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Enamel Matrix Proteins and Bovine
Porous Bone Mineral in the Treatment
of Intrabony Defects: A Comparative

Controlled Clinical Trial

G. Zucchelli,* C. Amore,* L. Montebugnoli,* and M. De Sanctis*

Background: Various clinical studies have demonstrated that
applying commercially available enamel matrix proteins (EMP)
on the instrumented root surface during access flap surgery pro-
motes clinically significant gains of clinical attachment and bone
in intrabony defects. The aim of the present controlled clinical
trial was to evaluate the adjunctive effect of filling the intrabony
lesion with bovine porous bone mineral (BPBM) to a simplified
papilla preservation (SPP) flap and EMP surgical procedure.

Methods: Sixty deep interproximal intrabony lesions in 60
patients with chronic periodontitis were treated with the SPP flap
and EMP. In the 30 test defects, the intrabony component was
filled with BPBM particles previously reconstituted with the EMP
gel. A stringent infection control program was adopted for 1 year.
The clinical and radiographical reevaluation was made 1 year
after surgery.

Results: Both techniques resulted in clinically and statistically
significant improvements between baseline and 1 year, in terms
of clinical attachment level (CAL) gain, probing depth (PD) reduc-
tion, and radiographic bone fill; however, the BPBM test treatment
showed statistically significantly greater CAL (5.8 £ 1.1 versus
4.9 £ 1.0) and radiographic bone (DEPTH) level gains (5.3 £ 1.1
versus 4.3 = 1.5), and less increase in gingival recession (0.4 + 0.6
versus 0.9 £ 0.5) than the control surgical procedure.

Conclusion: The present study data supported the hypothesis
that the adjunctive use of BPBM in grafting intrabony defects has
the ability to improve clinical and radiographical outcomes
achievable with EMP alone. J Periodontol 2003;74:1725-1735.
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he ultimate goal in periodontal ther-
I apy is the regeneration of tooth-
supporting apparatus which have
been destroyed due to periodontal disease. !
Several treatment procedures including the
use of various bone grafts,># bone substi-
tute materials,® guided tissue regeneration
(GTR),%7 combination of bone grafts or
bone substitutes and GTR,%19 and growth
factors have been suggested and utilized
with varying degrees of success to achieve
this goal.!1-16
The ideal graft material is the one that
is osteoinductive, absorbable, easy to han-
dle, and available in large quantities.!”
Autogenous bone meets the first three
requisites, but obtaining the needed
amount from an intraoral site is often
problematic and, even if possible, is not
well accepted by the patient. Allografts
and alloplastic materials have been exten-
sively used in periodontal regenerative
surgery with the primary objective of
reducing patient morbidity. Allografts have
shown positive results in terms of pro-
moting periodontal regeneration!! but
their osteinductive capabilities have been
shown to be quite variable.!®19 Alloplasts,
even though effective in clinical resolu-
tion of periodontal defects,?® have been
shown to work as bone filler and the his-
tologic evaluation indicates that these
grafts heal almost exclusively with con-
nective tissue encapsulation and not with
true periodontal regeneration.2!-23 More
recently, a bovine derived xenograft has
been introduced into periodontics. This
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material has an unlimited supply and proven safety.24-
26 1t is prepared by protein extraction of bovine bone,
but maintains the natural structure of bone.?” When
evaluating parameters such as inner surface area, poros-
ity, crystalline size, and calcium-to-phosphorous ratio,
bovine porous bone mineral (BPBM) most closely
resembles human cancellous bone as compared to other
allografts or synthetic hydroxylapatite materials.2®

Several studies documented the ability of BPBM to
enhance bone formation in sinus elevation proce-
dures,?? around implants,3° and in critical-sized osseous
defects.3! In periodontal regeneration, BPBM has been
shown to improve clinical attachment levels and reduce
probing depth when used alone32-33 or in combination
with absorbable membranes.!7:32:34 True histologic
regeneration has been demonstrated in humans when
using BPBM alone323% but more complete and more
predictable histologic periodontal regeneration was
achieved when BPBM was used in combination with
bioabsorbable membranes3® and even more with auto-
genous bone and resorbable membranes.3”

Another way to address periodontal regeneration is
to mimic the process that takes place during the devel-
opment of the nascent root and periodontal tissues.
The discovery of the presence of the enamel matrix
layer between the peripheral dentin and the develop-
ing cementum, together with the capability of enamel
matrix proteins to induce acellular cementum, peri-
odontal ligament, and alveolar bone formation, has pro-
vided the fundamental concept for enamel matrix
derivative-supported tissue engineering in regenerative
periodontal therapy.3® Findings from various clinical
studies39-44 indicated that topical application on the
disease root surface of commercially available enamel
matrix proteins (EMP) during access flap surgery pro-
moted clinically significant gains of clinical attachment
and bone in intrabony defects.#0:4344 Furthermore,
prospective controlled clinical trials3%4245 have demon-
strated that these gains are significantly greater than
those expected from access flap alone and close to
those achievable with self-supporting, non-resorbable
membranes when specifically designed flaps to pre-
serve interdental soft tissues are performed.4® New
attachment formation following treatment of intrabony
periodontal defects with EMP has been demonstrated
in both animal3®46 and human*’-4? studies.

