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Abstract

hile placentally derived allografts have
been utilized in medical procedures
for over 100 years, their use in dental

procedures is relatively new with only 10 years
of continuous history. As in medical procedures,
the initial applications of placental grafts in den-
tal procedures were with amnion products. More
recently, however, advanced placental allografts
such as laminated amnion-chorion products have
displaced the use of amnion-only products. The

addition of a chorion layer to amnion allograft has
produced a number of improvements over amnion
alone including increased thickness of the mem-
brane and a 20-fold increase in growth factor
content. The goal of this paper is to provide an
updated primer on the utilization of dehydrated
human amnion-chorion membrane (dHACM)
allografts in dental procedures. The science
behind this material is reviewed along with an
examination of current and future dental uses.
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INTRODUCTION

Placentally derived products have been used as
wound healing adjuncts for more than a century
in numerous medical applications. In the early
1900’s, placentally derived human amnion was uti-
lized for skin transplantations as reported by Davis'
in a review of 550 treated cases. By the 1940’s
amnion was routinely applied in a variety of oph-
thalmologic surgeries with documentation of faster
healing and improved outcomes.?® By the 1950’s
and 1960’s amnion was being utilized in ENT pro-
cedures such as mastoidectomy* and myringo-
plasty.> More recently, placentally derived tissues
such as amnion and amnion-chorion have been
used in the treatment of diabetic ulcers,®” Moh's
micrographic surgery,® free flap surgical treat-
ment of venous insufficiency/lymphedema,® vagi-
nal reconstructive surgery,'®'" and as an adjunct to
protect neurovascular bundles during prostate sur-
gery,'? among others. With the successful and well
documented medical applications of placentally
derived amnion and amnion-chorion tissues, the
crossover of these products into the realm of dental
treatment is not surprising. In 2008, a multi-layered
dehydrated human amnion membrane (dHAM)
(BioCover™, Snoasis Medical, Denver, Colorado,
USA) was introduced to the dental market as a
potential treatment for gingival recession. By 2010,
dehydrated human allograft composed of laminated
amnion-chorion (dHAMC) (BioXclude™, Snoa-
sis Medical, Denver, Colorado, USA) expanded
the potential applications of placentally derived
products to a much wider variety of dental pro-
cedures. As placentally derived products are still
relatively new to the field of dentistry, the purpose
of this paper is to review the general characteris-
tics of contemporary amnion-chorion products and
their current applications for dental procedures.

Figure 1: BioXclude™ dHACM (arrow) averages ~300am in
cross-sectional thickness.

Basic Placental Tissue/Amniotic Sac Primer
During pregnancy, membranes comprising the
amniotic sac contain the developing embryo and
fetus. The innermost membrane of the amniotic
sac, the amnion, encloses the fetus and amniotic
fluid, while the outer layer, or chorion, contains the
amnion and interdigitates with the maternal decid-
ual tissues to form the placenta. The amnion and
chorion contain no blood vessels, have no direct
blood supply, and receive nutrients by diffusion
from the amniotic fluid and maternal decidua.'®'
Amnion contains several extracellular matrix
(ECM) proteins, including fibronectin, laminins,
proteoglycans, glycoproteins, and collagen types
I, I, IV, V, and VL.'*'® The chorionic tissue can
be up to 4 times thicker than the amnion'” and,
similar to the amnion, is composed of fibronec-
tin, laminins, and collagens I, I, IV, V, and VL.'® A
particularly unique feature of the membranes com-
posing the amniotic sac is their role in protecting
the developing fetus from the maternal immune
system. Although it is not fully understood why,
the maternal immune system accepts the develop-
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Figure 2: Total growth factor content increases dramatically with the addition of chorion to amnion.

ing fetus in spite of its foreign nature. It has been
postulated that immunoregulation may occur at
the fetal-maternal interface which inhibits mater-
nal T-cell,’® lymphocyte,' and natural killer cell*®
proliferation. This function has bestowed the term
immunopriviledged upon tissues including the
amnion and chorion meaning they elicit little to
no immunological response in foreign hosts.?"??

