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Human histologic evidence of
regeneration of the periodontal sup-
porting tissues—including cemen-
tum, connective tissue attachment,
and alveolar bone—has been
demonstrated with various treat-
ment materials including autoge-
nous bone1–3; demineralized freeze-
dried bone allograft (DFDBA)4,5;
Bio-Oss (Geistlich) alone,6 in combi-
nation with Bio-Gide (Geistlich),7 or
in combination with autogenous
bone and Bio-Gide8; and enamel
matrix derivative (EMD; Emdogain,
Biora).9–14

Several reports have demon-
strated that EMD can yield peri-
odontal regeneration on previously
diseased root surfaces in
humans,10–14 but on an inconsistent
basis.12,15 In a multicenter 10-case
series, histologic evaluation of the
region coronal to the base of the
calculus notch showed evidence of
regeneration in 3 of 10 intrabony
defects treated with citric acid con-
ditioning and EMD.12 In these 3
cases, connective fiber insertion into
both new bone and new cemetum
was demonstrated. A parallel
arrangement of the connective tis-
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sue fibers of the periodontal liga-
ment (PDL) was also observed. Both
cellular and acellular new cementum
were identified, deposited on both
old cementum and dentin. Three
other defects yielded connective tis-
sue attachment/adhesion, whereas
healing in the remaining 4 sites
resulted in a long junctional epithe-
lium.12

Sculean et al11 report the for-
mation of 1.88 mm and 4.82 mm of
new cementum of a mixed cellular
and acellular type with inserting col-
lagen fibers covering the previously
diseased root surface in two deep,
combined one- and two-walled
defects at two maxillary central
incisors extracted 6 months follow-
ing treatment with EMD. These two
defects showed 1.77 mm of new
bone and no bone regrowth, respec-
tively. 

In two human biopsies evalu-
ated 6 and 9 months following treat-
ment of one- and two-walled intra-
bony defects with EMD, only slight
regeneration was evidenced at the
most apical level of the notch pre-
pared at the bottom of the intrabony
defect.15 A slight amount of new
bone was observed, but there was
no new cementum formation. No
root resorption or ankylosis was
observed in any of the above-men-
tioned human histologic reports.

The aim of the present case
report is to present histologic wound
healing observed 9 months follow-
ing treatment of a human periodon-
tal intrabony defect with EMD.

Method and materials

The patient selected for treatment
with EMD was a 46-year-old female
nonsmoker in good physical health
and with no contraindication for sur-
gical periodontal therapy. The
patient was diagnosed with gener-
alized moderate chronic periodonti-
tis and presented one deep intra-
bony defect at the mandibular first
molar that was considered to have a
hopeless prognosis. The patient had
received comprehensive periodontal
therapy, including scaling and root
planing in all quadrants and apically
positioned flaps in the maxillary and
mandibular left quadrants. 

The initial therapy was per-
formed on all teeth in the mandibu-
lar right quadrant, but not on the
experimental tooth. No occlusal
adjustment or odontoplasty was per-
formed on the experimental tooth
prior to therapy, as fremitus was not
detected, nor were contacts
observed in centric occlusion or
excursive or lateral mandibular
movements. The mandibular first
molar was scheduled for extraction
because of advanced bone loss,
through-and-through furcation
involvement, and a history of multi-
ple periodontal abscesses. The
patient was informed about the
nature of the project, and she gave
informed consent to have the distal
root of the molar surgically removed,
together with the surrounding peri-
odontal tissues, following EMD ther-
apy. This procedure was approved
by the Ethics Committee of the
University of Padova Institute of
Clinical Dentistry.

Pre- and postsurgical documen-
tation consisted of clinical pho-
tographs, standardized periapical
radiographs, and clinical measure-
ments made just prior to surgery and
9 months postoperative. Clinical
parameters included probing depth,
recession, and clinical attachment
level (CAL), with the cementoenamel
junction (CEJ) as the reference point.
All clinical measurements were car-
ried out using a periodontal probe
(XP23/UNC15, Hu-Friedy) and
rounded to the nearest 0.5 mm
(Table 1). Radiographic measure-
ments to detect bone level gain
between the two examinations were
made by superimposing a transpar-
ent millimeter grid on the radi-
ographs, using the amalgam apical
margin and the roof of the furcation
as reference points at the distal and
furcal aspects, respectively. The radi-
ographic distance between these
landmarks and the bottom of the
defect was measured and rounded
to the nearest 0.5 mm (Table 1). 

The surgical procedure and clin-
ical measurements were performed
by the same clinician. Reverse bevel
sulcular incisions were made at the
buccal and lingual surfaces of the
first and second molars, with releas-
ing incisions at the mesial line angles
of the first premolar, and full-thick-
ness flaps were reflected. Thorough
removal of granulation tissue within
the defect was performed, avoiding
disturbance of the calculus present
on the root surface. A notch serving
as a landmark for the histologic mea-
surements was made into the distal
root through and along the apical
extent of calculus with a No. 1/4
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round bur, using fiberoptic illumina-
tion and magnifying loops to
enhance visibility. Following notch
preparation, scaling and root planing
were carried out using hand and
ultrasonic instruments in an attempt
to create a hard root surface coronal
to the reference notch. Special care
was taken to preserve the integrity of
the notch during root surface instru-
mentation. 

Defect morphology (Fig 1) and
measurements from the CEJ to the
alveolar crest and to the depth of the
osseous defect were documented.
The flaps were tested for closure,
and the tissues were presutured
using a horizontal internal mattress
suture in the defect-associated dis-
tal space.16 The root surface was
treated for 15 seconds with topical
application of 37% orthophosphoric

surgery. The patient was seen 7 days
posturgical for wound inspection
and removal of nonstabilizing
sutures. Remaining sutures were
removed at 3 weeks. The patient
was asked to avoid mechanical
plaque control until healing had pro-
gressed sufficiently to allow normal
oral hygiene measures. She was
recalled for oral hygiene reinforce-
ment and professional supragingi-
val plaque control on a monthly basis
for the first 6 months and every 3
months thereafter. Subgingival
instrumentation was not performed
at any of the recall appointments.

