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Background: Enamel matrix derivative (EMD) has been shown to pro-
mote several aspects of periodontal regeneration in vitro and in vivo. Re-
cently, a bioengineered tissue (DG) was developed to promote wound
healing of chronic skin ulcers. This pilot study sought to assess the effects
of EMD and DG, alone or in combination, on periodontal wound healing
in surgically created Class III furcation defects.

Methods: Six female baboons received bilateral ostectomy of ;10 mm
around the first and second mandibular molars to achieve Class III, subclass
C furcation defects. Wire ligatures and cotton pellets were left in place for 2
months to maintain the depth of the defects and promote plaque accumula-
tion. Each furcally involved molarwas then assigned toone of four treatments:
open flap debridement (OFD), OFD plus EMD, OFD plus DG, or OFD plus DG
and EMD. This resulted in six total sites per treatment group. Seven months
after defect creation and 5 months after treatment, and after no oral hygiene,
tissue blocks of the mandible were taken for blinded histometric analysis to
assess parameters of periodontal regeneration adjacent to furcal root surfaces
and from the mid-furcal aspect (i.e., new bone, new connective tissue attach-
ment, new epithelial attachment, and new cementum formation).

Results: Histometric analysis demonstrated differential regenerative re-
sponses with respect to treatment within each animal. However, statistically
significant differences between treatments from all six animals were not ob-
served (P >0.20, mixed-model analysis of variance). EMD-treated sites pre-
sented mildly positive regenerative results and no negative responses. Both
DG only and combination therapy demonstrated similar or less than positive
responses relative to OFD controls.

Conclusion: The descriptive analysis may suggest a positive effect of
enamel matrix proteins and a negative effect of DG used alone or in combina-
tion with enamel matrix proteins on the regeneration of Class III furcation de-
fects in baboons. J Periodontol 2006;77:790-799.
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M
uch effort has been
devoted to deter-
mine the specific

cells, soluble mediators,
and extracellular matrix
components that contrib-
ute to the formation of
periodontal tissues.1-5 The
information gained from
this effort has given us the
opportunity to begin apply-
ing the concepts of tissue
engineering to develop new
regenerative therapies. Tis-
sue engineering is a field of
the biomedical sciences in-
volved in the development
of techniques for the fabri-
cation of new tissues to
replace lost tissues and is
based on the principles of
cell biology, developmen-
tal biology, and biomate-
rials.6 Engineered tissue is
defined as tissue produced
by cells seeded onto a
bioabsorbable matrix and
includes the implantation
of devices that promote
tissue regeneration.7,8 An
engineered tissue should
provide three main compo-
nents: regulatory signals
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and mediators, progenitor cells, and an extracellular
matrix or three-dimensional scaffold.2

Enamel matrix derivative (EMD)¶ may represent a
potentially valuable component for the development
of an engineered periodontal tissue construct. Multi-
ple clinical studies and case reports have provided ev-
idence for the ability of EMD to promote increased
bone and attachment level gains, comparable to bone
grafting and guided tissue regeneration (GTR) ther-
apy, in treated intrabony defects.9-12 Histologic anal-
yses from human and non-human primate block
sections of defects treated with EMD have also dem-
onstrated periodontal regeneration.13-17 EMD has
been described by Gestrelius et al.18 as providing a
unique environment for cell-matrix interactions. They
demonstrated that EMD enhanced the proliferation,
total protein production, and mineral nodule forma-
tion by periodontal ligament fibroblasts. Boyan et
al.19 have also demonstrated EMD’s ability to poten-
tiate de novo bone formation stimulated by ‘‘active’’
demineralized freeze-dried bone allograft (DFDBA).
Schwartz et al.20 tested the in vitro response of oste-
oblastic cell lines at different stages of maturation to
EMD and concluded that EMD stimulated proliferation
at early stages of maturation, but as cells matured in
lineage, EMD tended to enhance differentiation. Thus,
in vitro and in vivo evidence has demonstrated EMD’s
ability to stimulate metabolic and cellular processes,
contributing to the regeneration of periodontal tissues.