Amnion-Chorion Allograft Production

Placental tissue used for the production of BioX-
clude™ dental amnion-chorion allograft is obtained
from consenting mothers delivering full-term
babies via elective cesarean section surgery, as
regulated by the Food and Drug Administration
(FDA) and American Association of Tissue Banks
(AATB).2  All donors are screened for infec-
tious diseases, including but limited to, human
immunodeficiency virus (HIV) type 1 and 2 anti-
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bodies, HIV type 1 nucleic acid test, human T-lym-
photropic virus (HTLV) type 1 and 2 antibodies,
hepatitis B surface antigen, hepatitis B core total
antibody, hepatitis C antibody, hepatitis C virus
nucleic acid test, and syphilis.>*#** Upon collection
of the placental tissues, they are placed in quaran-
tine storage until clean serology reports are con-
firmed. Upon acceptable serology confirmation,
the amnion and chorion are isolated and prepared
with the proprietary Purion® process (MiMedx,
Marietta, Georgia, USA). The Purion® process
was developed in 2006 as a method for gently
cleansing and dehydrating amniotic membrane
allografts while preserving the structural integ-
rity and biochemical activity of the tissue. The
Purion® process is used to produce dehydrated
human amnion-chorion membrane (dHACM)
whereby de-epithelialized placental amnion is
laminated to chorion tissue that is sourced directly



Holtzclaw et al

Table 1: Examples of Growth Factors, Cytokines, Chemokines, etc. Found in dHACM30

GCSF GM-CSF GDF-15 IFNy IL-1a IL-18
IL-1Ra IL-4 IL-5 Ang Ang-2 bFGF
BMP-5 BDNF EG-VEGF EGF FGF-4 KGF
FGF-7 IL-6 IL-7 IL-10 IL-12p40 IL-12p70
IL-15 IL-17 MCSF OPG BLC Eotaxin-2
1-309 IL-8 IL-16 MCP-1 MIG MIP-1a
MIP-18 MIP-1d RANTES GH HB-EGF HGF
IGF-1 IGFBP-1 IGFBP-2 IGFBP-3 IGFBP-4 IGFBP-6
B-NGF PIGF PDGF-AA PDGF-BB TGF-o. TGF-1
VEGF TIMP-1 TIMP-2 TIMP-4 6Ckine ADAMTS13
APRIL aFGF Activin-A Adiponectin Adipsin AgRP
ANG-1 ANG-4 ANGPTL3 ANGPTL4 Angiostatin ACE-2
BAFF BTC BMP- 2BMP-7 BMP-9 CRP
CXCL14 CXCL16 CA9 CEA Chemerin CNTF
Ckp8-1 Clusterin CF X1V C5a Cripto-1 Cystatin A
Cystatin B Cystatin C Cystatin EM DAN DcR3 DLL1
DKK-1 DKK-3 DKK-4 Eotaxin Eotaxin-3 ENA-78
FABP2 Fetuin A FGF-6 FGF-9 FGF-19 FGF-21
Fit-3L FSH Follistatin FLRG Fractalkine Furin
GASP-1 GASP-2 Galectin-1 Galectin-2 Galectin-3 Galectin-7
Galectin-9 GDNF gp130 GCP-2 Granulysin Gas1
GROa GRO HCC-1 HAI-2 hCGp Insulin
IGF-2 IGFBP-5 IP-10 I-TAC IL-1F5 IL-1Fé6
IL-1 F7 IL-1F8 IL-1F9 IL-1F10 ST2 IL-2
IL-3 IL-6sR IL-8 IL-11 IL-17B IL-17C
IL-17E IL-20 IL-21 IL-23 IL-24 IL-27
IL-32a IL-33 IL-34 Kallikrein-5 Kallikrein-14 LAP(TFGb1)
Legumain Leptin LRIG3 Liocalin-2 Limphotactin MIF
MBL Marapsin Midkine MCP-2 NOV NSE
NT-3 NT-4 NAP-2 OSM Osteoactivin OPN
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from the amniotic sac.?® Lamination of the amnion
and chorion produces a graft that is significantly
thicker (~300um)?” (Figure 1) compared to lay-
ered amnion alone (~<100pm).?®  Processed
dHACM are terminally sterilized by gamma irradia-
tion prior to sterile packaging, which in addition to
increasing the safety of the product, has proven
not to affect the bioactivity of the allograft.?®

Biologic and Immunoregulatory

Properties of dHACM

In testing the effects of the Purion® process on
the bioactivity of dHACM allografts, 226 regu-
lators of healing and inflammation were identi-
fied in the processed grafts.®® These include
tissue promoting growth factors, immunomodu-
latory cytokines, and immunomodulatory che-
mokines (Table 1). While it is beyond the scope
of this paper to specifically discuss the proper-
ties of each of these growth factors, it is well
established that these factors aid and promote
healing in a variety of capacities which will be dis-
cussed in this paper. It is important to note that
the thicker graft produced by the lamination of
amnion to chorion in the production of dHACM
such as BioXclude® results in growth factor con-
tent that is up to twenty times greater than that
which is seen in amnion only allografts (Figure
2).8' The rich growth factor and immunomodula-
tory content of dHACM likely plays a role in the
anti-inflammatory, antibacterial, pain reduction,
angiogenic, and enhanced wound healing prop-
erties that have been identified with the product.