Combining osseous grafting with EMP has the poten-
tial to result in a synergistic effect of both materials.
This assumption is based upon the fact that two dis-
tinct wound healing processes may take place together
in a given vertical bony defect: while the graft mater-
ial may act as osteoinductive and/or osteoconductive
together with maintaining defect space, EMP can work
at the root level, promoting new cementum and new
attachment apparatus formation. This hypothesis was
partially tested in a clinical study on the treatment of
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deep vertical bony defects in which EMP, combined
with BPBM, resulted in statistically and clinically more
favorable results than access flap surgery.”®

In order to demonstrate that a synergetic effect does
exist when combining EMP and BPBM,, it is necessary
to evaluate whether the additional application of one
of the two materials improves the results achieved
when a single material is used. In particular, since the
primary objective in periodontal regenerative therapy
is the restoration of the lost attachment apparatus, is
it worthwhile to evaluate whether the adjunctive use of
BPBM to EMP therapy can be of some clinical benefit
with respect to the use of EMP alone.

The aim of the present prospective randomized con-
trolled clinical trial was to compare the clinical efficacy
in the treatment of deep intrabony periodontal defects
(in terms of CAL gain, PD reduction, and radiographic
bone fill) of a surgical procedure comprised of EMP,
BPBM, and the simplified papilla preservation (SPP)!
flap with that observed using the same flap design (SPP)
and EMP alone.

MATERIALS AND METHODS

Experimental Design
Two different approaches for the treatment of deep
intrabony defects were compared in a randomized con-
trolled clinical trial. The same surgical access to the
bony defect (simplified papilla preservation flap, SPP)°!
and topical application of EMPT on the root surface
were performed in both patient groups. The only dif-
ference between test and control groups was that the
test defects were filled with BPBM.¥

Clinical outcomes were longitudinally followed for
1 year. To avoid randomization imbalances, vertical bony
defects were assigned to the two treatment groups after
controlling for two prognostic factors: depth of the intra-
bony component (INFRA) and clinical attachment level
(C AL).52'54

Study Population

The participants were selected among patients seeking
care for moderate to advanced periodontal disease at
the department of Periodontology, University of Bologna
and a private practice in Florence. Patients with sys-
temic disease, who smoked >20 cigarettes/day, received
antibiotics in the 6 months preceding the study, or with
a full-mouth plaque score (FMPS) and full-mouth bleed-
ing score (FMBS) >25% after initial preparation ther-
apy were excluded. Following initial preparation which
consisted of oral hygiene instruction and scaling and
root planing, 60 patients (26 males and 34 females, 34
to 62 years of age; mean age 46.2 + 8.4) with severe
chronic periodontitis®® (clinical attachment loss >5 mm)

1T Emdogain, Biora AB, Malmo, Sweden.
¥ BioOss, Geistlich Pharma AG, Wolhusen, Switzerland.
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were enrolled, on a consecutive basis, in this clinical
study. The study was approved by the Ethics Commit-
tee of Bologna University, and all patients gave informed
consent. One tooth per patient, located in the inter-
proximal area, associated with an angular bony defect
(radiographic intrabony component >3 mm) and a prob-
ing attachment loss >6 mm was identified. Defects did
not extend into a furcation. The 60 teeth consisted of 26
incisors, 18 cuspids, 10 bicuspids, and 6 molars. Forty
teeth were located in the maxillary arch.

Baseline FMPS was 11.3 £ 2.4 and FMBS was 11.2 +
1.8. Twenty patients smoked >10 cigarette a day; the
other 40 patients did not smoke.

Investigator Calibration

A calibration exercise was performed to obtain accept-
able intraexaminer reproducibility for probing depth,
recession of the gingival margin, and radiographic
depth of the defect. Intraexaminer reproducibility was
evaluated as the standard deviation of the difference
of triplicate measurements. The investigators reached
the target of a standard deviation <0.4 mm.

Radiographic Measurements

A commercially available film holder device$ and cus-
tomized acrylic-made bite blocks were used to take
standardized radiographs of all teeth included in the
study immediately before surgery and at the 1-year
follow-up visit.

The following linear radiographic measurements were
taken:

1. Depth of the intrabony component of the defect
(DEPTH) measured as the vertical distance in mm from
the bone crest and the most apical extension of the
defect where the periodontal ligament space was con-
sidered as having a normal width.%®

2. Vertical width of the defect (ANGLE) determined
(in degrees) as the angle defined by the root surface
and the vertical bony wall of the defect.4°

Radiographic measurements were performed by a
single calibrated examiner.

Clinical Characterization of Patients
and Selected Sites
Full-mouth plaque score (FMPS) was recorded as the
percentage of total surfaces (four aspects per tooth) that
revealed the presence of plaque.®’ Full-mouth bleeding
score (FMBS) was recorded as the percentage of total
surfaces (four aspects per tooth) that revealed the pres-
ence of bleeding upon probing, assessed dichotomously
at a force of 0.3 N with a manual pressure-sensitive probe.
The following clinical measurements were taken
1 week before the surgery and at 1 year follow-up: Clin-
ical attachment level (CAL) measured from the cemento-
enamel junction (CEJ); probing depth (PD) measured
from the gingival margin; and marginal gingival reces-
sion (REC) measured from the CEJ to the gingival
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margin. A single investigator masked to the treatments
performed all clinical measurements.

Measurements were performed at six sites around
all teeth; the study, however, reports only local mea-
surements at the deepest interproximal point of the
selected defects. All measurements were performed
by means of a manual pressure sensitive probe and
were rounded up to the nearest millimeter.

Clinical Measurements at Baseline

The following clinical measurements were taken at the
time of the surgery immediately after defect debride-
ment:>4 1) distance from the CEJ to the bottom of the
defect (CEJ-BD); 2) distance from the CEJ to the most
coronal extension of the bone crest (CEJ-BC). The
intraosseous component of the defects was defined as
INFRA = (CEJ-BD) — (CEJ-BC).

