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Abstract 

Background: Tooth extraction is one of the most frequently performed procedures in dental practice. Resorption 
without bone regeneration can change the maxillary and mandibular bone structure, resulting lack of retention, 
stability, and comfort of the denture. Hence, adequate regeneration of alveolar bone is considered an important factor 
for successful dentures. Moringa oleifera is a plant rich in flavonoids, saponins, alkaloids and tannins.  

Purpose: This study aims to find out the effect of induction from combination of Moringa oleifera extract and 
demineralized freeze-dried bovine bone xenograft (DFDBBX) on woven bone area post tooth extraction procedure.  

Methods: Cavia cobaya was divided into eight groups, each group consists of seven. The lower incisors of Fifty-six Cavia 
cobaya were extracted. The first group (control group) was given polyethylene glycol, the second group with DFDBBX, 
the third group with Moringa leaf extract, and the fourth group with a combination of DFDBBX and Moringa leaf extract. 
Cavia cobaya were sacrificed on day 7 and 14. Histopathological examinations of woven bone area was observed under 
a 400x magnification light microscope. Kruskal-Wallis and Mann-Whitney tests were performed to analyze the data.  

Results: There was a significant difference in woven bone area between the groups (P<0.05). The highest mean of 
woven bone area was found in the combination group on both day 7 and 14.  

Conclusion: The combination of Moringa leaf extract and DFDBBX could effectively formed new woven bone during the 
alveolar bone regeneration.  

Keywords: Demineralized freeze-dried bovine bone xenograft; Moringa oleifera; Woven bone; Bone regeneration; 
Medicine  

1. Introduction

Tooth extraction is one of the most frequently performed procedures in dental practice. Tooth extraction is carried out 
because of terminal condition or unresponsive response towards current treatment, such as severe caries, periodontal 
disease, impaction, fracture, teeth affected by cysts or tumors [1]. Traumatic tooth extraction leads to unfavorable 
healing process, resulting excessive bone resorption that will interfere future denture treatment [2]. Moringa is a 
tropical plant that is easy to grow and develop in Indonesia, however, the use of Moringa for health purpose at this time 
is still very limited. 

Alveolar bone resorption after tooth extraction can be reduced by preservation measures, namely by adding materials 
that can stimulate bone healing or regenerative materials such as bone grafts. Bone graft has osteogenic, osteoinductive 
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and osteoconductive properties which help stimulate bone healing. There are four categories of bone grafts according 
to their origin, namely, autograft, allograft, xenograft and alloplastic graft [3]. Demineralized freeze-dried bovine bone 
xenograft (DFDBBX) is a bone graft material that is often used in dentistry.  

DFDBBX is a type of xenograft derived from bovine bone. Based on research conducted by Kresnoadi et al, it is known 
that the combination of Moringa leaf extract and DFDBBX has fairly good osteoinduction properties[4]. DFDBBX will 
function as a scaffold or framework in the growth of new bone originating from the formation of osteoblasts of the 
socket. Whereas the anti-inflammatory properties in Moringa leaves will suppress the inflammatory response in the 
socket after tooth extraction[1]. Therefore, this study was aimed to determine the induction effect of the combination 
of Moringa oleifera and DFDBBX extracts on the growth of woven bone of the alveolar bone socket. 

2. Material and methods 

All procedures carried out in this study have gone through an ethical clearance process issued by the Ethics Commission 
of the Faculty of Dentistry, Universitas Airlangga, Surabaya with number 555/HRECC.FODM/VIII/2022.  

This study was a laboratory experimental study on experimental animals (Cavia cobaya) with a randomized post-test 
control group design. Inclusion criteria for the Cavia cobaya animal sample were male, body weight of 300 - 350 grams, 
3 months old, healthy and active. This study comprised of 4 groups; each group consist of 7. After left incisor of mandible 
was extracted, the animals were received materials according to their group. The details from each groups was 
described as follows; group I: socket was given 25 grams of polyethylene glycol (PEG) and examined on day 7, group II: 
socket was given 25 grams of PEG and examined on day 14, group III: socket was given 0.5 gram DFDBBX and 24.5 gram 
PEG and examined on day 7, Group IV: socket was given 0.5 gram DFDBBX and 24 .5 gram of PEG and examined on the 
day 14, group V: socket was given 0.5 gram of Moringa oleifera extract and 24.5 gram of PEG and examined on day 7, 
group VI: socket was given 0.5 gram of Moringa oleifera extract and 24.5 gram of PEG and examined on day 14, group 
VII: socket was given 0.5 gram of DFDBBX, 0.5 gram of extract Moringa oleifera, and 24 grams of PEG and examined on 
day 7, group VIII : socket was given 0.5 gram of DFDBBX, 0.5 gram of Moringa oleifera extract and 24 gram of PEG and 
examined on day 14. 

