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Background and Objective: The aim of this clinical study were to compare the clini-

cal efficacy of ankaferd blood stopper (ABS) when used in combination with auto-

genous cortical bone graft (ACB) in the treatment of intrabony periodontal defects.

Material and Methods: The study was planned as a split-mouth design. Fifteen

patients with chronic periodontitis at 30 sites (six men, nine women;

42 � 7 years) were included. Treatment sites had probing pocket depths (PPD)

of ≥ 6 mm and osseous defect depths of ≥ 4 mm as radiographically assessed.

Following the initial periodontal therapy, patients were randomly assigned to

two treatments in contralateral areas of the dentition: ACB + ABS or ACB

alone. At baseline and 6 mo after surgery, clinical parameters of plaque index,

gingival index, PPD, clinical attachment level and gingival recession (GR) were

recorded. The primary outcome variable was the change in clinical attachment

level between baseline and 24 wk after surgery. Gingival crevicular fluid samples

were collected immediately before surgery and at 2, 4, 6, 12 and 24 wk after the

surgery. Gingival crevicular fluid volume was calculated and vascular endothe-

lial growth factor levels in gingival crevicular fluid were measured.

Results: PPD decreased, clinical attachment level improved and gingival

index decreased significantly in response to both modes of treatment (p < 0.05).

Both treatment modalities resulted in a significant gain in radiographic bone

levels compared to baseline (p < 0.05). Intergroup comparisons showed that

there was a significantly higher gain in clinical attachment level in the ABS/

ACB group compared to ACB group (p < 0.05) with significantly less GR

(p < 0.05). Similarly, vascular endothelial growth factor concentration in gingi-

val crevicular fluid was significantly higher in the ABS/ACB group at postopera-

tive weeks 2 and 4 compared to the ACB group (p < 0.01).

Conclusions: The findings suggest that ABS enhances the soft tissue healing

during the periodontal defect fill by the ACB by stimulating angiogenesis and

vascular endothelial cell function, prevents GR and thereby increases the clinical

attachment gain.
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Periodontitis is an oral infectious dis-

ease, characterized by clinical attach-

ment loss, alveolar bone resorption,

periodontal pocketing and gingival

inflammation (1,2). One of the main

objectives of periodontal therapy is

regeneration of the tooth’s supporting

periodontal tissues to their original

levels (3). The healing after non-surgi-

cal and conventional surgical methods

is histologically characterized by a

long junctional epithelium along the

root surfaces (4,5). Therefore, recon-

structive techniques are required (6).

The most widely used methods

include autogenous bone and substi-

tutes, barrier membranes for guided

tissue regeneration or a combination

of these techniques. All these

approaches result in superior clinical

outcomes in terms of probing pocket

depth (PPD) reduction and clinical

attachment gain compared to open

flap debridement (7,8) with histologi-

cal gain in clinical attachment and

bone fill (9–13). On the other hand,

accomplishing a complete and pre-

dictable reconstruction of periodontal

tissues is still a challenge (7). One of

the main challenges after the regener-

ative procedures is recession at the

gingival margin (14–16). While hard

tissues are being regenerated, the

attachment gain is usually limited by

the apical migration of the gingival

margin (14–16). This outcome would

be highly dependent on the microvas-

cularization of the gingival tissues;

therefore, understanding the biology

of the clinical response to grafting

procedures and how each tissue com-

partment responds to regenerative

techniques for an ideal outcome of

homeostasis is critical.

Soft tissue healing after the peri-

odontal regenerative procedures is

critical for success in increasing

attachment gain by preventing reces-

sion (16–18). This process heavily

depends on the vascular response and

angiogenetic events during healing

(16–18) and is mediated by various

cytokines and growth factors. Angio-

genesis is regulated by vascular

endothelial growth factor (VEGF),

which potently increases microvascu-

lar permeability, stimulates endothe-

lial cell proliferation, induces

proteolytic enzyme expression and the

migration of endothelial cells, mono-

cytes and osteoblasts, all of which are

essential for angiogenesis (19–24).
VEGF is also required for the devel-

opment, remodeling, repair and regen-

eration of periodontal tissues (25–27).
Studies about the role of VEGF sug-

gested that it promotes the progres-

sion or healing of periodontal lesions

(28–31). We have previously demon-

strated that VEGF expression was

related to the healing stage of peri-

odontal disease than to the destruc-

tion stage of the lesion (31). While

angiogenesis regulates a wide array of

biological processes, including the

inflammatory healing and restoration

of tissue architecture, its involvement

during regenerative periodontal treat-

ment and tissue response has been

investigated in only a limited number

of studies (32,33).

