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Abstract
Objectives: The aim of the present study was to evaluate the efficacy of autogenous bone graft (ABG) and nano-
crystalline hydroxyapatite (Ostim) in the management of human intrabony periodontal defects.
Study Design: Twenty-four similar two and three wall intrabony periodontal defects with ≥5 mm probing depths 
and ≥3 mm depths of intrabony component in 12 healthy patients were selected. One defect in each subject was 
treated with ABG (ABG group) and the contralateral one with ABG and Ostim (Ostim group). Plaque index (GI), 
gingival index (PI), clinical probing depth (CPD), clinical attachment level (CAL), gingival margin level, bone 
fill, crestal resorption and defect resolution were measured at baseline and during reentry surgery after 6 months.  
Wilcoxon signed-rank test and Mann–Whitney U test were used to analyze the data.
Results: Groups showed statistically significant improvements in soft and hard tissue parameters after 6 months 
except in gingival margin level and crestal level. However, the between-group differences after 6 months were not 
statistically significant with regard to soft and hard tissue measurements.
Conclusion: Within the limits of this study, both treatments resulted in marked clinical improvement, and Ostim 
treatment seemed to be effective in the treatment of two&three-wall intrabony defects as well as autogenous bone 
graft.
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Introduction
Intrabony defects represent a major challenge for the cli-
nician. These defects often require access flap surgery 
alone or in association with bone-respective techniques 
(1). However, despite a successful etiologic therapy, the 
ultimate goal of periodontal treatment is the regenera-
tion of periodontal tissues lost during the disease proc-
ess. A variety of treatment modalities including the use 
of autogenous bone grafts and bone substitutes materi-
als (2,3),guided tissue regeneration (GTR) with the use 
of barrier membranes (4), and growth factors (5) have 
been proposed to promote the regeneration of periodon-
tal tissues. 
Two systematic reviews (6,7) summarizing the clinical 
outcomes following application of specific biomaterials 
as bone-replacement grafts in the treatment of deep in-
trabony defects indicated that bone replacement grafts 
and bone substitutes were significantly more effective 
than open flap debridement in improving attachment 
levels and in reducing probing depths (PDs). However, 
differences in clinical attachment level (CAL) gains 
varied considerably among the different biomaterials 
used; because of this heterogeneity in the results among 
studies, the investigators (6) were unable to draw con-
clusions about the use of specific graft biomaterials. 
Until now, autogenous bone is recognized as the gold 
standard. Bone cell precursors in the graft provide os-
teoinductive properties without adverse immunological 
response (8). Nevertheless, autografts increase the mor-
bidity and are limited in availability. These considera-
tions have led to an increased exploration of alternative 
bone substitute materials. These materials are supposed 
to be biocompatible, noninfectious, and nonantigenic. 
Although most are not considered to be osteoinductive, 
they should at least be osteoconductive (9).
A synthetic nano-crystalline hydroxyapatite (ncHA) 
bone substitution material has been successfully intro-
duced for the augmentative treatment of space-main-
taining bone defects after defect fractures and cystec-
tomies without revealing negative side effects (10,11). 
Although this ncHA material is different from microc-
rystalline bone substitution materials regarding solubil-
ity, its chemical composition corresponds to that of bone 
mineral. The particle size was reported to be 18 nm in 
average, which allows for an accelerated substitution by 
vital bone (12). This ncHA material (Ostims, Heraeus 
Kulzer, Hanau, Germany) has been used in a recently 
published animal study in adult domestic pigs for obser-
vation of the regenerative potential in bony defects. This 
animal study examined the de novo bone formation in 
bony defects following the insertion of autogenous bone 
alone versus an injectable nanoparticle hydroxyapatite 
alone and in combination with 25% autogenous bone. 
The regenerative potentials of the tested materials were 
compared with each other. Microradiography indicated 