The research procedure involved the preparation of Moringa oleifera extract by mixing 0.5 gram of dry extract of 
Moringa oleifera and 24.5 gram of PEG which acts as a carrier of the extract. DFDBBX is a cancelous bovine xenograft 
which is produced by BATAN Research Tissue Bank. The area of woven bone was observed and counted under a light 
microscope with Hematoxylin Eosin (HE) staining. 

Data analysis was carried out by Shapiro Wilk and Levene test. Kruskal-Wallis test followed by Mann Whitney test was 
done to determine the significant difference between groups. All statistical test was done using IBM Statistical Package 
for the Social Sciences, Statistics for Windows, version 24.0. (Armonk, NY: IBM Corp). 

3. Results  

Figure 1 shows the most widespread area of woven bone was the combination group, both on day 7 and day 14. 
Meanwhile, there was only very small growth in the area of woven bone from control group, both on the 7th and 14th 
days. 

Table 1 Results of the Mann Whitney test on day 7. 

 Control  DFDBBX Moringa DFDBBX + Moringa 

Control - 0.025* 0.018* 0.002* 

DFDBBX 0.025* - 0.142 0.002* 

Moringa 0.018* 0.142 - 0.006* 

DFDBBX + Moringa 0.002* 0.002* 0.006* - 

Asterisk (*) symbol represents p value less than 0.05 
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Figure 1 Mean value of woven bone area from each group 

Based on the results of the Kruskal-Wallis test, a significant value of 0.000 was obtained, which is less than 0.05 (p 
<0.05).  

Table 1 shows that there was a significant difference (p <0.05) between the control group and the other groups. There 
was a significant difference with a value of 0.025 (p <0.05) between the DFDBBX group and the control group. P value 
of 0.002 (p <0.01) was found between control group and combination group, meanwhile there was no significant 
difference between DFDBBX and Moringa group (p = 0.142) The following is figure of hematoxylin eosin staining of the 
woven bone socket of Cavia cobaya's tooth extraction on day 7 under a binocular light microscope with 100x 
magnification (Figure 2). 

 

Figure 2 Hematoxylin eosin staining of woven bone area on tooth socket after tooth extraction (day 7). A: control 
group, B: DFDBBX group, C: Moringa group, D: combination group. New woven bone area is shown with a black dot 
Based on the results of the Kruskal-Wallis test, a significant value of 0.000 was obtained, which is less than 0.05 (p 

<0.05). 
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Table 2 Results of the Mann Whitney test on day 14. 

 Control DFDBBX Moringa DFDBBX + Moringa 

Control - 0.002* 0.002* 0.002* 

DFDBBX 0.002* - 0.848 0.002* 

Moringa 0.002* 0.848 - 0.048* 

DFDBBX + Moringa 0.002* 0.002* 0.048* - 

Asterisk (*) symbol represents p value less than 0.05 

Table 2 shows that there was a significant difference (p <0.05) between the control group and the other groups. There 
was a significant difference with a value of 0.002 (p <0.05) between the DFDBBX group and the control group. P value 
of 0.002 (p <0.01) was found between control group and combination group, meanwhile there was no significant 
difference between DFDBBX and Moringa group (p = 0.848). 

Based on the Mann-Whitney test, significant results were obtained, namely p < 0.05 in almost all sample groups, except 
for the DFDBBX and Moringa group (p = 0.848). 

The following is figure of hematoxylin eosin staining of the woven bone socket of Cavia cobaya's tooth extraction on day 
14 under a binocular light microscope with 100x magnification (Figure 3). 