Ankaferd blood stopper (Ankaferd

Ilac Kozmetik AS, Istanbul, Turkey)

has been recently introduced as a

medicinal plant extract product and

approved for the management of

hemorrhage. ABS includes a stan-

dardized mixture of five plants: Thy-

mus vulgaris, Glycyrrhiza glabra, Vitis

vinifera, Alpinia officinarum and

Urtica dioica. The hemostatic effect of

ABS is based on the formation of an

encapsulated protein network that

provides focal points for vital erythro-

cyte aggregation (34–36). ABS pro-

vides tissue oxygenation while

inducing a physiological hemostatic

process without disturbing any indi-

vidual clotting factor. ABS has been

shown to affect endothelium, blood

cells, angiogenesis, cellular prolifera-

tion, vascular dynamics and cell medi-

ators as well as exerting antibacterial

effects (34,37). In addition to the

direct usage of ABS in the manage-

ment of hemorrhagic disorders, off-

label applications have been tested

(34,38,39). Such applications demon-

strated that ABS could enhance

wound healing, infection control,

early stage bone tissue healing and

formation (34,38,39). These studies

demonstrated that the pro-regenera-

tive and pro-angiogenic properties of

the ABS could be beneficial for a

wide spectrum of clinical applications,

including the restoration of hard and

soft tissues. Limited data have sug-

gested that ABS could be used as a

pulp dressing in primary molars (40)

and can decrease the occurrence of

inflammation and necrosis, while

increasing new bone formation during

the early bone healing period (38).

In this clinical study, we have

hypothesized that ABS will enhance

soft and hard tissue healing for peri-

odontal tissue reconstruction due to

its impact on the vascularization of

gingival tissues. The purpose was

therefore to evaluate the clinical effi-

cacy of ABS with autogenous cortical

bone graft (ACB) in the treatment of

intrabony periodontal defects and to

evaluate the expression of VEGF dur-

ing the healing period.

Material and methods

Study population

The study protocol was approved by

the Local Ethics Committee of Istan-

bul University (Ethical Committee

Approval Number: 2013/642), and

written informed consent was

obtained from all study participants

in accordance with the Helsinki Dec-

laration. The study was designed as

split-mouth study. Fifty-nine patients

were screened; 15 patients meeting the

inclusion and exclusion criteria and

with chronic periodontitis (six men,

nine women; 42 � 7 years) and with

30 sites exhibiting radiographic evi-

dence of bone loss were included. For

inclusion, the subjects had to have

similar intrabony defects without fur-

cation involvement in each of the con-

tralateral quadrants, including the

premolars and molars. The exclusion

criteria were systemic diseases (i.e.,

diabetes mellitus, cancer, HIV, bone

metabolic diseases or disorders that

compromise wound healing), chronic

high-dose steroid therapy, radiation

or immunosuppressive therapy,

allergy or sensitivity to any drug,

pregnancy, lactation and smoking.

The subjects had no history of drug

therapy for at least 6 mo before

recruitment to the study. There were

no drop-outs during the study.

Change in clinical attachment level

Blood stopper and periodontal regeneration 541
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was the primary outcome variable.

Change in PPD, gingival recession

(GR) and radiographic alveolar bone

levels were used as secondary out-

come variables.

Initial periodontal therapy

Initial periodontal therapy in all

patients consisted of an oral hygiene

instruction, full-mouth scaling and

root planing, and occlusal adjustments

if necessary. Periodontal re-evaluation

was performed to determine the

patient’s response and the need for

periodontal surgery was assessed 4–
6 wk after completion of the initial

phase. The following selection criteria

had to be met: (i) PPD, ≥ 6 mm; (ii)

radiographic and intrasurgical osseous

defect depth, ≥ 4 mm; (iii) two or

three osseous walls; and (iv) no previ-

ous prosthetic restoration or endodon-

tic treatment on the related tooth.