Therecentdevelopmentof DG,# a three-dimensional,
allogenic, human neonatal dermal fibroblast culture
grown on a bioabsorbable scaffold, has been shown
to significantly accelerate the wound healing of
diabetic foot ulcers.21-23 Undifferentiated dermal
fibroblasts are cultured in three dimensions, using a
specially designed bioreactor, on a knitted lactate/
glycollate copolymer scaffold. At harvest, when the
cultures are in the stationary phase of the cell cycle,
the tissue is cryopreserved and stored at -70�C. Upon
thawing, the culture retains more than 50% viability.
During repopulation, the fibroblasts secrete a three-
dimensional extracellular matrix comprised largely
of type I collagen, proteoglycans, and other proteins,
including decorin and fibronectin. Upon thawing, the
culture also synthesizes and releases a variety of cy-
tokines and growth factors known to be involved in the
formation of periodontal tissues.24 These factors in-
clude vascular endothelial growth factor (VEGF), he-
patocyte growth factor (HGF), interleukin (IL)-6, IL-8,
transforming growth factor (TGF)-b1, granulocyte
colony stimulating factor (G-CSF), platelet-derived
growth factor A (PDGF-A), insulin growth factor-
1 (IGF-1), keratinocyte growth factor (KGF), and
tumor necrosis factor alpha (TNF-a).

One example of the potential beneficial effects DG
may have on the regeneration of tissues is its ability to

stimulate angiogenesis. A chorioallantoic membrane
(CAM) angiogenesis assay demonstrated DG’s ability
to stimulate blood vessel production 2.8-fold over
scaffold alone.25 This has been largely attributed
to its expression of VEGF, a known angiogenic fac-
tor.26,27 DG fibroblasts demonstrate a 22-fold greater
cellular content of VEGF mRNA compared to fibro-
blasts grown in a monolayer.22 Other factors secreted
by DG that may also have angiogenic effects include
HGF, TGF-b1, IL-8, and G-CSF.28 The actions of
these factors are complex and may have an indirect
effect by stimulating cell differentiation and recruit-
ment of host inflammatory cells.

Thus, both EMD and DG demonstrate potential
attributes that may contribute to the regeneration of
periodontal tissues; however, whereas the benefits of
EMD on periodontal regeneration have been thor-
oughly investigated, the effects of dermal fibroblast
implantation into the periodontal wound-healing en-
vironment are unknown. It is also unknown how
this environment, or exposure to EMD, might affect
cell function or expression of the aforementioned
growth factors by dermal fibroblasts. This pilot study
sought to test the ability of EMD, DG, or a combination
therapy of EMD and DG to promote periodontal
regeneration of surgically created chronic Class III
furcation defects in the primate model.

MATERIALS AND METHODS

Animals
These studies were performed according to a protocol
approved by the Institutional Animal Care and Use
Committee of the University of Texas Health Science
Center at San Antonio (UTHSCSA) and in accordance
with the requirements set by the National Institutes of
Health for the care and use of laboratory animals. Six
adult female baboons (Papio anubis), 15 to 18 kg in
weight, were used in this investigation. Medical and
research history of the animals was reviewed to ex-
clude other research usage and/or systemic therapy
within the prior year. The animals were housed in-
dividually at UTHSCSA in wire-bottom cages and
maintained on a diet of commercially available animal
food supplemented daily with fresh fruit and water ad
libitum.

Anesthesia/Analgesia
For all surgical procedures, the animals were first
sedated with an intramuscular injection of ketamine
hydrochloride, 100 mg/ml, 10 mg/kg body weight.
General anesthesia was obtained by isofluorane gas
intubation, supplemented with local administration
of 2% xylocaine containing epinephrine (1:100,000)
to reduce hemorrhage in the surgical area.

