent of remaning graft matenal in gach of the 16 cores taker

rates alter immediate implant place-
ment with a variety of implant types
and variable follow-up periods.” How-
ever, these studies did not address the
amount of vertical or horizontal
postimplant resorption of the buccal or
lingual plates of bone. Although 1 hu-
man study*' reported on bone implant
contact of immediately placed im-
plants, crestal bone resorption was not
specifically studied. Another study
cvaluated the effect of membrane
(¢PTFE) placement on ridge width in a
dog model comparing nonmembrane-
treated 1implant sites as controls. The
authors noted a trend of a greater in-
crease in ndge width in sites treated
with membranes than control sites.
However, the authors also noted that
“ridge width measurements were not
taken from standardized points and
consequently there is a high probabil-
ity of measurement error.”™ Another
animal study" evaluated bone healing
around implants placed into simulated
extraction defects of varying widths in
10 mongrel dogs. Although clinically,
all test and control sites healed with
complete bone fill in the defect, histo-
logically, as the gap around the im-
plants widened, bone-to-implant con-
tact decreased, and the point of the
highest bone-to-implant contact
shifted apically. Again, there were no
measurements made to determine if
and how much bone resorption took
place during the healing period. It is

terial seems a viable method of ridge
preservation, there is a paucity of mea-
surement proof to substantiate this

evident that although treatment with
immediately placed implants with or
without addinonal augmentation ma-

Fig. 9. Seven-month low-power section of a core of bone from a socket treated with ABMA and
AH. Vital bone measurad 37%. Particies of AH remain and are seen within bone and surrounded by
connective tissue (original magnification X: Stevenel's Blue/van Gieson's picro fuchsin stain).

Fig. 10. High-power view of an area in the previous figure showing particle of AH not com-
pletely resorbed and totally incorporated to the vital bone (onginal magnification x20:
Stevenel's Blue/van Gieson's picro fuchsin stain)

Fig. 11. A low-power histologic section of a core of bone obtained 6 maonths postgrafting
ABMA and ABB. Vital bone measures 48.7%. The bone and ABB form a cancellous bone
pattern with vital bone bridging among the ABEB particles (original magnification x4: Stevenel's
Blue/van Gieson’s picro fuchsin-stain).

Fig. 12. A high-power histologic view of an area of Figure 11 showing ABB particles com-
pletely surrounded by vital bone. The green-staining material in contact with the particles on
the right is osteoid, which is becoming vital bone (original magnification x20: Stevenel's
Blue/van Gieson's picro fuchsin stain),
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Fig. 13. Low-power histologic section of a core of bone obtained 8 months postgrafting with
ePTFE and AH. AH particles remain, most of which are separate from wvital bone, although
some are fused to bone. Vital bone measured 24.3% (original magnification x4: Stevenel's

Blug/van Gieson's picro fuchsin stain)

Fig. 14. A high-power histologic view of an area of Figure 13 showing unabsorbed particles of
AHH. The particle on the left is separate from the new bone and the one on the right is fusing
with vital bone (original magnification x20: Stevenel's Blue/van Gieson's picro fuchsin stain).
Fig. 15. |Low-power histologic section of a care of bone obtained 7 months postgrafting with
eFTFE and ABB. Maost of the particles of ABB are surrounded or in contact with osteoid or new
vital bone, Vital bone measured 12.9% (criginal magnification x4: Stevenel's Blue/van Gie-

son's picro fuchsin stain),

Fig. 16. A high-power histologic view of an area of Figure 15 showing particles of ABB
surrounded by vital bone. New bone formation (green stain) is also evident (original magnifi-
cation x20: Stevenel's Blue/van Gieson's picre fuchsin stain).
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premise. Recently, a study was per-
formed around 15 immediately placed
implants into extraction sockets.” Af-
ter implant placement, measurements
were made of the distance from the
coronal border of the buccal o the

coronal border of the lingual plate of

bone. No membranes or filling mate-
rials were used and primary closure
was obtained in all cases. At the time
ol second-stage surgery, 6 months
postimplantation, these measurement
were repeated. The mean buccal o
lingual distance decreased from an ini-
tial 10.5 mm *= 1.52 (after implant
placement) to 6.8 mm * .33 (6
months postumplantation). Thus, the
average horizontal bone resorption af-
ter immediate implant placement was
3.7 mm (range, 2-5 mm). This is
slightly less that what was reported for
the healed extraction sockets in the
control group (no membrane, no [ill,
primary closure) in a previous study.!