Randomization

Before surgery, assignment to the two treatment regimens
(30 patients/group) was performed using a custom
made program based on balanced permuted blocks.!
Blocking to control for the effects of the prognostic vari-
ables INFRA and CAL was used to decrease outcome
variability.38-39.52.58,59 These two variables were cate-
gorized to make blocks as follows: CAL < or 210 mm,
INFRA < or >6 mm. For randomization purposes INFRA
was estimated before surgery on radiographs and by
performing transgingival bone sounding. Furthermore,
to reduce the chance of unfavorable splits between test
and control groups in terms of key prognostic factors,
the randomization process balanced smoking status and
location of the defect at the upper first premolars in the
test and control groups.4!

Surgical Procedures (Figs. 1 and 2)
The access to the bony defects of all patient’s groups
was achieved with the simplified papilla preservation
technique previously described.?! Following careful scal-
ing, root planing, and debridement of the bony defect,
the exposed root surface was conditioned with a 24%
EDTA gel for 2 minutes in order to remove the smear
layer. The root was subsequently rinsed with saline. The
EMP gel in 0.7 ml syringes was gently applied on the
root surface in the apical-coronal direction and left in
place for 2 minutes during which bleeding from the
adjacent areas was controlled with the use of gauzes.
In the test group (Fig. 1), the EMP solution remain-
ing in the syringe was used to reconstitute the can-
cellous BPBM material which had been prepared by
pouring the particles into a sterile dappen dish. The
resulting grafting material was extremely easy to han-
dle because the gel acted as sealing material. The graft
was dgently packed into the defects using an amalgam

§ Rinn Centering Device, Dentsply Ltd., Weybridge, U.K.
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Surgical treatment, test site. A) The intraoperative clinical image shows a deep intrabony defect mesial to tooth # 4. B) EMP was applied to the root
surface facing the defect. C) BPBM was gently packed into the defects. Note the presence of supracrestal soft tissue above the graft material; this
permitted soft tissue closure above the BPBM material. D) Complete closure of the interdental soft tissues was achieved.

condenser. Experimental defects were filled up to the
most coronal levels of the defect walls.

Great care was taken to obtain complete closure of
the interdental soft tissues above the treated defects in
both patient groups: flaps (buccal and lingual/palatal)
were positioned slightly coronal with respect to the
presurgical level in order to achieve primary closure
of the interdental area without any tension. This was
done by performing blunt dissection of the vestibular
lying mucosa which permitted coronal displacement of
the buccal flap. Flaps were sutured using resorbable
#5-0 and #6-0 suturing material. The selection of the
suturing technique for the interdental tissues covering
the defect, internal offset vertical mattress suture,?!
interrupted single suture, or both, was based upon the
dimension of the interdental space and the thickness
and height of the interdental soft tissues.
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Infection Control
Patients were given amoxicillin plus clavulanic acid* 1 g
per day starting the day before surgery and for the next
6 days. Sutures were removed 14 days following surgery.
All patients were instructed to rinse with a 0.12%
solution of chlorhexidine twice a day for 11 weeks; dur-
ing this period, they were recalled once a week for pro-
fessional tooth cleaning.

Plaque Control

When chlorhexidine was discontinued, full mechanical
interproximal cleaning in the surgically treated area was
reinstituted. Patients were recalled for professional tooth
cleaning and reinforcement of self-performed oral
hygiene measures at 1-month intervals up to the 1-year

iAugmentin, Smith Kline Beecham, S.p.a., Milan, Italy.
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Figure 2.
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Surgical treatment, control site. A) The intraoperative clinical image shows a deep intrabony defect distal to tooth #13. B) EMP was applied to the root
surface facing the defect. C) Preoperative radiograph. D) One-year radiograph shows almost complete bone fill. Interdental bone crest (highly radio-
opaque) maintains an oblique outline; this may be ascribed to interdental soft tissue collapse into the intrabony defect.

reevaluation. No attempt at probing or deep scaling was
made before this follow-up.

Data Analysis
Statistical software! was used for the statistical analysis.
Data were expressed as mean values + standard devi-
ation. A power analysis indicated that a minimum of 48
unpaired defects (24 in each group) would be needed
in this study to demonstrate statistical significance at
the P<0.05 level with a power of 0.85. The following out-
come and predictor variables were defined as: 1) CAL
gain = baseline CAL - 1 year CAL; 2) DEPTH gain =
baseline DEPTH - 1 year DEPTH; 3) PD reduction =
baseline PD — 1 year PD; and REC increase = 1 year REC
— baseline REC.

The normality assumption was verified and the pres-
ence of any randomization imbalance between the two

experimental groups was tested by one-way analysis
of variance (ANOVA) and chi-square analysis.

A new variable, representing a surrogate measure-
ment of the amount of supracrestal soft tissues (SUPRA),
was calculated as follows: SUPRA = (CEJ-BC) - REC.%®

General linear models were fitted relating 1 year CAL
gain, DEPTH gain, REC increase, and PD reduction to
three categorical (technique, smoking status, and tooth
type, anterior versus posterior) and six continuous
(FMPS, FMBS, CAL, INFRA, SUPRA, ANGLE) factors
as covariates (ANCOVA). Factors affecting 1-year CAL
gain were also evaluated for each surgical approach
adopted in the present study by fitting a general linear
model. For both techniques two categorical (smoking
status and tooth type) and six continuous (FMPS, FMBS,

9 SAS, Version 6.09, SAS Institute, Cary, NC.
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Figure 3.

Preoperative (A) and |-year radiographs (B) in a control patient. Note
that complete bone fill was achieved. Very few graft residuals can be
recognized in the most coronal portion of bone filling the defect.

