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Abstract
BACKGROUND: The use of bone graft in the management of bone defect is a challenge in the world of orthopedics. 
Recently, eggshell containing hydroxyapatite (HA) has become a new hope in the use of an economical and efficient 
bone graft in the treatment of bone defects.

AIM: The aim of this systematic review was to explore the available literature on the clinical performance of eggshells 
as bone grafts in guided bone regeneration.

METHOD: Two data resources (PubMed and Cochrane) were searched from January 2010 to September 2020. 
Clinical trials using eggshells as bone grafts were included in the review. Animal and in vivo studies were excluded 
from the review.

RESULTS: A total of 202 studies were taken, then screened and 15 studies finally included. Clinical and radiological 
evaluations show complete recovery after the procedure. Comparison with synthetic HA shows similar healing 
characteristics.

CONCLUSION: Eggshell compared to bovine as bone graft showed no difference in bone healing. Within the 
limitations of the included studies, eggshells can be used safely and efficiently in integrated bone regeneration 
procedures.
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Introduction

Bone defect is a serious condition that occurs 
after a pathological process has damaged vital 
components of bone. This condition is characterized 
by a lack or loss of bone tissue which will affect the 
function of the bones to support the body. Bone 
damage is also usually followed by injuries to soft 
tissues such as muscles, joints, and tendons. Along 
with the increasing number of bone damage cases, 
one of the recommended therapies is to replace 
the lost bone or what is commonly referred to as a 
bone graft. Bone graft is a form of bone repair that is 
commonly used by clinicians from various disciplines, 
such as dentists for periodontal regeneration, also 
used for skull damage and facial surgery, spinal 
surgery, and of course applications in the orthopedic 
field [1], [2].

The use of bone graft using materials made 
from animals is known as the xenograft technique. In this 
technique, according to Puspa and Asmi [2], cow bones 
are generally used as the main raw material. However, 

with the development of other biological alternatives, 
there is increasing interest in the development of other 
biological sources for this bone graft. In the past few 
decades, various allografts and other synthetic grafts 
have also been developed, including demineralized bone 
matrix, collagen, calcium phosphate (hydroxyapatite 
[HA] and b-tricalcium phosphate [b-TCP]), ceramics, 
calcium sulfate, and biodegradable polymer [3].

HA is a calcium phosphate compound and is 
a major constituent of bone tissue. Many bone graft 
materials use HA as the main ingredient. HA can 
be produced from a variety of sources both human, 
animal, and inorganic substances. Many studies 
have shown satisfactory results regarding bone graft 
material from these sources. However, commercially 
available products, including deproteinized bone 
from bovine, are very expensive. For extensive bone 
defect reconstruction, the cost of this high material 
graft is often a problem. Therefore, it is necessary to 
develop a bone graft material that is cheap and safe 
[4], [5], [6].

One of the natural sources of calcium is 
derived from eggshell. This eggshell is a composite 
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material containing calcium carbonate (94%), 
calcium phosphate (1%), organic material (4%), and 
magnesium carbonate (1%). Every day millions of 
tons of eggshells are produced as biological waste 
around the world, so processing this eggshell waste 
into HA is very beneficial from various points of 
view [4], [5], [6].

The aim of this systematic review was to 
evaluate studies on the effectiveness of eggshells to 
improve the regeneration of human bone compared to 
studies with bovine bone graft.

Materials and Methods

The method used for this article was a 
systematic review. Systematic review aimed to 
reduce the bias of research results by identifying, 
assessing, and synthesizing all researches on a 
particular topic. The sample selection method was 
carried out, as shown in Figure  1. Central scientific 
research databases such as PubMed and Cochrane 
were accessed using keywords such as (“bone loss” 
OR “defect” OR “bone defect”) AND (“autograft” OR 
“allograft” OR “bone substitute”) AND “xenograft” AND 
(“eggshell” OR “bovine”). The method used was based 
on the PRISMA method (Figure 1). We used experts to 
analyze the database and to do critical appraisal to the 
researches that we obtained.

Results

The initial search obtained 202 articles that were 
reduced to 96 using the limitation surgical procedure. 
These articles got titles and abstracts screening and led 
to the exclusion of 34 articles as criteria of exclusion 
from Figure 1. Then, the reviewer tried to retrieve the 
whole text from the rest 62 articles, but only 15 papers 
have the whole text paper. The reviewer systematically 
analyzed the remaining 15 papers (Table 1).

