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Abstract The aim of the present study was to evaluate the
efficacy of autogenous bone graft (ABG) with and without
autogenous periodontal ligament graft (PDLG) in the
management of human two-wall intrabony periodontal
defects. Twenty-six similar two-wall intrabony periodontal
defects with >5 mm probing depths and >3 mm depths of
intrabony component in 13 nonsmoking healthy patients
were selected. One defect in each subject was treated with
ABG alone (ABG group) and the contralateral one with
ABG and PDLG (PDLG group). The primary outcomes of
the study included changes in clinical probing depth (CPD)
and clinical attachment level (CAL). Groups showed
statistically significant improvements in soft and hard tissue
parameters after 6 months. However, the between-group
differences after 6 months were not statistically significant
with regard to soft and hard tissue measurements except
CAL gain. In the combined group, it was significantly
higher than the ABG group (3.69 and 2 mm, respectively;
P=0.03). Within the limits of this study, both treatments
resulted in marked clinical improvement, but combined
treatment seemed to enhance the results in the treatment of
two-wall intrabony defects.
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Introduction

The aim of periodontal therapy is to treat the infection
caused by bacterial plaque and to arrest further disease
progression and tissue damage. Periodontal regeneration is
defined as the reconstruction of the damaged periodontium
as evidenced histologically by the formation of new
cementum, periodontal ligament, and alveolar bone to a
previously diseased root surface [33], which may only be
accomplished in certain well-defined cases. Several clinical
procedures have been used to this end so far, including bone
grafts [28, 34], guided tissue regeneration (GTR) [6, 38],
application of growth factors [30], application of enamel
matrix derivatives [10], or combinations of these procedures
[14, 35].

It is purported that new bone formation (up to 30% bone
fill) regularly occurs in surgically treated intrabony defects.
Studies indicate that additional use of bone grafts results in
greater levels of bony infill to a maximum of 60-70%. The
extent of gain in new attachment is very variable with bone
grafts, but autogenous bone graft (ABG) has been used
with success for some years [24].

Various studies have demonstrated that new attachment
and regeneration of periodontium may be facilitated when
the healing area is selectively populated with PDL cells [15,
16]. It is evident that cultured PDL cells have the potential to
differentiate into osteoblasts or cementoblasts and promote
formation of PDL, alveolar bone, and cementum in vitro [3,
21]. In addition, animal studies have shown that cultured
PDL cells are capable of synthesizing periodontal tissue after
replantation in vivo [4, 8, 20]. In a study recently carried out
by Akbay et al.,, autogenous periodontal ligament graft
(PDLG) was used in the treatment of furcation lesions [2].
This study suggests that the use of PDL grafts has beneficial
effects in the treatment of furcation defects. Since the
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benefits brought by adding PDLG to ABG are not clear yet,
the purpose of the present study was to compare the clinical
outcomes obtained by the combination of ABG and PDLG
with those obtained by ABG alone as a therapy for human
intrabony defects.

Materials and methods
Study population and experimental design

In this split-mouth study, 13 patients (seven females and six
males with a mean age of 33+8 years), who had referred to
the Periodontics Department of Tabriz Dental Faculty for
the treatment of periodontal disease, were included.

Medical and dental histories were reviewed for the
following exclusion criteria: (1) Any systemic condition
that would preclude periodontal surgery; (2) pregnant
women or nursing mothers; (3) full-mouth plaque score
[29] and full-mouth bleeding score [1] above 20%; (4)
patients who had received antibiotic therapy in the past 6
months; (5) patients who were under orthodontic therapy (a
history of orthodontic therapy was not considered a
preventive factor for inclusion); (6) smoking.

Once the patients had been screened for any exclusion
criteria, they were considered eligible to take part in the
study based on the following criteria: (1) At least one pair
of matched two-wall intrabony periodontal defect with a
probing depth of >5 mm and > 3 mm depth of intrabony
component (depth of intrabony component and number of
bony walls) following phase I therapy and re-evaluation;
(2) the existence of one fully erupted third molar with
healthy periodontium.

The study design was approved by the Ethics Committee
and supported by the Research Deputy of Tabriz Medical
Sciences University. The nature of this investigation was
explained in detail, and the patients signed an informed
consent form. All the patients underwent initial therapy,
consisting of oral hygiene instructions, full-mouth scaling
and root planing, correction of restorations, restoration of
decayed teeth, and occlusal adjustment when indicated.

Plaque control was assessed at each scaling, and root
planing appointment. Four weeks after the completion of
initial therapy, re-evaluation examination was performed.

