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Objectives The present study was performed to determine if minocycline HCl could 
influence the behavior of deproteinized bovine bone mineral (DBBM) and bioactive 
glass (BG) particles when used as filler material for new bone generation in a guided 
bone augmentation model.
Materials and Methods Two occlusive titanium caps were placed on the rat calvaria. 
One filled with BG particles, the second with DBBM particles, both previously mixed 
with blood (control). In minocycline HCl loaded groups (experimental), grafts were 
additionally placed into a minocycline solution. Samples were harvested after 4, 8, and 
16 weeks. Half of the samples were embedded in methylmethacrylate for undecalci-
fied histology and the other half was fixed, decalcified, and embedded in paraffin for 
classical histologic analysis.
Results The control groups highlighted osteoconductive and osteoinductive 
responses associated to BG particles, as well as an osteoconductive reaction, in DBBM 
sections. The addition of minocycline HCl to BG particles had no measurable influence 
on the result. In minocycline HCl loaded DBBM sections; however, areas of sponta-
neous ossification could be observed after 8 and 16 weeks.
Conclusion Our observations suggest that minocycline HCl may add some osteoin-
ductive properties to DBBM within the limitations of this study design. Further investi-
gations are needed to refine the present results.
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Introduction
Peri-implant diseases are defined as infectious-inflammatory 
processes affecting all tissues around an osseointegrated 
implant, resulting in a loss of the supporting alveolar bone. 
Conventional treatment approaches, successful in periodon-
tal diseases, have been proven to be insufficient to manage 
peri-implantitis.1 The adjunctive use of chemical agents 
as local or systemic antibiotics and regenerative treatment 
procedures have been advocated to repair such peri-implant 
defects.2,3

Minocycline HCl is a semisynthetic tetracycline of the sec-
ond generation with documented additional nonantibiotic 
properties as an inhibition of bone resorption4 and a stim-
ulation of bone formation.5,6 Even if unfavorable effects on 
bones have been described,7 tetracyclines are still explored 
to improve the outcome and the predictability of GBR 
procedures.

The approach of the guided bone augmentation (GBA) 
technique is to create a secluded volume around the bone 
defect, filled with bone grafts, or bone graft substitutes for 
bone regeneration without competition from other tissues. 
Biologically active glasses (BG) are an important class of 
grafting materials in bone regeneration.8,9 Biogran™ is an 
easy to handle BG of the first generation, with a particle size 
within the 300 to 355 µm range, considered as ideal for such 
clinical application.10

Deproteinized bovine bone mineral (DBBM) is a xeno-
geneic graft material that has been extensively tested and 
documented in scientific literature.11 The nonsintered form, 
free of organic matrix is by far the most clinically used bovine 
mineral. DBBM, so as Bio-Oss® used in this study, showed 
osteoconductive properties by promoting cellular adhesion, 
wound healing, and the formation of new bone tissue.12

The aim of the present study was to investigate whether 
the addition of minocycline HCl may have an adjuvant effect 
on the behavior of BG and DBBM for enhanced results in 
guided bone regeneration procedures.

Materials and Methods
The surface microtopography of the different bone substitute 
particles was examined in high vacuum using a scanning 
electron microscope and was imaged in a native, uncoated 
state at 10 kV.

The study was performed on a total of 20 adult male 
Wistar rats. All experimental procedures used in this inves-
tigation were reviewed and approved by the Institutional 
Animal Care and Use Ethics Committee of the University of 
Liège, Belgium, following the national and European legisla-
tion on this issue. The rats were acquired from the University 
of Liège. The study protocol included animal accommodation 
with water ad libitum, regular rat pellet with artificial light 
with a night and day cycle.

The animals were anaesthetized with a combination 
of 0.25 mg/kg of atropine sulfate, 0.5 mL/kg of xylazine at 2% 
and 25 mg/mL of ketamine administered intraperitoneally. 
A midline incision was made on the forehead of the rat and 

two hollow occlusive titanium caps were subperiosteally 
implanted on the calvaria. One was filled with BG parti-
cles (Biogran-Biomet 3i, Palm Beach, Florida, United States) 
and the second with DBBM particles (Bio-Oss–Geistlich, 
Wolhusen, Switzerland). Bone filler particles were mixed 
with blood, collected from the animal’s tail, and a drop of 
balanced salt solution to acquire a moldable consistency of 
the particles and a perfectly adapted fill of the regenera-
tion chambers. The animals were randomly assigned to one 
minocycline treated group and one nonminocycline treated 
control group. In control group, only the surgical procedure 
was applied with no additional treatment. In minocycline 
HCl group (n = 10), bone grafts were additionally placed into 
a minocycline solution at 0.1 mg/mL prior placement.