Anti-Inflammatory Properties

Amniotic tissue has been shown to reduce inflam-
mation in studies designed specifically to study
inflammation. Solomon et al.®? cultured human
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corneal limbal epithelial cells on either freshly fro-
zen and thawed human amniotic membrane or
tissue culture plastic. These cells were plated
on amnion tissue and assayed for the expression
of inflammatory cytokines. The cultures dem-
onstrated that cryopreserved amnion directly
suppressed the expression of pro-inflammatory
cytokines at the protein and mRNA levels. In
another study of transepithelial photorefractory
keratectomies in rabbits, the application of fresh
amnion showed a significant reduction in the
number of leukocytes and less keratocyte death
compared to controls, demonstrating the anti-
inflammatory effects of amnion.®®* When study-
ing the effects of amniotic membrane on corneal
wounds in rabbits via histopathologic, proteinase
assay, and zymography, Kim and colleagues®
reported decreased polymorphonuclear leuko-
cyte (PMN) infiltration, decreased macrophage
chemotaxis, and inhibited proteinase activity at
treated sites. In reviewing the use of amniotic
grafts for ocular surface reconstruction, Tseng®
noted the anti-inflammatory effects of the graft as
did Guell et al.?® in their treatment of symptom-
atic bullous keratopathy. Koob and colleagues
have performed multiple studies evaluating amni-
otic tissues such as dHACM for anti-inflammatory
modulators via enzyme linked immunosorbent
assays (ELISA) with significant findings.3"%®

Anti-Bacterial Properties

A number of studies have demonstrated the anti-
bacterial nature of amniotic tissue.’%4° Expres-
sion of antimicrobial peptides such as -defensins,
elafin and SLPI, which are essential elements
of the innate immune system, may be associ-
ated with antibacterial properties of amniotic tis-
sue.?*4% Tehrani and colleagues®® evaluated the
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Figure 3a: Extraction site treated with BioXclude™ dHACM Figure 3b: Extraction site treated with BioXclude™ dHACM
at Day 0. at 24 hours.

Figure 3c: Extraction site treated with BioXclude™ dHACM Figure 3d: Extraction site treated with BioXclude™ dHACM
at 96 hours. Note migration of tissue from wound edges at Day 21.
towards center.

antibacterial properties of cryopreserved and
dehydrated amniotic tissue against a variety of
bacterial strains including Staphylococcus aureus
ATCC 25923, Pseudomonas aeruginosa ATCC
27853, and Escherichia coli ATCC 25922. The
results of this study noted that processing of the
amniotic tissues did not adversely affect the anti-
bacterial properties of graft. In a separate study,
Kjaergaard and colleagues*' tested the antibac-
terial properties of chorioamniotic membranes

Figure 3e: Extraction site treated with BioXclude™ dHACM
at 3 months.
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Figure 4a: BioXclude™ dHACM (being placed into the
maxillary sinus) is of similar thickness to the Schneiderian
membrane.

Figure 5: BioXclude™ dHACM may safely touch root
surfaces.

22 . Vol.9,No.2 e February 2017

Figure 4b: BioXclude™ dHACM self-adheres to the
Schneiderian membrane in the maxillary sinus.

against Hemolytic streptococci group B (GBS),
Hemolytic streptococcus group A, Staphylo-
coccus aureus, Staphylococcus saprophyticus,
Enterococcus faecalis, Escherichia coli, Pseu-
domonas aeruginosa, Acinetobacter calcoace-
ticus and Lactobacillus species. All bacterial
strains were inhibited by the amniotic tissues.

Pain Reduction Properties

Numerous studies have noted the pain reduc-
tion properties of amniotic grafts when used for
a wide variety of applications. In evaluating the
treatment of venous leg ulcers, Mermet et al.*?



Figure 6a: Mandibular molar prior to extraction.

Figure 6c: Mandibular molar extraction site grafted with
particulate allograft and covered with BioXclude™ dHACM.

Figure 6e: Bone healing at mandibular molar site
preservation with BioXclude™ dHACM at 3 months healing.

Holtzclaw et al

Figure 6d: Gingival tissue healing at mandibular molar
site preservation with BioXclude™ dHACM at 3 months
healing.

noted that all study participants experienced a
significant reduction of ulcer-related pain rapidly
following amniotic tissue application. In a com-
parison of vestibuloplasty healing with and with-
out the application of amniotic grafts, Sikkerimath
et al.*® noted increased and longer lasting pain
in non-treated patients. In evaluating the use of
amniotic tissues as a dressing for skin grafts on
burn patients, Eskandarlou and colleagues**
noted decreased pain with amniotic dressed
grafts compared to standard dressings. In evalu-
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Figure 7a: Intrabony defect at the distal of tooth #19
following hand instrumentation debridement.