CAL, INFRA, SUPRA, ANGLE) covariates were included.
Unpaired Student ¢ test was applied to compare clini-
cal outcomes in terms of CAL gain, DEPTH gain, REC
increase, and PD reduction achieved in patients with
and without BPBM residuals in the 1-year radiographs.

RESULTS

Study Population

Mean age in the test and control groups was 47.2 £ 5.3
and 45.8 + 6.8, respectively. There were 18 female
patients in the test group and 16 in the control group.
Sixteen incisors, eight cuspids, four bicuspids and two
molars were treated in each group. There were 10
smokers in each group. None of the patients exited
the study before the 1-year examination.

Baseline Oral Hygiene and Defect Characteristics
(Table 1)

No statistically significant difference was observed
among the two matched experimental groups in any
of the considered clinical parameters, indicating that
the randomization process was effective.
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Baseline FMPS in the test group was 12.8 + 2.4, and
11.8 £ 2.8 in the control group. FMBS was 11.6 £ 2.2
and 10.8 £ 1.6 for the test and control groups, respec-
tively. Baseline CAL was 10.3 £ 1.5 in the test group
and 10.1 £ 1.4 in the control group. The depth of the
infrabony component (INFRA) of the defects was 6.7 +
1.0 and 6.8 = 0.8 in the test and control groups, respec-
tively.

Early Healing Events
All sites healed uneventfully. No wound edge necrosis
or flap dehiscence was observed in any patient.

Oral Hygiene at 1 Year

No significant difference between the two groups was
found in the FMPS and FMBS mean values recorded at
1 year. FMPS was 10.2 = 1.2 in the test and 10.8 + 1.6
in the control group. FMBS was 9.9 = 1.2 in the test
group and 10.2 £ 1.4 in the control group. A compari-
son between the individual mean plaque and bleeding
scores calculated from the baseline and the 12-month
follow-up revealed that no marked change had occurred
in the oral hygiene status in any patient.

Clinical Changes at 1 Year (Table 2)

The significance of factors affecting 1-year CAL gain,
DEPTH gain, PD reduction, and REC increase was eval-
uated by adopting general linear models.

CAL gain. Sum of squares, degrees of freedom, mean
square, F value, and P level for each variable entering
the model are reported in Table 3.

The R-squared statistic indicates that the model as
fitted is highly significant and explains 85.78% of the
variability in CAL gain.

One of the most significant variables entering the
model and affecting the CAL gain at 1 year was the
periodontal procedure (F = 27.92). In particular, a
CAL gain of 5.8 £ 1.1 (range 4 to 9 mm) was
obtained in the test group and a CAL gain of 4.9 +
1.0 (range 3 to 7 mm) was achieved in the control
group.

Other significant variables entering the model and
affecting CAL gain were SUPRA, SMOKE, and INFRA.
A greater amount of CAL gain was expected in non-
smoking patients and in cases with deeper infrabony
component and with higher amount of supracrestal
soft tissue at baseline.

SUPRA was a significant factors affecting 1 year CAL
gain even when test and control surgical techniques
were considered separately (respectively: F = 24.36 and
F =4.33), while defect ANGLE (F =17.41) was demon-
strated to be a significant variable only for the control
procedure. In the EMP-control surgical approach, bet-
ter results in terms of CAL gain were achieved in vertical
bony defect with a lower degree of defect angle mea-
sured at baseline.
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Table I.

Baseline Oral Hygiene and Defect
Characteristics (means + SD)

EMP (control) ~ EMP + BPBM (test)

(n = 30) (n = 30) P
FMPS (%) 11.8+28 128424 NS
FMBS (%) 108+ 1.6 11.6+22 NS
CAL (mm) 10.1 + 1.4 103+15 NS
PD (mm) 92+ 1.1 94+ 1| NS
REC (mm) 09 +09 09+07 NS
CEJ-BD (mm) 114+17 7+17 NS
INFRA (mm) 68409 67+10 NS
DEPTH (mm) 61413 6112 NS
ANGLE (degrees)  33.1 £60 344453 NS
SUPRA (mm) 36410 40+09 NS

Table 2.

Clinical Changes at 1 Year (means + SD;
in mm)

EMP (control) ~ EMP + BPBM (test)

(n=30) (n=30) P
CAL gain 49+10 58+ 1.1 <00l
PD reduction 58+08 62+04 NS
REC increase 09£05 04=£0.6 <00l
DEPTH gain 4315 53+ 1.1 <00l

DEPTH gain. The R-squared statistic indicates that
the model as fitted is highly significant and explains
89.86% of the variability in DEPTH gain.

The surgical approach was one of the most signif-
icant variables entering the model and affecting the
DEPTH gain at 1 year (F =53.21; P<0.01). A DEPTH
gain of 5.3+ 1.1 (range 4 to 8 mm) was obtained in
the test group and a DEPTH gain of 4.3 + 1.5 (range
2 to 8 mm) was achieved in the control group (Fig. 3).