mineralization rates in the 2 bone substitute groups that 
were not significantly lower than those found in the 
autogenous bone group. Histologically, there was suit-
able osseointegration and osteoconduction of the used 
material. Complete resorption of the nanoparticle hy-
droxyapatite had taken place after 12 weeks. It can be 
concluded that the evaluated nanoparticular hydroxya-
patite met the clinical requirements for a bone substi-
tute material within the limits of this experimental set-
ting (13). In contrast, microcrystalline hydroxyapatite 
was shown to be ensheathed by newly formed bone and 
partly replaced by it, but resorbed very slowly, as shown 
in animal experiments after 9 months (14) or in clinical 
studies after a 6-month observation period (15,16). 
Because no reports on the clinical use of nano-crystal-
line hydroxyapatite (Ostim) for treatment of periodontal 
infrabony defects are available as yet, the purpose of 
the present study was to compare the clinical outcomes 
obtained by ostim with those obtained by ABG as a 
therapy for human intrabony defects.

Materials and Methods
Study population and experimental design
In this split-mouth study, 12 patients with a mean age of 
38 years, who had referred to the Periodontics Depart-
ment of Tabriz Dental Faculty for the treatment of peri-
odontal disease, were included.
Patients were selected according to following criteria: 
(1) absence of relevant medical conditions that contrain-
dicated periodontal surgery; (2) no use of antibiotics 
during the previous 6 months; (3) no pregnancy or lac-
tation; (4) optimal compliance (no missed treatment ap-
pointments), as assessed during cause-related therapy; 
(5) good oral hygiene standards, defined as a full-mouth 
plaque score ≥  20% (17); and (6) presence of at least on 
pair of matched two or three-wall periodontal infrabony 
defect with a PD≥5 mm and a radiographic depth of the 
defect ≥3 mm. Patients with teeth exhibiting furcation 
involvement, inadequate endodontic treatment, or over-
hanging margins were excluded from the study. None of 
the patients was a smoker.
The study design was approved by the Ethics Commit-
tee and supported by the Research Deputy of Tabriz 
Medical Sciences University. The nature of this inves-
tigation was explained in detail, and the patients signed 
an informed consent form.
Each patient first received cause-related therapy con-
sisting of scaling and root planing, motivation, and oral 
hygiene instructions. Four weeks after the completion 
of  initial therapy, re-evaluation examination was per-
formed. At the time of surgery plaque index (GI) and 
gingival index (PI) (18) 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 
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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 the method of the 
study. A calibration exercise was performed to obtain 
acceptable intra-examiner reproducibility for probing 
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. Cal-
ibration 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 be-
tween the baseline measurements and those obtained 6 
months after surgery demonstrated gingival recession.
Surgical procedure 
All surgical procedures were performed by the same 
surgeon. Prior to surgery, patients were instructed to 
rinse with 0.12% chlorhexidine gluconate for 30 sec-
onds. Anesthesia was obtained by administration of 
2% lidocaine 1:80,000 epinephrine. Buccal and lingual 
intrasulcular incisions were performed, and mucope-
riosteal flaps on the facial and lingual aspects of each 
tooth, segment, or area involved were reflected. Inci-
sions were designed to preserve as much of the inter-
proximal tissue as possible. Soft tissue debridement was 
performed as well as thorough scaling and root planing 
of the exposed root surfaces with the use of hand and 
ultrasonic instruments.
Hard tissue measurements were made with the same 
stent:
1. Crestal level: Inferior margin of the stent to the alveo-
lar 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).
One defect was randomly selected, by the flip of a coin, 
to be treated with an autogenous bone graft (control), 
and the other was treated with Ostim (test). All subjects 
received the test treatment on one defect and the control 
treatment on the contralateral defect. Autogenous bone 
chips were retrieved from adjacent areas and packed 
into the defect. Closure was accomplished using 4-0 
silk sutures and a periodontal dressing (Coe-Pak, GC 
America, IL, USA) was used.
Postoperative care
All subjects received postoperative instructions, includ-

