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Introduction

The main objective of  periodontal therapy is to arrest progres-
sive attachment loss through nonsurgical and surgical periodontal 
therapy [1]. Obtaining true periodontal regeneration is consid-
ered by far the most elusive goal for treating periodontal intra-
bony defects. Nowadays, variable techniques are used aiming for 
periodontal regeneration including bone replacement grafts [2, 3]
that have been evaluated by previous studies and systematic re-
viewstoenhance regeneration of  periodontal defects [4-7]. Bone 
replacement grafts provide structural scaffolds and matrices for 
blood clot development, maturation and osteoblasts prolifera-
tion [8]. Synthetic hydroxyapatite (HA) is an alloplastic material, 
chemically like the inorganic component of  bone matrix which 
received great attention as a scaffold for bone tissue engineer¬ing. 
However, HA exhibited decreased osteoconductivity and poor 
degradation characteristics which limited its clinical use. In addi-
tion, theyhave shown no potential for enhancing new attachment 

formationacting primarily as inert biocompatible bone fillers [5, 
7, 9].

A newly developed HA was developedcontaining 65% water and 
35% nanostructured apatite particles and was first introduced in 
an animal study examining the de novo bone formation in osseous 
defects [10]. The significance of  nanotechnology was postulated 
to generate materials that could mimic the natural nanostructure 
of  the living human tissues and to provide porous bioceramics of  
high mechanical strength with a large surface-to-volume ratio [11].
Moreover, this technology promotescolonization and adhesion 
of  osteoblasts on nano grained materials besides its high-water 
content which facilitatesblood vessels growth [10, 12, 13]. These 
nano crystals also allow bone mineral to act as an ion ‘reservoir’ 
capable of  either capturing or releasing ions under the control 
of  the body to certify homeostasis [14]. Other advantages of  us-
ing nano HA as a regenerative bone substitute include; minimal 
patient morbidity, biocompatibility, lack of  toxicity and ability to 
chemically bond to bone [15].
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Several commercially available nano HA bone substitutes have 
been clinically and histologically evaluated in management of  per-
iodontal intrabony defects [16-19]. Nevertheless, there is a con-
troversy regarding the regenerative potential of  nano HA, where 
clinical outcomes obtained following its use in treating intrabony 
defects may not always be indicative of  true periodontal regenera-
tion. Accordingly, this investigation aimed toevaluatenanocrystal-
line HA embedded in a silica gel matrix (n-HA) as one of  the 
currently available nanostructured HA bone substitutes. This re-
sorbable n-HA has 60 nm nano-sized particles is non-sintered, 
highly porous andproduced by a sol-gel-method where n-HA is 
homogeneously distributed into silica forming a nano-porous 
scaffold during gel transition which connects the loosely packed 
HA crystallites. This produces an extensive surface with intercon-
necting pores forming a nano-porous compound with high osteo-
conductive potential [20, 21].

Modified and simplified papilla preservation flaps (PPF) were de-
veloped to maintain primary flap closure and increase the ability 
to create space for regeneration in the interdental area protecting 
the regenerating tissues [22, 23]. These procedures aim at com-
plete preservation of  the marginal tissue on top of  the applied 
regenerative material during the critical stages of  healing [24, 25]. 
Given the existing gap of  knowledge regarding the regenerative 
potential of  n-HA, this randomized clinical trial aimed to assess 
the clinical and radiographic outcomes following the use of  n-
HAbone graftsubstitute with PPF compared to PPF alone in the 
treatment of  periodontal intraosseous defects.The null hypoth-
esis tested is that there should be no difference found regarding 
CAL gain between PPF+n-HA bone graft and PPF alone after 6 
months. 

Materials and Methods

Study Design and ethics

This is a parallel randomized clinical trial designed tocompare 
clinically and radiographically the use of  n-HAbone substitute 
with PPF versus PPF alone in managing periodontal intrabony 
defects. The study protocol was registered in ClinicalTrials.gov 
(ID:NCT03588507) and approved by the Research Ethics com-
mittee, Faculty of  Dentistry, Cairo University (July 2018) and 
performed according to the Declaration of  Helsinki [26]. This 
study was reported according to CONSORT guidelines, 2012 [27]
(Figure 1). 