Discussion

After reviewing all of the obtained studies, 
we found that bone graft using eggshells can improve 
the bone regeneration process. Eggshells are a great 
source of calcium as a dietary supplement. Eggshells 
are also used as a matrix for bone formation in animal 
models. Recently, eggshells have been used in various 
experimental studies to assess their bone formation 
ability. Eggshell-derived HA/eggshell-derived HA (EHA) 
appears to be a promising graft material with excellent 
properties in grafting with various techniques. In this 
study, what will be discussed is the efficiency of using 
eggshells whether has a good outcome in terms of 
bone regeneration or not [5], [6], [7], [8].

EHA is a bone graft that has the potential 
to produce promising results. In this study, a sample 
of 10  patients was given a bone graft after dental 
extraction surgery. Evaluations carried out for 1 week, 
1 month, 2 months, and 3 months showed significant 
differences in bone density at all time intervals 
(p < 0.05). Thus, EHA appears to be a promising bone 
graft with excellent properties for grafting [6]. When 
compared between EHA and synthetic hydroxyapatite 
(SHA), the bone formation patterns different at the 
2nd month interval which may be related to early or late 
resorption of graft particles. From month 1 to month 
6, the bone formation patterns in the SHA and EHA 
groups remained the same (p > 0.05). No significant 
difference (p > 0.05) was found when comparing the 
mean bone density between SHA and EHA at month 1 
and month 6, which proved that EHA had an outcome 
similar with the control group [7].

The use of eggshell-derived nanohydroxyapatite 
(EnHA) showed that bone formation occurred at months 
1, 3, and 6 and did not show a significant difference 
with the control group (p > 0.05). The eggshell group 
showed that more than 80% of the trabecular bone 
had formed at the final evaluation compared to the 
control group where only half of the bone healed in the 
trabecular pattern [8]. The study about application of 
EHA also made comparisons of radiological evaluation Figure 1: PRISMA flow diagram
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of bone healing at different time intervals (1  month 
vs. 4  months, 4  months vs. 8  months, 8  months vs. 
12 months, and 12 months vs. 24 months). The use of 
eggshell on cystic defect during apicectomy in the time 
interval showed a significant difference between time 
intervals (p < 0.05). On socket use with eggshell and 
platelet-rich fibrin (PRF), 73.91% of sockets recovered 
in a trabecular pattern, while the other 26.09% were 
found with the present ground-glass. Histological 
evaluation reveals bone regeneration at the socket. 
Comparison of bone density in the socket implanted 
group with nanohydroxyapatite (eggshell) and PRF at 
weeks 1, 12, and 24 showed a significant increase in 
bone density (p < 0.05) [8].

Based on the analysis above, it can be said that 
the eggshell containing HA can produce complete bone 
regeneration in dental growth or result in an increase of 
bone density equal with the control group in the grafted 
tooth area. Thus, the use of eggshells is efficient in the 
process of bone regeneration.

Difference between eggshell-derived 
bone graft and bovine in terms of human bone 
regeneration

From several result studies, complete bone 
formation has occurred with usually trabecular 
formation at the 6th  month. Hence, the 6th  month 
is a perfect time to compare bone density between 
eggshell and bovine bone graft. The rapid 
regeneration of bone in the bone graft occurs due to 
increased selective adsorption of adhesion proteins 
and growth factors by HA/HA, which stimulates 
osteoblast adhesion and bone deposition through 
ion release. Several studies showed insignificant 
differences in bone density between eggshell-
derived HA bone graft and synthetic HA bone graft 
(p < 0.05). In the use of nanohydroxyapatite from 
eggshell, nano-HA can be used for preparation of 
composite materials as a substrate. Both density 
and visual characteristics can be selected as the 

standard method for evaluation of bone healing 
which provides insight into the healing of bone graft 
administration in an economical manner [9].

When looking at the bone density between 
eggshell and bovine, the average bone density formed 
in the 6th month with eggshell is 160.90 and on bovine 
is 166.70 [7], [8], [9]. However, when comparing the 
1st month, the average result of bone density owned 
by eggshell is 121.65 and the bovine is 155.60. From 
the results above, the best bone density is owned by 
bovine when compared to eggshell in the 1st, 2nd, 
and 6th months. From the comparison with the control 
group that was not given a bone graft, that in the 
majority of the eggshell studies showed that there was 
no significant difference, the bovine study showed there 
was a significant difference compared to the control (p 
< 0.05). However, research with bovine as a bone graft 
does not use 100% bovine with HA but uses branded 
bone grafts such as bio-Oss or Gen-tech which have 
other compositions in accelerating bone regeneration 
compared to eggshell which is 100% processed directly 
to get its own HA. Bovine itself has been studied in 
human bones and has a good outcome and suitable as 
a bone graft in orthopedic surgery. From an economic 
point of view, eggshell itself has its own advantages 
because it is easy to obtain compared to bovine. 
Although the bone density possessed by bovine is 
higher than eggshell, there is no significant difference 
regarding the bone regeneration. Hence, with the ability 
to increase bone regeneration, having bone density 
which is almost the same as when using bovine as 
bone graft, easy to produce and inexpensive, made the 
eggshell bone graft has its own advantages [10], [11].