Figure 7b: Intrabony defect at the distal of tooth #19
treated with GTR using particular allograft and BioXclude™
dHACM.

Figure 7c: Radiograph of intrabony defect at the distal of
tooth #19 prior to GTR treatment.

ating the use of amniotic tissues in combination
with dental implant treatment, Velez et al.** noted
a significant reduction in pain for treated patients,
especially during the first 144 hours. In the
author's personal use of dHACM in thousands of
dental surgeries, he has likewise noted post-sur-
gical pain reduction when the material is utilized.

Angiogenic Properties
Angiogenic properties of chorioamniotic mem-
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Figure 7d: Radiograph of BioXclude™ dHACM GTR treated
intrabony defect at the distal of tooth #19 at 48 months.

branes were recognized and documented in medi-
cal literature as far back as the 1980's.4¢4” These
findings were expanded upon over the next 30
years*®®! with findings of angiogenic factors such
as endothelins, hepatocyte growth factor (HGF),
vascular endothelial growth factor (VEGF), insu-
lin-like growth factor-1 (IGF1). More recently,
Koob et al.°? identified angiogenic growth fac-
tors in dHACM via ELISA, examining the effects
of dHACM extract on human microvascular endo-
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thelial cell proliferation and production of angio-
genic growth factors. The findings of this study
indicated that dHACM grafts contained a multi-
tude of angiogenic factors, even after processing,
and that dHACM grafts promoted amplification of
angiogenic stimulation via induction of endothe-
lial cell proliferation/migration. Furthermore, this
study also found that dHACM grafts upregulated
production of endogenous angiogenic growth
factors from surrounding endothelial cells and
supported the formation of blood vessels in vivo.

Enhanced Wound Healing Properties

Enhanced wound healing has been noted with
amniotic grafts for more than a century on a vari-
ety of different medical procedures.''?> While
these earlier studies noted improved healing of
patients treated with placentally derived grafts,
the exact reasons for this improved healing was
a matter of speculation. The aforementioned dis-
coveries of the multitude of growth and Immuno-
regulatory factors®® contained in chorioamniotic
membranes has provided evidence of the driving
force behind the healing capacity of these grafts.
The immense regenerative potential of chorioamni-
otic grafts has recently been tapped for treatment
of one of the most difficult healing situations in
medicine, non-healing chronic diabetic foot ulcer-
ations (DFU). Distal extremity ulcerations of the
foot are widely considered to be one of the most
significant complications of Diabetes.*® Complica-
tions associated with non-healing DFU’s include
pain, neuropathy, limitation of mobility, osteomyeli-
tis, and even amputation.** In fact, diabetic com-
plications have been noted in up to 70% of all
non-traumatic based amputations of lower limbs.?®
Traditional treatment of DFU's , referred to as
the “Gold Standard” or “Standard of Care”, has

involved sharp debridement, infection manage-
ment, and off-loading.®®* More recently, multiple
studies have utilized dHACM in the treatment of
DFU and found improved healing with its appli-
cation.®®®® In 2016, Zelen et al.’® compared
healing of DFU’s in 100 patients over 12 weeks
utilizing a variety of treatments. In this prospec-
tive, randomized, controlled, parallel group,
multi-center clinical trial weekly applications of
collagen-alginate dressings (“Standard wound
care”) were utilized for 35 patients as a control,
bioengineered skin substitute graft was utilized
weekly for 33 patients, and dHACM was utilized
weekly for 32 patients. By 12 weeks, 51% of the
standard wound care patients achieved “com-
plete closure” of DFU’s compared to 73% with
bioengineered skin substitute graft, and 97%
with dHACM. Mean healing times for DFU’s in
this study were 574 days for standard wound
care, 47.9 days with bioengineered skin substi-
tute graft , and 23.6 days with dHACM. Also in
2016, DiDomenico et al.?® published a random-
ized controlled study where patients with non-
healing DFU’s were treated with either traditional
aforementioned “Standard of Care” treatment
(SOC) or SOC in combination with chorioamni-
otic graft application. Twenty patients were ran-
domly assigned to each group and treated for a
period of 12 weeks. Endpoint healing evaluation
noted that non-healing DFU’s “healed completely”
in 70% of chorioamniotic graft treated patients
versus only 15% complete healing in the SOC
treatment group. In 2015, Penny et al.®' noted
similar healing of DFU’s in a Case Series of Dia-
betic patients treated with dHACM grafts. As
with the Zelen®® and DiDomenico®® studies that
noted “complete healing” or “complete closure” of
DFU’s by 12 weeks of dHACM treatment, Penny
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Figure 8a: Intraoral presentation of implant #20
displaying signs of peri-implantitis.

