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Abstract Degree III furcation involvements were surgical-
ly created at four first molars in each of three monkeys.
Following 6 weeks of healing, full-thickness flaps were
elevated. Following 24% EDTA gel conditioning, the
defects were treated with one of the following: (1) enamel
matrix proteins (EMD), (2) guided tissue regeneration
(GTR) or (3) a combination EMD and GTR. The control
defects did not receive any treatment. After 5 months of
healing, the animals were sacrificed. Three 8 μm thick
histological central sections, 100 μm apart, were used for
histomorphometric analysis in six zones of each tooth either
within the furcation area or on the pristine external surface
of the root. In all specimens, new cementum with inserting
collagen fibres was formed. Following GTR or GTR+
EMD, cementum was formed up to and including the
furcation fornix indicating complete regeneration on the
defect periphery. Periodontal ligament fibres were less in all
four modalities compared to pristine tissues. In the teeth
treated with GTR and GTR+EMD a higher volume of bone
and periodontal ligament tissues was observed compared to

EMD. After 5 months of healing, regenerated tissues
presented quantitative differences from the pristine tissues.
In the two modalities where GTR alone or combined with
EMD was used, the regenerated tissues differed in quantity
from the EMD-treated sites.
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Introduction

Clinical use of guided tissue regeneration (GTR) or
Emdogain® (EMD) results in regeneration of the lost
periodontal tissues in a predictable manner [1–4]. Histo-
logical observations in animal studies as well as human
biopsies have shown that following GTR the regenerated
cementum is in continuum with the existing one at the
apical part of the defect, while very often an “artefact” is
present between new cementum and underlying dentine [5].
Previous qualitative histological studies in degree III
furcation defects have shown that periodontal ligament
fibres in the regenerated periodontium differ to those of the
pristine periodontium at 5 months of healing [5, 6].
However, it has been shown that as the healing process
continues regenerated periodontal tissues mature and at
2 years of healing they present similar characteristics to
those of the pristine tissues [7, 8].

Initial histological publications in animals [9] and human
biopsies [10] showed that EMD could promote new
attachment formation [9, 10] characterised by mixed
cellular/acellular cementum [11–15]. However, more recent
studies based on human biopsies suggested that the
cementum observed at 2–6 weeks after the EMD applica-
tion shared characteristics of the cellular intrinsic fibre
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cementum and bone [16, 17]. Largely, there are only few
studies in literature that compare the quality and quantity of
the regenerated periodontal tissues between EMD and
GTR.

Therefore, the aim of the present pilot study was to
evaluate histomorphometrically the regenerated tissues
following the use of GTR or EMD in degree III furcation
defects.

Material and methods

Three adult male monkeys (Macaca fascicularis) were
included in the study. Before operatives procedures, the
animals have been sedated with intramuscular injection of
Kethalar® (10 mg/kg body weight, Park–Davies Co. Inc.,
Warner Lambert Nordic A/B, Solna, Sweden), combined
with local infiltration anaesthesia (Xylocain® 2%, Astra,
Copenhagen, Denmark). The surgical protocol was ap-
proved by the ethical committee for experimental animal
use of the Royal Dental College, University of Aarhus,
Denmark as well as from the Regional Ethics Committee
for experimental animal research.

Production of experimental defects

The mandibular second premolar and third molar were
extracted 2 months prior to the initiation of the
experiment. Following intra-sulcular incisions, full-
thickness flaps were elevated on the buccal and lingual
aspect of the mandibular molars. Degree III furcation
defects were created surgically at the first and the second
mandibular molars with the use of bone chisels and
slowly rotating diamond burs. A “horizontal” pattern of
bone loss was created by removing the alveolar bone of
the buccal and lingual aspect of the mesial and distal root
of each molar. However, the height of the alveolar bone
on the mesial and distal interproximal aspect of each
experimental tooth was maintained.

The dimensions of furcation defects were approximately
4 mm wide and 3 mm high. In order to enhance plaque
accumulation and prevent spontaneous healing, the defect
was filled with impression material (Impregnum F®, Espe,
Seefeld, Germany).