Other significant variables entering the model and
affecting DEPTH gain were SUPRA (F = 32.77) and
DEPTH (F = 164.71). In other words, a greater amount
of bone gain was expected in defects with a greater
infrabony component, measured in the radiographs,
and with higher amount of supracrestal soft tissue at
baseline.
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Table 3.
Analysis of Variance for CAL Gain

Sum of Mean
Source Squares  Df Square FRatio P Value
Model 634223 9  7.04692 3352 0.0000
Residual 105111 50 0210221
Total (Corr) 739333 59
Source F Ratio P Value
TECHNIQUE 2792 0.0000
SMOKE 8.07 0.0065
TOOTH 2.59 0.1140
FMBS 1.49 0.2285
FMPS 0.0 0.9066
CAL 1.22 0.2740
INFRA 19.62 0.0001
SUPRA 51.20 0.0000
ANGLE 2.20 0.1439

REC increase. A significant difference in REC increase
was found between the two techniques (F = 11.38;
P <0.01). In particular, the mean increase in gingival
recession was 0.4 £ 0.6 in the test group (range O to 1
mm) and 0.9 + 0.5 in the control group (range O to 2
mm).

The significant variables entering the model and
affecting REC increase were SMOKE (F = 3.89),
SUPRA (F = 10.57), and INFRA (F = 4.07). A lower
increase in gingival recession was observed in non-
smoking patients and in cases with deeper infrabony
component and with greater amount of supracrestal
soft tissue at baseline.

PD reduction. The mean PD reduction was 6.2 + 0.4
in the test group (range 5 to 9 mm) and 5.8 + 0.8 in the
control group (range 4 to 7 mm). No significant differ-
ence in PD reduction was found between the two tech-
niques (F = 1.86).

No significant differences were found between
patients with (n = 17) or without (n = 13) BPBM resid-
uals at the 1-year radiographs in terms of CAL gain
(5.9 £ 1.3 versus 5.7 £ 0.6; t = 0.47), DEPTH gain (5.4
+ 1.2 versus 5.3 + 0.9; t = 0.26), REC increase (0.4 +
0.5 versus 0.5+ 0.7; t = 0.51), and PD reduction (6.2
+ 1.1 versus 6.2+ 0.7; t = 0.23).

Table 4 displays the frequency distribution of CAL
gain for the two treatment groups. In the EMP + BPBM
test group, 47% of sites gained >6 mm of CAL. This
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Table 4.

Frequency Distribution of CAL Gain
at 1 Year

CAL Gain (mm) EMP EMP + BPBM

<2 0% 0%

<2 to >4 6% 0%

<4 to >6 67% 53%

26 27% 47%
Table 5.

Frequency Distribution of DEPTH Gain
at 1 Year

DEPTH Gain (mm) EMP EMP + BPBM
<2 0% 0%
<2 to >4 36% 0%
<4to>6 47% 57%
=6 17% 43%

compares favorably with 27% of sites from EMP alone
group (chi-square 13.15; P <0.05).

Table 5 displays the frequency distribution of DEPTH
gain for the two experimental groups. All sites treated
with EMP + BPBM gained at least 4 mm of bone. This
compares favorably with 64% of sites from the group
treated with EMP alone (chi-square 15.4; P<0.05). Fur-
thermore about half (43%) of the test sites showed a >6
mm dain in radiographic bone.

DISCUSSION

The aim of the present controlled clinical trial was to
evaluate the adjunctive effect of filling the intrabony
defect with BPBM to the same surgical procedure, inter-
dental soft tissue preservation flap and topical appli-
cation of EMP to the exposed root surface, without
BPBM, in 60 deep interproximal intrabony lesions.
Control treatment consisting of open flap debridement
was not performed since numerous clinical studies have
documented the superiority of EMP treatment to access
flap surgery.39-4226 Furthermore, a recent clinical study>°
has shown that combining EMP and BPBM as a regen-
erative procedure for intraosseous defects results in more
favorable clinical and radiographic outcomes than open
flap debridment surgery. In this study, however, it was
not possible to determine which of the materials utilized,
EMP or BPBM, was responsible for the better results.
The selection of identical EMP-based surgical techniques
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in test and control patient groups permitted us to attribute
differences observed in the test sites to the bone sub-
stitute material being implanted, and not to the surgical
procedure employed.

The two treatments in the present study resulted in
clinically significant improvements between baseline
and 1 year, in terms of CAL, PD, and radiographic bone
level.

The test treatment, however, showed statistically
significant greater CAL gain, radiographic bone level
gain (DEPTH gain), and lower increase in gingival
recession. The clinical superiority of the test compared
to the control treatment can also be gathered from the
frequency distribution data which indicated that all
sites treated with EMP + BPBM gained at least 4 mm
of bone, comparing favorably with 64% of sites from
the group treated with EMP alone. Furthermore a 6
mm or more dgain in CAL and radiographic bone were
obtained in a higher percentage of the EMP + BPBM
test cases compared to the EMP control treated cases.
Therefore, the hypothesis that osseous grafting with
BPBM used in combination with EMP has the ability to
improve clinical outcomes achievable with EMP alone
was supported by present study data.

The observed CAL gain (4.9 mm) and radiographic
bone level gain (4.3 mm) in the EMP control group com-
pares well with the most recent literature4>°® in which
EMP was used in combination with surgical techniques
based on interdental soft tissue preservation, while they
differ considerably from other previous reports3?-44 where
intrabony defects were treated with more conventional
surgical access and EMP application.

The importance of supracrestal soft tissues preser-
vation in regenerative procedures has been demon-
strated both for membrane-supported4®:°1:58 and
EMP-based*?-?° surgical procedures and it was further
confirmed both by Trombelli et al.”® and the present
data, which indicated a significant positive correlation
between CAL and DEPTH gains and the amount of
interdental supracrestal soft tissues (SUPRA).