Membrane barriers have been sue-
cessfully used in the treatment of peri-
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odontal defects and in ridge augmenta-
tion procedures before  implant
placement.** One study on 26 subjects
with mandibular class 11 furcation de-
fects treated with ePTFE barriers con-
cluded that “similar improvement in all
clinical and surgical parameters™ oc-
curred in both the prematurely exposed
and the fully submerged groups.’® A
technigue for immediate implant inser-
tion was described that advocated place-
ment of an ¢PTFE barrier over the im-
plant without primary flap coverage
“because the membrane is, in effect, tak-
ing the place of the flap closure.” The
membrane remained exposed and in
place for “approximately | month™ be-
fore removal. However, ¢PTFE mem-
brane exposure in cases of ndge aug-
mentation occurred in a number of
studies requiring early removal of the
barriers and resulting in a compromised
result in many cases.”” " Buser. Jo-
vanovic. and Mellonig reported mem-
brane exposure requiring early removal
in 6.3% to 51% of cases treated.!” "

EXTRACTION SOCKETS AND IMPLANTATION OF HYDROXYAPATITES

In an attempt to prevent mem-
brane exposure vertical and periosteal-
releasing incisions, coronal flap ad-
vancement. and tension-free primary
closure are recommended. These pro-
cedures result in a compromised ves-
tibule and reduce the amount of kera-
tinized tissue which oftentimes
requires additional soft tissue surgical
correction. In the current study, to
avoid the secondary complications
listed here. no attempt at primary clo-
sure of the tissue covering the extrac-
tion socket was attempted.

The results of this study show a
trend toward greater vital bone present
in the ADMA-covered sites compared
with the ePTFE-covered sites (38%
vs. 22.7%). This trend was consistent
whether comparing ADMA covering
absorbable hydroxyapatite versus
¢PTFE covering the same AH (34.5%
vs. 27.6%) or ADMA covering anor-
ganic bovine bone versus ¢PTFE cov-
ering the same ABB (41.7% vs.
17.8%). Tt also appears that beter re-
sults were obtained, regardless ol the
barrier, when ABB was used as the (ill
material. This dilference in results fa-
voring ADMA barriers could be the
result of the lact that exposure of this
membrane is less critical 10 success
than exposure ol ePTFE membranes.
In fact, many authors (Buser et al.,*’
Simion et al.,” Wachtel et al.”" Jo-
vanovic et al.,*®% Becker et al.,”
Simion ¢t al.," Buser et al.,*" Jo-
vanovic and Nevins,® and Nowzar
and Slots™) stressed the importance of
keeping the ¢PTFE barriers sub-
merged to obtain optimum results. The
latter article (Nowzari and Slots®®) re-
ported colonization of bacteria on the
¢PTFE membranes that became ex-
posed. This too could have compro-
mised results of ePTFE-covered sock-
ets in the current study. However, the
strict recall program and the removal
of the 1 ABMA and 6 ¢PTFE barricrs
when infection was evident could have
allowed positive vital bone formation
with the [l materials used in this
study despite membrane exposure.
However. the population in this study
was too small to detect significant dif-
ferences in results of the membranes
retained for longer periods of time as
was reported in an experimental study
in dogs.™

It is interesting that in a published



case report on 2 successful cases of
ridge preservation using ADMA in
conjunction with decalcified frecze
bone allograft in a fresh extraction
socket, the exposed ADMA mem-
branes exfoliated “atraumatically™ 3
weeks postinsertion. In a published
case report of ADMA used for ndge
augmentation, the author noted the im-
portance of completely covering “the
acellular dermal matrix with a pedicle
"and keeping it “completely covered
during the healing period.™ Although
no attempt was made 1o do this in this
study, except for 1 barrier, which was
removed 6 weeks posiplacement, all 7
ol the other ADMA barriers showed
surface sloughing 2 to 4 weeks post-
operatively and then were not evident
at 8 weeks, or in some cases by 12
weceks, postsurgery. Because the 7 pa-
tients with these ADMA barriers did
not report being aware of barrier loss,
we must assume the barriers were in-
corporated into the wound healing
(covered by epithelium) or exfoliated
without patient knowledge. This con-
trasts to the 6 of 8 ePTFE barriers,
which had to be removed prematurely

during the study. This could reflect a
better resistance of the ADMA barri-
ers 1o bacterial colonization with the
regimen of postsurgical treatment used
in this study. A factor that was not
measured in this study was the dis-
tance that the flaps were separated af-
ter suturing or the amount of exposure
of the membranes during the healing
phase. There could be a “critical dis-
tance™ beyond which membrane expo-
sure adversely affects socket healing.
However, these variables require more
cases, additional measurement param-
eters, and further investigation.