Subsequently, the flaps were repositioned and stabilised
with 4–0 silk sutures. Ten days following surgery, the
sutures were removed. No oral hygiene measures were
performed for 4 weeks, thus allowing plaque accumulation
to take place. At that point, the impression was removed
from the defects. During the following 2 weeks, a plaque
control regimen was established, which included tooth
brushing and local application of chlorexidine digluconate
(0.2%) twice per week.

Reconstructive surgery

Six weeks post-operatively, intrasulcular incisions were
performed and full-thickness buccal and lingual mucoperios-
teal flaps were elevated and the furcation defects and adjacent
roots and bone were exposed. No vertical releasing incisions
were performed. All granulation tissue was removed and the
exposed root surface was carefully scaled and root planned.
With the help of a small round bur, reference notches (N),
serving as landmarks for the measurements to be made in
histological sections, were prepared at the level of the reduced
bone crest in the buccal and interradicular surfaces of the two
roots of each molar. Thus, any periodontal ligament tissue,
which later may develop coronally to the notch on the root
surface, will be clearly distinguished as “de novo” formed in
the histological sections.

Subsequently, the root surfaces were conditioned with
24% ethylenediaminetetraacetic acid (EDTA) containing
gel (Biora AB, Malmö, Sweden) for 2 min according to the
manufacturer’s instructions. The EDTA remnants were
removed with copious sterile saline rinsing.

In each monkey, (1) the first molar in one side of the jaw
was treated with a coronally displaced flap (control, three
defects in total); (2) the second molar on the same side had
a bioresorbable membrane (Resolut® Regenerative Materi-
al, W. L. Gore Associates, Flagstaff, AZ, USA) trimmed
and adapted on the buccal and lingual aspect of the
furcation before flap closure (three defects in total); (3)
the first contralateral molar was treated with EMD
(Emdogain®, Biora AB, Malmö, Sweden) before flap
closure (three defects in total) while the (4) second molar
in the same side was treated with a combination of
Emdogain® and bioresorbable membranes (Resolut® Re-
generative Material, W.L. Gore Associates, Flagstaff, AZ,
USA; three defects in total). The membranes were fixed
with bioresorbable sutures (Dexon® II, Davis & Geck, Inc,
Manati, PR, USA) around the tooth neck.

The Emdogain® gel was supplied by the manufacturer in
two bottles. One bottle contained sterile, lyophilised form
of the enamel matrix proteins and the other one contained
the vehicle solution. The bottles were stored in the
refrigerator before use and the gel was mixed just before
each surgical procedure. Following thorough removing of
all EDTA from the root surfaces by rinsing, the Emdogain®
gel was applied on the root surfaces and into the defect. The
furcation was completely filled with the gel. At the sites
were the Emdogain® was combined with membranes, the
membranes were adapted first loosely on the furcation
defects and after the Emdogain® application they were
tightly sutured around the experimental teeth.

In all experimental teeth, a periosteal incision was
performed at the base of the flap and subsequently, the
flaps were coronally displaced in such a way that they
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completely covered the membranes and the furcation areas.
All flaps were secure in position with horizontal and
vertical mattress sutures (Goretex ®, Flagstaff, AZ, USA).

The animals received a single dose of post-operative
intravenous antibiotics (0.5 ml/kg Clamoxycillin®, Pfizer
Italiana SPA, Borgo San Michele (Latina) Italy). For the
first 6 weeks, plaque control with tooth brushing and local
application of chlorexidine was performed twice per week
and thereafter once a week.

Following 5 months of healing, the animals were
euthanised, the oral tissues were fixed, the jaws and the
surrounding soft tissues were dissected and decalcified with
EDTA, dehydrated and embedded in paraffin. Serial
sections in mesio-distal direction and parallel to the long
axis of the tooth were cut with the microtome set at 8 μm.
The sections were stained with Haematoxylin and Eosin,
Van Gieson’s connective tissue staining or the aldehyde-
fuchsin-Halmi staining method.

Histomorphometric measurements

Three sections, 100 μm apart, representative of the central
area of the furcation were selected from each tooth for the
measurements.