Study Population

This investigation included 30 patients (10 males and 20 fe-
males, aged 25 to 50 years) suffering from periodontitisstage III 
or IV [28] recruited from the outpatient clinic, Department of  
Periodontology, Faculty of  Dentistry, Cairo University between 
September 2018 and November 2019 meeting the following eli-
gibility criteria: 1) systemically healthy patients; 2) at least four 
non-adjacent teeth sites in each jaw having CAL ≥5mm and PD 
≥6mm in one or more sites; 3) tooth loss due to periodontitis ≤4 
teeth; 4) confirmation of  intrabony defects using periapical radio-
graphs and 5) patients who agreed to take part in the study and 
sign a written informed consent. Exclusion criteria included: 1) 
pregnant or lactating women; 2) taking any medication 3 months 
prior to the study; 3) patients receiving any periodontal treatment 

6 months prior to study initiation; and 4) former or current smok-
ers. 

Pretreatment

Full mouth clinical and radiographic examination was performed 
for allrecruited patients.Patients’ motivation to perform oral hy-
giene instructions involved brushing twice-daily with soft tooth-
brush using modified bass technique and once daily interdental 
cleaning with dental floss and interdental brushes. Full mouth su-
pra and subgingival debridement was performed with ultrasonic 
device (Woodpecker UDS-P with LED, China) with subgingival 
scaling inserts (EMS Woodpecker ultrasonic scaler tip, China) fol-
lowed by Gracy’s curettes (Gracy’s curette; Hu-Friedy, Chicago, 
USA) for proper subgingival debridement. Patient preparation 
was finalized in 2-3 visits, over two weeks. Local anesthesia was 
used when needed for patient comfort. Chlorhexidine HCL glu-
conate 0.12% (Hexitol; Chlorhexidine HCL mouthwash, The 
Arab Drug Company for pharmaceutical & CHEM. IND. CO. 
Cairo-Egypt) mouth rinse twice daily was prescribed for 2 weeks. 
Reevaluation was performed after 4-6 weeks from the initial ther-
apy to confirm the need for periodontal surgery. Criteria used to 
indicate that surgery was necessary included the persistence of  an 
interproximal defect with PPD ≥6mm and CAL ≥5mm.

Randomization and blinding

An investigator (GN) generated a simple random allocation se-
quence via computer program (www.random.org). Allocation 
concealment was accomplished by placing this randomization list 
in opaque, sequentially-numbered, sealed envelopes including the 
randomization code for each patient that was not unsealed until 
follow-up was finished. The investigator (GN) who performed 
the allocation was neither involved in patients’recruitment nor in 
their treatment. Eligible participants were randomly assigned into 
two equal groups with a 1:1 allocation ratio to receive eithern-
HA bone graft (Nano Bone, Dentaurum, Germany)withPPF 
(intervention group) or PPFalone(control group). Participants, 
outcome assessor and statistician were blindedto the type of  in-
tervention being allocated. 

Clinical Parameters

Clinical parameters were measured at baseline, 3 and 6 months 
postsurgically by a single examiner (RA) who was masked, cali-
brated and trained. Calibration exercises for probing measure-
ments were done in five patients before the study with a good 
intra-examiner agreement of  a 0.82ĸ value. The periodontal pa-
rameters recorded for all participantsincluded;plaque index (PI)
[29], gingival index (GI) [30], PPD and CAL. PPD was measured 
from the free-gingival margin to the base of  the pocket and CAL 
was measured from the cemento-enamel junction (CEJ) to the 
base of  the pocket. Measurements were recorded at six sites for 
all teeth mesio-buccal, mesio-lingual, mid-buccal, disto- buccal, 
disto-lingual, and mid-lingual using William’s graduated periodon-
tal probe (Martin™ graduated periodontal probe No. 43-357-00, 
KLS martin Group, Germany) and were rounded to the highest 
whole millimeter. 