Figure 8b: Lingual view of implant #20 cleansed peri-
implantitis intrabony defect.

Figure 8c: Lingual view of implant #20 grafted peri-
implantitis intrabony defect.

et al. noted healing of dHACM treated DFU'’s by
11 weeks. These studies, and many others, dem-
onstrate the ability of dHACM to stimulate heal-
ing in even the most difficult of environments.

Dental Applications of dHACM

While placentally derived grafts have been used
for over a century for medical applications, their
use in dentistry is relatively new. The most current
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Figure 8d: Lingual view of BioXclude™ dHACM being
used for GTR treatment of implant #20 peri-implantitis
intrabony defect.

form of placentally derived allograft in dentistry is
dHACM. Furthermore, the only available dHACM
product for dental applications is BioXclude™
(Snoasis Medical, Denver, Colorado, USA). BioX-
clude™ is a second generation placentally derived
product composed of a dehydrated amnion-cho-
rion laminate. Since its introduction in 2010, over
70,000 BioXclude™ dHACM grafts have been
utilized for a variety of dental procedures (data



Figure 8e: Intraoral presentation of implant #20 at 24
months after treatment.

v P A

Figure 8g: Post-surgical radiograph of implant #20 at 24
months after treatment.

provided by Snoasis Medical, Denver, Colorado,
USA). Research and documentation on the uti-
lization of dHACM for dental procedures has
greatly expanded over the past ten years. While
the first portion of this paper focused on the his-
torical medical use of this product and the science
behind its effectiveness in these applications, the
remainder of this paper will focus on the current
and future uses of dHACM in dental procedures.

Holtzclaw et al

Figure 8f: Pre-surgical radiograph of implant #20 with
intrabony defect at mesial (arrow).

Unique Properties of dHACM in Dentistry

The use of dental dHACM allografts such as
BioXclude™ in lieu of traditional dental barrier
membranes presents a number of new possi-
bilities that are not readily available with currently
available products. First and foremost, unlike tra-
ditional dental barrier membranes which may be
compromised when left exposed to the oral envi-
ronment,®2%*  BioXclude™ may be left exposed
without reduced healing capacity due to bacte-
rial penetration.?’®® 1t is likely that the multitude
of growth and immunomodulatory proteins inher-
ently retained in dHACM aid in the rapid epithe-
lial covering of exposed surgical sites in these
studies (Figures 3a-f).327303765 A second unique
property of BioXclude™ compared to traditional
dental barriers that that dHACM is extremely thin,
averaging 300um in cross sectional thickness
whereas collagen barrier membranes average
700-800um in thickness.?”®® This makes han-
dling, application, and mucogingival flap adapta-
tion around dHACM much easier than traditional
dental membranes.?” Unlike most barrier mem-
branes, dHACM is self-adhering®® and does not
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Figure 9a: Ridge split of deficient posterior mandibular
ridge for guided bone regeneration.

Figure 9c: Expanded mandibular ridge grafted with
particular allograft.

Figure 9e: Healing of BioXclude™ dHACM guided bone
regeneration site at 3 months healing.
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Figure 9b: Ridge splitting osteotome being utilized to
expand mandibular ridge.

Figure 9d: BioXclude™ dHACM being used for guided
bone regeneration treatment of the grafted split ridge.

require sutures for fixation. This feature proves
extremely beneficial in delicate situations such
as the repair of perforated maxillary sinus mem-
branes (Figures 4a,b).%®° Furthermore, unlike tra-
ditional dental barriers, dHACM BioXclude™ does
not require precise trimming, may touch root sur-
faces (Figure 5), and may fold upon itself without
issue.®® Finally, dHACM is one of the only known
dental membranes that inherently contains a mul-
titude of growth factors®® and has demonstrated
intense immunohistochemical staining for these



Figure 10a: Buccal dehiscence defect prior to guided
bone regeneration treatment with BioXclude™ dHACM.

factors compared to virtually none for traditional
dental barriers.”® The wide variety of proper-
ties unique to BioXclude™ avail the product for
use in a number of different dental procedures.

