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Abstract: The aim of this experimental study was to 
evaluate the effect of bovine lactoferrin (bLF)-loaded 
gelatin microspheres (GM) used in combination with 
anorganic bovine bone on bone regeneration in surgi-
cally created bone defects around tooth implants. 
Twenty-four uniform bone defects were created 
in the frontal bone via an extraoral approach in 12 
domestic pigs. Twenty-four implants were placed 
at the center of the defects. In eight animals one of 
these defects was filled with 0.3 mL anorganic bovine 
bone while the other was left empty. In four animals, 
all defects were filled with 3 mg/defect bLF-loaded 
GM and anorganic bovine bone. All the defects were 
covered with collagen membranes. All animals were 
sacrificed after 10 weeks of healing, and the implants 
with the surrounding bone defects were removed en 
bloc. Undecalcified sections were prepared for histo-
morphometric analysis. The mean total area of hard 
tissue was 26.9 ± 6.0% in the empty defect group, 
31.8 ± 8.4% in the graft group, and 47.6 ± 5.0% in 
the lactoferrin group (P < 0.001). The mean area of 
newly formed bone was 26.9 ± 6.0% in the empty 
defect group, 22.4 ± 8.2% in the graft group, and 46.1 
± 5.1% in the lactoferrin group (P < 0.001). The mean 
residual graft area was 9.4 ± 3.2% in the graft group 

and 1.5 ± 0.6% in the lactoferrin group (P < 0.001). 
The mean proportion of bone-implant contact in the 
defect region was 21.9 ± 8.4% in the empty defect 
group, 26.9 ± 10.1% in the graft group and 29.9 ± 
10.3% in the lactoferrin group (P = 0.143). These data 
indicate that a combination of 3 mg bLF-loaded GM 
and bovine-derived HA promotes bone regeneration 
in defects around implants.
(J Oral Sci 57, 7-15, 2015)

Keywords: bovine lactoferrin; controlled release; 
histomorphometry; implant; bone defect.

Introduction
Implant therapy has become a predictable and reliable 
treatment protocol for replacement of missing teeth. 
Immediate implant placement into fresh extraction 
sockets has also yielded successful clinical results (1-3). 
When dental implants are placed into fresh extraction 
sockets, there may be insufficient contact between the 
alveolar bone and implant surface at the coronal half of 
the implant. Several treatment modalities and materials 
have been used for increasing the bone volume around 
implants. Although autogenous bone is the ideal grafting 
material, xenogenic bone grafting substitutes have been 
widely used for bone regeneration around dental implants 
(4). In order to increase the capabilities of xenogenic 
bone substitutes, anabolic agents can be combined with 
the grafting materials (5). The results of basic scientific 
and clinical studies have shown that different growth and 
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differentiation factors enhance the regeneration of bone 
(5-7). Lactoferrin is an anabolic peptide that has been 
proven to induce bone growth in vivo (8,9). Cornish et al. 
(10) have suggested that lactoferrin acts on bone cells at 
periphysiological concentrations and might have a thera-
peutic role for bone repair. Lactoferrin enhances bone 
growth through a proliferative and anti-apototic effect 
on osteoblasts while inhibiting osteoclastogenesis (11). 
The regenerative potential of agents such as lactoferrin 
is highly dependent on the method of application (12). 
Controlled release of biomaterials enhances their effi-
cacy and reduces the total protein dosage. Preference for 
gelatin as a drug delivery system in the biomedical field 
is very widespread since it is non-toxic, biodegradable, 
cheap and non-immunogenic (13).

Surgically created bone defects around implants have 
been widely used by several authors in order to simulate 
extraction sockets, although there has been some contro-
versy about this approach (14-16).

The aim of this experimental study was to evaluate 
the bone regeneration effect of gelatin microspheres 
loaded with bovine lactoferrin used in combination with 
anorganic bovine bone in surgically created bone defects 
around implants.