Conclusion

Bone defect or bone damage is a serious 
condition that occurs after a pathological process has 

Table 1: Result of systematic review about eggshell bone graft and bovine bone graft
Year of publication Number 

of cases
Surgical procedure Bone graft Control Results

Kattimani et al., 2014 [5] 10 Dental extraction EHA No bone graft Increase bone density for 3 months
Kattimani et al., 2016 [6] 10 Cystectomy EHA SHA Increase bone density and bone 

formation completed in 6 months
Kattimani et al., 2019 [7] 12 Third molar extraction EnHA No bone graft Bone formation completed in 6 months
Kattimani et al., 2019 [8] 20 Apicectomy EHA NM Bone healing in 8 weeks
Kattimani et al., 2019 [9] 11 Dental extraction EHA with PRF NM Peningkatan bone density selama 

24 minggu
Munhoz et al., 2012 [10] 39 Third molar extraction Bovine (Gen-tech) No bone graft Increase bone density for 6 months
Melo et al., 2020 [11] 20 Third molar extraction IBB No bone graft Increase bone density for 2 months
Munhoz et al., 2011 [12] 20 Cystectomy Bovine (Gen-tech) No bone graft Increase bone density for 6 months
Bahammam, 2016 [13] 33 Corticotomy Bovine-derived xenograft Bone graft bioactive glass Increase bone density for 9 months
Kattimani et al., 2014 [4] 12 Cystectomy Bovine-derived xenograft No bone graft Increase bone density for 6 months
Kang-mi pang et al., 
2017 [15]

10 Dental extraction Anorganic bovine bone Autogenous tooth graft 
material

Bone formation completed

Shirmohammadi et al., 
2014 [16]

10 Sinus floor 
augmentation

Bovine NM Forming of sinus floor augmentation

Ferracini et al., 2019 [17] 34 Tibia fracture 
operation

Xenohybrid bovine bone NM VAS score decrease and positive 
outcome

Rosito et al., 2010 [18] 26 Total hip arthroplasty Bovine Human graft Positive outcome
Wen-chi tsai, 2010 [19] 33 Tibia fracture 

operation
Bovine hydroxyapatite NM Bone healing with high-quality fusion 

after 6–12 months
EHA: Eggshell-derived hydroxyapatite; EnHA: Eggshell-derived nanohydroxyapatite; NM: Not mentioned; PRF: Platelet-rich fibrin.
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damaged vital components of the bone. Bone damage 
can be caused by various incidents such as trauma, 
disease (osteoporosis and osteosarcoma), or surgery 
such as tumor tissue removal. With the increasing number 
of cases of bone damage, one of the recommended 
therapies is to replace the lost bone or what we called as 
a bone graft. One of them is EHA bone graft. Eggshell-
derived HA has been studied and compared with 
synthetic HA in human maxillary bone cystic defects 
resulting from apicoectomy. The osteoinductive nature 
of nanocrystalline HA can stimulate bone regeneration. 
Meanwhile, eggshell-derived HA is hydrophilic and can 
absorb surrounding fluids and blood, so it is easier to 
arrange and place in the operating area.

This study analysis used a systematic review 
method regarding the outcome of studies that use the 
eggshells as bone graft compared to bovine bone graft, 
obtained from 15 articles selected after going through 
the identification, screening, and inclusion and exclusion 
criteria processes. It can be concluded that eggshell-
derived HA can produce complete bone regeneration in 
dental growth or produce an increased bone density in 
proportion to the control group in the grafted tooth area, 
especially after 6 months. However, when the eggshell 
compared to the efficiency of bovine in terms of bone 
regeneration, bovine has more advantage regard the 
bone density. Eggshell itself has the advantage of being 
more economical and easier to obtain compared to 
bovine. Overall, there is no significant difference between 
eggshell as a bone graft and bovine regarding bone 
regeneration, so the eggshell bone density outcome also 
almost the same with bovine as the bone graft.
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