Nine months postoperative (Fig
2), a second surgical procedure was
carried out to remove the distal root
en bloc. Full-thickness flaps were
reflected on the buccal and lingual
aspects of the tooth, leaving undis-

acid, then thoroughly rinsed with
physiologic solution according to
the manufacturer’s recommenda-
tions. Subsequently, the EMD was
applied to coat the entire extent of
the exposed root surface and slightly
overfill the defect. The suture (No. 5-
0 monofilament; Ethilon, Ethicon/
Johnson & Johnson) was then tight-
ened and supplemented by inter-
rupted sutures16 to achieve com-
plete coverage over the EMD sites,
flap positioning at the CEJ, and mar-
ginal tissue adaptation to the root
surface. 

The patient was given a nons-
teroidal antiinflammatory drug for 3
days and antibiotics (doxycycline
100 mg two times daily) for 10 days
postoperative and was instructed to
rinse with chlorhexidine 0.2% three
times daily for 6 weeks following
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Table 1 Clinical and radiographic measurements (mm) at baseline and 9 months following 
EMD therapy

Baseline clinical Intraoperative osseous Postoperative clinical Radiographic
Surface PPD REC CAL CEJ–crest CEJ–bottom of defect PPD REC CAL Baseline 9 mo

Distal 10.0 1.0 11.0 3.5 12.0 3.0 3.0 6.0 13.0 8.5
Furcal 12.0 0.0 12.0 5.5 13.0 3.0 3.5 6.5 9.5 4.0

EMD = enamel matrix derivative; PPD = probing pocket depth; REC = recession; CAL = clinical attachment level; CEJ = cementoenamel junction.

Fig 1 (left) Intraoperative buccal view of
circumferential intrabony defect at distal
root of mandibular first molar associated
with through-and-through furcation
involvement.

Fig 2 (right) Buccal view of mandibular
first molar 9 months postoperative, just
prior to biopsy procedure. Note slight
marginal gingival inflammation in inter-
radicular area and soft tissues partially fill-
ing buccal entrance of furcation.



turbed the marginal buccal, distal,
and furcal tissues. The two roots
were then separated, and the mesial
root was extracted (Fig 3a). Vertical
incisions converging apically were
made down to the bone surface
through the marginal distal and fur-
cal gingival tissues at approximately
1 mm and 2 mm, respectively, from
the distal and mesial line angles of
the root. The vertical incisions delim-
ited a triangular area extending
approximately 10 mm apical to the
gingival margin. These incisions
were subsequently extended
through most of the buccolingual
width of the alveolar bone up to the
lingual surface of the distal root with
a No. 700L cross-cut fissure bur
mounted on a high-speed hand-
piece under sterile water irrigation.
The root with the surrounding tis-
sues, including the buccal alveolar
plate along with wedges of proxi-
mal and furcal hard and soft tissues,

were removed (Fig 3b). Bio-Oss was
placed into the biopsy and extrac-
tion sites and covered with a Gore-
Tex membrane (WL Gore) to aug-
ment the residual ridge and prepare
the edentulous area for future
implant placement. The buccal and
lingual flaps were released through
apical periosteal incisions and coro-
nally respositioned to allow for com-
plete coverage of the membrane.

The block specimen was imme-
diately rinsed with sterile saline and
fixed in 10% neutral buffered for-
malin solution for histologic pro-
cessing. After fixation, the specimen
was decalcified in 5% formic acid for
about 4 weeks, embedded in paraf-
fin, and sectioned step serially at lev-
els 50 µm apart, along a plane par-
allel to the long axis of the root in a
mesiodistal direction at a thickness
of 5 to 6 µm. For the histologic analy-
sis, four sections 50 µm apart, rep-
resenting the most mid-distal area of

the root, were stained with hema-
toxylin-eosin and trichrome stains
and examined under a light micro-
scope. Linear measurements were
made to assess the newly formed
cementum, connective tissue attach-
ment or adhesion, and bone
regrowth coronal to the reference
notch. Qualitative histologic para-
meters, including root resorption,
ankylosis, direction of fibers of newly
formed connective tissue, type of
cementum formation, and presence
of inflammation, were also evalu-
ated.

Results

Clinical and radiographic 
findings

The patient consistently demon-
strated good compliance with peri-
odontal maintenance throughout
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Fig 3a (left) Buccal view of right
mandibular area during biopsy procedure,
following extraction of mesial root.
Attempt was made to maintain the integri-
ty of the marginal soft tissues at buccal,
mesial, and distal aspects of distal root. 

Fig 3b (right) Distal root immediately fol-
lowing its removal en bloc with surround-
ing periodontal hard and soft tissues.



the 9-month postoperative healing
phase. She maintained adequate
levels of plaque control, except in
the furcation area. This was partially
filled with interradicular soft tissues,
allowing only limited access for oral
hygiene tools (Fig 2).

The intraoperative morphologic
characterization of the defect at the
distal root demonstrated a supra-
bony component associated with a
deep intrabony circumferential
defect involving all four surfaces of
the root (Fig 1). Preoperative, CAL
was 11.0 mm and 12.0 mm on the
distal and furcal aspects, respec-
tively. The corresponding gains in
CAL at 9 months postoperative were
5.0 mm and 5.5 mm. Probing depth
reduction of 7.0 mm and 9.0 mm
was observed at the distal and furcal
sites, respectively. Significant new
hard tissue formation was observed
radiographically, with a gain in bone
height from the base of the defect of
4.5 mm and 5.5 mm at the distal
and furcal surfaces, respectively (Fig
4). A well-defined crestal lamina dura
was radiographically evident in the
distal interproximal area. Tooth vital-
ity was positive prior to surgery and
9 months postoperative. Increased
mobility of degree 2 was observed
at baseline and reduced to less than

degree 1 prior to the biopsy proce-
dure.17

Histologic and histomorpho-
metric findings

Two distinct histologic healing pat-
terns were evidenced along the
proximal and furcal aspects of the
distal root (Fig 5): regeneration at
the distal surface and ankylosis at
the furcal surface. [AU: Edit OK?]