Analyses were made at six zones (Fig. 1):

Zone 1: apical to the notch on the right root of the
specimen (1a) and on the left root of the
specimen in the furcation area (1b);

Zone 2: at the level of the notch on the right root of the
specimen (2a) and on the left root of the
specimen in the furcation area (2b);

Zone 3: at the level of the most coronal newly formed
bone between the notch and the fornix of the

furcation on the right root of the specimen (3a)
and on the left root of the specimen (3b);

Zone 4: at the level of the fornix of the furcation
Zone 5: (Pristine area) at the interdental surface of the

tooth at the level of the furcation fornix on the
right root of the specimen (5a) and on the left
root of the specimen (5b). If that was over the
bone crest, the measurements were taken at the
level of the bone crest;

Zone 6: (Pristine area) at the interdental surface of the
tooth at the level of the notch, on the right root of
the specimen (6a) and on the left root of the
specimen (6b).

Histological analysis was carried out using a light
microscope set for light microscopy and polarised light
microscopy. Histometric and morphometric measurements
were performed on digitally captured images from the
microscope using an image analysis system (Image-Pro
Plus 4.5; Media Cybernetics, Silver Spring, MD, USA).

Histometric measurements

Histometric measurements were made:

(a) Under light microscopy at ×100 magnification for:

– width of cementum expressed in micrometre.
Where new cementum was formed on top of the
old one, the border between the new and old
cementum was not always apparent and as such the
width of both cementum was measured together.

– width of periodontal ligament expressed in μm

(b) Under polarised microscopy at ×400 magnification for:

– number of collagen fibres (per 100 μm of linear
root length) inserting cementum

Morphometric analysis

Morphometric measurements were also performed in the
above-mentioned zones.

The measurements were made at:

○ ×400 magnification to assess the proportion of
periodontal ligament representing (a) vascular struc-
tures, (b) collagen fibres, (c) fibroblasts, and (d)
residual tissue. The proportions were determined using
a point-counting procedure [18] superimposing a lattice
comprising of 100 points over the tissue at the
magnification (×400).
○ ×50 times magnification for evaluating the propor-
tions of the healed tissues above the notch level thatFig. 1 Zones of histomorphometric measurements
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were lamellar bone, bone marrow spaces, periodontal
ligament and connective tissue and granulation tissue
and epithelial tissue. The calculation was done by
outlining the surfaces with a mouse cursor.

Statistical analysis

The examiner performing the histological measurements
(NG) was initially trained by a researcher with previous
experience (FG) in histological measurements and famil-
iarity to the software used. After a training period, 10% of
the measurements where performed twice (7 days apart)
and intra-examiner reproducibility was checked by means
of the Wilcoxon test. No statistical significant differences
were found between the two lots of measurements (Fig. 2).

Mean values at tooth level and group level (treatment
modality) as well as standard deviations were determined
for each of the variables. In addition, the results of the
pristine zones 5 and 6 have been calculated as an average
(control) and are presented as a mean as well as
independently in the tables. Statistical analysis was restrict-
ed to descriptive statistics (Fig. 3).

Results

Clinical observations

During the second postoperative week, exposure of the
membrane occurred in two sites treated with GTR alone. In

the third postoperative week, a defect treated with a
combination of GTR and EMD presented exposure of the
membrane. The exposed parts of the membranes disinte-
grated within a few days without any adverse effects
(Fig. 4).

Fig. 2 Furcation treated with EDTA. Regeneration was observed only
at the level of notch, with connective tissue and granulation tissue plus
epithelium covering the rest of the space (original magnification ×25)

Fig. 3 EDTA regenerated tissues under light microscopy (original
magnification ×100)

Fig. 4 EDTA regenerated tissues under polarised light microscopy
(original magnification ×100)
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One defect treated with EMD presented recession of the
flap to the level of the fornix of the furcation. In the
remaining defects, no adverse events were observed.

Histometric results

Periodontal ligament width The width of the periodontal
ligament space was measured in six zones per root and
averaged per tooth, as described in the material and
methods. The results per zone and treatment modality are
summarised in Table 1 (Fig. 5).