Radiographic parameters

Periapical digital radiographs were taken to measure bone defect 
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area (BDA) using linear measurements immediately preoperative 
(baseline) and after 6 months using PSP sensors (Eagle eye ™ 
PSP Imaging plate, USA) size 1 or 2 with right angle long cone 
parallel technique. Planmeca X-ray machine exposure parameters 
were 63kV, 8mA and 0.10 second exposure time. For image stand-
ardization, KCP X-Ray Holder kit was used and custom-made 
bite block with self-cured acrylic resin was fabricated for each 
case. Radiological landmarks were defined for metric evaluation 
of  images including; CEJ was the most apical point of  enamel 
at the proximal surface of  the tooth on the defect side; alveolar 
crest was the point on the proximal surface of  the defected tooth 
where the projected alveolar crest intersected with the root sur-
face; and the base of  the defect was the most coronal point at 
the toothproximal surface on the defect side up where the peri-
odontal ligament space showed a uniform width. Using Digora 
software (Digora For Windows 2.8™, Soredex Inc., Tuusula, Fin-
land), three linear measurements were linked to form a triangle; 
1st from CEJ to the bottom of  the intrabony defect; 2nd from 
CEJ to the alveolar crest of  the intrabony defect; and 3rd from 
the alveolar crest of  the intrabony defect to defect base (Figure 
2). The area of  this triangle, BDA (mm2) =1/2bh was calculated 
where; b was length of  the triangle base; h was height of  the tri-
angle represented by the length of  a perpendicular from the apex 
opposite the base of  the triangle [31]. 

Treatment Protocols 

After pretreatment phase, participants were scheduled for sur-
gery. In narrow interproximal spaces (≤2mm) simplified PPF 
technique was performed [23], whereas in wide interdental spaces 
(>2mm), modified PPF techniquewas conducted [22]. Debride-
ment of  intrabony defect from inflammatory granulation tissue 
was achieved until a sound healthy bone surface and roots were 
thoroughly planed using ultrasonic scalersand Gracy’s curettes. 
After performing PPF and confirming that theintrabony defect 
depth was ≥3mm intra-operatively (Figure 3), patients were al-
located to either placement of  n-HA bone graft or PPF alone per 
the randomization list. After complete debridement of  the defect, 
small fragments of  n-HA bone graft were gradually placedusing 
a small papilla elevatorup to the existing level ofthe alveolar crest 
and care was taken not to overfill the defect. The mucoperiosteal 
flaps were repositioned using resorbable polyglycolic acid #6-0 
suturing material (EGYSORB, Taisier-Med, Egypt). Vertical or 
horizontal mattress sutures and interrupted sutures were per-
formed to obtain primary closure of  the interdental space.

Patients were taughtnot tobrush the surgical site and rinse twice 
daily with 0.12% chlorhexidine for 2 weeks. Oral analgesics 
(Brufen, 400 mg tablets, Kahira Pharm. Co. Egypt) were pre-
scribed if  needed. Patients were requested to avoid hard food for 
1 week post-surgery. Sutures were removed ten days after surgery 
and patients were educatedto brush the surgical area gently with 
a soft toothbrushusing roll technique. No interdental cleaning 
was performed until one month after the surgery. All participants 
were followed up weekly and recalled for professional supra-gin-
gival scaling for the first month and every month for 6 months. 

Statistical & Power analysis

Based on a previous study [16], a total sample size of  24 patients 
was calculated to detect an effect size of  1.21 between the two 
groups, with level of  significance α=0.05 and 80% power which 

was increased to 30 patients to compensate for dropouts (Power 
and sample size program: biostat.mc.vanderbilt.edu/twiki/bin/
view/Main/Power Sample Size). Data were explored for nor-
mality by Kolmogorov-Smirnov and Shapiro-Wilk tests and pre-
sented as; mean, standard deviation(SD), mean difference, 95% 
confidence interval (CI), median and range.For parametric data, 
repeated measures ANOVA test was used for comparisons be-
tween and within groups. Bonferroni’s post-hoc test was used for 
pair-wise comparisons when ANOVA test was significant. For 
non-parametric data, Mann-Whitney U test was used to compare 
between the two groups. Friedman’s test was used to study the 
changes by time within each group. Dunn’s test was used for pair-
wise comparisons. Significance level was set at P≤0.05. Statistical 
analysis was performed with IBM SPSS Statistics for Windows, 
Version 23.0. Armonk, NY: IBM Corp.

Results

Clinical and radiographic parameters

The clinical and radiographic parameters recorded for PPF and 
PPF+n-HA groups throughout the study are shown in table 1. 
The present results showed no significant difference between the 
two studied groups regarding all baseline periodontal parameters 
(P≥0.05). Both groups showed a significant decrease (P<0.001) in 
PI and GI at 3 and 6 months postsurgically compared to baseline, 
with no significant change (P≥0.05) from 3 to 6 months.How-
ever, no significant difference (P≥0.05) was observed in PI and 
GI scores between both groups at different time intervals. After 
3 and 6 months, a significant improvement in PPD and CAL over 
baseline findings was observed in PPF and PPF+n-HA groups 
(P≤0.05) as well as from 3 to 6 months (P<0.0001).However, no 
significant difference (P≥0.05) was noted between both interven-
tions regarding mean mm and % PPD reduction and CAL gain 
throughout the experimental period (Table 2).