Regeneration with new cemen-
tum, bone, and connective tissue
attachment was observed coronal
to the notch at the proximal aspect
of the distal root (Figs 6 to 8). The
newly formed cementum was uni-
formly thick, predominantly cellular
in nature with embedded cemento-
cyte-like cells, and deposited over
the old cementum. In the coronal
aspect of the root, an artifactual sep-
aration of the newly formed cemen-
tum from the root surface was pre-
sent, most likely related to the
histologic processing. No resorption
lacunae were observed at the old-
new cementum interface, indicating
that the new cementum formation
was not preceded by a superficial
resorption of the old cementum sur-
face. The intervening dense con-
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Fig 4a (left) Baseline periapical radi-
ograph. 

Fig 4b (right) Nine-month postoperative
radiograph shows bone fill in both distal
and furcal components of intrabony defect
and well-defined crestal lamina dura in dis-
tal interproximal area.

Fig 5 Histologic overview of a central
section shows both proximal (left) and fur-
cal (right) aspects of distal root. Proximal
surface demonstrates regeneration with
new cementum, bone, and connective tis-
sue attachment in area demarcated by red
arrows. Healing through ankylosis can be
seen at furcal aspect in area delineated by
blue arrows (hematoxylin-eosin stain; origi-
nal magnification � 3).



nective tissue layer between the new
cementum and newly formed alve-
olar bone was inserted into both tis-
sues and displayed functional fiber
orientation. Although the most coro-
nal extension of the newly formed
cementum could not be clearly iden-
tified on any of the examined sec-
tions, new bone formation seemed
to parallel cementum deposition
throughout most of the defect.
Histomorphometrically, new cemen-
tum covered nearly 3.22 mm,
whereas bone extended 3.63 mm
coronal to the base of the reference
notch. 

The marginal gingival connec-
tive tissue in correspondence with
the junctional epithelium at the fur-
cal root surface exhibited an inflam-
matory cellular infiltrate extending
in isolated clusters within the
supracrestal transseptal fibers (Figs
9 to 11). New dense cortical bone
presenting a multilayered arrange-
ment with numerous embedded
osteocytes was observed in direct
contact with the old cementum sur-
face up to 4.17 mm coronal to the
reference notch. In one specimen
stained with hematoxylin-eosin, a
small area of mineralized cellular

tissue within the notch area was ini-
tially interpreted as cementum-like
formation. The same root-associ-
ated cementum-like tissue ap-
peared partially confluent with and
indistinguishible from the alveolar
bone in a section 50 µm away.
Numerous small, shallow resorp-
tion lacunae on the old cementum
surface and matching interdigita-
tions at the bone–old cementum
interface were observed, indicat-
ing that a resorptive activity pre-
ceded the subsequent mineralized
tissue formation against the root
surface. 
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Fig 6 Higher magnification of distal sur-
face demonstrates new attachment appa-
ratus coronal to base of calculus notch (N).
[AU: Please indicate where “N” should
be shown on the figure. (Also in Fig 9.)]
Note artifactual separation between newly
formed cementum and root surface in
coronal portion of defect. Although the
most coronal extension of new cementum
cannot be clearly identified, bone regener-
ation appears to parallel new cementum
deposition (between arrows) (hematoxylin-
eosin stain; original magnification � 8). 

Fig 7 Higher magnification of area within
bottom frame in Fig 6 shows new cellular
cementum, with inserting connective tis-
sue fibers deposited over old cementum
(hematoxylin-eosin stain; original magnifi-
cation � 62).

Fig 8 Higher power of artifactual split
area (top frame in Fig 6) demonstrates
newly formed cellular cementum separat-
ed from root surface. Inserting connective
tissue fibers can be observed at new
cementum surface (hematoxylin-eosin
stain; original magnification � 62).



Discussion

This human histologic case report
demonstrated significant improve-
ment of CAL and radiographic bone
fill following treatment of a peri-
odontal intrabony defect with EMD,
but a dual histologic healing pattern
with regeneration at the proximal
aspect and ankylosis through most
of the furcal surface of the same root.

The regeneration at the proxi-
mal aspect of the distal root can be
compared to the histologic out-
come described in other human
case reports.10–14 The functional
fiber orientation of the PDL, pre-
dominantly cellular nature of the
newly formed cementum, and its
deposition on old cementum in the
present case are in line with earlier
findings.11–13 The split between the
newly formed and old cementum in
the coronal aspect of the defect
can be attributed to an artifactual
separation. This is confirmed by the
fact that the new cementum was
firmly attached to the root surface
in the apical portion of the defect.
Nevertheless, it  cannot be
excluded that the artifactual micro-
scopic split could have resulted
from a weak attachment between
the regenerative cementum and
root hard tissues, similar to what
has been observed with cementum
formed under guided tissue regen-
eration conditions in human
teeth.18 In contrast with previous
results that have demonstrated a
discrepancy between bone
regrowth and connective tissue
attachment formation,11–14 bone
regeneration in the present report
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Fig 10a Higher magnification of area
within bottom frame in Fig 9 shows slender
layer of what appears to be cellular
cementum attached to root surface and
thinning out coronally (between arrows).
Connective tissue with parallel fiber orien-
tation separates this tissue from newly
formed bone (hematoxylin-eosin stain;
original magnification � 25). 

Fig 10b Pinpoint fusion of bone and
cementum-like tissue in isolated areas in
notch (arrows) within section 50 µm away
[AU: Away/apart from what point?]
(trichrome stain; original magnification �
25).

Fig 9 Furcal surface of distal root shows
regenerated bone ankylosed to root sur-
face (arrows) coronal to calculus notch (N)
(hematoxylin-eosin stain; original magnifi-
cation � 6). 



appeared to parallel new cemen-
tum deposition.