Measurements and sample

collection

PPD, clinical attachment level, plaque

index (PI), gingival index and GR

were measured. PPD, GR and clinical

attachment level measurements were

made by the Florida Probe (Florida

Probe Corp., Gainesville, FL, USA)

immediately before surgery and 6 mo

postoperatively. PPD was measured

as the distance from the gingival mar-

gin to the base of the periodontal

pocket. Clinical attachment level was

recorded by combining the distance

from the cemento-enamel junction to

the gingival margin with probing

depth. Measurements were made in

six areas per tooth: mesiobuccal, dis-

tobuccal, midbuccal, mesiolingual,

distolingual and midlingual. All clini-

cal measurements were performed by

the same investigator, who was

blinded with respect to treatment

modality. Before the actual measure-

ment, 10 subjects were randomly

selected and used to calibrate the

investigator. The investigator evalu-

ated the subjects on two separate

occasions, 48 h apart. Calibration of

the investigator was accepted if mea-

surements at baseline and 48 h were

> 90% similar at the millimeter level.

Gingival crevicular fluid samples

were collected immediately before sur-

gery and at 2, 4, 6, 12 and 24 wk

after surgery, and were taken at each

experimental site. Before gingival

crevicular fluid sampling, the sites

were isolated with cotton rolls and

saliva was removed. Gingival crevicu-

lar fluid was sampled with filter paper

(Periopaper; ProFlow, Inc., Ami-

tyville, NY, USA).

Paper strips were placed in the cre-

vice until mild resistance was felt, and

left in position for 30 s. Strips with vis-

ible signs of saliva or blood contamina-

tion were discarded. The gingival

crevicular fluid volume of each strip

was determined by electronic impe-

dance (Periotron 8000; ProFlow Inc.).

Samples were placed in a sterile

polypropylene tube and stored at

�70°C until enzyme-linked immuno-

sorbent assay analysis. VEGF concen-

trations in gingival crevicular fluid

were analyzed at 450–550 nm using a

commercially available assay (Hu

VEGF 165; Biosource, Carlsbad, CA,

USA).

Surgical procedure

The same surgical procedures were

performed in all patients: the applica-

tion of either ABS/ACB grafting or

ACB grafting materials alone was the

only difference between the groups.

All surgical procedures were per-

formed on an outpatient basis by two

experienced periodontal clinicians,

using aseptic conditions and under

local anesthesia. The same clinician

performed all surgical procedures and

the other assisted during the proce-

dures.

Following local anesthesia, buccal

and lingual intrasulcular incisions

were made, and full-thickness

mucoperiosteal flaps were raised.

After flap elevation, blood was

obtained from the defect area and

was put into a glass bowl for the

preparation of membrane. All granu-

lation tissues were removed from the

defects, and the roots were thoroughly

scaled and planed using hand and

ultrasonic instruments. The surgical

sites were then rinsed with sterile sal-

ine. Fifteen paired interproximal

intrabony defects were randomly trea-

ted with either ABS/ACB grafting or

ACB grafting, via a split-mouth

design (41). Randomization was car-

ried out in each case during surgical

treatment and before allocation of the

graft materials by a coin toss.

An adequate amount of particulate

cortical bone was harvested from the

buccal cortical plate adjacent to the

intrabony defect using a bone scraper

and implanted into the intrabony

defect. First, ACB granules were

mixed with ABS (Trend Teknoloji

Ilac� AS, Istanbul, Turkey); then

applied to the created space, and

finally ABS application on blood to

prepare a gel form was positioned as

a membrane over the ACB graft.

Finally, the flaps were repositioned

and secured with 4-0 silk suture mate-

rial by using the interrupted and verti-

cal mattress suturing technique to

achieve primary closure.

Postoperative care

The patients were prescribed amoxi-

cillin plus clavulanic acid (2 g/d for

7 d), flurbiprofen (200 mg/d for 3 d)

and a 0.2% chlorhexidine gluconate

mouth rinse (twice a day for 2 wk).

The silk sutures were removed 1 wk

after surgery. Patients were instructed

to start tooth brushing and flossing

or interproximal brushing, at the end

of the second postoperative week.