Materials and Methods
Preparation of gelatin microspheres loaded with 
bovine lactoferrin
Gelatin microspheres (GM) containing bovine-derived 
lactoferrin (bLF) were prepared by adding the bioactive 
agent (bLF, 50 mg in 1 mL phosphate buffer, 0.01 M, pH 
= 7.4) to the gelatin solution. These treated microspheres 
are referred to as GM-bLF hereafter. The microspheres 
were hardened with glutaraldehyde treatment. For this 
purpose, aqueous glutaraldehyde solution (1 mL, 5%) 
was added to a water-oil emulsion of the microspheres. 
Unreacted glutaraldehyde and paraffin oil were removed 
by filtering and washing with water and acetone. The 
obtained microspheres were then dried at room tempera-
ture.

In vitro gelatin microsphere degradation
The release of bLF from the microspheres was studied by 
incubating the samples in phosphate buffer solution (0.01 
M, pH = 7.4) using a shaking bath at constant tempera-
ture (37°C). In the GM-bLF system, approximately 3 
mg of bLF was released during 24 days. By increasing 
the cross-linking density of the microspheres, it became 
possible to extend the duration of bLF release from a few 
hours to weeks.

Animals 
Twelve 6-month-old domestic pigs bred at the Medical 
Experimental Research Center (TIBDAM) at Çukurova 
University were used in the study. At the time of surgery 
their body weight was 40 ± 5 kg. They were kept on 
high-calorie feed and allowed water ad libitum. The 
study was approved by the local animal ethics committee 
(DHF2006D7).

Anesthesia and medication
The animals were premedicated with intramuscular (im) 
injections of 20 mg/kg ketamine (Alfamyne, Egevet, 
İzmir, Turkey) and 2 mg/kg xylazine (Rompun, Bayer, 
İstanbul, Turkey). General anesthesia was induced by 
intravenous (iv) administration of 15 mg/kg thiopental 
sodium (Pental Sodium, İbrahim Etem, İstanbul, Turkey). 
In addition, 4 mL of local anesthetic (Marcaine, Astra 
Zeneca, İstanbul, Turkey) was injected into the surgi-
cally treated region. As a prophylactic antibiotic, 600 
mg clindamycin (Klindan, Bilim İlaç, İstanbul, Turkey) 
was administered i.v. preoperatively to all animals. Post-
operatively, all animals received 600 mg clindamycin 
to prevent infections and 500 mg metamizol sodium 
(Novalgine, Aventis, İstanbul, Turkey) for pain relief, 
both intramuscularly for 3 days.

Surgical procedure
All surgical procedures were carried out with due atten-
tion to aseptic precautions. Full-thickness trapezoidal 
incisions were made at the forehead region over the 
frontal bone, 5 cm below the superior border. After expo-
sure of the frontal bone, two uniform cylindrical defects 
9 mm in diameter and 4 mm in depth were created in 
each animal using a trephine bur. Twenty-four titanium 
implants (Aesthetica Euroteknika, Sallanches, France), 
3.6 mm in diameter and 8 mm in length, with a sand-
blasted acid-etched (SLA) surface were placed at the 
center of each surgically created uniform defect (Fig. 
1). The resulting artificial circumferential bone defects 
simulated alveolar defects with a circular gap of 2.7 
mm. In eight animals, one of the circumferential defects 
around the implant was filled with 0.3 mL anorganic 
bovine-derived bone (Unilab Surgibone, Mississauga, 
Ontario, Canada) (graft group) while the other defects 
were left empty (empty defect group). In the remaining 
four animals, eight defects (two defects per animal) 
were filled with 0.3 mL anorganic bovine-derived bone 
together with 3 mg GM-bLF (lactoferrin group). All of 
the surgically created defects were covered with 22×22 
mm collagen barrier membranes (Collagen AT, Centro 
Di Odontoiatria Operativa, Padova, Italy) (Fig. 2). All 
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animals were sacrificed after 10 weeks of healing.