In pristine areas, the width of periodontal ligament was
found to be narrower apically (zone 6; 204±37.9 μm) and
wider coronally (287.9±58.6 μm; zone 5).

In all four treatment modalities, the periodontal ligament
was overall narrower than that of the corresponding pristine
areas (zones 5 and 6). It ranged between 225.7±31 (zone 2)
and 196.3±58.6 (zone 3) for EDTA, 236.1±50.4 (zone 1),

and 241±77.6 (zone 3) for EMD, 244.5±10.6 (zone 3) and
161.5±17.7 (zone 4) for GTR and 267.7±67.1 (zone 2),
and 196.3±66.1 μm (zone 4) for GTR+EMD. Only in
GTR and GTR+EMD defects were periodontal ligament
tissues observed in the furcation fornix (Fig. 6).

Cementum width The width of the cementum was measured
in six zones per root and averaged per tooth, as described in the
“Material and methods” section. Histologically, the newly
created cementum was always, irrespectively of the treatment
modality, composed of layers of acellular extrinsic fibre
cementum and layers of cellular extrinsic and intrinsic fibre
cementum. Therefore, the regenerated cementum observed
was mostly of the mixed stratified type. Exceptions were only
areas near the notch at the teeth treated with EMD or GTR+
EMD (zone 1) where an area of solely acellular extrinsic fibre

Table 1 Width of periodontal ligament space in micrometres

Periodontal ligament width in micrometres

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6

μm SD μm SD μm SD μm SD μm SD μm SD

GTR+EMD 216.1 43.5 267.7 67.1 237.1 46.8 196.3 66.1 287.9 58.6 204.0 37.9

Mean control

GTR 236.9 47.5 214.1 39.5 244.5 10.6 161.5 17.7 μm SD

245.9 64.5

EMD 236.1 50.4 236.2 34.0 241.0 77.6
EDTA 218.8 34.9 225.7 31.0 196.3 58.6

Fig. 5 Furcation treated with GTR+EMD. Regeneration was ob-
served up to the fornix (original magnification ×25)

Fig. 6 GTR+EMD regenerated tissues under light microscopy
(original magnification ×100)
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cementum was observed. In the same defects, further
coronally, the acellular cementum was replaced by the same
mixed stratified type of cementum observed to the other two
treatment modalities. In almost all histological samples,
irrespectively of the type of the regenerated cementum, the
cementum appeared detached from the underlying circum-
pulpal dentine. The only areas where the cementum was still
in contact with the underlying surface were areas where
underlying old cementum was present. In the control pristine
areas (zones 5 and 6), the cementum observed, was purely
acellular extrinsic fibre cementum. The results per zone and
treatment modality are summarised in Table 2 (Fig. 7).

In pristine areas, the cementum was found wider apically
(zone 6) 51.8±18.3 μm and narrower coronally at 42.9±
14.3 μm (zone 5).

In all four treatment modalities, the cementum was
overall wider than that of the corresponding pristine areas

(zones 5 and 6). It ranged between 75±9.1(zone 1) and 34.3±
40.7 (zone 3) for EDTA, 82.4±34.3 (zone 1) to 30.5±18.4
(zone 3) for EMD, 74.3±40.3 (zone 1) and 28.6±30.8 (zone
3) for GTR and 92.5±14.5 (zone 1) and 22.8±19.8 μm (zone
4) for GTR+EMD. Only in GTR and GTR+EMD defects
regenerated cementum occurred (Fig. 8).

Number of sharpey fibres per 100 μm The number of fibres
inserting the cementum per 100 μm of root surface were
measured in six zones per root and averaged per tooth, as
described in the “Material and methods” section. In all
pristine areas and regenerated tissues, Sharpey’s fibres were
always oriented in a perpendicular way to the cementum
surface. The results per zone and treatment modality are
summarised in Table 3 (Fig. 9).