The current statistical analysis showed no significant difference 
between the two studied groups regarding baseline radiographic 
parameters (P=0.063). Mean baseline BDA was significantly re-
duced in both studied groups after 6 months (P<0.0001). How-
ever, no significant difference was detected between them regard-
ing both mean absolute mm2 (P=0.082) and mean percentage 
(P=0.378) change in BDA after 6 months (Table 2 and Figure 4). 

Discussion

Results from this randomized clinical trial demonstrated that 
PPF+n-HA bone graft substitute and PPF alone, significantly 
improved all clinical and radiographic outcomes after 6 months 
with no significant difference noticed between them in all record-
ed parameters throughout the study. These observations suggest 
that both interventions might offerpromising regenerative poten-
tials in managing periodontal intrabony defects. The PPF+n-HA 
group demonstrated a significant reduction in PPD of  3.67mm 
and 3.33mm CAL gain at 6 months which is in line with previous 
studies investigating commercially available n-HA bone grafts in 
management of  periodontal intrabony defects [15, 16, 19, 32].

The current findings are consistent with Kasaj et al.[33] who re-
ported a 3.9mm PPD reduction and 3.6mm CAL gainafter using 
a novel n-HA paste inintrabony defects. Similarly, Chitazi et al.[15]
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showed a significant reduction in PPD (3.21mm) and CAL gain 
(2.62mm) 6 months after using n-HA paste (Ostim) in intrabony 
defects. Pietruska et al. [34] also showed that intrabony defects 
treated with open flap debridement (OFD) and n-HA bone sub-
stitute embedded in silica resulted in PPD reduction and CAL gain 

of  3.3mm and 2.5mm respectively after 6 months. Despite using 
the same n-HA brand, yet the inferior CAL gain might be due to 
performing an OFD rather than PPF which helped in preserving 
the interdental tissues and securing the underlying bone graftin 
this study. Moreover,Horváth et al.[17] demonstrated a 4mm PPD 

Figure 1. CONSORT flowchart of  the study.

Figure 2. Figure 2: Preoperative radiograph with linear measurementAC = alveolar crest; BD = bottom of  the defect and 
CEJ = cemento-enamel junction.

Figure 3. Overview of  surgical procedures:(A) Intraoperative 3mm intrabony defect mesial to upper right central incisor 
after releasing PPF, (B) The flap sutured with 6-0 resorbablePGA horizontal mattress and interrupted sutures. (C) Intraop-
erative 6mm intrabony defect mesial to upper left central incisor after releasing PPF, (D) n-HA bone graft used to fill the 

defect.

Figure 4. Preoperative and postoperative computerized digital radiographs: (A) Baseline intrabony defect mesial to upper 
right central incisor treated with PPF; (B) 6 months follow up showing intrabony defect depth resolution. (C) Baseline intra-

bony defect mesial to upper left central incisor treated with n-HA+PPF; (D) 6 months follow up showing intrabony defect 
depth resolution. 
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reduction and 2.5mm CAL gain after treating intrabony defects 
with a resorbable, fully synthetic, unsintered, n-HA paste. Fur-
ther histologic evaluation revealed healing by a long junctional 
epithelium with remnants of  the grafting material encapsulated 
in connective tissue without signs of  bone formation, suggesting 
that this material has no visible effect on enhancing periodontal 
regeneration. These findings might be explained by the inclusion 
of  a more complicated one wall defect with a remarkably lower 
healing potential compared to the two-and three-wall configura-
tion included in this trial. 

In a 12-month randomized clinical trial,Bhardwaj et al.[35]re-
portedthat intrabony defects treated with a synthetized zinc in-
corporated n-HA (ZINH) showed superior PPD reduction and 
CAL gain of  4.37mm and 3.08mm respectively, versuscommer-
cially available n-HA which demonstrated 2.81mm PPD reduc-
tion and 2.33mm CAL gain. As explained by the authors, these 
results might be due to the added benefit of  zinc which possess 
a direct stimulatory effect on osteoblastsand inhibited bone re-
sorption, besides its antibacterial effect that was suggested earlier 
byBhattacharjee et al. [36]. On the contrary, inferior results were 
obtained byKamboj et al. [37] showing a mean PPD reduction 

Table 1. Clinical periodontal & radiographic parameters in both studied groups throughoutthe experimental period.