Histomorphometry 
The implants with surrounding defects were removed en 
bloc and immersed in 4% neutral buffered formaldehyde 
for histologic evaluation. The specimens were dehydrated 
in a graded series of ethanol and embedded in methyl 
methacrylate-based resin (Technovit 7200 VLC, Kulzer 
& Co, Wehrheim, Germany). Undecalcified ground 
sections from the implants and surrounding bone were 
prepared according to the method described by Donath 
and Breuner (17). Sections of each experimental site 
were taken through the longitudinal axis of each implant 
and reduced to a thickness of 40 µm. Two sections were 

prepared from each block and stained with toluidine 
blue. All sections were used for histomorphometric 
evaluation. Digital images of the sections were obtained 
using a digital camera (Olympus DP 70, Olympus Co., 
Tokyo, Japan) attached to a microscope (Olympus 
BX50, Olympus) at a magnification of ×4. The obtained 
images were then transferred to a PC and subjected to 
histomorphometric analysis using Bioquant Osteo II 
image analysis software (Bioquant Image Analysis Co., 
Nashville, TN, USA). The following histomorphometric 
measurements were made:

1. Total hard tissue in the circumferential bone defect 
around the implant (proportion of total area of hard 
tissue relative to total area of the defect).

2. Newly formed bone in the circumferential bone 
defect around the dental implant (proportion of 
area of newly formed bone relative to total area of 
the defect).

3. Residual graft material in the circumferential bone 
defect around the implants (proportion of area of 
residual graft material relative to total area of the 
defect).

4. Bone to implant contact (BIC) along the implant 
surface in the surgically created bone defect 
(proportion of linear bone in contact with the 
implant measured from the top of the implant to 
the base of the defect). 

Statistical analysis
For statistical analysis of the acquired data, the SPSS 16.0 
software package was used. Mean, standard deviation, 
median, maximum and minimum values were summa-
rized for the percentage values of total hard tissue, newly 
formed bone, residual graft material and bone to implant 
contact. The Kruskal-Wallis test was used to compare 
values among groups, and the Mann-Whitney U test 
for comparisons between two groups. Differences at P 
< 0.05 were accepted to be statistically significant. The 
Bonferroni correction was applied for multiple group 
comparisons, and P-values of <0.017 were considered to 
indicate statistical significance.

Results
After 10 weeks of uneventful healing, all the implants 
showed successful osseointegration. Histological and 
histomorphometric analyses were performed as described 
above.

In vitro degradation of gelatin microspheres 
In vitro degradation of the gelatin microspheres was 
progressive, and complete within 24 days (Fig. 3).

Fig. 1   Placement of dental implants into surgically created defects.

Fig. 2   Schematic drawing of the surgical procedure.

Fig. 3   Degradation of GM.
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Histological analysis
All 24 implants were found to be in contact with basal 
and newly formed bone after 10 weeks of healing (Fig. 4). 
Staining allowed us to determine the differences between 

preexisting bone, newly formed bone and residual anor-
ganic bovine bone particles, as basal bone and residual 
graft particles showed weaker staining. Within the defects 
filled with anorganic bovine bone, residual graft particles 
appeared to remain unresorbed after 10 weeks of healing. 
Different amounts of newly formed bone were evident 
in the defects of all the treatment groups. In the bovine 
lactoferrin-treated group, significantly more bone was 
observed around the implants, and bone growth over the 
top of the implants was detected (Fig. 5).

Histomorphometric analysis
After 10 weeks of healing, the mean proportion of the 
total area of hard tissue was 26.9 ± 6.0% in the empty 
defect group, 31.8 ± 8.4% in the graft group, and 47.6 
± 5.0% in the lactoferrin group (Table 1). The mean 
percentage area of total hard tissue in the lactoferrin 
group was significantly greater than in the other two 
groups (P < 0.001), whereas the difference between the 
empty defect group and the graft group was not statisti-
cally significant (P = 0.096) (Fig. 6).