Cementum width in micrometres

Zone 1 Zone 2 Zone 3 Zone 4 Zone 6 Zone 6

μm SD μm SD μm SD μm SD μm SD μm SD

GTR+EMD 92.5 14.5 51.0 29.0 24.9 11.4 22.8 19.8 42.9 14.3 51.8 18.3

Mean control

GTR 74.3 40.3 49.0 26.6 28.6 30.8 34.3 38.5 μm SD

47.4 16.7

EMD 82.4 34.3 31.0 13.9 30.5 18.4
EDTA 75.0 9.1 49.9 28.2 34.3 40.7

Table 2 Width of cementum in
micrometres

Fig. 7 GTR+EMD regenerated tissues under polarised light micros-
copy (original magnification ×100)

Fig. 8 Furcation treated with GTR. Regeneration was observed up to
the fornix in one specimen, new cementum with inserting collagen
fibres perpendicularly oriented to the root surfaces was covering the
entire circumference of the defect and newly formed trabecular bone
filled the defect almost completely (original magnification ×25)
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In pristine areas, the Sharpey’s fibres per 100 μm of
cementum were found to be more numerous apically and less
coronally ranging from 18.3±4.4 (zone 6) to 20.1±4 (zone 5).

In all four treatment modalities, the Sharpey’s fibres per
100 μm of cementum were overall less than those of the
corresponding pristine areas ranging from 14.1±2.9 (zone 1)
to a 6.9±7.3 (zone 3) for EDTA, 13.7±4.6 (zone 1) to 7±9.6
(zone 3) for EMD, 16.2±1.8 (zone 2), and 4.1±7.2 (zone 4)
for GTR and 15.6±1.1 (zone 2), and 9.9±8.5 (zone 4) for
GTR+EMD. Only in GTR and GTR+EMD-treated defects
were Sharpey’s fibres observed (Fig. 10).

Morphometric results

Zone morphometry The tissues were analysed by zone and
treatment modalities and were compared with those

obtained by the measurements in pristine areas (by zone
or average). There were not marked differences between the
pristine areas and the zone 1 (Table 4) but at more coronal
zones (zones 2–4), differences were observed. The percent-
age of connective tissue fibres was gradually reduced for all
treatment modalities except the EDTA (64% in zone 3)
while the proportion of the vascular structures was
increased (especially in GTR-treated sites) again with the
exception of the EDTA-treated sites. Overall, the tissues
with the most deviation from the pristine tissue morphom-
etry are the tissues of zone 4 (furcation fornix). These
tissues were only formed in the GTR or GTR+EMD-
treated furcations (Table 4; Fig. 11).

Furcation tissues morphometry An analysis of the percent-
age of the newly formed tissues (surface area) covering the
furcation defect above the level of the notches was performed.

Number of collagen fibres inserting cementum per 100 μm

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6

n SD n SD n SD n SD n SD n SD

GTR+EMD 15.4 1.1 15.6 1.1 10.6 6.0 9.9 8.5 20.1 4.0 18.3 4.4

Mean control

GTR 15.3 2.9 16.2 1.8 7.2 9.0 4.1 7.2 n SD

19.2 4.3

EMD 13.7 4.6 12.0 5.5 7.0 9.6
EDTA 14.1 2.9 13.0 3.7 6.9 7.3

Table 3 Number of collagen
fibres inserting cementum per
100 μm

Fig. 9 GTR regenerated tissues under light microscopy (original
magnification ×100)

Fig. 10 GTR regenerated tissues under polarised light microscopy
(original magnification ×100)
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In the sites treated with GTR+EMD themajority of the tissues
consisted of connective tissue (44.81%) closely followed by
lamellar bone (44.23%), bone marrow (9.63%) and some
granulation tissue and epithelial downgrowth (1.33%). Epi-
thelial down growth and granulation was relatively low also in
EMD-treated sites (10.68%). In the same sites, lamellar bone
was 39.06%, connective tissue 44.81% and bone marrow
spaces 9.63%. On the contrary, granulation tissue and
epithelial tissue was higher in both the GTR- and EDTA-
treated furcation with percentages of 17.85% and 23.08%,
respectively. The proportions of bone marrow (7.71% and
8.58%, respectively) or connective tissue (36.96% and
35.42%) were not markedly different in those two treatments
but the proportion of lamellar bone was markedly lower in
EDTA (32.92%)-treated sites compared to GTR sites
(37.76%; Table 5).