Re-call appointments for supragingi-

val professional tooth cleaning and

oral hygiene reinforcement weekly up

to 1 mo after the surgeries, and 2

and 3 mo for the rest of the study

period.

Statistical analysis

Statistical analysis was performed

using a commercially available soft-

ware program (SPSS version 15.0;

SPSS, Chicago, IL, USA). For the

statistical analysis of clinical data,

only recordings representing the

deepest site in each defect were used.

The Shapiro–Wilk test was used to

investigate whether data were nor-

mally distributed or not. The Wil-

coxon signed-ranks test was used for

intragroup comparisons and Mann–
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Whitney U non-parametric test for

intergroup comparisons of the clinical

and biochemical findings. Power

analysis indicated that 15 defects for

each treatment modality would be

sufficient to demonstrate statistical

significance at the p < 0.05 level with

a power of (at least) ≥ 80%. The

data are shown as mean � standard

deviation.

Results

In total, 9 two-wall and 6 three-wall

defects were treated with ABS/ACB

grafting; 8 two-wall and 7 three-wall

defects were treated with ACB alone.

All patients participating in this study

tolerated the surgical procedures well.

Healing was uneventful with no

adverse reactions in both groups. Fig-

ure 1 demonstrates representative

intraoperative photographs where

defects were treated with either the

ACB or the ABS/ACB. The ACB

graft is prepared and applied to an

infrabony defect (Fig. 1A–C). In the

group where the ABS was tested, the

ACB was prepared and applied to

the infrabony defect and covered by

the ABS (Fig. 1D–F). When mixed

with the blood, the ABS gains a gel

form allowing an easy application.

Figure 2 demonstrates a representa-

tive case for each treatment group

before and after 6 mo of healing. The

hard tissue defect fill was accom-

plished in both groups. Values in PI

are shown in Fig. 3A. No significant

differences in PI were observed at

24 wk postoperatively, compared to

the preoperative data (p > 0.05) or

between the groups (p > 0.05). The

change in gingival index showed a sig-

nificant reduction in both groups

compared to baseline values after

24 wk (p < 0.001) with no significant

differences among treatment modali-

ties (Fig. 3B). There was a statistically

significant reduction in gingival

crevicular fluid volume in the ABS/

ACB group compared to the ACB

group throughout the treatment per-

iod (p = 0.012) suggesting that the

ABS could regulate the gingival

inflammatory response and the

inflammatory exudate at tissue level

(Fig. 3C).

Both treatment modalities resulted

in a significant decrease in PPDs com-

pared to baseline values after 24 wk

(p < 0.001; Fig. 4A). No significant

differences were observed in the PPD

between the values of groups

(p > 0.05). Intragroup comparisons

showed that clinical attachment level

as the primary outcome variable

improved significantly at 24 wk post-

operatively, compared to the preoper-

ative data in both groups (p < 0.001;

Fig. 4B). Intergroup comparisons at

24 wk showed a significant gain in

clinical attachment level in the ABS/

ACB grafting group compared to the

ACB grafting alone (p < 0.01).

Table 1 demonstrates the frequency

distribution for the PPD and clinical

attachment level changes during treat-

ment. There was a significant differ-

ence in both treatment groups

compared to baseline (p < 0.05) while

no statistically significant difference

was observed between groups with

regards to the frequency of pockets of

at least 5 mm in depth and clinical

attachment level of at least 5 mm after

24 wk. In parallel, while there was a

statistically significant increase in GR

in the ACB grafting-alone group

compared to preoperative values

(p < 0.05) there was no significant GR

in the ABS/ACB grafting group com-

pared to preoperative data (p > 0.05);

the difference was statistically signifi-

cant compared to the ACB-alone

group (Fig. 4C). These data suggest

that the ABS prevents the GR. Both

treatment modalities resulted in a sig-

nificant decrease in radiographic bone

level compared to baseline values after

24 wk (p < 0.001). There was no sig-

nificant difference in radiographic

bone level between the values of

groups (p > 0.05; Fig. 4D).