The mean percentage area of newly formed bone after 
healing was 26.9 ± 6.0% in the empty defect group, 
22.4 ± 8.2% in the graft group, and 46.1 ± 5.1% in the 
lactoferrin group (Table 1). The mean percentage area of 
newly formed bone in the lactoferrin group was signifi-
cantly greater than in the other two groups (P < 0.001), 
whereas the difference between the empty defect group 
and the graft group was not statistically significant (Fig. 
7) (P = 0.085). 

The mean percentage area of residual anorganic bovine 
bone after healing was measured as 9.4 ± 3.2% in the 
graft group and 1.5 ± 0.6% in the lactoferrin group (Table 

Fig. 4   Bone regeneration around a dental implant in the empty 
defect group (a), the graft group (b), and the lactoferrin group (c).
Toluidine blue, ×4 magnification.
BB: basal bone, NFB: newly formed bone, G: graft.

Fig. 5   Bone regeneration over the top of an implant in the 
lactoferrin group.
Toluidine blue, ×4 magnification. NFB: newly formed bone.
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1). The mean percentage area of residual anorganic 
bovine hydroxyapatite (HA) in the lactoferrin group was 
significantly lower than in the graft group (Fig. 8) (P < 
0.001).

The mean percentage BIC values in the area of the 
surgically created bone defect were 21.9 ± 8.4%, 26.9 ± 
10.1%, and 29.9 ± 10.3% in the empty defect group, graft 
group and lactoferrin group, respectively (P = 0.143) 
(Table 1).

Discussion
The results of this histomorphometric study demon-
strated the beneficial effect of GM-bLF combined with 
anorganic bovine bone grafts for bone regeneration in 
surgically created bone defects around implants in pigs.

The basic characteristic of lactoferrin is its antibacte-
rial activity (18). Lactoferrin also has effects on cell 
growth and differentiation (8), embryonic development 
(19), myelopoiesis (20), endothelial cell adhesion (21), 
cytokine (22) and chemokine (23) production, regula-
tion of the immune system (24) and modulation of the 
inflammatory response (25). In addition to these complex 
functions, a recent study showed that lactoferrin promotes 
osteoblastic activity while inhibiting osteoclastogenesis 
in vitro and in vivo (26). Although both human and 

Table 1   Results of histomorphometric analysis of all parameters

Empty defect group
Mean ± SD

Median (max/min)

Graft group
Mean ± SD

Median (max/min)

Lactoferrin group
Mean ± SD

Median (max/min)
P

Total hard tissue (%) 26.9 ± 6.0a

28.2 (37.0/16.0)
31.8 ± 8.4b

31.1 (46.0/18.0)
47.6 ± 5.0a,b

46.9 (60.0/37.0) <0.001

Residual graft (%) ̵̶ 9.4 ± 3.2
8.9 (14.8/4.8)

1.5 ± 0.6
1.3 (3.0/1.0) <0.001

Newly formed bone (%) 26.9 ± 6.0a

28.2 (36.6/15.6)
22.4 ± 8.2b

21.4 (36.5/10.5)
46.1 ± 5.1a,b

45.4 (58.7/35.8) <0.001

BIC (%) (surgically created defect area) 21.9 ± 8.4 

22.3 (37.7/11.0)
26.9 ± 10.1 

29.1 (42.0/10.0)
29.9 ± 10.3 

31.5 (51.1/17.3) 0.143

a, b, P < 0.017 (Bonferroni correction)

Fig. 6   Mean percentage of total hard tissue. Lactoferrin 
group shows a significantly higher value than the other two 
groups. (P < 0.001)

Fig. 8   Mean residual graft percentage. Lactoferrin group 
shows a significantly lower value than the graft groups (P 
< 0.001).