Extraction Site Preservation

One of the most common applications for BioX-
clude™ dHACM is for site preservation following
the extraction of teeth (Figures 6a-e). The earli-
est known study in which BioXclude™ dHACM
was used for extraction site preservation was
released by Holtzclaw et al. in 2011.”" In this 5
patient case series, extraction site preservation
was performed with BioXclude™ dHACM. This
particular study differed from most previously
published extraction site preservation studies in
the fact that the barrier was left fully exposed to
the oral environment with intentional non-primary
closure. Average healing times of 3 months were
given prior to the placement of dental implants.
At this time, all sites had healed with keratinized
gingival tissue and had sufficient bone growth
to allow the placement of dental implants. After
nearly 6 years of loading, dental implant sur-

Holtzclaw et al

Figure 10b: Walls of the buccal dehiscence defect support
the overlying BioXclude™ dHACM.

vival rate in this Case Series remains at 100%.

A second site preservation study was later
released by Wallace and Cobb in 2011.7 In this
study, 7 patients had extraction site preservation
performed with BioXclude™ dHACM and freeze
dried bone allograft. Unlike the earlier Holtzclaw
study of 2011, the surgical sites in this particular
study all received primary closure. After an aver-
age healing period of 13 weeks, trephine core
sampling and dental implant placements were
performed. Histological analysis revealed no
residual dJHACM and 54.5% new bone formation.

In a 2014 case series study, Holtzclaw®® per-
formed extraction site preservation procedures
on 10 consecutive patients whereby teeth were
removed and bone graft was placed and covered
with a single layer of BioXclude™ dHACM. The
grafted extraction sites had non-primary closure
with the amnion-chorion barriers left fully exposed
to the oral environment. After an average of 14.2
weeks of healing, all BioXclude™ treated extrac-
tion sites had complete gingival closure. Trephine
bone core samples obtained at this time revealed
a mean 39.2% vital bone formation. After nearly
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Figure 11a: Combination bony defect in anterior
mandible.

Figure 11c: Combination bony defect in anterior mandible
grafted with particulate allograft.

3 years following the publication of this paper,
dental implants placed into these dHACM
grafted sites have a 100% survival rate.

Another site preservation study was released
in 2014 comparing BioXclude™ dHACM bar-
rier to dense polytetrafluoroethylene (d-PTFE)
barrier.”® This prospective, intra-patient, clini-
cal evaluation involved 9 patients with 22 sites
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Figure 11b: Combination bony defect in anterior mandible
(alternative view).

Figure 11d: Grafted combination bony defect in anterior
mandible covered with collagen membrane.

(11 per group) where implants were placed at
12-14 weeks. Results from this study revealed
that BioXclude™ treated sites had on average
more bone volume and less resorption of alveo-
lar ridge width compared to sites treated with
d-PTFE barriers. Furthermore, sites treated with
the resorbable BioXclude™ dHACM did not
require follow up procedures for barrier removal



Figure 11e: BioXclude™ dHACM placed on top of collagen
membrane to achieve modified guided bone regeneration
technique.

Flgure 1 1g: Bone heallng of modified GBR treated
combination bony defect in anterior mandible at 3 months
healing.

unlike the non-resorbable d-PTFE barriers.

Guided Tissue Regeneration of Periodontal
and Peri-lmplantitis Defects

The first published utilization of amnion-cho-
rion for guided tissue regeneration (GTR)
treatment of a periodontal defect occurred in

Holtzclaw et al

Figure 11f: Closure of modified guided bone regeneration
site utilizing collagen membrane overlaid with BioXclude™
dHACM (Note non-primary closure at distal aspect with
BioXclude™ dHACM exposed).

early 2011.77° |n this case report, Holtzclaw
utilized BioXclude™ dHACM to treat an
intrabony periodontal defect of a mandibular
molar that had probing depth measurements
of 9mm and 10mm of clinical attachment loss
(CAL). Following full thickness mucogingival
flap elevation, the intrabony defect was thor-
oughly degranulated. The cleansed defect
was grafted with mineralized freeze dried
bone allograft and covered with a single layer
of BioXclude™ dHACM. After 6 months of
healing, probing depth and clinical attach-
ment improved by 6mm and 5mm respec-
tively. With regular periodontal maintenance
therapy, these gains have been maintained for
nearly 6 years as of the writing of this paper.

A 2013 study by Holtzclaw?” involved 114
patients who were treated with GTR ther-
apy from March 2010 to October 2011. Of
these patients, 64 were treated with BioX-
clude™ dHACM combination GTR therapy
and had 212 months of follow-up. All patients
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Figure 12a: Perforated Schneiderian membrane during
maxillary sinus lift.

were diagnosed with localized moderate-to-
severe chronic periodontitis and exhibited
radiographic evidence of >1mm vertical osse-
ous defects. Treatment involved thorough
degranulation of intrabony periodontal defects
and placement of bone allograft covered by
BioXclude™ dHACM (Figures 7a-d). Clini-
cal measurements 12 months after surgery
revealed an average probing depth reduc-
tion of 5.06 £ 1.37 mm and clinical attach-
ment level improvement of 4.61 = 1.29 mm.

