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In this study we evaluated the activity of ABR preparation, a first-in-class agent obtained through fermentation 
process by genetically unmodified Bacillus spp., in breaking down polysaccharide produced by Streptococcus 
mutans, primary coloniser of tooth surface and abundant in dental biofilms. Our results showed that ABR 
preparation is able in degrading sugars formed by S. mutans, both in broth culture and onto teeth surface. Its 
activity is not influenced by the presence of saliva, commercial mouthwashes or oral disinfectants. ABR preparation 
has the potential to remove preformed plaque and counteract its development, thus offering conservative control 
of gingival and periodontal disease.
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Dental plaque is the paradigmatic example of biofilm, 
a sessile microbial community embedded within an self-
produced extracellular matrix mainly formed by long 
chain polysaccharides (1). 

Plaque-related diseases are probably the most com-
mon bacterial diseases occurring in man. The diseases 
process involves acidogenic plaque bacteria, including 
Streptococcus mutans (2, 3). This microorganism is one of 
the early colonizers of the oral cavity and it is a common 
member of the healthy dental biofilm (4, 5). However, un-
der certain circumstances it can increase in number, ini-
tiating demineralization, which eventually leads to tooth 
decay. A well-characterized, clinically relevant factor in 
caries development is the ability of S. mutans to metabo-
lize sucrose, whose fermentation is necessary for intracel-
lular polysaccharide synthesis and, more importantly, for 
production of highly adhesive extracellular ones, mostly 
glucans (3, 6, 7). These polysaccharides promote S. mu-
tans adhesion to the tooth surface, and contribute to the 
establishment of the extracellular polysaccharide matrix, 
which provides bulk and structural integrity for dental 

biofilms (8-10).
The need for removing the bacterial plaque to prevent 

the onset of tooth decay has been addressed in different 
ways, by means of non-specific mechanical and chemical 
removal or by antiseptic agents aimed to interfere with 
bacterial growth (11-13). However, none of the current 
available approaches offer a satisfactory solution. Particu-
larly, the bactericidal substances contained in commercial 
mouthwashes (i.e., chlorexidine) despite being effective, 
have relevant side effects such as taste changes, tooth 
staining, numbness and, last but not least, the alteration 
of  the normal flora thus increasing the risks of superin-
fections. Thus, further studies aimed to individuate novel 
approaches in the control of plaque-related diseases are 
warranted (11, 13).

In the present study we assessed the effectiveness of  
“ABR preparation” – a first-in-class agent obtained from 
fermentative activity of genetically unmodified Bacillus 
spp in the presence of both starch and cellulose - in de-
grading the polysaccharidic chain produced by S. mutans, 
both in culture broth and onto teeth surface. The effect of 
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(3,5-dinitrosalicylic acid) assay (16). Briefly, 0.5 ml of the ABR 
preparation (corresponding to about 400 µg) were challenged 
with the substrate at 37 °C for 30 minutes. The sample was 
then added to an equal volume of DNS reagent and heated for 3 
minutes at 100°C. After cooling in ice, the absorbance at 540 nm 
was read. The activity was evaluated against a calibration curve 
constructed in the range 0.25 - 1.5 micromoles of glucose.

Activity of ABR preparation. The activity of ABR preparation 
was evaluated:

i)	 comparatively to that exhibited by five commercial 
mouthwashes (Product 1: containing essential oils of mint, 
thyme, eucalyptus and birch, sodium fluoride, alcohol; Prod-
uct 2: containing sodium fluoride, cetylpyridinium; Product 
3: containing sodium fluoride, and cetylpyridinium; Product 
4: containing 0.12% chlorhexidine; and Product 5: containing 
aminefluoride). All products were tested at doses recommended 
by manufacturers.

ii)	 in the presence of four commonly used oral disinfec-
tants: chlorexidine, cetylpirydinium, essential oils, and fluoride.

iii)	 in the presence of saliva. Saliva samples were taken 
from 8 women and 8 men (age: 18-50 years). Particularly, the fe-
male samples were taken in premenstrual and menstrual phases, 
and also in advanced state of pregnancy.