Fig. 7   Mean percentage of new formed bone. Lactoferrin 
group shows a significantly higher value.
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bovine lactoferrin exerts this bone regeneration effect 
on cultured rat osteoblasts, bovine lactoferrin yields 
better results due to the presence of growth factors and 
lipopolysaccharides (11,26,27). Therefore, bLF was used 
as an anabolic agent in the present study. We employed 
the lactoferrin dosage suggested by Cornish (11) in our 
GM delivery system. This controlled release method was 
described previously by Ulubayram et al. (13). Use of this 
drug delivery method is also expected to reduce the total 
protein dosage, when administered over a time interval 
of 24 days. As it has been reported that GM alone has no 
bone-promoting effect (28), control defects treated with 
GM alone were not used in this study.

Immediate placement of implants into fresh extraction 
sockets has demonstrated comparable clinical results 
when conventional procedures are employed (29,30). The 
surgical procedures used in the present study have already 
been described by many authors (4,16,31,32). Botticelli 
et al. (33) demonstrated that extraction sockets and arti-
ficially created marginal defects around implants healed 
in different ways, and that the outcomes also differed. 
For this reason, the artificial marginal defects created 
around implants in our study may not have accurated 
reproduced the post-extraction situation. In previously 
reported studies, defects of various circumferential sizes 
have been created. Botticelli et al. (4) suggested that the 
width of the circumferential defect should be more than 
1.25 mm in order to properly evaluate the effectiveness 
of grafting materials on bone regeneration. This sugges-
tion was supported by Polyzois et al. (32), who used a 
similar surgical procedure by creating a circumferential 
defect 2.37 mm in width. In our study, a gap size of 2.7 
mm was created in order to prevent spontaneous healing. 

To achieve primary stability of implants placed into 
surgically created defects, at least a half of the full length 
should be in direct contact with the basal bone (4,14,32). 
Therefore, we placed the apical half of the implants in 
direct contact with the basal bone, thus achieving the 
highest degree of primary implant stabilization.

In the present study, all defects in the three groups 
were covered with resorbable collagen barriers to provide 
standardization. Usage of barrier membranes (resorbable 
or non-resorbable) for these types of defects can enhance 
the BIC values by preventing ingrowth of soft tissue (34).

To our knowledge, the present study is the first 
reported to have experimentally assessed the bone-
regenerative effect of GM-bLF around implants. The 
GM-bLF we employed enhanced bone regeneration 
around dental implants in a similar way to mesenchymal 
stem cells (31), recombinant bone morphogenetic protein 
(rhBMP)-2 (5) and parathyroid hormone (PTH) (15) 

used in previous studies. A recent study reported by Jung 
et al. (15) demonstrated the beneficial effect of PTH used 
in circumferential defects as compared with autogenous 
bone. Although both bLF and PTH can increase bone 
mass by expanding the activity and number of osteoblasts, 
bLF can also regulate and inhibit osteoclastogenesis (26). 
On the other hand, PTH may decrease bone density by 
stimulation of osteoclast function when administered in 
a continuous manner. Therefore, in the study reported 
by Jung et al. (15), PTH was administered by a pulsed 
method of controlled release from polyethylene glycol 
(PEG) gel. Our findings obtained by histomorphometric 
analysis were also consistent with this report in terms of 
delivery of the anabolic agent via controlled release.

A number of animal experiments and clinical trials 
have reported successful results with anorganic bovine 
bone grafts in peri-implant bone defects (16,32,35,36). 
The use of anorganic bovine bone as a grafting material 
yielded results similar to those obtained with autogenous 
bone transplants in terms of bone regeneration in these 
types of defects (16). Berglundh and Lindhe (37) reported 
that anorganic bovine bone showed osteoconductive 
potential when placed in large self-contained defects in 
the mandible of beagle dogs, the graft particles becoming 
surrounded by newly formed bone. The findings of our 
present study also revealed new bone formation around 
the graft particles within the defects after 10 weeks of 
healing. 