Intragroup analysis showed signifi-

cant increases in the VEGF concen-

tration for both groups at

postoperative weeks 2, 4, 6, 12 and 24

compared to preoperative values

(p < 0.01; Fig. 5A). Intergroup analy-

sis demonstrated significantly higher

ACB

ABS/ACB

A B C

D E F

Fig. 1. Intraoperative photographs for representative cases treated with ACB and ABS/

ACB. (A) Infrabony defect treated with ACB. (B) Preparation of the ACB. (C) Applica-

tion of the ACB in the defect. (D) Infrabony defect with ABS/ACB. (E) Preparation of

the ABS as a gel form and mixed with autogenous blood obtained from the defect site.

(F) Application of the ABS and ACB in the defect. ABS, ankaferd blood stopper; ACB,

autogenous cortical bone graft.

ABS/ACBACB

Baseline

24 wk

Fig. 2. Radiographic appearance at base-

line and 24 wk postsurgery for site treated

with ACB and ABS/ACB. ABS, ankaferd

blood stopper; ACB, autogenous cortical

bone graft.
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VEGF levels in the ABS/ACB graft-

ing group at postoperative weeks 2

and 4 (p < 0.01) compared to levels in

the ACB grafting-alone group

whereas no significant differences were

found in VEGF levels between the

groups at other time intervals

(p > 0.05). There was no difference in

total VEGF levels between the treat-

ment groups (p > 0.05; Fig. 5B). No

correlation between VEGF levels and

clinical parameters was found

(p > 0.05).

Discussion

The objective of this clinical study

was to evaluate efficacy of the ABS

on periodontal defect restoration

when the defects were treated with the

ACB graft. The findings demonstrated

that ABS enhances the clinical attach-

ment gain by reducing postoperative

GR. This outcome could be at least

in part due to a reduced gingival

inflammation, inflammatory exuda-

tion and increased angiogenetic activ-

ity suggesting that the ABS-mediated

vascular changes lead to an increased

regenerative healing in periodontal

infrabony defects treated with the

autogenous cortical bone graft.

Periodontal regeneration of intra-

bony defects using bone grafts has

been extensively studied (42,43). Dif-

ferent strategies such as guided tissue

regeneration, growth factors and com-

bination therapies with bone grafts

were used (14,44–48). The autogenous

cortical bone graft is considered as

the gold standard (49,50) with excel-

lent regenerative potential supported

by histologic evidence (51). Auto-

grafts are bioabsorbable, non-allergic,

easy to handle and not costly (49,52–
54). Various researchers have reported

on the clinically successful use of

intraoral autogenous bone grafts in

the treatment of intrabony defects

(11,55–57). Bone grafting and peri-

odontal regenerative surgery result in

an increased GR while leading to a

reduction in probing depth and a gain

of clinical attachment (14,44,58). Var-

ious methods including guided tissue

regeneration, applications of enamel

matrix derivative, platelet concen-

trates as platelet-rich plasma, plasma

rich in growth factor, platelet-rich fib-

rin and various polypeptide growth

factors that modulate the wound heal-

ing have been used alone or in combi-

nation to minimize GR (44,45,59,60).

Results of a controlled clinical study

comparing hydroxyapatite and plate-

let-rich plasma combined with

hydroxyapatite, showed that an

increase in mean GR after 12 mo

without any impact of the platelet-

rich plasma (46) and these data were

further confirmed when a combina-

tion of enamel matrix derivate with

bioactive glass was compared to

bioactive glass alone (61). In a case

series comparing the treatment effects

of autologous platelet concentrate or

P
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bioabsorbable barrier membrane, sim-

ilar results were obtained (44). Thus,

attempts in reducing the GR after

regenerative procedures with addi-

tional strategies have resulted in mini-

mal or no gain so far. As an apical

migration of the gingival attachment

to the dental surfaces limits the regen-

eration of the hard tissues and attach-

ment on root surfaces, GR continues

to be a major issue in regenerative

periodontal medicine (16–18). In addi-

tion, sensitivity of exposed root sur-

faces and esthetic issues present

concerns due to GR. Our data

demonstrate that ABS can prevent

the GR when used for defect fill after

the ACB grafting. This observation is

statistically significant resulting in

30% less GR compared to grafting

alone and suggests a novel mechanism

through which soft tissue healing can

be regulated during the regenerative

periodontal treatment.