¶ Emdogain, Institute Straumann, Basel, Sweden.
# Dermagraft, Smith and Nephew, Wound Management, Hull, U.K.
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Defect Creation
Experimental furcation defects were surgically cre-
ated and stabilized to simulate chronic periodontal
lesions that occur in humans. A modification of the
protocol previously described by Vernino et al.29

was used. After sulcular incisions and elevation of
buccal and lingual mucoperiosteal flaps from the me-
sial of the first premolar to the distal of the second mo-
lar, circumferential ostectomy was performed around
the first and second mandibular molars to achieve
through-and-through furcation and interproximal de-
fects measuring 10 mm from the fornix of the furcation
to the reduced alveolar crest. The root surfaces were
thoroughly instrumented to remove any remaining
periodontal ligament or bone. A cotton pellet attached
to a twisted orthodontic wire was placed into the base
of each of the defects. The flaps were approximated
and sutured. Sutures were removed after 2 weeks, and
the lesions were left undisturbed until the experimen-
tal surgical phase in an additional 6 weeks (Fig. 1).

Experimental Surgical Treatment
Before flap reflection, through-and-through furcation
defects were verified visually and with a Nabers probe
(Fig. 2A). After flap reflection and wire ligature re-
moval, the root surfaces were then thoroughly de-
brided using hand instruments and sonic furcation
scalers** (Fig. 2B). A notch was created in the root

at the most apical extent of the
furcation defect. In accordance
with the protocol for EMD appli-
cation, 24% EDTA in carboxy-
methylcellulose gel†† was then
applied to the exposed root sur-
face for all experimental teeth,
excluding sites treated with open
flap debridement (OFD) alone,
for 2 minutes to remove the
smear layer, facilitate fibrin clot
stabilization, and expose un-
derlying collagen fibrils.30

The four mandibular molars
were then randomly assigned
to one of the following treat-
ments: OFD serving as a con-
trol, OFD plus EMD alone, OFD
plus DG alone, and OFD plus a
combination of EMD and DG.
A randomized treatment sched-
ule was generated using a ran-
domization table. EMD was
mixed with the carrier polygly-
colic acid (PGA) for 15 minutes
before application to the root
surfaces of the appropriate ex-
perimental teeth (Fig. 2C).

DG was prepared as instructed by the man-
ufacturer.‡‡ Briefly, DG was stored at -70�C before
use, transported on dry ice, and transferred to a
37�C water bath for thawing at time of use. DG was
then washed with 0.01 M phosphate buffered saline
(PBS), pH 7.4, at room temperature and maintained
in a sterile bath of PBS until application. DG sites
received a 10 · 10-mm piece of DG that was placed
against the internal aspect of the furcation (Fig. 2D)
and a second sheet (10 · 15 mm) to cover the facial
aspect of the furcation (Fig. 2E). For the combination
therapy, EMD was placed before placement of DG and
secondarily injected over the DG once placed. EMD
also was placed onto the root surfaces and into the de-
fect of sites treated with EMD alone. A periosteal re-
leasing incision was then made to allow for coronal
repositioning of the buccal flap and tension-free
wound closure. The buccal and lingual flaps were
approximated with 4-0 polyglactin 910§§ suture
(Fig. 2F). Surgeries were performed unilaterally with
1 week of healing interposed because of time con-
straints. Postoperative analgesia was provided as
previously described.14,15 The animals received a soft
diet for 4 weeks after surgery. Sutures were removed

Figure 1.
Defect creation: A) preoperative view; B) view upon reflection; C) wire ligatures placed to maintain
a chronic defect phenotype over the following 2 months (cotton pellets not shown): note the lack of
interproximal bone; and D) flaps sutured.

** KavoSonic, Kavo, Lake Zurich, IL.
†† Prefgel, Biora.
‡‡ Advanced Tissue Sciences, La Jolla, CA.
§§ Vicryl, Ethicon, Somerville, NJ.
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between 2 and 3 weeks. No oral hygiene measures
were used during the entire healing phase.

Histologic Analysis
The animals were euthanized after a 5-month healing
period with a dose of pentobarbital (65 mg/kg intrave-
nously, to effect). Block sections of the mandibular
segments were obtained and immediately fixed in 4%
formaldehyde solution. After fixation, each molar was
separated from the mandibular segment by making
mesial and distal interproximal cuts to create individ-
ual blocks. Each block was then cut in the mid-sagittal
plane with reference to the center of the tooth to
obtain equal facial and lingual portions. The blocks
were then decalcified and subsequently dehydrated
in step gradients of alcohol and embedded in paraffin.
The tissue blocks were sectioned in the sagittal plane.