The treatment of peri-implantitis intrabony
defects follows very similar principles to the
treatment of periodontal intrabony defects.
While some variations do exist in terms of
implant surface detoxification versus natural
tooth detoxification, the basic concept and treat-
ment tenets remain similar. Figures 8a-g dem-
onstrate how BioXclude™ dHACM is used for
treatment of a peri-implantitis intrabony defect.

Guided Bone Regeneration

Guided bone regeneration (GBR) entails aug-
mentation of edentulous sites which are of inad-
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Figure 12b: BioXclude™ dHACM being used to repair
perforated Schneiderian membrane.

equate dimensions for the placement of dental
implants. A vast multitude of techniques exist
to accomplish GBR and most call for long last-
ing barrier materials including various collagens,
pericardial tissues, acellular dermal matrices,
titanium mesh, resorbable mesh, expanded
polytetrafluoroethylene (e-PTFE), and d-PTFE.”
Traditional tenets of GBR include barriers that
create space maintenance, wound stability, epi-
thelial exclusion, and graft containment. When
using BioXclude™ dHACM for GBR (Figures
9a-e), an alternative thought process toward
these tenets must be considered. In terms of
graft containment, BioXclude™ dHACM satis-
factorily satisfies the tenet. In terms of wound
stability, BioXclude™ dHACM performs excep-
tionally well as demonstrated by Holtzclaw et
al.”7 in a recent modified replication of the clas-
sic 1968 flap attachment study. In terms of epi-
thelial exclusion, BioXclude™ dHACM seems
to oppose the tenet as its high Laminin and
Laminin-5content®®’ actually encourages epi-
thelial cell proliferation. While this may seem
like a detriment, the high Laminin and Laminin-5
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content of BioXclude™ dHACM allows epithe-
lial cells to rapidly migrate across its chorio-
amniotic matrix in such a fashion that the cells
do not invade the underlying bone graft. This
has been verified in multiple studies that show
bone augmentation sites treated with BioX-
clude™ dHACM have histologic core samples
of similar composition to sites that are treated
with other traditional techniques.®®” Once
these epithelial cells come into contact with
one another, contact inhibition halts their migra-
tion,”® effectively sealing the underlying bone
graft material and further preventing the migra-
tion of epithelial cells into the bone graft. In
this sense, BioXclude™ dHACM satisfies the
tenet of epithelial cell exclusion from the under-
lying bone graft in spite of the fact that it actu-
ally promotes the proliferation of epithelial cells.
Finally, in terms of space maintenance, BioX-
clude™ dHACM occasionally satisfies this tenet,
but not always, due to its thin 300um cross
sectional thickness and pliability. With small 3
walled bony defects, BioXclude™ dHACM can
be effectively used as the existing bony walls
provide space maintenance for GBR (Figures
10a,b). With larger 3 walled defects and 1 or 2
walled defects, a modified GBR technique may
be employed whereby a stiffer barrier such as
collagen or titanium is utilized for space main-
tenance and BioXclude™ dHACM is overlaid
on top of the barrier (Figures 11a-g). Overlay-
ing the stiffer barrier with BioXclude™ allows
the modified GBR technique to achieve space
maintenance while still retaining the multitude
of wound healing benefits provided by dHACM.
The modified GBR technique was demonstrated
by Holtzclaw™ in a 2016 publication that uti-
lized a combination of titanium mesh overlaid

with BioXclude™ dHACM for the treatment of
a severe alveolar ridge defect with recombinant
human bone morphogenetic protein (rh-BMP2).