Rats were euthanized by an overdose of pentobarbital 
after sedation with ketamine and xylazine 4, 8, and 16 weeks 
after surgery (n = 3 for weeks 4 and 8; n = 4 for week 16). 
The skullcap was removed and the samples were fixed for 
48 hours in 10% formaldehyde and dehydrated in a graded 
alcohol solution.

For each observation time, two of the fixed biopsies were 
embedded in methylmethacrylate resin with a Giemsa, 
Paragon, and a combination of Stevenel’s blue with Van 
Gieson staining for undecalcified sections. The remaining 
samples were decalcified in ethylenediaminetetraacetic acid 
(EDTA) and the paraffin-embedded blocks were toluidine 
blue stained for classical histologic analysis.

Results
Scanning electron microscopy (SEM) analysis of Biogran™ 
granules revealed a crystalline structure with a microporous 
surface at higher magnification. Bio-Oss® particles harbored 
a more porous microtopography preserving at higher mag-
nification mostly the typical structure natural cancellous 
bone (►Fig. 1).

All animals recovered well from anesthesia and surgery. 
No adverse reactions or device exposures were observed; all 
biopsies were available for analysis.

4-Week Observations
BG granules were embedded in a loose connective tissue and 
active angiogenesis was observable. The outer shell of the 
BG granules had cracks (►Fig. 2) and mineralization nodules 
were detectable in the central part. First ectopic mineral-
ization foci could be observed at some distance from the BG 
particles.

Both DBBM series presented a loose connective tissue 
associated to neovascularization. There were no notable dif-
ferences between untreated DBBM and DBBM–minocycline 
loaded samples. Slight new bone formations growing along 
the inner wall of the titanium cap and some mineralization 
processes at on the DBBM particles adjacent to the calvaria.

8-Week Observations
In BG series, there were some isolated areas of mineralization 
spots inside the cap, lined by a layer of osteoblasts (►Fig. 3).
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In DBBM series, new bone was confined to the lower part 
of the capsule in direct contact to the calvaria. The remaining 
volume was mainly occupied by DBBM particles still embed-
ded in connective tissue. In minocycline treated samples, 
there were some dispersed areas of spontaneous ossification 
not in direct contact to DBBM particles and comparable to 
them found in BG samples (►Fig. 4).

16-Week Observations
In BG series, larger ossification areas were observed while 
glass particles showed a tendency to disintegrate. The addi-
tion of minocycline HCl did not appear to influence neither 
the behavior of BG nor the new bone generation.

The majority of the DBBM graft particles was still encap-
sulated in fibrous tissue. In the central part of the capsule 
of the minocycline loaded DBBM samples, however, we 
found large zones of ossification embedding graft particles 
(►Fig. 5A and 5B). There were no visible signs of resorption 
of the graft particles.

Discussion
The aim of this study has been to evaluate if minocycline HCl 
could influence the behavior of BG and DBBM in a GBA model.

The titanium caps used in the present study are appro-
priate in terms of biocompatibility and structural support to 
maintain the volume of the regeneration.13 The transmem-
branous vascularization and nutrient transfer are important 
factors in the process of tissue regeneration.14 The occlusive 
and stiff barrier provided by the caps used in this study 
may have been a disadvantage and can explain the relative 
amount of fibrous tissue we have noted. The close spatial 
and temporal correlation between angiogenesis and new 

Fig. 3 Biogran™ at 8 weeks (BG). Ossification islets (NB) lined by a 
layer of osteoblasts (ob) acting an osteoblastic front to centrifugal 
expansion (arrows). Toluidine blue staining. Magnification ×20. BG, 
bioactive glass.

Fig. 4 Bio-Oss® at 8 weeks. Mineralization (NB) at the surface of the 
DBBM particles (arrows) at the bottom, close to the calvaria (CB). 
Graft particles embedded in loose connective tissue (CT) with new 
blood vessels (BV). Toluidine blue staining. Magnification ×20. DBBM, 
deproteinized bovine bone mineral.

Fig. 1 (A) Scanning electron microscopy (SEM) of bioactive glass particles 
(Biogran™). (B) Detailed view the microporous structure of the 45S5 bioactive 
glass particle at higher magnification. Original magnification ×1,000. (C) SEM 
Image showing a Bio-Oss® particle with a more porous microtopography 
preserving mostly the typical structure natural cancellous bone, original 
magnification ×1,000. (D) Detail of the surface at higher magnification.