Serial sections, 4 mm thick, were
obtained from the central region
of the furcation in the mesial-
distal plane to compare each
treatment group equally and
allow reference to all necessary
structures visible within the sec-
tion for measuring, i.e., com-
plete and continuous root form
and fornix with reference to
the surrounding attachment.
Sections were stained using
hematoxylin basic and eosin
counterstains (H&E). Histomet-
ric analysis was performed using
a light microscope connected
to a high-resolution video cam-
era interfaced to a monitor and
personal computer. The histo-
metric software package with
digital image-capturing capa-
bilitiesii was used for data col-
lection. Using the root notch or
the endpoint of root planing as
references, linearmeasurements
were made at ·10 and ·40 mag-
nifications at the mesial, middle,
and distal aspects of the furca-
tion. Slides were examined by
a single blinded examiner. The
examiner was also calibrated
with reference to recognition of
tissue landmarks by two other
experienced clinicians. Prestudy
calibration trials revealed the in-
traexaminer calibration error to
be <5% for all parameters mea-
sured. The tissue components
analyzed from the mid-furcal re-

gion include new bone height (NB), new connective
tissue (NCT), new epithelium (NE), and unfilled por-
tion or ‘‘free space’’ (FS) (Fig. 3). The total length of
the defect was then calculated by adding all four
aforementioned linear measurements to obtain the
histometric defect depth (HDD) for each section.

The intraradicular root-associated measurements
were obtained from the mesial and distal aspects of
the root, with reference to the base of the defect iden-
tified by a root notch or endpoint of root planing (N).
The complete new attachment apparatus (CNAA), or
regenerative component, was measured from point N,
the most coronal aspect of tissues maintaining new
bone, maintaining new cementum (NC), and inserting
periodontal ligament fibers, to point A (height of

Figure 2.
Treatment phase: A) preoperative view; B) postdebridement view demonstrates through-and-through
furcation involvement and loss of interproximal bone; C) EMD is applied to EDTA-treated root
surfaces free of hematogenous contamination; D) first sheet of DG is placed to cover the
intraradicular root surfaces; E) a second sheet of DG is placed over the buccal root surfaces and
mid-furcal region; and F) flaps sutured interproximally with 4-0 polyglactin 910 suture.

ii Image-Pro Plus, Media Cybernetics, Silver Spring, MD.
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CNAA). NC was measured from N to the coronal
extent of NC. New connective tissue attachment
(NCTA) was measured from the apical extent of the
CNAA to the base of the junctional epithelium (JE).
New epithelial attachment (NEA) was measured from
the base of the junctional epithelium to the base of the
sulcus. Finally, the remaining uncovered root surface
(RS) was measured to the midpoint of the fornix (F).
The root surface-associated histometric defect depth
(HDD-RS) was determined by adding the CNAA,
NCTA, NEA, and RS (Fig. 4).

Data Management
All histometric measurements were transferred to a
spreadsheet¶¶ using a numbering system that main-
tained blinding throughout data collection and statis-
tical analysis. The values were recorded for up to three
sections per molar from each animal.

Data Analysis
Statistical analysis was performed by a statistician in
the Department of Academic Informatics Services at
the University of Texas Health Science Center at
San Antonio. A mixed-model analysis of variance
(MANOVA) was used to determine statistical signifi-
cance (set at P <0.05) between treatment groups

among the six animals. Statistical analysis between
sites within each animal was not possible because
of the lack of at least three histologically assessable
sections on every tooth.

A power analysis was not performed before exper-
imentation; however, a retrospective power analysis
was performed to determine the sample size that
would have been necessary to detect significant dif-
ferences among treatment groups with reference to
CNAA.

RESULTS

Pretreatment Clinical Measurements
The vertical dimension for all furcation defects at the
time of treatment ranged from 6 to 7 mm. No signifi-
cant differences were observed among treatment
groups. Probing depths were recorded but were not in-
cluded because of the inaccuracy of measurements
caused by interference with the underlying wire liga-
tures. Additionally, the DG block biopsy from animal
3 was fractured during sectioning and was dropped
from the analysis.