ABS can enhance tissue oxygena-

tion, local hemostasis, and promote

wound healing and clot stability into

intrabony periodontal defects. Wound

healing begins with hemostasis, which

includes fibrin clot formation, platelet

adhesion and aggregation (44). Our

results suggested that the prevention

on GR in the ABS/ACB grafting

group might be related to healing

modulating by the ABS. This function

at least in part, depends on the VEGF

concentration and regulation of tissue

inflammation suggesting a role for

angiogenesis in tissue homeostasis in

periodontium. Consistent with our

results, application of the ABS has

been shown to decrease inflammation

and necrosis, while increasing new

bone formation during the early bone

healing period (38). Likewise, in

another experimental study, the find-

ings suggested that ABS had an accel-

erator effect on short-term bone

healing (39). ABS has also been

shown to exert anti-infective and heal-

ing modulator properties that are also

crucial periodontal interventions (62).

Collectively, our data and the findings

reported so far by other groups

suggest that the ABS controls the

inflammation and regulates the vascu-

lar response during healing,

There are several limitations in the

use of the ABS. The ABS is denser

and more resistant than other biologi-

cal preparations, such as enamel

matrix proteins or platelet-rich

plasma; however, its space-maintain-

ing ability in periodontal defects is not

ideal due to its non-rigid feature.

Therefore, its current delivery may

require a stable bone graft or space

provision for its biological efficacy.

Likewise, its resorption is not known

when delivered into the periodontal

defects. Our data suggest that the

ABS-enhanced healing occurs quickly

and may not be long-lived. Thus, lar-

ger defects and other applications

need to be tested for the ABS-

mediated healing efficacy. Neverthe-

less, its biological impact seems to be

profound, where a reduction in reces-

sion was accompanied by an increased

attachment gain and pro-angiogenic

properties mediated by the VEGF.

The VEGF is a multifunctional angio-

genic cytokine involved in inflamma-

tion and wound healing (29). It has

been shown in periodontal tissues

within plasma cells, macrophages,

endothelial cells and in junctional, sul-

cular and gingival epithelia (28) with

controversial findings during disease

process (24,30,63). The VEGF is criti-

cal for the development, remodeling,

repair and regeneration of periodontal

tissues (25–27,31). Therefore, VEGF is

inevitably associated with healing of

wounds within the periodontal tissues

and after periodontal surgical proce-

dures. The present study showed that

VEGF levels were significantly higher

in the ABS/ACB grafting group com-

pared to levels in the ACB grafting-

alone group suggesting that increased

VEGF might be a regulator of vascu-

larization and faster recovery of the

gingival tissues. This finding is consis-

tent with a previous study from our

group where we have demonstrated

that the VEGF expression is possibly

related to the healing phase of peri-

odontal disease than to the destruction

phase (31). To this end, in a clinical

study evaluating local levels of the

VEGF after reconstructive periodon-

Table 1. The frequency distribution for PPD and CAL changes

PPD ≥ 5 mm (%) CAL ≥ 5 mm (%)

Baseline 24 wk Baseline 24 wk

ACB 74/90 (82) 12/90 (13)* 76/90 (84) 32/90 (36)*

ABS/ACB 68/90 (76) 11/90 (12)* 70/90 (78) 20/90 (22)*

ABS, ankaferd blood stopper; ACB, autogenous cortical bone graft; CAL, clinical attach-

ment level; PPD, probing pocket depth.
*Significantly compared to baseline (p < 0.05).
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Fig. 5. (A) Changes in VEGF concentration. (B) Changes in total VEGF levels. #p < 0.01

compared to the ACB grafting alone. ABS, ankaferd blood stopper; ACB, autogenous

cortical bone graft; VEGF, vascular endothelial growth factor.
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tal surgery with or without local

platelet-derived growth factor-BB

application in humans, increased

VEGF levels were correlated with

platelet-derived growth factor-BB-

enhanced periodontal wound healing

(27) suggesting a role for the VEGF.

Within the limits of the present

clinical study, the results indicate

that (i) both treatment modalities

resulted in statistically significant

clinical improvements compared with

baseline, and (ii) ABS may improve

the regenerative process and cause

less GR and (iii) ABS may lead to

an increase in levels of the VEGF in

the healing stage of periodontal

surgery.
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