The presence of thick and high/wide interdental soft
tissues facilitates flap management and suturing tech-
nique, improves the possibility to achieve and maintain
primary closure in the interdental area, and reduces
the risk of soft tissue collapse into the bone defect,
thus optimizing available space for regeneration.?®

It can be speculated that the better results (greater
CAL and bone level gains and lower increase in gin-
gival recession) obtained in the test defects of the pre-
sent study may be attributed, at least in part, to the
space-maintenance properties of BPBM. The BPBM
graft, in fact, may have acted as a rigid barrier avoiding
the collapse of the interdental soft tissues into the intra-
bony defect, before being integrated and subsequently
substituted by new bone. This might have reduced the
recession of the soft tissue margin and increased the
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amount of hard tissue regeneration. This role of BPBM
in maintaining space can be of particular importance
when treating wide and less supportive bone defects
in which the risk of collapse of the interdental soft
tissues (even though entirely preserved during the
surgery) into the vertical defect is greater. This hypoth-
esis was supported by present study data, which indi-
cated a negative influence of defect angle on the
amount of CAL gain in the control non-grafted and not
in the test-grafted sites. The space-maintenance capa-
bility of BPBM has been previously demonstrated in
ridge augmentation,60 sinus elevation,?® and peri-
odontal regeneration3* studies.

On the other hand, caution should be exercised when
interpreting the significance of postoperative CAL and
radiographic bone fill measurements. In fact, it cannot
be excluded that placement of a graft material into
the defect may modify gingival tissue consistency and,
therefore, limit periodontal probe penetration without
necessarily having induced any gain in tissue attach-
ment.?° Furthermore, the remaining graft material may
prevent adequate soft tissue (CAL) measurements.3*
Most of the 1-year radiographs of the present study
clearly demonstrated the presence of recognizable BPBM
particles within the repaired bone filling the intrabony
defects. Since the resorption rate of BPBM is very slow,
“bone fill” of the present defect probably consisted of a
combination of bovine bone particles and regenerating
vital human bone.3* This hypothesis was supported
by both animal®*® and human3? histological studies on
the osteoinductive capability of BPBM. These reports
showed that bovine bone mineral particles were still
present 630 and 93° months after implantation, although
well incorporated by ingrowth of new lamellar bone,
and were progressively replaced by new bone.??

The speed by which BPBM graft particles were
replaced by new bone seemed to vary among patients
in the present study: only 43% of the patients did not
show visible graft residuals in the 1-year radiographs. The
lack of histological and re-entry data did not allow us to
determine if graft residuals were also present but not
recognizable in the radiographs. In patients with recog-
nizable graft particles, clinical changes (CAL gain,
DEPTH gain, PD reduction, and REC increase) were not
statistically different from those in patients not showing
BPBM residuals. Further studies with a longer follow-up
period are needed to evaluate the clinical significance
and the fate of persistent graft material.

The amount of CAL and radiographic bone level
gain achieved in the test group of the present study are
greater than those reported by Camargo et al.>% Dif-
ferences between these studies may, at least in part,
be explained by patient (number of smokers) and
defect (depth of the intrabony component) character-
istics, the maintenance phase for infection control, sur-
gical technique, and follow-up period.

A limitation of clinical periodontal regeneration stud-
ies, such as the present one, is the inability to assess
the histologic characteristics of the repaired tissues
including the nature of the attachment between the
newly formed bone and the previously diseased root
surface. Histologic new attachment formation has been
demonstrated with either EMP39:47:48 or BPBM 3537 but
the predictability of such an outcome, especially when
the two “regenerative” materials are combined, is still
to be investigated.

In conclusion, results from the present study confirm
that a regenerative procedure based on an interdental
soft tissue preservation flap and EMP application leads
to clinically and statistically significant gains in clinical
attachment and radiographic bone fill and suggest the
positive effect of the adjunctive implantation of BPBM
into the intrabony component of the defects in improv-
ing both hard and soft tissue condition of deep angular
periodontal defects.

Further studies should be performed in order to
determine: 1) the type of periodontal healing that occurs
in human intrabony periodontal defects when using a
combination of EMP and BPBM and 2) the fate of bovine
bone particles still recognizable in the 1-year radiographs.

REFERENCES

1. Caton JG, Greenstein GG. Factors related to periodontal
regeneration. Periodontol 2000 1993;1:9-15.

2. Hiatt WH, Schallhorn RG. Intraoral transplants of can-
cellous bone and marrow in periodontal lesions. J Peri-
adontol 1973;44:194-208.

3. Mellonig JT, Bowers GM, Cotton WR. Comparison of
bone graft materials. Juibckiadanial 1981;52:297-301.

4. Quintero G, Mellonig J, Gambill V, Pelleu G Jr. A 6 month
clinical evaluation of decalcified freeze dried bone allo-
grafts in periodontal osseous defects. JLleuiadamial 1982;
53:726-730.

5. Kenney EB, Lekovic V, Ferreira JC, Han T, Dimitrijevic B,
Carranza FA. Bone formation within porous hydroxyap-
atite implants in human periodontal defects. Jubouiadan:
tol 1986;57:76-83.

6. Becker W, Becker B, Prichard J, Caffesse R, Rosenberg E,
Gian-Grasso J. Root isolation for new attachment proce-
dures. A surgical and suturing method: Three case reports.
sebetiadanial 1987;58:819-826.

7. Gottlow J, Nyman S, Karring T, Lindhe J. New attach-
ment formation as the result of controlled tissue regen-
eration. paistiieittitsaiia 1984;11:494-503.