Maxillary Sinus Augmentation and Repair

Pneumatization of the maxillary sinus is a com-
mon complication of edentulism in the poste-
rior maxilla. To facilitate placement of dental
implants in the pneumatized maxillary sinus,
augmentation is often required. The process
of maxillary sinus augmentation requires care-
ful elevation of the Schneiderian membrane.
With rates ranging from 11% to 569%, perfora-
tion of the Schneiderian membrane is the most
common complication associated with maxillary
sinus augmentation procedures® and has been
linked to a variety of problems including the
need for procedure abortion, decreased bone
formation, and a possible reduction in den-
tal implant survival.®'8?  BioXclude™ dHACM
is uniquely qualified for repair of Schneiderian
membrane perforations. In addition to its afore-
mentioned wound healing properties which
can augment the sinus grafting process, BioX-
clude™ dHACM is of similar thickness to the
Schneiderian membrane and its self-adherent
nature allows the barrier to readily attach to
sinus membrane sans suture. Utilization of
BioXclude™ dHACM for the repair of Schneide-
rian membrane perforations (Figures 12a,b) was
first demonstrated by Holtzclaw®® in a 2014. In
this controlled split mouth case report, heal-
ing outcomes were evaluated for bilateral lat-
eral window sinus augmentations performed
in a single patient. One sinus was augmented
with the Schneiderian membrane intact while
the contralateral sinus was augmented with a
perforated Schneiderian membrane that was
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repaired with BioXclude™ dHACM. The non-
perforated sinus augmentation healed with
more bone height and a denser, more uniform
fill compared to the augmentation repaired with
BioXclude™ dHACM. Both sinuses, however,
had adequate healing to permit placement of
multiple dental implants to support an immedi-
ately loaded restoration. It must be noted that
with traditional treatment, the large perforation
of the Schneiderian membrane in this Case
Report would have resulted in abortion of the
sinus augmentation. Utilization of BioXclude™
dHACM allowed the procedure to be com-
pleted on the same day and produced results
that allowed for success implant delivery. After
nearly four years of function, implants in both
sinuses have demonstrated zero complications
and the prosthesis continues to function well.

A second much larger publication examin-
ing the utilization of BioXclude™ dHACM for
the repair of perforated Schneiderian mem-
branes was published by Holtzclaw®® in 2015.
In this publication, a consecutive retrospec-
tive record review was performed of all maxil-
lary sinus augmentations performed during a
5 year period. Eighty three cases were identi-
fied with a total of 104 sinus augmentations,
of which nine perforations were noted. None
of the nine cases were aborted mid-procedure
and all perforations were repaired with BioX-
clude™ dHACM. All cases were augmented
with a combination of allograft and xenograft
particulate bone. A total of 23 dental implants
were placed in the augmented sinuses with
perforated Schneiderian membranes and a one
failure was noted according to Albrektsson suc-
cess criteria. A total of 158 dental implants
were placed in non-perforated augmented
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sinuses with a total of three failures noted.

Treatment of Gingival Recession

Treatment of gingival recession via non-autog-
enous methods has long been sought as a
means of reducing second site surgical mor-
bidity for patients. A number of products have
been used in attempts to achieve this goal with
varying degrees long term results.?¥® Many
studies have evaluated the use of amnion®¢®°
for the treatment of gingival recession includ-
ing studies that examined the use of first gen-
eration BioXclude™ precursor dehydrated
human amnion membrane (dHAM). In 2009,
Gurinsky®” performed a 5 patient case series
in which dHAM was used for root coverage
procedures in lieu of traditional autogenous
connective tissue grafts. The average gingi-
val defect size treated was 3.3mm (£ 0.84).
At three month there was an average increase
of 3.2 mm (£1.71) of new gingival tissue rep-
resenting 97% (+ 0.5) root coverage. More
recently in 2016, Pundir et al.?° performed a
split-mouth case series in which mucogingi-
val defects were treated with either amnion
or chorion allografts used in conjunction with
coronally advanced flaps. After 6 months of
healing, 9 of the 12 treated defects showed
100% root coverage with no statistically sig-
nificant difference between the two groups.
While these studies and others have evalu-
ated both amnion and chorion allografts sepa-
rately for root coverage, no know studies have
evaluated laminated dHACM for this purpose.

Future Possibilities in Dental Treatment
While dHACM has now proven efficacious
for a variety of dental procedures, the unique
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properties of this product are still being evalu-
ated in a number of other dental applica-
tions.  Currently, research with dHACM is
being conducted for treatment of the follow-
ing: oroantral communications, temporoman-
dibular disorders, nerve injury, non-healing soft
tissue defects, mucogingival root coverage,
increasing zone of keratinized gingiva, and
non-surgical treatment of periodontal disease.

CONCLUSIONS

Just as medicine continues to expand its uti-
lization of chorio-amniotic products, dentistry
is doing the same. In their own right, the
extremely high growth factor content, antibac-
terial properties, angiogenic properties, anti-
inflammatory properties, and pain reduction
properties make dHACM an extremely effec-
tive product. For dentistry specifically, when
these properties are combined with the fact
that dHACM BioXclude™ can be left exposed to
the oral cavity, can touch root surfaces, is self-
adherent, and bioabsorbable, the product truly
offers a number of unique and useful benefits. ®
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