Figure 3.
Schematic representation of landmarks and tissue components
measured (mid-furcation measurements). Relative base of the defect
(BD) at the mid-furcation determined by the intersection of line
connecting F to center of a line connecting the notches (N)
identified on the mesial and distal root surfaces; NB determined by
measuring point A (height of NB along line F-BD) to BD; NCT
determined by measuring point B (height of NCT along line F-BD) to
point A; NE determined by measuring point C (height of NE along
line F-BD) to point B; unfilled or FS determined by measuring point
F to point C; and HDD determined by length of line F-BD
(M = mesial aspect; D = distal aspect).

Figure 4.
Schematic representation of landmarks and tissue components
measured (intraradicular, root-associated measurements). CNAA
determined by measuring from point A (height of CNAA) to point
N (notch or endpoint of scaling); NC determined by measuring from
point B (height of NC) to point N; NCTA determined by measuring
from point C (height of NCTA) to point N; NEA determined by
measuring from point E (height of NEA) to point C; RS determined
by measuring point F (midpoint of fornix) to point E; and HDD
determined by length of line N-F (M = mesial aspect; D = distal
aspect).

¶¶ Excel, Microsoft, Redmond, WA.
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Histometric Assessment (mid-furcation)
Because of variability in the plane of sectioning, re-
sulting in possible foreshortening or elongation of
the section, it was necessary to express each tissue
component as a percentage of the histometric defect
depth. Differential tissue gains were observed within
each animal with reference to experimental sites
compared to the OFD controls (Fig. 5). However, sig-
nificant variability in response was observed among
the animals examined. This variability contributed
to the lack of statistical significance observed when
the mean treatment outcomes were compared using
MANOVA. Although insignificant, when examining
the tissue responses among treatment groups, certain
trends could be observed. EMD demonstrated a
greater mean percent NB (46%), followed by OFD
(33.5%), EMD plus DG (23.3%), and DG (22.1%).
Similar amounts of percent NCTA were observed be-
tween EMD (21.4%), DG (21.5%), and OFD (20.3%),
with EMD plus DG demonstrating a slightly greater
mean of 27.3%. Similar results were also found for
mean percent NE (Fig. 6).

Histometric Assessment (intraradicular
root surfaces)
Similar to measurements from the mid-furcal region,
each tissue component was divided by the HDD-RS to
obtain a percentage to account for the distortion that
might have occurred during sectioning. Mean values
for each tissue component measured (CNAA, NC,
NCTA, and NEA) were not significant when means
were calculated and compared to OFD and among
treatment types. Although not statistically significant,
EMD-treated sites demonstrated a greater mean
%CNAA and %NC formation compared to the OFD

control sites. DG-treated sites,
alone or in combination with
EMD, however, demonstrated
a lesser mean percent CNAA
and NC formation than the OFD
controls (Fig. 7).

Retrospective Power Analysis
A treatment effect size of 0.47
was observed for %CNAA in the
study sample of 23 defects
within six baboons. If this effect
size is assumed to be represen-
tative of the population from
whichtheexperimentalbaboons
were obtained, then a sample
size of 72 defects within 18 ba-
boons would be sufficient to de-
tect a treatment effect by F test
with MANOVA at the 0.05 prob-
ability level with a power of 80%.

DISCUSSION

The specific aim of this study was to evaluate the re-
generative response obtained with the use of EMD,
DG, or a combination of both compared to a control
of OFD in the treatment of surgically induced, chron-
icallymaintainedClass III, subclassC furcationdefects
using histometric analysis. Histometric analysis of
newly formed tissue components, located at the mid-
furcal and adjacent intraradicular root surfaces of
the furcation, demonstrated differential regenerative
responses with respect to treatment within each ani-
mal; however, significance with respect to each treat-
ment examined from all six animals was not observed
(P >0.20, MANOVA). This was attributable, in part, to
a considerable degree of variability in the healing
response between animals, a small number of experi-
mental animals (six), a high number of specific treat-
ments assigned (four per animal), and a relatively
limited number of sites available for treatment (four
per animal). A power analysis was not performed be-
fore experimentation because this experiment was de-
signedasapilot study;however, a retrospective power
analysis demonstrated that significance would have
beenachieved,with respect to%CNAA, if anadditional
12 animals were added to the experiment.