ing rinsing with 0.2% chlorhexidine (twice daily for 2 
weeks), and antibiotic and anti-inflammatory systemic 
medications for 1 week. The patients were re-visited af-
ter 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 variables are presented as mean±standard devia-
tion. The between-group postoperative differences of 
the defects, before and after the treatment, were com-
pared based on the Wilcoxon test. In addition, Mann-
Whitney U test was used for the comparison of the 
within-group differences at baseline and 6 months post-
operatively. In the present study, P<0.05 was considered 
to indicate statistical significance.

Results
A total of 12 patients with 12 pairs of intrabony de-
fects received surgical therapy. A total of 12 sites were 
treated with autogenous bone graft (ABG), and 12 sites 
were treated with Ostim. Postoperative healing was un-
eventful 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 plaque 
and gingival index did not demonstrate any significant 
differences compared to the baseline values (P>0.05); 
(Table 1). 
Soft & Hard tissue parameters
There were no significant differences in the initial 
measurements of soft and hard tissue parameters be-
tween ABG and Ostim groups (Tables 2 and 3).

Variables Baseline 6 months P value

PI    
Ostim 0.6±0.5 0.5±0.5 0.500
ABG 0.8±0.4 0.5±0.5 0.375

P value 0.673 1.000
GI    

Ostim 0.9±0.6 0.5±0.5 0.063
ABG 1.0±0.6 0.5±0.5 0.063

P value 0.844 1.000

Table 1. Mean± SD plaque and gingival index scores at base-
line and 6-month evaluation.
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Soft tissue parameters are presented in table 2. In com-table 2. In com-able 2. In com-
parison with the baseline data, both the test and con-
trol groups showed statistically significant differences. 
Clinical probing depth reduction in the ABG group was 
3.37 mm (P<0.002) and 3.21 mm in the Ostim group 
(P<0.002). However, the between-group differences 
after 6 months were not statistically significant (P=0. 
634). The clinical attachment gains were 2.38 mm in the 
ABG group and 2.62 mm in the Ostim group. Both the 
within-group differences were significant (P<0.002). 
However, the between-group differences after 6 months 
were not statistically significant (P=0. 613). An average 
change of 0.1 mm in the position of the gingival margin 
between the baseline and 6-month data was observed 
in the test group (P=0.713) and 0.54 mm in the control 
group (P=0.18). In both groups, recession showed a ten-
dency to increase, but the postoperative recession was 
not affected by the treatment protocol (P=0.511).
Hard tissue parameters are presented in (Table 3). Evalu-(Table 3). Evalu-able 3). Evalu-). Evalu-. Evalu-
ation of the crestal resorption found no significant differ-
ence for both groups compared to initial measurements. 
Furthermore, there was no significant difference in cre-
stal resorption in defects treated with Ostim and ABG. An 
evaluation of the hard tissue findings indicated that both 
treatment modalities result in defect fill after 6 months. 
The Ostim group showed 2.54 mm (P=0.023) of defect 

fill, while this was 2.92 in the ABG group (P=0.002); 
however, the between-group differences after 6 months 
were not statistically significant (P>0.05). Defect resolu-
tion was better in the ABG group (3.21 mm) compared to 
that in the Ostim group (2.87 mm). The between-group 
differences were not statistically significant (P=0.424).

Discussion
The present study was designed to determine the effect 
of ABG and Ostim in the management two and three 
wall intrabony periodontal defects. These findings seem 
to be consistent with other research which found the ef-
fectiveness of these materials in the treatment of intrab-
ony periodontal defects. At base line, statistical analysis 
of data revealed no significant differences between the 
two treatment modalities with regard to gingival index, 
plaque index and soft and hard tissue measurements, 
therefore in the end of study the difference between two 
groups resulted from the type of graft materials.
The probing depth reduced by 3.21 mm in the ostim site 
and 3.37 mm in the ABG site. Decrease in the CAL in 
the Ostim and ABG Groups were 2.68 mm and 2.38 
mm, respectively. Because the postoperative gingival 
recession was not significant in both groups suggesting 
that the gain in attachment is the major contributor to 
the reduction in the probing depth.