At the time of surgery full-mouth plaque score, full-mouth
bleeding score and gingival index [23] were recorded, and
clinical parameters were measured with a Williams periodon-
tal probe (PWD, Hu-Friedy Immunity, USA) from a fixed
point using customized acrylic stents to prevent angulation
and positioning errors. All baseline clinical parameters were
obtained on the day of the surgery by one examiner, who was
blind to the type of treatment. Final parameters were taken 6
months postoperatively by the same examiner, again blind to
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the method of the study. A calibration exercise was performed
to obtain acceptable intra-examiner reproducibility for prob-
ing depth and recession of the gingival margin. Prior to the
study and after 6 months, five patients, each with ten teeth
with probing depth of >5 mm on at least one aspect of each
tooth, were used for calibration. The examiner evaluated the
patients on two occasions, 48 h apart. Calibration was
accepted if >90% of the recording could be reproduced within
a 1.0-mm difference.
The following soft tissue measurements were included:

1. Clinical probing depth (CPD): free gingival margin to
the base of the pocket

2. Clinical attachment level (CAL): inferior margin of the
stent to the base of the pocket

3. Gingival margin level (ST-GM): inferior margin of the
stent to the free gingival margin. Differences between
the baseline measurements and those obtained 6
months after surgery demonstrated gingival recession.

Surgical procedure

A single surgeon (A S) performed all the operations.
Surgical sites were anesthetized utilizing 0.2% lidocaine
with 1:80,000 epinephrine. Following buccal and lingual
sulcular incisions, full-thickness flaps were raised. Granu-
lation tissue was removed to allow visualization of the
defect. Root surfaces were scaled and root planed by hand
and ultrasonic instrumentation.

Hard tissue measurements were made with the same stent:

1. Inferior margin of the stent to the alveolar crest (Stent-
AC)

2. Inferior margin of the stent to the base of the defect
(Stent-DB)

3. Alveolar crest to the bottom of the defect (INFRA)

Comparisons were carried out between the baseline
measurements and those obtained 6 months later to determine
alveolar crest resorption, defect fill and defect resolution,
respectively.

One defect from each pair of intrabony defects was
randomly selected, by the flip of a coin, to be treated with
autogenous bone graft with or without autogenous periodontal
ligament graft (ABG or ABG/PDLG). Cortical bone chips
were taken from the surgical sites or edentulous sites by hand
instruments.

Fully erupted third molars were extracted with forceps
using only gentle rotating movements when possible and kept
in a sterile saline solution with tetracycline (50 mg/ml). PDL
remnants attached to the cementum and cellular cementum
were removed using curettes. To circumvent contamination by
gingival fibroblasts, the most coronal 4 mm of tissue on the
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root surface was removed by sharp dissection and root
planning. PDL cells from the middle third of the roots were
used [2]. The walls of the defect were covered with a PDL
graft, and then, the inner part of the defect was filled with
ABG.

The defects were overfilled with bone grafts and then
tightly packed using amalgam condensers to the level of the
surrounding bony walls. Closure was accomplished using
4-0 sutures in vertical mattress fashion and a periodontal
dressing (Coe-Pak, GC America, IL, USA) was used.

Postoperative care

The patients were instructed to rinse twice daily for 4 weeks
with a 0.2% solution of chlorhexidine gluconate. Acet-
aminophen was prescribed for postoperative pain and
Amoxicillin 500 mg tid was administered for 10 days.

The patients were re-visited after 7 days for removal of
the periodontal dressing and sutures. At the end of 2 weeks
and then every month, the patients received professional
prophylaxis and oral hygiene reinforcement.

Six months after the primary surgery, a reentry surgery
was performed. The reentry procedure was aimed at
correction of any remaining defects and evaluation of the
results of the treatment with reference to the soft and hard
tissue parameters. The method of reentry measurements
was similar to primary measurements.

Statistical analysis

The primary outcomes of the study were CPD reduction and
CAL gain, whereas gingival recession, defects fill, crestal
resorption, and defect resolution were the secondary out-
comes. The control variables were FMPS, FMBS, and GI.

Sample size was determined by comparing the two means.
By considering a=0.05, d=0.1 with 80% power and CPD
mean value of 7.01+1.67 for PDLG group and 7.58+1.17
for ABG group (which were yielded by a pilot study), the
sample size was determined to be 11 patients (22 defects),
but we used 13 patients (26 defects) to increase the validity
of the results.