Although statistical significance was not achieved,
the analysis demonstrated that EMD-treated sites pre-
sented mildly positive regenerative results and no
negative responses. This represents a remarkable re-
sponse when factors such as the severity of the defect,
the lack of interproximal bone, the plaque-infected
environment, no oral hygiene performed after treat-
ment, and possible postoperative recession of tissues
are considered. Sites treated with DG, with or without

Figure 5.
Histologic representation from each treatment site obtained from animal 6. The differential responses
observed between sites within the same animal are exemplified in this series of sections obtained
from each site in animal 6 treated by A) EMD; B) DG; C) EMD plus DG; and D) OFD (control)
(original magnification ·10).
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EMD, demonstrated less favorable responses and a
greater number of negative responses compared to
OFD controls.

The combined treatment of EMD and DG tended to
negate the more positive results achieved with EMD
alone. Assessment of sites treated with DG actually
demonstrated a less successful outcome compared

to OFD controls. Interestingly, the combination dem-
onstrated greater mean percent NCT and NCTA com-
pared to OFD and other treatment groups. EMD has
been shown to stimulate proliferation, migration,
and activation of fibroblasts in vitro.16,31 It is possible
that the addition of EMD promoted the proliferation
and activation of the donor fibroblasts to achieve this
result. Although no significance was demonstrated
among treatment groups, the trends suggest a possi-
ble positive regenerative effect of EMD and a negative
effect of DG on the regeneration of Class III, subclass C
furcation defects in baboons. Reasons for this effect
may be a consequence of a plaque-infected wound
environment, possible host response to the tissue-
engineered product, viability of the donated cells in
DG, effect of the DG scaffold, and,possibly, the pheno-
type of the DG fibroblasts.

Oral hygiene was not performed after treatment;
however, despite the presence of plaque, differential
responses were observed, with EMD demonstrating
mildly positive regenerative results. Traditionally, a
plaque-infected environment has demonstrated sig-
nificantly negative effects on the results achieved in
traditional surgical therapies and regenerative surgi-
cal procedures.32-34 The previously demonstrated an-
tibacterial effect of EMD on subgingival plaque may
have provided a benefit to EMD-treated sites.35 How-
ever, the DG scaffold, without postoperative mainte-
nance, may have trapped oral contaminants and
contributed to plaque accumulation within the defect.

A lack of supporting interproximal bone height may
have contributed to possible postoperative recession
because interproximal bone height was reduced to the
same level as the furcation defect created. Miller and
Binkley36 demonstrated the negative impact of a lack
of interproximal bone to coronally positioned tissues
associated with the involved tooth. Tarnow et al.37

have also shown that a distance >5 mm from the inter-
proximal contact to the height of interproximal bone is
associated with a high probability of papillary tissue
recession. Although no postoperative follow-up was
performed to verify this finding, it is possible that re-
cession and exposure of the furcation to the oral cavity
may have contributed to plaque accumulation and
loss of regenerative materials.

A host immune response to the donor fibroblasts or
the bioabsorbable lactate/glycollate copolymer scaf-
fold material may have also played a role in the effect
of DG on the outcome of the regenerative results
observed. The implantation of DG into baboons repre-
sents a form of xenotransplantation. It is conceivable
that a certain level of graft rejection may have oc-
curred. This host response depends in large part on
the recognition of Class I and, specifically, Class II an-
tigens by host cytotoxic and helper T cell receptors.
The fibroblasts developed for and implanted in DG,

Figure 6.
Mean percent new tissue formation (mid-furcation): A) %NB; B)
%NCT; and C) %NE (combo = EMD plus DG). No significant
differences among treatments were observed by MANOVA
(P >0.20). Error bars represent – 2 SEM.
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however, do express a low level of type II MHC proteins
but have demonstrated no detectable host response in
human studies.21 Because of the necessity to provide
surgical therapies unilaterally and 1 week apart, host
cytotoxic T cells may have been presensitized to the
antigens present within DG, resulting in an accelerated
host response to the second side treated. Polyglactin
910, similar in composition to the scaffold used in
DG, has also been shown to elicit a host immune
response when used as a barrier for GTR.38,39