Discussion

The present study evaluated the healing of degree III
furcation defects following four treatment modalities,
namely EDTA root conditioning, GTR, EMD, or combina-
tion of GTR and EMD. It was observed that following
healing of 5 months different histological results were

Morphometric analysis of PDL tissue per zone per treatment and control

Treatment Connective tissue fibres Vascular structures Fibroblasts Residual tissue

% SD% % SD% % SD% % SD%

Zone 1 EMD+GTR 63 7 13 4 12 3 12 4

GTR 60 2 16 4 10 3 13 2

EMD 63 3 14 5 10 3 13 4

EDTA 62 4 15 4 10 1 13 5

Zone 2 EMD+GTR 62 4 17 5 11 3 10 2

GTR 63 5 13 5 10 2 14 3

EMD 58 5 15 4 14 4 13 5

EDTA 57 3 18 8 12 2 13 4

Zone 3 EMD+GTR 60 4 14 2 13 4 13 3

GTR 52 5 21 6 10 6 15 7

EMD 54 3 17 3 11 3 17 3

EDTA 64 5 10 2 13 1 14 2

Zone 4 EMD+GTR 58 5 14 6 13 6 15 7

GTR 44 6 25 13 15 13 16 16

EMD – – – – – – – –

EDTA – – – – – – – –

Control Zone 5 65 3 11 3 13 3 11 3

Zone 6 65 6 13 5 11 2 11 2

Total 65 4 12 4 12 3 11 2

Table 4 Table of morphometric
characteristics by zone and
treatment and control measure-
ments from pristine area

PDL periodontal ligament

Fig. 11 Furcation treated with EMD. One of the furcations treated
with EMD was completely regenerated, while two presented an
epithelialised inflamed connective tissue downgrowth at the upper part
of the defect (original magnification ×25)
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obtained for each treatment. Sites where the furcation
defects presented regeneration up to the fornix were
observed only in defects treated with GTR and a combina-
tion of GTR and EMD (Fig. 12).

In defects treated either with EDTA (and coronally
advanced flaps) or with GTR, the newly formed cementum
was predominantly cellular with extrinsic fibres or mixed
stratified (acellular and cellular extrinsic fibre). When the
defects were treated with EMD or combination of GTR and
EMD, the cementum was characterised apically as acellular
extrinsic fibre and coronally as mixed stratified which is in
agreement with Araújo et al. [11] and could partially
suggested to be due to the active presence of the enamel
matrix proteins for less than 2 weeks on the root surface
[19]. The granulation tissue corresponding higher in the
furcation area (zone 3) might require more than 2 weeks to

be populated by periodontal ligament fibroblast-like cells
and therefore it might not benefit from the effects of the
enamel matrix proteins (Fig. 13).

The regenerated cementum was thinner than the pristine
one when compared at the same level for all four treatments
(zone 2 compared to zone 6, and zone 4 compared to zone
5). In addition, in all treatment sites, as well as in pristine
sites, the cementum had a tendency to become thinner
towards the coronal direction. This is in accordance with
Graziani et al. [7] and Laurell et al. [8] that also had similar
observations in dehiscence-type and infrabony defects in
monkeys following application of GTR. However, it is
different to Araújo et al. [5] that showed no major
differences in the width of healed cementum, between the
different zones, following GTR in degree III furcation
defects in dogs. This could be attributed to the differences

Table 5 Table of morphometric characteristics of furcation tissues by treatment

Proportions of tissues covering healed furcation area per treatment modality

Lamellar bone Bone marrow Granulation tissue and epithelium Connective tissue (including PDL)

% SD % SD % SD % SD

GTR+EMD 44.23 5.45 9.63 4.86 1.33 1.23 44.81 8.06

GTR 37.76 14.29 7.71 4.17 17.85 12.56 36.69 5.40

EMD 39.06 7.18 9.29 3.56 10.68 7.98 40.98 13.10

EDTA 32.92 3.97 8.58 1.92 23.08 9.12 35.42 7.16

PDL periodontal ligament

Fig. 12 EMD regenerated tissues under light microscopy (original
magnification ×100)

Fig. 13 EMD regenerated tissues under polarised light microscopy
(original magnification ×100)
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in animal species between the studies, as well as by the
incidence of membrane exposure in the current study that
may have affected the quantity of regenerated tissues and
the healing process per se.