8. Guillemin MR, Mellonig JT, Brunsvold MA. Healing in
periodontal defects treated by decalcified freeze dried
bone allografts in combination with e-PTFE membranes.
Clinical and scanning electron microscope analysis.
aakiettiiasiaiiel 1093;20:528-536.

9. Lekovic V, Kenney EB, Carranza FA, Danilovic V. Treat-
ment of class Il furcation defects using porous hydrox-
yapatite in conjunction with a polytetrafluoroethylene
membrane. Juleriadanial 1990;61:575-578.

10. McClain PK, Schallhorn RG. Long term assessment of
combined osseous composite grafting, root conditioning,
and guided tissue regeneration. N

LipeDept 1993;13:9-27.
11. Bowers GG, Chardroff B, Carnevale R, et al. Histologic

1733



EMP and BPBM in Periodontal Treatment

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

1734

evaluation of new human attachment apparatus forma-
tion in humans. Part lll. Jleuadarial 1989;60:683-693.
Brunsvold MA, Mellonig JT. Bone grafts and periodontal
regeneration. Periodontol 2000 1993;1:80-91.
Lowenguth RA, Blieden TM. Periodontal regeneration:
Root surface demineralization. Periodontol 2000 1993;1:
54-68.

Karring T, Nyman S, Gottlow J, Laurell L. Development of
the biological concept of guided tissue regeneration — ani-
mal and human studies. Periodontol 2000 1993;1:26-35.
Lynch SE, Williams RC, Polson AM. A combination of
platelet-derived and insulin-like growth factors enhances
periodontal regeneration. pnfslisiisiasenda 1989;16:
545-548.

Lynch SE, de Castilla GR, Williams RC, et al. The effect
of short-term application of a combination of platelet
derived and insulin-like growth factors on periodontal
wound healing. Jebgsadanial 1991;62:458-467.
Camargo PM, Lekovic V, Welnlander M, Nedic M, Aleksic
Z, Kenney EB. A comparison between enamel matrix
proteins used alone or in combination with bovine porous
bone mineral in the treatment of intrabony periodontal
defects in humans. Jelgriadaaial 2000;71:1110-1116.
Becker W, Urist MR, Tucker LM, Becker BE, Ochsenbein C.
Human demineralized freeze-dried bone: Inadequate induced
bone formation in athymic mice. A preliminary report. J
Beriadantal 1995;66:822-828.

Schwartz Z, Mellonig JT, Carnes DL, et al. Ability of com-
mercial demineralized freeze-dried bone allograft to induce
new bone formation. Jukgriadarial 1996;67:918-926.
Froum S, Kushner L, Scopp |, Stahl S. Human clinical and
histologic responses to durapatite implants in intraosseous
lesions. Case reports. Jubakiadaadal 1982;53:719-725.
Stahl S, Froum S. Histologic and clinical responses to
porous hydroxyapatite implants in human periodontal
defects. 3 to 12 month postimplantation. Jubgriadanial
1997;58:689-695.

Carranza FA Jr, Kenney EB, Lekovic V, et al. Histologic
study of healing of human periodontal defects after place-
ment of porous hydroxyapatite implants. Jubekiadanial
1987;58:682-688.

Stahl S, Froum S, Tarnow D. Human clinical and histo-
logical responses to the placement of HTR polymer
particles in 11 intrabony lesions. Jabekiadaaial 1990;61:
269-274.

Schlickewei W, Paul C. Experimental investigations of
bone replacement using bovine apatite (in German).
Hefte zur Unfallheikunde 1991;216:59-69.

Schlickewei W, Kuner E. Initial clinical findings with Bio-
Oss (in German). Hefte zur Unfallheikunde 1991;216:
126-137.

Cohen R, Mullarky R, Noble B, Comeau R, Neiders M.
Phenotypic characterization of mononuclear cells follow-

ing anorganic bovine implantation in rats. gubckiadamial
1994;65:1008-1015.

Gross J. Bone grafting materials for dental applications:
A praciical guice. [N
1997;18:1013-1036.

Valdre G, Mongiorgi R, Ferrieri P, Corvo G, Cattaneo V,
Tartaro G. Scanning electron microscopy and micro-
analysis applied to the study of biomaterials for dental
use (in Italian). m 1995;44:55-68.
Valentini P, Abensur D. Maxillary sinus floor elevation for
implant placement with demineralized freeze-dried bone

and bovine bone (Bio-Oss): A clinical study of 20 patients.
1997;17:233-241.

Berglundh T, Lindhe J. Healing around implants placed

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

46.

47.

Volume 74 « Number 12

in bone defects treated with Bio-Oss. (iiisisitdiitiistes
1997;8:117-124.

Schmitt JM, Buck DC, Joh SP, Lynch SE, Hollinger JO.
Comparison of porous bovine mineral and biologically
active glass in critical-sized defects. Jobokiadaaial 1997;
68:1043-1053.
Hutchens LH Jr. The use of a bovine bone mineral in
perlodontal osseous defects: Case reports. ookl
1999;20:365-378.
Richardson CR, Mellonig JT, Brunsvold MA, McDonnell
HT, Cochran DL. Clinical evaluation of Bio-Oss: A
bovine-derived xenograft for the treatment of periodontal
osseous defects in humans. ginfsiiaisiiaseike 1°99;
26:421-428.
Lundgren D, Slotte C. Reconstruction of anatomically com-
plicated periodontal defects using a bioresorbable GTR
barrier supported by bone mineral. A six months follow-
up study of six cases. pintiinttiasaiia 1999;26:56-62.
Camelo M, Nevins ML, Schenk RK, et al. Clinical, radi-
ographic, and hlstologlc evaluation of human periodontal
defects treated with Bio-Oss and Bio-Gide. gl lBars
1998;18:321-331.
Mellonig T. Human histologic evaluation of a bovine-

derived xenograft in the treatment of periodontal osseous
defects. NN 2000.20:

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.
I 2001:21:100. 110,

Hammarstrom L. Enamel matrix, cementum development
and regeneration. paistieitaiiaseiie) 1097;24:658-668.
Heijl L, Heden G, Ostgren A. Enamel matrix derivative
(Emdogam) in the treatment of intrabony periodontal
defects. pinfsliiniitiiasaika 1997;24:705-714.