PPF+n-HAMe-
dian (range)

PPF
Median (range) Effect size (d) P-value

GI
Baseline 3a (2-3) 2.5a (1-3) 0.201 0.576
3 months 1.5b (1-3) 1.5b (0-3) 0.142 0.707
6 months 1b (0-3) 1b (0-3) 0.261 0.507
P-value P<0.001* P<0.001*

PI
Baseline 2a (1-3) 2a (1-3) 0 0.511
3 months 1b (0-3) 1b (0-3) 0.201 0.743
6 months 1b (0-3) 1b (0-2) 0 0.45
P-value P<0.001* P<0.001*

PPF+n-
HAMean (±SD)

PPF
Mean (±SD)

Mean Difference 
[95% CI] P-value

PD mm
Baseline 7.67a ±1.3 7.5a ±1.68 0.17 [-1.11, 1.44] 0.788
3 months 5.33b ±1.15 5.42b ±1.56 -0.08 [-1.25, 1.08] 0.883
6 months 4.0c ±1.04 3.92c ±0.67 0.08 [-0.66, 0.83] 0.818
P-value <0.001* <0.001*

CALmm
Baseline 8.25a ±1.91 7.08a±1.78 1.17 [-0.4, 2.73] 0.136
3 months 6.17b ±1.53 5.83b ±1.27 0.33 [-1.25, 1.08] 0.567
6 months 4.92c ±1.51 4.42c ±0.79 0.5 [-0.52, 1.52] 0.32
P-value <0.001* <0.001*

mm2 BDA
Baseline 9.39 ±3.88 6.93 ±1.97 2.46 [-0.148, 5.06] 0.063
6 months 5.77 ±2.58 4.91 ±2.17 0.87 [-1.15, 2.89] 0.383
P-value <0.0001* <0.001*

mm PD reduction 3.67 (±1.07) 3.58 (±1.31) 0.17 [-1.11, 1.44] 0.866
% PD reduction 47.89% (±11) 46.68% (±9.33) 1.215 [-7.42, 9.85] 0.773

P-value <0.001* <0.001*
mm CAL gain 3.33 (±0.89) 2.67 (±1.3) 0.67 [-0.28, 1.61] 0.157
% CAL gain 41.06% (±9.6) 35.96% (±11.74) 5.1 [-3.98, 14.19] 0.256

P-value <0.001* <0.001*
mm2 BDA change 3.61(±2.46) 2.02 (±1.76) 2.46 [-0.148, 5.06] 0.082

% BDA change 35.93 % (±16.88) 29.11% (±20.08) 6.82[-8.89, 22.53] 0.378
P-value <0.001* <0.001*

*Significant at P ≤0.05, Different superscripts in the same column are statistically significantly different. SD: standard deviation, CI: 
confidence interval.
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of  2.9mm and CAL gain of  2.8mm 6 months after using n-HA 
paste in treating intrabony defects andlater byDayashankar et al. 
[38] who obtained 1.27mm PD reduction and1.4 mm CAL gain 
using particulate n-HA in intrabony defects. The different surgi-
cal techniques together with differences in patients’ selection and 
defect morphology with low regenerative capacity might explain 
these inconsistencies. 

Recently,Koduru et al.[32] revealed enhanced regenerative out-
comes after treating intrabony defects using a20-nm particle sized 
n-HA, reporting 4.4mm PPD reduction and 6.2mm CALgain af-
ter 9 months. These superior results could be explained by the 
longer follow up period and by the differences in the osteocon-
ductive potential owing to the small particle size of  the n-HA 
which was found to be more effective at promoting cell growth 
and inhibiting cell apoptosis [12]. 

Regarding radiographic outcomes, PPF+n-HA group showed 
35.93% gain in BDA after 6 months which are consistent with 
few studies assessing the radiographic bone fill after using n-HA 
in intrabony defects. Superior results were achieved byKamboj 
et al. [37] with a 59.8% bone fill measured by CBCT. While-
Dayashankar et al. [38] reported comparable bone fill (39.89%) 
in intrabony defects treated by particulate n-HA, yet sites treated 
with citric acid based n-HA showed superior bone fill of  65.74%. 
These discrepancies might be attributed to the different materials 
as well as the more accurate radiographic imaging technique used 
compared to standard digital radiography. Moreover, Bhardwaj et 
al. [35] showed superior defect fill after using both n-HA (40.2%) 
and ZINH (54.7%). This could be owing tothe9-months follow 
up that might permit further bone deposition in addition to zinc 
that wassuggested to improve the bioactivity of  n-HA bone graft 
material [36]. 