The ankylotic pattern observed
in the present report does not
appear to be a transient phenome-
non like the bony union demon-
strated during early healing in
rodents19,20 following treatment of
surgically induced fenestration
defects and in monkeys21 following
replantation of extracted incisors.
Unlike the early ankylosis that dis-
appears at the later stages of wound
healing with restoration of the PDL
space, the ankylosis in this report
was still detected 9 months postop-
erative along the entire root surface

coronal to the reference notch, prob-
ably indicating its irreversible nature.
The permanent character of this
ankylosis and the unlikely possibility
of developing reparative cementum
and reestablishing a normal PDL
space were further confirmed by the
establishment of a regeneration
healing pattern at the corresponding
proximal surface of the same root at
the same postoperative interval.
Conversely, the absence of multinu-
cleated cells at the root-bone inter-
face in the present case suggests
that the irregular root surface profile
was established through a resorp-
tive process at the earlier healing
period and may corroborate the
nonprogressive nature of the resorp-
tion-ankylosis phenomenon at the
biopsy time point.

Bone tissue formation in direct
contact with denuded root surfaces
is not only limited to injury to the
dentoalveolar structures,22–25 but
rather a common finding following
certain periodontal proce-
dures.1,26–40 Various degrees of root
resorption and ankylosis have been
reported with a variety of therapeu-
tic modalities and materials used in
the treatment of periodontal defects,
including fresh iliac bone mar-
row,1,26–29 platelet-derived growth
factor (PDGF) with citric acid appli-
cation,30 bone morphogenetic pro-
tein (BMP)-2,31,32 BMP-3 (osteo-
genin) combined with DFDBA,33

osteogenic protein (OP)-1,34 and
root surface demineralization.35–40

Beyond the well-known re-
versible or irreversible damage to
the PDL cells implicated in ankylosis
associated with dental trauma, a

number of hypotheses were pro-
posed to explain the ankylosis-
inducing mechanisms in periodontal
therapy-related studies. Replace-
ment ankylosis observed in fresh iliac
bone marrow–treated sites has been
attributed to the presence of viable
bone cells transferred with the graft
into the periodontal defect and act-
ing directly or indirectly on the
regenerating periodontal tissues.28

In biologically modulated periodon-
tal therapy,30–34 the occurrence of
ankylosis is complicated to interpret
because of the lack of cellular speci-
ficity, wide array of biologic activities
of most molecular mediators, and
complex interaction between the
various molecular signals at a wound
site. In citric acid therapy in animal
models,35–37,40 various factors have
been advocated as potential anky-
losis-inducing mechanisms. The inci-
dence of ankylosis is greater at citric
acid–treated than non–acid treated
teeth,40 at increased distance from
the base of the treated lesion,35,36

and in larger defects.35 Furthermore,
root resorption and ankylosis are sig-
nificantly correlated with the magni-
tude of connective tissue attach-
ment, suggesting that root
resorption and ankylosis frequently
occur following the accomplishment
of connective tissue repair over
extended portions of the treated
root surfaces.36,38

In addition to the factors inher-
ent to the surgical procedure and/or
regenerative material, external stim-
uli such as occlusal forces and mas-
ticatory function have been impli-
cated as potential regulators of cell
turnover in the PDL and modifiers of

10

The International Journal of Periodontics & Restorative Dentistry

Fig 11 Higher magnification (top frame
in Fig 9) shows ankylotic union between
newly formed bone arranged in multilayers
and root surface. Old cementum shows
numerous small, shallow resorption lacu-
nae in perfect interdigitation with osseous
profile (hematoxylin-eosin stain; original
magnification � 50).



the healing response.19,41–43 Finally,
research-related considerations such
as the animal and defect models37

and the submerged tooth
model31,33,44 have been reported to
be more frequently associated with
ankylosis. 

The ankylosis at the furcal aspect
is difficult to interpret in light of the
existing in vitro, animal, and human
histologic data related to EMD ther-
apy. The in vitro findings relative to
the mechanisms of action of EMD
assessed in a variety of cells45–58

have been, at least in part, contra-
dictory. The discrepancies in these
studies have been attributed to dif-
ferences in EMD concentrations, cell
lines and densities, growing condi-
tions and experimental designs, and
methods applied.59 EMD has been
shown to significantly stimulate pro-
liferation of human PDL cells,45,46,57

modulate matrix synthesis by human
PDL cells,46,47 enhance attachment
and spreading of human PDL fibrob-
lasts to culture plates coated with
EMD,48 and promote proliferation
of transgenic mice cementoblasts.49

Although caution should be applied
when extrapolating from in vitro find-
ings to actual wound healing
processes, these effects of EMD on
the PDL cellular lines, coupled with
EMD’s inhibitory effect on epithelial
proliferation,51,57 are in line with the
requirements of periodontal regen-
eration and the results of clinical and
animal studies showing that EMD
may prevent ankylosis in trans-
planted and replanted teeth.60–63

Inconsistent results have also
been reported relative to the specific
effect of EMD on the differentiation,

nants. Root surface preparation has
been conventionally performed with
orthophosphoric acid 37%,15,74–79

citric acid80,81 at pH 1, or ethylene-
diaminetetraacetic acid (EDTA) 24%
at neutral pH.15,79,82–92 The favor-
able therapeutic results obtained
with all three agents and positive
outcomes demonstrated without
any chemical conditioning suggest
that specific chemical root prepara-
tion may not be required to achieve
significant adjunctive clinical
improvements in EMD therapy.
Further studies are needed to inves-
tigate the potential effects of root
surface conditioning combined with
EMD therapy. 

Second, marginal inflammation
in the furcation area could have
altered the phenotypic expression
of mesenchymal cells or altered the
multifunctional effect of EMD on
these cells. While the patient’s over-
all interproximal plaque and bleed-
ing scores were optimal throughout
the follow-up period, the interradic-
ular furcation site of the first molar
showed persistent signs of inflam-
mation because of access limita-
tions.

Third, the root surface in the fur-
cation area could have, as a result of
different inherent characteristics
related to the nature of cementum93

and presence of concavities,94 pro-
vided a different substratum for the
repair tissues.