In all histological samples and irrespectively of the
treatment modality, splits between the regenerated cementum
and the dentine surface were consistently observed. In the
past, this has been attributed as either an artefact due to the
demineralisation process [20] or due to the presence of smear
layer on the dentine [21]. In this study, the artefact was not
observed when the new cementum was laid on top of old
cementum, irrespectively if this occurred on the bottom or
roof of the furcation. A plausible explanation may lay in the
presence or absence of the cemento-dentine interface zone
(Thomes granular layer) that is absent when new cementum
regenerates on the dentine of root surfaces [5].

The periodontal ligament width did not present marked
differences between the different treatment modalities. Over-
all, it was narrower in the treated sites (161–267 μm) than in
the pristine sites (204–288 μm). In the pristine sites, the
periodontal ligament was wider coronally while in treatment
sites it was narrower coronally. It has been suggested that the
width of the periodontal ligament depends partly on the
functional loading applied to the area [22]. Therefore,
differences in the functional forces applied within the
furcation compared to the external root surface might explain
the observed difference in the present investigation.

Collagen fibres inserting the new cementumwere observed
in all treatment modalities except in the EDTA and EMD-
treated defects where the defect remained open during
healing. Regenerated tissues were found up to the furcation
fornix only in defects treated with GTR or a combination of
GTR and EMD. In all cases of GTR and GTR+EMD the new
collagen fibres were inserting the cementum surface in
perpendicular direction. However, the number of fibres per
100μm, in all treated sires was less than the pristine sites. This
is similar to results obtained in 6 months in other animal
models testing GTR in dehiscence [7] or infrabony [8]
defects. In those studies observation periods of up to 2 years
were required in order for the number of the inserted
collagen fibres to reach an amount closer to the one of the
pristine areas. In our model in the pristine areas the number
of fibres was slightly higher in zone 5 (alveolar bone margin)
compared to zone 6 (more apically). This difference may be
attributed to the total number of fibres at the level of the
alveolar bone margin is the sum of the number of Sharpey’s
fibres in addition to the number of gingival fibres (since at
this histological level it is difficult to differentiate between
the origins of each collagen fibre).

The findings of this study indicate that periodontal
regeneration of furcation grade III defects might be possible
up to a certain extent at the central part of the defect but the
outcome remains unpredictable in terms of complete defect

closure. The only treatments that might have the ability to
regenerate the periodontal tissues up to the furcation fornix
were the ones that used barrier membranes alone (GTR) or in
combination with EMD (GTR+EMD). In all cases, the new
cementum was thinner than the pristine one and in the
majority; it was mixed stratified with external Sharpey’s
fibres. The number of periodontal ligament fibres was less
than in the pristine tissues.

The tissues that are produced from the three regenerative
modalities used in the current study (GTR, GTR+EMD,
EMD) can lead to “true” periodontal tissues regeneration to
a different extent. Those regenerated tissues are still under
maturation 5 months after the regenerative operation.

On a clinical level, the outcomes of a regenerative
procedure are evaluated based on clinical attachment level
gain and in the case of furcation defects in horizontal and
vertical probing changes, that are crudely expressed in change
of defect degree. Especially for the degree III furcation
defects, only a change to degree I or 0 would provide
significant clinical benefit, in terms of risk of progression of
the disease [23]. Therefore, although mandibular grade III
furcation defects seem to be, according to the results from
this study, amenable to regeneration with the use of barrier
membranes (alone or in combination with Emdogain) the
clinical outcomes remain unpredictable [24], with most
common risks partial or no filling of the furcation defect.
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