The patient was defined as the statistical unit. Statistical
analysis was performed using the descriptive statistic
methods (mean+SD), repeated measurements analysis of
variance (nonparametric) and Wilcoxon test, using SPSS
version 14 software. The normality of data distribution was
evaluated using Kolmogorov—Smirnov test.

Results

A total of 13 patients with 13 pairs of intrabony defects
received surgical therapy. A total of 13 sites were treated

with ABG (ABG group) Fig. 1, and 13 sites were treated
with ABG/PDLG (PDLG group, Fig. 2). Postoperative
healing was uneventful in all cases, and no complications or
infections were observed throughout the study period.

All subjects returned for re-evaluation after 6 months.
During the 6-month period following treatment, all the
patients maintained excellent levels of oral hygiene, and
full-mouth plaque score, full-mouth bleeding score and
gingival index did not demonstrate any significant differ-
ences compared to the baseline values (P>0.05; Table 1).
There were no significant differences in the initial measure-
ments of soft and hard tissue parameters between ABG and
PDLG groups (Tables 2 and 3).

Soft tissue parameters

Soft tissue parameters are presented in Table 2. In
comparison with the baseline data, both the test and control
groups showed statistically significant differences. Clinical
probing depth reduction in the ABG group was 2.84+0.89
mm (P<0.001) and 4.07+£0.95 mm in the PDLG group
(P<0.001). However, the between-group differences after 6
months were not statistically significant (P=0.16). The
clinical attachment gains were 2+0.91 mm in the ABG
group and 3.69+0.75 mm in the PDLG group. Both the
within-group differences were significant (P<0.001). The
difference between the groups was in favor of the PDLG
group (P=0.03).

An average change of 0.69+0.75 mm in the position of the
gingival margin between the baseline and 6-month data was
observed in the test group (P<0.05) and 0.76+0.43 mm in the
control group (P<0.05). In both groups, recession showed a
tendency to increase, but the postoperative recession was not
affected by the treatment protocol (P=0.85).

Hard tissue parameters

Hard tissue parameters are presented in Table 3. In
comparison with the baseline data, both the test and control
groups showed statistically significant differences. An
evaluation of the hard tissue findings indicated that both
treatment modalities result in defect fill after 6 months. The
PDLG group showed 2.92 mm (P=0.005) of defect fill,
while this was 2.38 in the ABG group (P=0.014); however,
the between-group differences after 6 months were not
statistically significant (P>0.05).

Alveolar crest resorption increased significantly: 0.53+
0.51 mm in the ABG group (P=0.002) and 0.69+0.48 mm
in the PDLG group (P=0.009), but there were no
significant differences between the two groups after
6 months.

Defect resolution was better in the PDLG group (3.61+
1.44 mm) compared to that in the ABG group (2.92+

@ Springer



282 Clin Oral Invest (2009) 13:279-286

Fig. 1 Case from ABG group: a Clinical appearance of the intrabony defect at tooth 23 at the time of surgery. b Appearance of the defect. ¢
Placement of the autogenous bone graft. d Suturing. e Clinical appearance at 6 months posttreatment. f Reentry

Fig. 2 Case from PDLG group: a Clinical appearance of the preparation of periodontal ligament autograft. f Placement of it. g The
intrabony defect at tooth 43 at the time of surgery. b Appearance of autogenous bone graft. h Placement of it. i Suturing. j, k Clinical
the defect. ¢ Fully erupted third molar. d Extracted third molar. e appearance at 6 months posttreatment 1 Reentry
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Table 1 Mean (+ SD) of FMPS, FMBS and GI at baseline and after 6
months

PDLG Group ABG Group p value
FMPS
Baseline 8.2%+2.7% 9.2%+1.6% 0.500
6 months 7.5%+2.4% 8.8%+3.7% 0.345
p value 0.673 0.844
FMBS
Baseline 7.2%+2% 8.2%+3.6% 0.673
6 months 8.1%+2.9% 9.8%+1.7% 0.802
p value 0.400 0.512
GI
Baseline 0.8+0.6 0.8+0.6 1.000
6 months 0.9+0.8 1.0£0.3 0.768
p value 0.982 0.765

0.95 mm). The between-group differences were not
statistically significant (P=0.08).