The ankylosis pattern at the ref-
erence notch in this report appears
similar to the “pinpoint” fusion of
bone and cementum observed in
isolated areas following grafting of
human intrabony defects with

mitogenesis, and biosynthesis of
bone cell lineages.59 However, the
majority of in vitro49,50,52–56 and ani-
mal studies64–68 suggest osteopro-
motive properties of EMD.
Considering that the inherent multi-
functional characteristics of EMD do
not justify its selective behavior at a
single wound site with a combined
regeneration-ankylosis healing pat-
tern, analysis of the extrinsic and/or
intrinsic factors that could have gen-
erated different histologic outcomes
at two adjacent aspects of the same
root suggests that the ankylosis in
the furcal site may be related to the
following considerations. 

First to be examined is the
potential effect of acid remnants at
the base of the defect at its furcation
aspect to inflict severe chemical
injury on the coronal portion of the
PDL and interradicular crest, which
provide the cellular elements for
regeneration of cementum and
PDL.69,70 [AU: Edit OK?] This could
have been caused by the difficult
access to the bottom of the furca-
tion-associated defect, resulting in
partial washout of the orthophos-
phoric acid used to condition the
root surface. The necrotizing effect
of low-pH orthophosphoric acid may
have impaired the vitality and sub-
sequently the healing potential of
precursor cells involved in cemen-
tum and connective tissue forma-
tion.71–73 Root surface conditioning
was used in the present study, as it
has been advocated as a prerequi-
site of the EMD protocol to allow
removal of the smear layer and pre-
cipitation of the EMD proteins onto
a root surface free of organic rem-
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DFDBA and osteogenin.33 Similar to
the present report, those authors
indicate that bone and cementum
remain fused for three to four serial
sections and then become sepa-
rated by a PDL space. They point out
that this type of ankylosis is different
from replacement-type ankylosis
and speculate that it might occur
when the PDL formation fails to keep
pace with the rapidly forming
cementum and bone.

With the limited information that
can be drawn from this case report,
it may be concluded that the use of
EMD in intrabony defects yields sat-
isfactory clinical and radiogaphic
outcomes. However, under the exist-
ing clinical conditions and surgical
modality applied in the present case,
healing at 9 months postoperative
was mediated through a dual histo-
logic healing pattern, with regener-
ation at the proximal aspect and
ankylosis through most of the furcal
surface of the same root. Host-spe-
cific intrinsic and/or extrinsic factors
accounting for this variability need to
be further investigated.

Acknowledgments

The authors would like to thank Mr Giorgio
Michelotto, Histology Technician, Institute
of Dermatology, University of Padova, for
his help in the histologic preparation of the
specimens. The authors also acknowledge
the assistance of Drs Luca Landi and
Gabriella Grusovin in data analysis and inter-
pretation.

References

1. Hiatt WH, Schallhorn RG, Aaronian AJ.
The induction of new bone and cementum
formation: IV. Microscopic examination of
the periodontium following human bone
and marrow allograft, autograft, and non-
graft periodontal regenerative proce-
dures. J Periodontol 1978;49:495–512.

2. Dragoo MR, Sullivan HC. A clinical and
histologic evaluation of autogenous iliac
bone grafts in humans. Part I. Wound heal-
ing 2 to 8 months. J Periodontol
1973;44:599–613.

3. Stahl SS, Froum SJ, Kushner J. Healing
responses of human intraosseous lesions
following the use of debridement, graft-
ing, and citric acid root treatment: II.
Clinical and histologic observations one
year post surgery. J Periodontol
1983;54:325–328.

4. Bowers GM, Chadroff B, Carnevale R, et
al. Histologic evaluation of new attach-
ment apparatus formation in humans. Part
II. J Periodontol 1989;60:675–682.

5. Bowers GM, Chadroff B, Carnevale R, et
al. Histologic evaluation of new attach-
ment apparatus formation in humans. Part
III. J Periodontol 1989;60:683–693.

6. Mellonig JT. Human histologic evaluation
of a bovine-derived bone xenograft in the
treatment of periodontal osseous defects.
Int J Periodontics Restorative Dent
2000;20:19–29.

7. Camelo M, Nevins ML, Schenk RK, et al.
Clinical, radiographic, and histologic eval-
uation of human periodontal defects treat-
ed with Bio-Oss and Bio-Gide. Int J
Periodontics Restorative Dent
1998;18:321–331.

8. Camelo M, Nevins ML, Lynch SE, Schenk
RK, Simion M, Nevins M. Periodontal
regeneration with an autogenous
bone–Bio-Oss composite graft and a Bio-
Gide membrane. Int J Periodontics
Restorative Dent 2001;21:109–119.

9. Heijl L. Periodontal regeneration with
enamel matrix derivative in one human
experimental defect. A case report. J Clin
Periodontol 1997;24:693–696.

10. Mellonig JT. Enamel matrix derivative for
periodontal reconstructive surgery:
Technique and clinical and histologic case
report. Int J Periodontics Restorative Dent
1999;19:9–19.

11. Sculean A, Chiantella GC, Windisch P,
Donos N. Clinical and histologic evalua-
tion of human intrabony defects treated
with an enamel matrix protein derivative
(Emdogain). Int J Periodontics Restorative
Dent 2000;20:375–381.

12. Yukna RA, Melloning JT. Histologic eval-
uation of periodontal healing in humans
following regenerative therapy with
enamel matrix derivative. A 10-case
series. J Periodontol 2000;71:752–759.

13. Sculean A, Donos N, Windisch P, et al.
Healing of human intrabony defects fol-
lowing treatment with enamel matrix pro-
teins or guided tissue regeneration. J
Periodontal Res 1999;34:310–322.

14. Windisch P, Sculean A, Klein F, et al.
Comparison of clinical, radiographic, and
histometric measurements following
treatment with guided tissue regenera-
tion or enamel matrix proteins in human
periodontal defects. J Periodontol
2002;73:409–417.