The clinical and radiographic improvements currently demon-
strated by PPF+n-HA bone graft group might be attributed to 
various properties reported in the literature [11]. Kasaj et al. [39]
in anin vitro study observed that n-HA stimulates mesenchymal 
stem cells, increased protein absorption and has a rough surface 
favoring adhesion of  human osteoblasts due to its small size and 
huge specific surface area. Their study also showed that n-HA 
may stimulate human osteoblast-like cell proliferation with sub-
sequent bone formation and could promote human periodontal 
ligament cell proliferation owing to the activation of  epidermal 
growth factor receptor, thus stimulating periodontal regenera-
tion. The authors suggested that n-HA can act as a promoter of  
bone regeneration at the bone defect site through two mecha-
nisms; first by inducing osteogenic differentiation and second, by 
promoting BMP-2 expression, which is essential for osteogenesis, 
besides inducing the secretion of  other growth factors [40, 41].
Nano-sized particles also offer a surface hydrated layer that aid in 
the interaction with macromolecules through its ability for ion ex-
change and its capacity for adsorption. Intrinsically, it is presumed 
that the presence of  this layer on the bone mineral nanoparticles 
is actively involved in the process of  homeostasis in addition to 
other pathways involved in the regulation of  osteogenesis [13].

Interestingly, this investigation showed that sites treated with PPF 
alone improved after 6 months, with 3.58mm PPD reduction 
and 2.67mm CAL gain. The data presented herein is in accord-
ance with previous studiesand systematic reviews supporting the 
benefit of  preserving the papillary tissues, stabilizing the wound 

along with protecting the underlying soft and hard tissues [25, 42]. 
These findingswere supported by a systematic review with meta-
analysis resulting in 3.59mm PPD reduction and 2.48mm CAL 
gain following the use of  PPF in treating intrabony defects [43]. 
The authors concluded that PPF increased the blood clot stability 
at the interproximal area with a more favorable healing of  the in-
trabony defect and was associated with low rates of  wound failure 
during the critical initial weeks of  healing. 

Furthermore, sites treated with PPF alone showed a 29.11% 
change in BDA after 6 months which was in line with previous 
studies evaluating the bone fill capacity after using PPF in intra-
bony defects [44, 45]. Despite being performed alone with no 
underlying regenerative material to fill the defect, the improved 
radiographic outcomes in the PPF group might be due to the 
inherent characteristics of  the 2 and 3 wall structures of  the in-
trabony defects included in this study along with their narrow and 
deep morphology. It is well established that the defect morphol-
ogy markedly affects the presented vascular and cellular elements 
required for the regeneration of  intrabony defects as well as the 
intrinsic structural support provided by the remaining number of  
osseous walls, which influences space maintenance and clot stabil-
ity [46].

Current statistical analysis revealed that despite PPF+n-HA and 
PPF groupsshowed significant improvements in clinical and ra-
diographic outcomes after 6 months, yet no significant difference 
was evident between them. In a more clinical sense, this investi-
gation demonstrated that both groupswere effective in treating 
intrabony defects with no superiority detected of  one interven-
tion over the other.Up-to-date, there is only one randomized 
clinical trial that showed a statistically significantimprovement in 
patients treated with n-HA+PPF compared to those with PPF 
alone [16] reporting PPD reduction and bone probing level gain 
of  4.3 mm with n-HA+PPF versus 2.9mm and 2.6mm in PPF 
group. The bone probing level was measured with bonesounding, 
which might explain these superior observations. Nevertheless, it 
should be noted that a statistical significance doesn’t necessarily 
dictate clinical significance. The term clinical significance should 
represent a meaningful change of  important parameters used to 
assess periodontal status. According to evidence-based periodon-
tal practice, for a regenerative procedure to be clinically relevant it 
should achieve at least 2 mm of  CAL gain [47].

Conclusion

Within the limitations of  this study it might be concluded that 
PPF with n-HAbone graft were effective in managing periodontal 
intrabony defects. Future longitudinal studies with larger sample 
sizes are warranted to explore theirregenerative potentials. Histo-
logical evaluation and analysis of  biologicalmediators might im-
prove our understandingregarding the use of  n-HA as a possible 
regenerative material.
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