Activity test onto teeth surface. Sterilized teeth were exposed 
to S. mutans broth culture for 48 h to allow biofilm formation. 
Teeth were then collected and dried in a oven at 35°C for 30 min, 
then individually stained by Red-Cote dye (GUM Red-Cote 
Sunstar Americas). Color excess was then removed by washing 
with water, teeth were exposed to ABR preparation for 5 or 10 
minutes at 35°C. The test was carried out in comparison with 
placebo (not treated with ABR) prepared in the same way as the 
sample.

Antibacterial assays. The antimicrobial activity of ABR 
preparation was evaluated against ATCC reference strains, 
representative for species commonly found in the oral cavity 
(Staphylococcus aureus ATCC 6538, Streptococcus mutans 
ATCC 33402, Escherichia coli ATCC 8739, Pseudomonas 
aeruginosa ATCC 9027, Aspergillus niger ATCC 16404), 
comparatively to that exhibited by five commercial mouthwashes 
described above. Briefly, each strain was grown in Triptycase 
Soy Broth under dynamic conditions (200 rpm), at 37°C for 
18 h, resulting in a bacterial density of about 108 CFU/ml. The 
activity of each product was evaluated by challenging 20 ml 
of mouthwash, corresponding to a single dose, with 1 ml of 
standardized inoculums for the time indicated on the product’s 
packaging. Bacterial suspensions then underwent to serial 
dilutions for colony counts on TSA.

Statistical analysis. All assays were performed in triplicate 
and repeated in at least two different occasions. Differences 
between means were assessed by unpaired-t test by using 
GraphPad Prism software (version 4.0; GraphPad Software Inc.). 
p values of < 0.05 were considered as statistically significant. 

RESULTS

ABR preparation exhibits reducing sugars activity. 
The activity of ABR in reducing sugars was evaluated 

the presence of saliva, commercial mouthwashes and oral 
disinfectants on sugar reduction activity of ABR prepara-
tion was also evaluated.

MATERIALS AND METHODS

Production process for ABR preparation. The production 
process we standardized to obtain a pilot batch of ABR 
preparation, was carried out on 1 liter-scale and consisted 
of 2 steps: fermentation and purification. i) Fermentation. 
Fermentation was performed in a medium consisting of: 
Saccharomyces cerevisiae (as block of brewer’s yeast) 25 g; 
NaCl 5 g; soluble starch 0.5 g; microcrystalline cellulose  0.5 
g;  distilled water q.s. to 1000 ml. A single colony of Bacillus 
clausii ATCC 700160 reference strain was inoculated into 
150 ml of fermentation medium without starch and cellulose, 
and incubated for 18 h at 37°C under stirring until reaching a 
bacterial concentration of about 3x108 CFU/ml. Fifty milliliters 
of preinoculum were then added to 1 liter of fermentation 
medium and fermentation was carried out for 36-48 h under 
dynamic incubation (200 ± 10 rpm) at 37 ± 0.5°C, until reaching 
the end of logarithmic phase of growth (corresponding to a 
concentration of about 4x109 CFU/ml). pH was then adjusted to 
a value of 9.0 ± 0.05, then the separation of the bacterial pellet 
from the growth broth was carried out by centrifugation (9.000 
x g, 4°C, 20 min). The growth broth was then submitted to the 
purification process. ii) Purification. The extraction and the 
purification steps consisted of an ultrafiltration step using 0.2 µ 
Sartocon slice polyethersulfone cartridges or equivalent, having 
a surface of 0.1 m2. The centrifuged culture broth, obtained 
from the above stated fermentation, was submitted to tangential 
filtration using cartridges having a molecular cut-off limit of 
2 kDa with a total surface of about 0.2 m2. A Watson-Marlow 
pump (model 520U) was employed at a flow of about 3.5 L/min, 
using a suitable support, adjusting the pressure to about 2-2.5 
x 105 Pa. The filtration was prolonged until a recovery of 90 % 
of the initial volume in the permeate fraction. The process data 
are reported in Table 1. The activity observed with 3 different 
Bacillus strains (B. clausii, B. cereus, and B. subtilis), with or 
without starch and cellulose, is shown in Table 2.