Discussion

Regeneration of lost attachment apparatus is the treatment
of choice for intrabony defects in contemporary clinical
practice. The present experimental study was undertaken to
evaluate the clinical effectiveness of ABG alone or
combined with PDL autograft in the treatment of intrabony
periodontal defects. The two treatment modalities in the
present study resulted in clinically significant improve-
ments in all the soft and hard tissue parameters when
baseline data and 6-month data were compared.
Furthermore, statistical analysis of data revealed no
significant differences between the two treatment modalities
with regard to soft and hard tissue measurements except for
clinical attachment level. The mean CAL gain as observed 6
months postoperatively was 3.69+0.75 mm in the PDLG
group and 2+0.91 mm in the ABG group. In this context, it
should be pointed out that these are the first data obtained for
the evaluation of the use of PDL autograft for the treatment of
intrabony periodontal defects. Therefore, a comparison with

Table 2 Soft tissue parameters at baseline and after 6 months

other studies is not possible. However, the CAL gains noted in
the PDLG group seemed to be within the range of other well-
documented regenerative treatment procedures, but the CAL
gains in the ABG group is moderate and comparable with
most of the reported results from open flap debridement [22,
31]. Nevertheless, one systematic review comparing the
autogenous bone to the OFD procedure indicated a greater
clinical attachment level gain for the grafted group (clinical
attachment level gain 3.2 mm, SD 0.5) [36].

The differences in PD at baseline between the groups in
our study (2.8540.89 mm in the ABG group and 4.07+0.95
mm in the PDLG group) are consistent with the results of
related studies.

Guillemin et al. reported a 2.3-mm PPD reduction and a
3.2-mm gain in CAL [12]. According to the results of a
meta-analysis evaluating grafting materials, the use of
biological agents in periodontal intrabony defects produces
a favorable change in PPD and CAL values when compared
with an access flap procedure [36]. Nevertheless, there
appeared to be a marked variation in CAL gain and PPD
reduction with respect to different biomaterials or even
between studies valuating the same biological agent. In a
study which has recently been performed by Akbay et al.,
autogenous periodontal ligament graft (PDLG) was used in
the treatment of furcation lesions [2]. Sites treated with
PDL grafts demonstrated significant improvements in
vertical and horizontal defect fill, PD, and CAL at 3 and
6 months compared to presurgical values.

It has been documented that there are several prognostic
factors that affect the outcome of regenerative procedures,
including type of the defect treated (initial PDs and
attachment level, width, depth and angle of defects,
intrabony wall components), type of barrier membrane
(different cross-linking techniques) or grafts used (biolog-
ical and physicochemical characteristics of bone grafts),
operator’s experience, surgical variables and methods,
measuring techniques, postoperative maintenance, and
statistical analysis. In addition to these, other factors
associated with bacterial contamination, innate wound
healing potential, and the surgical procedure affect the
treatment outcome [18].

Variable Group Baseline value (mm) Baseline comparison 6-month value (mm) Within-group comparison Between-group comparison
CPD PDLG 7.23+£1.09 P=0.43 3.08+0.27 P<0.001* P=0.16
ABG 6.31£1.49 3.46+0.66 P<0.001*
CAL PDLG 10.15+0.98 P=0.61 6.54+0.77 P<0.001* P=0.03*
ABG 9.54+1.33 7.54+1.05 P<0.001*
Stenet-GM  PDLG 0.55+2.85 P=0.27 3.62+0.96 P<0.001* P=0.85
ABG 1.01+£3.23 4+1.08 P<0.001*

Asterisk indicates statistical significance based on P<0.05.
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Table 3 Hard tissue parameters at baseline and after 6 months

Parameter Group Baseline value (mm) Baseline comparison 6-month value (mm) Within-group comparison Between-group comparison
Stenet-AC PDLG 8.92+1.55 P=0.81 9.62+1.75 P=0.009* P=0.34
ABG 8.85+1.51 9.38+1.85 P=0.002%*
Stenet-DB  PDLG 13.15+1.95 P=0.91 10.15+1.86 P=0.005%* P=0.69
ABG 12.92+1.97 10.54+1.94 P=0.014*
INFRA PDLG 4.15+1.21 P=0.35 0.54+0.51 P=0.003* P=0.08
ABG 4.08+1.18 1.15+0.68 P=0.004*

Asterisk indicates statistical significance based on P<0.05.

The intrabony component of the defect in the present
study decreased by an average of 2.92 and 3.61 mm in the
ABG and PDLG groups, respectively. The within-group
differences 6 months postoperatively were significant.
Because the amount of crestal bone resorption was
minimal, these changes mostly reflect the filling of the
intrabony defect.