Although the same amounts of anorganic bovine bone 
were placed in the defects created in the lactoferrin 
group and the graft group, the mean percentage area of 
the residual graft in the lactoferrin group (1.5 ± 0.6%) 
was significantly lower than that in the graft group (9.4 ± 
3.2%) (P < 0.001). Different results have been reported in 
terms of the percentage of residual grafts after different 
healing periods (4,37). Botticelli et al. (4) reported that 
13.1% of the graft material remained in circumferential 
bone defects after 4 months of healing. Although a wider 
gap size was used in our present study, the percentage 
of the residual graft area was less than that reported by 
Botticelli et al. This might be attributable to the higher 
bone turnover rate in the pig calvaria relative to the 
canine mandible (38). 

Anorganic bovine bone grafts have been reported 
to gradually become displaced by newly formed host 
bone during the resorption and remodelling phases (4). 
Wheeler et al. (39) stated that anorganic bovine bone 
particles were rapidly replaced by host bone, whereas 
some authors (40-42) observed slow resorptive activity 
or no resorption of anorganic bovine bone particles. 
Our findings are consistent with the hypothesis that 
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anorganic bovine bone particles show slow resorptive 
activity. However, in the defects treated with lactoferrin, 
the resorptive activity of graft particles seemed to be 
higher. Also, the anorganic bovine bone used in our study 
contained about 20-29% bovine-derived type I collagen, 
whereas that used in other studies contained no collagen.

The mean percentage area of total hard tissue in the 
lactoferrin group was significantly higher than in the 
other two groups (P < 0.001), although the improved 
values of total hard tissue in the graft group did not reach 
a statistically significant level. The percentage of newly 
formed bone in the lactoferrin group was significantly 
higher than in the other two groups (empty defect and 
graft group) (P < 0.001). There was no significant differ-
ence in the percentage of newly formed bone between 
the empty defect group (26.9 ± 6.0%) and the graft group 
(22.4 ± 8.2%) (P = 0.085). This may have been due to 
the inadequate number of samples employed. In a similar 
study, Jung et al. (15) reported a value of 49.4% for newly 
formed bone after 12 weeks of healing around implants 
using PTH(1-34) as an anabolic agent. Although the gap 
size employed in that study was smaller (1.5 mm), our 
results were comparable with theirs.

The reported mean BIC of various commercially 
available dental implants placed into defects of various 
sizes has ranged from 21% to 74% (43,44). Rough 
surfaces provide better early BIC than smooth ones (45). 
Therefore, implants with a rough SLA surface were 
chosen in the present study. Akimoto et al. (46) reported 
that as the gap between the bone and implant widened, 
the amount of BIC decreased and the point of the first 
BIC shifted apically. Our findings were consistent with 
theirs. Also this may be the reason for the lack of any 
significant differences between the groups in terms of 
the percentage BIC. Although bone regeneration effects 
of some anabolic agents in circumferential defects have 
been demonstrated, successful osseointegration has been 
reported only for MSC (31) and rhBMP-2 (47). However, 
a recent study (48) concluded that rhBMP-2 did not 
enhance osseointegration during 12 weeks of healing, in 
contrast to the results obtained by Cochran et al. (47). In 
addition, Jung et al. (15) reported that PTH(1-34) did not 
significantly promote osseointegration when compared 
to an empty defect group. There is no additional informa-
tion in the literature to support the contention that bLF 
can enhance osseointegration. In our study, there was no 
statistically significant difference between the lactoferrin 
group and the other two groups in terms of BIC value. We 
consider that the short healing period allowed for bone 
regeneration around the implants may have been another 
reason for this result. In the light of our BIC% findings, 

further animal studies will be necessary to evaluate the 
effect of bLF on implant osseointegration.

In conclusion, we have shown that GM-bLF containing 
3 mg of bovine lactoferrin used in combination with 
anorganic bovine bone grafts promotes bone regeneration 
in large defects (2.7 mm in width) around SLA-surfaced 
dental implants. In addition, this GM drug delivery 
system is suitable for controlled release of bovine lacto-
ferrin. However, further studies are required to assess 
the effectiveness of lactoferrin for different treatment 
modalities such as those for fractures and osteoporosis.
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