15. Parodi R, Liuzzo G, Patrucco P, et al. Use
of Emdogain in the treatment of deep
intrabony defects: 12-month clinical
results. Histologic and radiographic eval-
uation. Int J Periodontics Restorative Dent
2000;20:585–595.

16. Cortellini P, Tonetti MS. The simplified
papilla preservation flap. A novel surgical
approach for the management of soft tis-
sues in regenerative procedures. Int J
Periodontics Restorative Dent
1999;19:589–599.

17. Nyman S, Lindhe J. Examination of
patients with periodontal disease. In:
Lindhe J, Karring T, Land NP (eds). Clinical
Periodontology and Implant Dentistry.
Copenhagen: Munksgaard,
1997:383–395.

18. Luder HU, Zappa U. Nature and attach-
ment of cementum formed under guid-
ed conditions in human teeth. An electron
microscopic study. J Periodontol
1998;69:889–898.

12

The International Journal of Periodontics & Restorative Dentistry



19. King GN, Hughes FJ. Effects of occlusal
loading on ankylosis, bone, and cemen-
tum formation during bone morpho-
genetic protein-2-stimulated periodon-
tal regeneration in vivo. J Periodontol
1999;70:1125–1135.

20. King GN, King N, Hughes FJ. The effect
of root surface demineralization on bone
morphogenetic protein-2-induced heal-
ing of rat periodontal fenestration
defects. J Periodontol 1998;69:561–570.

21. Blomlöf L, Lindskog S. Quality of peri-
odontal healing. II. Dynamics of repara-
tive cementum formation. Swed Dent J
1994;18:131–138.

22. Andreasen JO. Analysis of pathogenesis
and topography of replacement root
resorption (ankylosis) after replantation
of mature permanent incisors in mon-
keys. Swed Dent J 1980;4:231–240.

23. Andersson L, Blomlöf L, Lindskog S,
Feiglin B, Hammarström L. Tooth ankylo-
sis. Clinical, radiographic and histological
assessments. Int J Oral Surg
1984;13:423–431.

24. Lindskog S, Blomlöf L. Mineralized tis-
sue-formation in periodontal wound heal-
ing. J Clin Periodontol 1992;19:741–748.

25. Hellsing E, Alatli-Kut I, Hammarström L.
Experimentally induced dentoalveolar
ankylosis in rats. Int Endod J
1993;26:93–98.

26. Ellegaard B, Karring T, Listgarten M, Löe
H. New attachment after treatment of
interradicular lesions. J Periodontol
1973;44:209–217.

27. Ellegaard B, Karring T, Davies R, Löe H.
New attachment after treatment of intra-
bony defects in monkeys. J Periodontol
1974;45:368–377.

28. Ellegaard B, Nielsen IM, Karring T.
Composite jaw and iliac cancellous bone
grafts in intrabony defects in monkeys. J
Periodontal Res 1976;11:299–310.

29. Dragoo MR, Sullivan JC. A clinical and his-
tological evaluation of autogenous iliac
bone grafts in humans. Part II. External
root resorption. J Periodontol
1973;44:614–625.

40. Pettersson EC, Aukhil I. Citric acid condi-
tioning of roots affects guided tissue
regeneration in experimental periodontal
wounds. J Periodontal Res
1986;21:543–552. 

41. Andersson L, Lindskog S, Blomlöf L,
Hedström KG, Hammarström L. Effect of
masticatory stimulation on dentoalveo-
lar ankylosis after experimental tooth
replantation. Endod Dent Traumatol
1985;1:13–16.

42. Andreasen JO. The effect of splinting
upon periodontal healing after replanta-
tion of permanent incisors in monkeys.
Acta Odontol Scand 1975;33:313–323.

43. Wesselink PR, Beertsen W. Repair
processes in the periodontium following
dentoalveolar ankylosis: The effect of
masticatory function. J Clin Periodontol
1994;21:472–478.

44. Cooke RT, Hutchins LH Jr, Burkes EJ Jr.
Periodontal osseous defects associated
with vitally submerged roots. J
Periodontol 1977;11:249–260.

45. Hoang AM, Oates TW, Cochran DL. In
vitro wound healing responses to enam-
el matrix derivative. J Periodontol
2000;71:1270–1277.

46. Gestrelius S, Andersson C, Lidström D,
Hammarström L, Somerman M. In vitro
studies on periodontal ligament cells and
enamel matrix derivative. J Clin
Periodontol 1997;24:685–692.

47. Haase HR, Bartold PM. Enamel matrix
derivative induces matrix synthesis by cul-
tured human periodontal fibroblast cells.
J Periodontol 2000;72:341–348. 

48. Van der Pauw MT, Van den Bos T, Everts
V, Beertsen W. Enamel matrix-derived
protein stimulates attachment of peri-
odontal ligament fibroblasts and
enhances alkaline phosphatase activity
and transforming growth factor �1
release of periodontal ligament and gin-
gival fibroblasts. J Periodontol
2000;71:31–43.

49. Tokiyasu Y, Takata T, Saygin E, Somerman
M. Enamel factors regulate expression of
genes associated with cementoblasts. J
Periodontol 2000;71:1829–1839.

30. Cho MI, Lin W-L, Genco RJ. Platelet-
derived growth factor-modulated guided
tissue regenerative therapy. J Periodontol
1995;66:522–530.

31. Sigurdsson TJ, Lee MB, Kubota K, Turek
TJ, Wozney JM, Wikesjö UME.
Periodontal repair in dogs: Recombinant
human bone morphogenetic protein-2
significantly enhances periodontal regen-
eration. J Periodontol 1995;66:131–138.

32. Sigurdsson TJ, Nygaard L, Tatakis KN, et
al. Periodontal repair in dogs: Evaluation
of rhBMP-2 carriers. Int J Periodontics
Restorative Dent 1996;16:525–537.

33. Bowers G, Felton F, Middleton C, et al.
Histologic comparison of regeneration in
human intrabony defects when
osteogenin is combined with demineral-
ized freeze-dried bone allograft and with
purified bovine collagen. J Periodontol
1991;62:690–702.