Variable Group Baseline
value (mm)

Baseline
comparison

6-month
value (mm)

Within-group
comparison

Between-group 
comparison

CPD
Ostim 6.79 0.68 0.551 3.58± 0.63 0.002* 0.634
ABG 7.37 1.69 4.00± 1.38 0.002*

CAL
Ostim 10.70 1.73 0.319 8.08± 1.39 0.002* 0.613
ABG 10.08 2.02 7.70± 1.94 0.002*

Stent- GM
Ostim 4.91 1.06 0.179 5.00± 1.49 0.713 0.511
ABG 3.62 0.71 4.16± 0.86 0.18

Table 2. Soft tissue parameters at baseline and after 6 months.

Asterisk indicates statistical significance based on P<0.05.

Variable Group Baseline
value (mm)

Baseline
comparison

6-month
value (mm)

Within-group
comparison

Between-group 
comparison

Stent-AC
Ostim 6.95 1.38

0.410
7.29± 1.72 0.23

0.830
ABG 5.70 1.13 5.95± 1.15 0.14

Stent-DB
Ostim 11.12 1.84

0.390
8.58± 1.95 0.023*

0.493
ABG 10.54 2.01 7.62± 2.06 0.002*

INFRA
Ostim 4.16 0.61

0.178
1.29± 0.54 0.002*

0.424
ABG 4.83 1.40 1.62± 1.47 0.002*

Table 3. Hard tissue parameters at baseline and after 6 mo.

Asterisk indicates statistical significance based on P<0.05.
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The intrabony component of the defect in the present 
study decreased by an average of 2.92 and 2.54 mm in 
the ABG and Ostim groups, respectively. The within-
group differences 6 months postoperatively were sig-
nificant. 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 ostim treatment was effective in promoting defect 
fill when compared to presurgical levels.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 
(19,20).
The mean bone fill in Froum et al. (19) study using bone 
blending was 2.98 mm and in Hiatt et al. (20) 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. Schwarz et al. (21) evaluated the healing 
of intrabony peri-implantitis defects following applica-
tion of two types of hydroxyapatite; a nanocrystalline 
hydroxyapatite (NHA) or a bovine-derived xenograft 
in combination with a collagen membrane (BDX1BG). 
Post-operative wound healing revealed that NHA com-
promized initial adhesion of the mucoperiosteal flaps in 
all patients. At 6 months after therapy, showed 0.7mm 
and the mean CAL changed from 7.5 - 1.0 to 5.2 - 0.8 
mm.
The study of Kasaj et al. (22) was designed to compare 
the clinical outcomes of infrabony periodontal defects 
following treatment with an anorganic bovine-derived 
hydroxyapatite matrix/cell-binding peptide (ABM/P-
15) flow to open flap debridement. Their results dem-
onstrated that 12 months after surgery both treatments 
resulted in significant PD reductions and CAL gains 
and that treatment with ABM/P-15 in its flow formula-
tion produced enhanced clinical results in terms of PD 
reductions and CAL gains when compared to open flap 
debridement alone.
A limitation of clinical regeneration studies, such as the 
present one, is the inability to assess the histologic char-
acteristics of the repaired tissues. Studies to examine 
the histologic nature of the interface of a treated bony 
defect and the root surface are difficult to conduct for 
ethical reasons.
Another limitation in this study was the sample size. 
A larger sample size might have demonstrated statis-
tically significant differences between the two groups. 
Furthermore, 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.
Within the limits of the present study, it can be conclud-

ed that 6 months after surgery both therapies resulted in 
statistically significant PD reductions, CAL gains, and 
bone fill.
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