Fig. 2 Biogran™ at 4 weeks. Cracks thorough the glass particle. The 
silica core tends to disappear leaving a calcium phosphate pouch. Signs 
mineralization at the inner part of the particle. Angiogenesis within the 
intergranular connective tissue. Stevenel’s blue with Van Gieson staining. 
Magnification ×20.
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extraskeletal bone formations in GBA procedures have been 
documented.15 From a clinical point of view, this hypothesis 
might also be supported by the fact that some authors have 
recommended a perforation of adjacent cortical bone during 
onlay bone augmentation procedures to open bone marrow 
spaces which in turn might ameliorate bone formation.15,16 In 
this study, the calvaria was left intact, so that neither the 
overlying periosteum nor any opening of the marrow spaces 
could have had any influence on the outcome in terms of 
tissue formation. It should be noted that calvaria differs in 
its development from the alveolar bone where clinical inter-
ventions using this technique usually are applied, which, 
together with the use of rat rather than human tissue, further 
limits the direct applicability of this study to the clinic and 
makes further studies necessary.

Although many studies have proved the osteoconductivity 
and predictability of DBBM, some published studies and case 
reports found that this grafting material inhibited new bone 
formation.17 The major portion of the capsules in this study 
was occupied by DBBM particles embedded in loose fibrovas-
cular connective tissue, quite similar to the above-mentioned 
findings. When comparing the present observations to ear-
lier works using the same study design and leading to 172.8% 
of bone augmentation in empty capsules,16 our findings seem 
to indicate that new bone formation has negatively been 
affected by the DBBM graft.

The resorption of DBBM is a controversial issue. Our 
observations did not reveal any evidence resorption and are 
in line with other research findings.18

Studies with narrow-range-sized BG particles had demon-
strated the highly osteoconductive response of this material 
in new bone formation.19 The superficial microcracks are 
probably related to the corrosion of glass due to the soaking 
effect in contact with blood and body fluids. They allow cells 
to penetrate the interior silica gel, creating an ideal environ-
ment for new bone formation.20,21 The mineralization zones 
observed inside the dissociated particles seem to be in line 
with findings, showing that BG particles could act as a kind of 
nucleus for new bone formation.20 Our observations confirm 
the biocompatibility of this material and highlight its osteo-
conductivity and osteoinduction in form of ectopic mineral-
ized nodules at some distance of the BG particles regardless 

of the treatment. The administration of minocycline HCl to 
BG did apparently not affect the number nor the distribution 
and maturation of these mineralization areas.

The release of the antibiotic from the graft materials 
depends not only on the type and the concentration of the 
drug but also on the surface characteristics of the used graft-
ing material. The adsorption kinetics and the level of porosity 
and surface area of the graft are probably key factors.22 The 
minocycline concentration and immersion time, we had 
chosen in this study, which gave a sufficient safety margin 
on fibroblasts and osteoblasts, essential as minocycline-like 
other derivates, have been reported to be cytotoxic above cer-
tain concentrations.23 Further investigations need to be con-
ducted to control and quantify the concentration of the drug 
on the graft surface. The relatively smooth surface and poor 
porosity of BG particles may explain the lack of observable 
influence of minocycline on all BG-filled samples compared 
with the more crystalline calcium-rich DBBM granules.

Our findings in DBBM-only samples are in line with 
previous results where no osteoinductive effect has been 
noted.24 The newly formed bone spots in minocycline-loaded 
samples may have bridged the gaps between the different 
DBBM particles to form an extended zone of ossification 
independent form the original bone and indicating a possi-
ble osteoinductive effect. However, as the sectioning proto-
col limits the possibility to look at adjacent areas, a potential 
association of the “osteo-induced” centers with adjacent 
“osteo-conducted” bone formations in relation with the basal 
skull bone situated perhaps outside of our observation fields 
cannot be excluded.

Conclusion
This study may have clinical interest in the treatment 
of bone infections and bone defects such as in cases of 
peri-implantitis. Minocycline HCl may be considered as a 
promising complementary treatment approach. The obser-
vations of the present study confirm that DBBM particles 
were found to be osteoconductive and, in combination with 
minocycline, potentially osteoinductive. The osteoconduc-
tive and osteoinductive properties of bioactive glass parti-
cles could be confirmed within the study limitations. Further 
investigations with a more suitable study design are needed 
to refine the present results.
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