The results of this study indicated that combined
treatment was superior in promoting defect fill when
compared to presurgical levels. A surgical reentry of the
treated defects revealed a greater amount of defect fill in
favor of the PDLG group (2.92 mm) compared to the
ABG group (2.38 mm). In clinical case series, in which
intraoral autogenous grafts were used for the treatment of
intrabony periodontal defects, a mean bone fill ranging
from 3 to 3.5 mm was reported [11, 13, 27, 32].

The mean bone fill in Froum’s [11] study using bone
blending was 2.98 mm and in Hiatt and Schalhorn [13]
study using intraoral cancellous bone was reported 3.5 mm.
In this study, the mean bone fill after using ABG was 2.38
mm. The differences between this study and other studies
might be attributed to the type of autogenous bone, the type
of osseous defects, and the greater initial defect depth.

The treatment of intrabony defects with various grafting
materials has provided a baseline for what can be achieved
with regard to regenerative efforts to create bone fill. New
attachment and regeneration of periodontium may be
facilitated when the healing area is selectively repopulated
with PDL cells. It is evident that cultured PDL cells have
the potential to differentiate into osteoblasts and promote
formation of PDL, alveolar bone, and cementum in vitro [5,
26]. In addition, animal studies have shown that cultured
PDL cells are basically capable of synthesizing periodontal
tissue after replantation in vivo [4, 8, 20].

Van Dijk et al. [37] created artificial periodontal defects
on the buccal aspects of the lower second, third, and fourth
premolars in a beagle dog. The exposed roots were
thoroughly planed, and the cultured cells at passage 5,
removed from an upper premolar, were applied on the
planed root surfaces. The same treatment was administered
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on the planed surfaces of control teeth except for the fact
that they were not seeded with PDL cells. Four months after
implantation, histological sections were obtained. New
connective tissue attachment was observed at test site.
Epithelial cells from the gingival tissue did not grow
downward into the planed root surface, and root resorption
was not observed.

Lang et al. [21] obtained primary cell cultures from
alveolar bone and PDL of minipigs and replanted these
cells into experimentally induced furcation and interdental
defects along with a carrier material made of bone gelatin
and covered with Teflon membranes. When the defects
were histologically assessed after 90 days, it was demon-
strated that replantation of cultured alveolar bone cells had
led to the formation of much more attachment and bone
than control groups [flap surgery, bone gelatin (carrier
material) and membrane group; flap surgery and membrane
group; flap surgery group; and no treatment group].
Periodontal regeneration is based on the selective prolifer-
ation of cells originating from the periodontal ligament and
bone while preventing the proliferation and migration of
basal epithelial cells of gingival epithelium. Histological
analysis of human periodontal defects treated with some
bone grafts has revealed healing by a long junctional
epithelium with minimal new connective tissue attachment
and minimal new bone formation [7, 9]. In our experimen-
tal study, the walls of the defect were covered with PDL
graft so that epithelial cells from the gingival tissue
presumably do not grow downward into the planed root
surface, although confirmation of the type of healing
requires histological study.

Another factor that might influence treatment outcomes
is storage of extracted third molars in a sterile saline
solution with tetracycline. Placing PDL samples along with
tetracycline in the bony defect might have confounded the
results in the test group. Alger et al. [3] showed that there
was a trend for greater connective tissue attachment
following tetracycline—-HCI treatment of roots. However,
another study suggests that there is no significant benefit
from reconstituting grafts with tetracycline [25].
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In our study, recession was seen in both groups after 6
months (0.69+0.75 mm in the PDLG group and 0.76+0.43
in the ABG group), which is in accordance with other
regenerative procedures [17, 19]. Nevertheless, the results
of this study failed to demonstrate the superiority of one
form of the treatment over the other (P=0.85).

One of the limitations in this study was the sample size.
A larger sample size might have demonstrated statistically
significant differences between the two groups. Further-
more, the large variability in patient response to therapy
created large SDs which limited the ability for statistical
analysis to demonstrate differences between the study
groups.

Future research might be directed toward the ultrastruc-
tural assessment of mechanisms underlying the clinical
events. In addition, investigation into the simultaneous
healing of periodontal soft and hard tissues affected by the
periodontal autograft and the mutual interactions of these
two with reference to mediator molecules and other
regional factors seem interesting.

Within the limits of the present study, it can be
concluded that: (1) 6 months after surgery both therapies
resulted in statistically significant PD reductions, CAL
gains, and bone fill; (2) treatment with PDL autograft
resulted in relatively higher CAL gain compared to
treatment with autogenous bone graft alone.
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