34. Giannobile WV, Ryan S, Shih M-S, Su DL,
Kaplan PL, Chan TCK. Recombinant
human osteogenic protein-1 (OP-1) stim-
ulates periodontal wound healing in Class
III furcation defects. J Periodontol
1998;69:129–137. 

35. Klinge B, Nilvéus R, Egelberg J. Bone
regeneration pattern and ankylosis in
experimental furcation defects in dogs. J
Clin Periodontol 1985;12:456–464.

36. Wikesjö UME, Claffey N, Christersson LA,
et al. Repair of periodontal furcation
defects in beagle dogs following recon-
structive surgery including root surface
demineralization with tetracycline
hydrochloride and topical fibronectin
application. J Clin Periodontol
1988;15:73–80. 

37. Bogle G, Claffey N, Egelberg J. Healing
of horizontal circumferential periodontal
defects following regenerative surgery in
beagle dogs. J Clin Periodontol
1985;12:837–849.

38. Magnusson I, Claffey N, Bogle S, Garret
S, Egelberg J. Root resorption following
periodontal flap procedures in monkeys.
J Periodontal Res 1985;20:79–85.

39. Crigger M, Bogle G, Nilvéus R, Egelberg
J, Selvig KA. The effect of topical citric
acid application on the healing of exper-
imental furcation defects in dogs. J
Periodontal Res 1978;13:538–549.

13

Volume 25, Number 2, 2005



50. Schwartz Z, Carnes DL Jr, Pulliam R, et al.
Porcine fetal enamel matrix derivative
stimulates proliferation but not differen-
tiation of pre-osteoblastic 2T9 cells,
inhibits proliferation and stimulates dif-
ferentiation of osteoblast-like MG63 cells,
and increases proliferation and differen-
tiation of normal human osteoblast
NHOst cells. J Periodontol
2000;71:1287–1296.

51. Kawase T, Okuda K, Yoshie H, Burns DM.
Cytostatic action of enamel matrix deriv-
ative (Emdogain) on human oral squa-
mous cell carcinoma-derived SCC25
epithelial cells. J Periodontal Res
2000;35:291–300.

52. Ohyama M, Suzuki N, Yamaguchi Y,
Maeno M, Otsuka K, Ito K. Effect of
enamel matrix derivative on the differen-
tiation of C2C12 cells. J Periodontol
2002;73:543–550.

53. Jiang J, Safavi KE, Spangberg LSW, Zhu
Q. Enamel matrix derivative prolongs pri-
mary osteoblast growth. J Endod
2001;27:110–112. 

54. Jiang J, Fouad AF, Safavi KE, Spangberg
LSW, Zhu Q. Effects of enamel matrix
derivative on gene expression of prima-
ry osteoblasts. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod
2001;91:95–100.

55. Yoneda S. The effects of enamel matrix
derivative (EMD) on osteoblastic cells.
Kokubyo Gakkai Zasshi 2002;69:207–214.

56. Okubo K, Kobayashi M, Takiguchi T, et al.
Participation of endogenous IGF-I and
TGF-beta1 with enamel matrix deriva-
tive-stimulated cell growth in human peri-
odontal ligament cells. J Periodontal Res
2003;38:1–9.

57. Lyngstadaas SP, Lundberg E, Ekdahl H,
Andersson C, Gestrelius S. Autocrine
growth factors in human periodontal lig-
ament cells cultured on enamel matrix
derivative. J Clin Periodontol
2001;28:181–188.

58. Brett PM, Parkar M, Olsen I, Tonetti M.
Expression profiling of periodontal liga-
ment cells stimulated with enamel matrix
proteins in vitro: A model for tissue regen-
eration. J Dent Res 2002;81:776–783.

59. Kalpidis CDR, Ruben MP. Treatment of
intrabony periodontal defects with enam-
el matrix derivative: A literature review. J
Periodontol 2002;73:1360–1376.

60. Filippi A, Pohl Y, von Arx T. Treatment of
replacement resorption with Emdogain—
Preliminary results after 10 months. Dent
Traumatol 2001;17:134–138.

61. Hoshino S. Application of enamel matrix
derivative for tooth transplantation and
replantation. Kokubyo Gakkai Zasshi
2000;67:133–145.

62. Iqbal MK, Bamaas N. Effect of enamel
matrix derivative (Emdogain) upon peri-
odontal healing after replantation of per-
manent incisors in beagle dogs. Dent
Traumatol 2001;17:36–45.

63. Ninomiya M, Kamata N, Fujimoto R, et al.
Application of enamel matrix derivative in
autotransplantation of an impacted max-
illary premolar: A case report. J
Periodontol 2002;73:346–351.

64. Sawae Y, Sahara T, Kawana F, Sasaki T.
Effects of enamel matrix derivative on
mineralized tissue formation during bone
wound healing in rat parietal bone
defects. J Electron Microsc
2002;51:413–423.

65. Casati MZ, Sallum EA, Nociti FH Jr,
Caffesse RG, Sallum AW. Enamel matrix
derivative and bone healing after guided
bone regeneration in dehiscence-type
defects around implants. A histomor-
phometric study in dogs. J Periodontol
2002;73:789–796.

66. Shimizu-Ishiura M, Tanaka S, Lee WS,
Debari K, Sasaki T. Effects of enamel
matrix derivative to titanium implantation
in rat femurs. J Biomed Mater Res
2002;60:269–276.

67. Kawana F, Sawae Y, Sahara T, et al.
Porcine enamel matrix derivative
enhances trabecular bone regeneration
during wound healing of injured rat femur.
Anat Rec 2001;264:438–446.

68. Boyan BD, Weesner TC, Lohmann CH, et
al. Porcine fetal enamel matrix derivative
enhances bone formation induced by
demineralized freeze dried bone allograft
in vivo. J Periodontol
2000;71:1278–1286.

69. Isaka J, Ohazama A, Kobayashi M, et al.
Participation of periodontal ligament cells
with regeneration of alveolar bone. J
Periodontol 2001;72:314–323.