 

Figure 3 Hematoxylin eosin staining of woven bone area on tooth socket after tooth extraction (day 14). A: control 
group, B: DFDBBX group, C: Moringa group, D: combination group. New woven bone area is shown with a black dot 

4. Discussion 

The manufacture of dentures, whether removable dentures, fixed dentures, or implants, requires strong bone support 
to ensure that dentures can function effectively. However, post-extraction bone resorption can cause significant 
problems in denture fabrication. The retention factor that prevents the denture from falling out is strongly influenced 
by several anatomical factors, especially the prominent ridges. In order to maintain promising ridge conditions, 
resorption resulting from tooth extraction must be minimized[4]. Alveolar bone plays an important role in maintaining 
an ideal prosthetic reconstruction. Damage to bone tissue, resulting from tooth extraction, can cause atrophy of the 
alveolar bone and the healing process that occurs can cause bone deformity. In other words, alveolar bone must be 
maintained during the healing process [5]. 
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Based on the results above, there was an increase in the area of woven bone in each group, both on day 7 and day 14. 
The average area of woven bone from lowest to highest order is as follows, (1) control group, (2) DFDBBX group, (3) 
Moringa oleifera group, (4) Moringa oleifera and DFDBBX groups. Judging from that sequence, the highest average 
woven bone area was in the combination group of Moringa oleifera and DFDBBX extracts. This was due to the presence 
of flavonoids in Moringa oleifera which were able to inhibit osteoclast resorption and stimulate osteoblast 
differentiation and cell mineralization. This statement was also supported by the presence of kaempferol which was 
capable of inhibiting enzymes, cyclooxygenase-2, which leads to inhibition of prostaglandin synthesis, and ultimately 
reduced PGE-2 and macrophage infiltration. PGE-2 plays a role in the formation of osteoclasts both directly and through 
the receptor activator of nuclear factor kappa-B (RANK) ligand, resulting in the differentiation of osteoclast precursors 
into mature osteoclasts[6].  

Bone graft has osteogenic, osteoinductive and osteoconductive properties which help stimulate bone healing. There are 
four categories of bone grafts namely, autograft, allograft, xenograft and alloplastic graft [3]. DFDFBBX has 
osteoconductive capabilities that can accelerate bone formation in tooth extraction sockets and reduce alveolar bone 
resorption through blood clot stabilization, scaffold formation, and external sources for minerals and collagen [7].  

The lowest expression of woven bone was seen in the control group. If a comparison was made between day 7 and day 
14, the area of woven bone on the day 14 was wider than day 7. Moringa leaf extract group and combination group of 
day 14 showed an increase in the area of woven bone compared to the control group. Based on research conducted by 
Kresnoadi et al., the combination group leads to successful post-extraction socket preservation by accelerating alveolar 
bone regeneration. This is supported by the results of a study which stated that the group induced by the combination 
of Moringa oleifera extract and DFDBBX produced the highest TGF-β1 and osteocalcin [6]. This was supported by the 
presence of flavonoids, saponins, alkaloids and tannins. Flavonoids contained in Moringa leaf extract can stimulate 
osteoblast proliferation and differentiation. This is also supported by research which reveals that administration of 
flavonoid compounds taken from Moringa leaf extract can help osteoblast differentiation and lead to bone formation. 
Meanwhile, saponins have the effect of osteogenic activity which helps the proliferation and differentiation of 
osteoblasts [8].  

Without any post-extraction preservation measures, there will be a 50% reduction in alveolar ridge volume within 12 
months [9]. In the initial healing stage (2nd week), the socket that was given xenograft material that were covered by 
connective tissue and lined by multinucleated cells. Meanwhile, the socket that was not given graft material showed 
newly formed woven bone that occupied by most of the bone socket [10]. Flavonoids contained in Moringa oleifera are 
known to target prostaglandins which were observed in the acute inflammatory phase and pain perception. 
Furthermore, flavonoids, tannins and saponins contribute to the analgesic, anti-inflammatory and anti-oxidant activities 
of the plant leaf extract [11].  

5. Conclusion 

The induction of the combination of Moringa oleifera extract and DFDBBX after tooth extraction was able to increase 
the area of woven bone in alveolar bone socket on day 7 and day 14. 
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