Another possible negative effect of DG may be rep-
resentedinthedermalfibroblastphenotypeofthedonor
cells. These fibroblasts may have supported a more re-
parative or scarring process rather than a regenerative
process.40,41 A high turnover rate has been observed in
gingival connective tissue, as described by Melcher.40

The effect of the differences in turnover rates between
gingival and dermal tissues on the particular applica-
tion studied is unknown. In addition, although it has
been demonstrated that various compartments or tis-
sue components adjacent to the periodontal apparatus
may contribute cells that support periodontal regener-
ation, dermal-derived fibroblasts have never been

shown to demonstrate this activity.42 Thus, it is possi-
ble that the phenotype of the DG fibroblasts may not
be ideal for promoting periodontal regeneration. The
development of a DG-like product incorporating cells
known to contribute to the formation of periodontal tis-
sues, such as periodontal ligament fibroblasts or pluri-
potent stem cells, may provide a better outcome in the
treatment of furcation defects. Also, cell survival or
viability was not confirmed in this study, and it is not
known if the DG-originated fibroblasts survived the
furcation wound environment.

Space maintenance was also a problem due to the
defect chosen, the characteristics of the bioabsorb-
able scaffold, and the lack of interproximal bone
height. DG was designed for assistance in healing der-
mal ulcers and chronic wounds. Periodontal regener-
ation is thought to require space maintenance. Thus,
DG may be more useful for the treatment of lost peri-
odontal soft tissues that do not require space mainte-
nance, such as recession or mucogingival defects.
Additionally, the lack of interproximal bone height
provided difficulty in attempting to coronally position
the tissue for coverage of the furcation.

Figure 7.
Mean percent tissue gains (intraradicular, root-associated measurements): A) %CNAA; B) %NC; C) %NCTA; and D) %NEA (combo = EMD plus
DG). No significant differences among treatments were observed by MANOVA (P >0.20). Error bars represent – 2 SEM.
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Unknown endodontic status of the experimental
teeth was also a potential concern and may have con-
tributed to the variability observed. The endodontic
status of a tooth has been shown to negatively affect
the clinical outcomes achieved in regenerative pro-
cedures.43 The incidence of lateral canals within the
furcation has also been reported in humans and may
be similar in the baboon.44,45 Thus, regenerative
effects may have been influenced by the pulpal status
of the tooth examined.

Knowledge of the mobility status of each tooth also
may have been useful. Although limited evidence has
been reported demonstrating significant benefits of
splinting on the results obtained in response to peri-
odontal surgery, wound stabilization remains a tenet
of wound healing, and mobility may have contributed
to negative effects observed in the final results.

CONCLUSIONS

No statistical significance was observed among treat-
ment groups with reference to all tissue components
measured versus the OFD controls. Despite the sever-
ity of the defect and plaque-contaminated environ-
ment, the analysis suggests that EMD provided a
mildly positive regenerative result in chronically in-
fected severe Class III furcation lesions. This is partic-
ularly noteworthy because most previous attempts to
regenerate these lesions have not been successful.
DG, however, used alone or in combination with
EMD, demonstrated equal or lesser regenerative re-
sponses compared to the OFD controls. The only
observable effect of EMD on DG seemed to be an
increase in %NCT and %NCTA formation compared
to all other treatment groups (Figs. 6B and 7C). This
may be attributed to EMD’s known stimulatory effects
on fibroblast proliferation, activation, and migration.

Further studies are necessary to determine the im-
munogenicity of DG in this animal model, the in vitro
responses of different cells resident in the periodontal
wound environment to the growth factors released by
DG, and the survival of DG donor fibroblasts within the
wound environment characteristic of periodontal intra-
osseous defects. Overall, our results demonstrate no
clinical or histologic closure of the severe furcation
defects used in this study, no statistical differences
between treatments, a slight trend in regeneration of
the furcation defects using EMD, and no influence of
the addition of DG, with some indication that this
rationale, under the conditions used in these experi-
ments, appeared detrimental.
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