Although the combination of
ADMA and ABB appears to result in
the highest percentage of vital bone in
this investigation, additional clinical
and histologic studies are necessary
before any speculation or conclusions
are made. Certainly. the advantages of
materials that result in significant bone
fill of a healing extraction socket with-
out the compromises caused by ob-
taining primary soft tissue closure
warrant further investigation.

It is also evident that this study
did not include a negative (no fill)

Table 2. Average Percent of Vital Bone in Sockets Covered With Acellular Dermal
Matrix Allograft (ADMA) or Expanded Polytetrafluoroethylene (ePTFE) Membranes and
Filled With Absorbable Hydroxyapatite (AH) or Anorganic Bovine Bone (ABB)

Average Percent

Barriers Vital Bone Grafts Vital Bone Percent (range)
ADMA 38% AH 34.5 (19-57)

ABB 41.7 (19.5-62.4)
ePTFE 22.7% AH 27.6 (14-40.1)

ABB 17.8 (10-25)

This table summarizes the aversge percent vital bone in sockets treated with ADMA compared with sockets treated with 8PTFE
bamers. Average wital bone obtaned from sockets filed with A4 or ABB and covered with etner ADMA or eFTFE barriers 15 also

recordec

ADMA. aceliuar germal malrx stograft, ePTFE . expanded polyeirafiucroethylene; AH. absorbable hydroxyapatite; ASB. anorganic

Downe Done mineral

Table 3. Average Percent of Vital Bone in Healed Single vs. Multirooted Sockets

Anterior Single Rooted

Posterior (multirooted)

Percent of
Tooth Na. Vital Bone Tooth No. Percent Vital Bone

8 129 14 10.6

13 23 2 19
4 24.3 3 19.5
4 25 3 36
7 25 3 37
9 57 19 401

11 62 14 48.7

10 67 18 62.4

37.0% 34.2%
This table presents the auerage parcent of vial bone oblained in treated and healed sockets of ather single and mullirooted teeth
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control group. Using the same mea-
surement technique in a previous
study, the “no filled” and “no mem-
brane” controls showed an average vi-
tal bone fill of 32.4% 6 to 8 months
postsocket treatment.” One must be
cautious with these comparisons be-
cause the methodology was different
(in the previous study, primary closure
was achieved) and the type of tooth
(incisor, premolar, molar) and jaw lo-
cation represent factors that could in-
fluence healing and vital bone counts
because of differences in the type of
bone native to that site.

When analyzing the data on all 16
sites in this study and comparing the
results of mulurooted (N = 8) with
that of single-rooted teeth (N = 8), it
is interesting to note that the average
vital bone of the former was 34.16%
(range, 10.6-62.4%), whereas that of
single-rooted teeth was 37.03%
(range, 12.9-67%). Although no sta-
tistically significant data can be drawn
hecause of the limited sample size,
these findings tend to demonstrate the
variability of bone fill in human ex-
traction sockets. For example, one
might expect to have significantly
more dense bone present after extrac-
tion socket healing in the anterior area
(single-rooted teeth) because the bone
is usually denser in nature. However,
the healed sockets in this study show
similar percentages of vital bone in
single- and multrooted healed sock-
ets. This pilot study demonstrates the
need for a much larger sample size 1o
more accurately follow the trends in
healing responses. Confounding fac-
tors, including socket location, use of
different graft materials, use of mem-
branes, type of flap closure (or non-
closure), and the presence and thick-
ness of the bony walls of the sockets,
prevent clear conclusions from being
drawn from human socket studies.
Therefore, at this point, based on the
results of the present pilot study as
well as the referenced literature, the
operator must make clinical decisions
based on the individual situations pre-
sented. Clearly, further research with a
much larger sample size is indicated to
isolate the previously mentioned vari-
ables to determine the best course of
treatment after tooth extraction.
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CONCLUSIONS

Extraction sockel treatment with
ABMA barriers produced more vital
bone 6 to 8 months postextraction than
did ePTFE membranes, whether
placed over AH or nonabsorbable
ABB mineral.

The combination of ABMA cov-
ering ABB produced the greatest
amount of vital bone at 6 to 8 months
(41.7%) followed by ABMA covering
AH (34.5%), ePTFE covering AH
(27.6%). and ePTFE covering ABB
17.8%.

Without primary flap coverage
over the extraction socket, 1 of 8
ABMA barriers and 6 of 8 ¢PTFE
barriers had to be removed prema-
turcly because of infection before the
6- to 8-month time period when im-
plants were placed.

This pilot study demonstrates the
need for a much larger sample size o
more accurately follow the trends in
healing responses.
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