70. Herr Y, Matsuura M, Lin W-L, Genco RJ,
Cho M-I. The origin of fibroblasts and
their role in the early stages of horizontal
furcation defect healing in the beagle
dog. J Periodontol 1995;66:716–730.

71. Blömlof J, Hansson L, Blömlof L, Lindskog
S. Long-time etching at low pH jeopar-
dizes periodontal healing. J Clin
Periodontol 1995;22:459–463.

72. Blömlof J, Lindskog S. Periodontal tis-
sue-vitality after different etching modal-
ities. J Clin Periodontol 1995;22:464–468.

73. Blömlof J, Hansson L, Blömlof L, Lindskog
S. Root surface etching at neutral pH pro-
motes periodontal healing. J Clin
Periodontol 1996;23:50–55.

74. Heijl L, Hedén G, Svärdström G, Östgren
A. Enamel matrix derivative (Emdogain) in
the treatment of intrabony periodontal
defects. J Clin Periodontol
1997;24:705–714.

75. Zetterström O, Andersson C, Erisksson L,
et al. Clinical safety of enamel matrix
derivative (Emdogain) in the treatment
of periodontal defects. J Clin Periodontol
1997;24:697–704.

76. Sculean A, Reich E, Chiantella GC, Brecx
M. Treatment of intrabony periodontal
defects with an enamel matrix protein
derivative (Emdogain): A report of 32
cases. Int J Periodontics Restorative Dent
1999;19:156–163.

77. Bratthall G, Lindberg P, Havemose-
Poulsen A, et al. Comparison of ready-to-
use Emdogain-gel and Emdogain in
patients with chronic adult periodontitis.
J Clin Periodontol 2001;28:923–929.

78. Okuda K, Momose M, Miyasaki A, et al.
Enamel matrix derivative in the treatment
of human intrabony osseous defects. J
Periodontol 2000;71:1821–1828.

79. Sculean A, Chiantella GC, Miliauskaite A,
Brecx M, Arweiler NB. Four-year results
following treatment of intrabony peri-
odontal defects with an enamel matrix
protein derivative: A report of 46 cases.
Int J Periodontics Restorative Dent
2003;23:345–351.

14

The International Journal of Periodontics & Restorative Dentistry



80. Heard RH, Mellonig JT, Brunsvold MA,
Lasho DJ, Meffert RM, Cochran DL.
Clinical evaluation of wound healing fol-
lowing multiple exposures to enamel
matrix protein derivative in the treatment
of intrabony periodontal defects. J
Periodontol 2000;71:1715–1721.

81. Froum SJ, Weinberg MA, Rosenberg E,
Tarnow D. A comparative study utilizing
open flap debridement with and without
enamel matrix derivative in the treatment
of periodontal intrabony defects: A 12-
month re-entry study. J Periodontol
2001;72:25–34.

82. Hedén G, Wennström J, Lindhe J.
Periodontal tissue alterations following
Emdogain treatment of periodontal sites
with angular bone defects. A series of
case reports. J Clin Periodontol
1999;26:855–860.

83. Hedén G. A case report study of 72 con-
secutive Emdogain-treated intrabony
periodontal defects: Clinical and radi-
ographic findings after 1 year. Int J
Periodontics Restorative Dent
2000;20:126–139.

84. Sculean A, Blaes A, Arweiler N, Reich E,
Donos N, Brecx M. The effect of post-
surgical antibiotics on the healing of intra-
bony defects following treatment with
enamel matrix proteins. J Periodontol
2001;72:190–195.

85. Pontoriero R, Wennström J, Lindhe J. The
use of barrier membranes and enamel
matrix proteins in the treatment of angu-
lar bone defects. A prospective controlled
clinical study. J Clin Periodontol
1999;26:833–840.

86. Sculean A, Donos N, Blaes A, Lauermann
M, Reich E, Brecx M. Comparison of
enamel matrix proteins and bioab-
sorbable membranes in the treatment of
intrabony periodontal defects. A split-
mouth study. J Periodontol
2000;70:255–262.

87. Lekovic V, Camargo PM, Weinlaender M,
Nedic M, Aleksic Z, Kenney EB. A com-
parison between enamel matrix proteins
used alone or in combination with bovine
porous bone mineral in the treatment of
intrabony periodontal defects in humans.
J Periodontol 2000;71:2220–2226.

88. Silvestri M, Ricci G, Rasperini G, Sartori S,
Cattaneo V. Comparison of treatments of
infrabony defects with enamel matrix
derivative, guided tissue regeneration
with a nonresorbable membrane and
Widman modified flap. A pilot study. J
Clin Periodontol 2000;27:603–610.

89. Sculean A, Windisch P, Chiantella GC,
Donos N, Brecx M, Reich E. Treatment of
intrabony defects with enamel matrix pro-
teins and guided tissue regeneration. A
prospective controlled clinical study. J
Clin Periodontol 2001;28:397–403.

90. Zucchelli G, Bernardi F, Montebugnoli L,
De Sanctis M. Enamel matrix proteins and
guided tissue regeneration with titanium-
reinforced expanded polytetrafluoroeth-
ylene membranes in the treatment of
infrabony defects: A comparative con-
trolled clinical trial. J Periodontol
2002;73:3–12.

91. Velasquez-Plata D, Scheyer ET, Mellonig
JT. Clinical comparison of an enamel
matrix derivative used alone or in com-
bination with a bovine-derived xenograft
for the treatment of periodontal osseous
defects in humans. J Periodontol
2002;73:433–440.

92. Tonetti MS, Lang NP, Cortellini P, et al.
Enamel matrix proteins in the regenera-
tive therapy of deep intrabony defects. A
multicentre randomized controlled clini-
cal trial. J Clin Periodontol
2002;29:317–325.

93. Bosshardt DD, Selvig KA. Dental cemen-
tum: The dynamic tissue covering of the
root. Periodontol 2000 1997;13:41–75.

94. Bower RC. Furcation morphology rela-
tive to periodontal treatment. Furcation
root surface anatomy. J Periodontol
1979;50:366–374.

15

Volume 25, Number 2, 2005