Heden G, Wennstrom J, Lindhe J. Periodontal tissue
alterations following Emdogain treatment of periodontal
sites with angular bone defects. A series of case reports.

sackiankesiasanial 1099;26:855-860.

Heden G. A case report study of 72 consecutive Emdo-

gain-treated intrabony defects: Clinical and radiographic
fincings after 1 year. NG
2000;20:127-139.
Pontoriero R, Wennstrom J, Lindhe J. The use of barrier
membranes and enamel matrix proteins in the treatment
of angular bone defects, a prospective controlled clinical
study. 1999:26:833-840.
Sculean A, Reich E, Chiantella GC, Brecx M. Treatment
of intrabony defects with enamel matrix protein deriva-
tive (Emdogain): A report of 32 cases. jiinbittiasaiiiss
Resiesatcsaad 1999;19:157-163.
Sculean A, Donos N, Blaes A, Luermann M, Reich E,
Brecx M. Comparison of enamel matrix proteins and
bioabsorbable membranes in the treatment of intrabony
periodontal defects. A split-mouth study. [olelRoLs
1999;19:157-163.

]
. Zucchelli G, Bernardi F, Montebugnoli L, De Sanctis M.

Enamel matrix proteins and guided tissue regeneration
with titanium reinforced expanded polytetrafluoroethyl-
ene membranes in the treatment of infrabony defects:
A comparative controlled clinical trial. Jebekiadasial
2002;73:3-12.

Araujo M, Linde J. GTR treatment of degree Ill furcation
defects followmg application of enamel matrix proteins.
An experimental study in dogs. el
1998;25:524-553.

Mellonig J. Enamel matrix derivative for periodontal



] Periodontol * December 2003 Zucchelli, Amore, Montebugnoli, De Sanctis

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

reconstructive surgery: Technique and clinical and his-
tologic case report. J Clin Periodontol 1999;19:9-19.
Yukna RK, Mellonig JT. Histologic evaluation of peri-
odontal heallng in humans following regenerative therapy
with enamel matrix derivative. A 10-case series. J Peri-
adontol 2000;71:752-759.
Heijl L. Periodontal regeneration with enamel matrix
derivative in one human experimental defect. A case
report. pnfetiieltiiaseide 1997;24:693-696.
Camargo PM, Lekovic V, Weinlander M, Vasilic N, Kenney
EB, Madzarevic M. The effectiveness of enamel matrix
proteins used in combination with porous bone mineral
in the treatment of intrabony defects in humans. J Clin
Beriadanigl 2001;28:1016-1022.
Cortellini P, Pini Prato GP, Tonetti M. The simplified papilla
preservation flap. A novel surgical approach for the man-
agement of soft tissues in regenerative procedures. [nt J
1999;19:589-599.
Cortellini P, Pini Prato G, Tonetti M. Periodontal regener-
ation of human intrabony defects with titanium reinforced
membranes. A controlled clinical trial. Julgkiadaial
1995;66:797-803.
Tonetti M, Pini Prato G, Cortellini P. Periodontal regen-
eration of human intrabony defects. [V. Determinants of
the healing response. Jubgsiadagial 1993;64:934-940.
Cortellini P, Pini Prato G, Tonetti M. Periodontal regen-
eration of human intrabony defects with bioresorbable
membranes. A controlled clinical trial. Jubokiodamdal
1996;67:217-223.
Armitage GC. Development of a classification system for
periodontal diseases and conditions. geiaasmacamdal 1999;
4:1-6.
Trombelli L, Bottega S, Zucchelli G. Supracrestal soft tis-
sue preservation with enamel matrix proteins in treatment
of deep intrabony defects. A report of 35 consecutively
treated cases. paintiiinttitaaide 2002;29:433-439.
O’Leary TJ, Drake RB, Naylor JE. The plaque control
record. Jabekiadantal 1972;43:38.

58. Cortellini P, Pini Prato GP, Tonetti M. The modified papilla
preservation technique. A new surgical approach for inter-
proximal regenerative procedures. J Periodontol 1995;
66:217-223.

59. Toffenetti MS, Pini Prato GP, Cortellini P. Effect of ciga-
rette smoking on periodontal healing following GTR in
intrabony defects. J Clin Periodontol 1995;29:433-439.

60. Skoglund A, Hising P, Young C. A clinical and histologic
examination in humans of the osseous response to
implanted natural bone mineral. S ——
lmplants 1997;12:194-199.

Correspondence: Dr. Giovanni Zucchelli, Dipartimento di
Scienze Odontostomatologiche, Bologna University, Via S.
Vitale 59, 40125 Bologna, Italy. Fax: 39-051-225208; e-mail:
giovanzu@tin.it.

Accepted for publication April 25, 2003.

1735