Activity assay. The ability in reducing sugars (activity assay) 
was evaluated on the polysaccharide produced by S. mutans 
ATCC 33402 reference strain grown in the presence of sucrose 
(14, 15). Briefly, bacteria were grown in Brain Hearth Infusion 
(BHI) broth at 37 °C, 200 rpm, for 24 h. Five-hundreds microliters 
were then inoculated in BHI broth containing sucrose 40 g/L 
and incubated at 37 °C, 200 rpm, for 24 h. Cultures were then 
centrifuged, and the pellet was washed thrice with water, then 
suspended in water and used as the substrate for activity tests. 
The substrate was checked for the presence of polysaccharides 
by acid hydrolysis, and this solution was injected into an HPLC 
system under the following conditions: column Carbohydrates 
Ca - 6.5 x 300 mm, flow 0.5 ml/min, buffer water for HPLC, 
90°C, using a refractive index as detector. A typical positive 
chromatogram is shown in Figure 1.

The substrate, as prepared, was used for all activity assays 
tests, through determination of reducing sugars using DNS 
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was assessed on the polysaccharides formed onto the 
surface of extracted teeth. Figure 4 show results obtained 
after 5 and 10 minutes of exposure to ABR at 37°C using 
two different teeth.

ABR preparation does not possess antimicrobial 
activity. The antimicrobial activity of ABR preparation was 
assessed comparatively to five commercial mouthwashes, 
and results are shown in Figure 5. ABR preparation did 
not exhibit antibacterial and antifungal activity. On the 
contrary, exposure to commercial mouthwashes provoked 
a reduction in microbial viability of at least 70%, except 
for Product 3 against S. aureus ATCC 6538 strain (50%). 
Product 5 showed the highest activity against A. niger 
ATCC 16404 strain.

DISCUSSION

In the present study, we evaluated the effectiveness 
of a biotechnologically derived product, namely “ABR 
preparation” in degrading polymers formed by S. mutans. 
Our results showed that ABR preparation is able to break 
down the polysaccharide produced by S. mutans, and 
consequently to significantly remove microbial biofilm 
formed onto teeth surface. This activity was not affected by 
the presence of saliva, oral mouthwashes or disinfectants.

comparatively to 5 commercial mouthwash products. 
Contrarily to commercial products, ABR preparation 
exhibited activity on polysaccharide produced by S. 
mutans (mean ± SD: 0.295 ± 0.007 micromoles/ml).

ABR preparation’s activity is not affected by oral 
disinfectants. Activity in reducing sugars, assessed by 
the DNS assay, was also tested in the presence of four 
commonly used oral disinfectants. Our results showed 
that the activity of ABR preparation was not significantly 
affected in the presence of disinfectants tested (Figure 
2). These results posed rationale for using of the ABR 
preparation in combination with other active ingredients 
already known, thus adding at the capabilities of biofilm 
disintegration also antibacterial activity.Saliva does not 
interfere with ABR preparation’s reducing sugar activity. 
In order to evaluate the effectiveness of the product in 
conditions simulating those observed in the oral cavity, 
parallel activity tests were performed in the presence of 
saliva. Our results showed that, in all cases examined, the 
presence of saliva did not significantly affect the activity of 
ABR preparation (Figure 3). Samples consisting of saliva 
only did not show effects on polysaccharide produced by 
S. mutans.

ABR preparation is effective in detaching S. mutans 
biofilm on teeth surface. The activity of ABR preparation 

Table 1. Controlling process data. Activity is referred to the determination of reducing 

sugars following incubation with substrate at 37°C for 30 min. 

Strain 
Classic fermentation  

(Starch-/Cellulose-) 
Starch+ Cellulose+ Starch+ /Cellulose+ 

B. clausii 0 0 0 0.345 

B. cereus 0 0 0 0.298 

B. subtilis 0 0 0 0.324 

Table 2. Activity in reducing sugars observed in the absence or the presence of starch 

and cellulose. Results are expressed as micromoles of reducing sugar. 

Sample
Volume  

(ml)

Proteins 

 (mg/ml) 

Activity      

(units)  

Yield          

(%) 

Fermented 1000 0.87 1214 100 

Bulk 900 0.76 1056 87 

Table 1. Controlling process data. Activity is referred to the determination of reducing 

sugars following incubation with substrate at 37°C for 30 min. 

Strain 
Classic fermentation  

(Starch-/Cellulose-) 
Starch+ Cellulose+ Starch+ /Cellulose+ 

B. clausii 0 0 0 0.345 

B. cereus 0 0 0 0.298 

B. subtilis 0 0 0 0.324 

Table 2. Activity in reducing sugars observed in the absence or the presence of starch 

and cellulose. Results are expressed as micromoles of reducing sugar. 

Sample
Volume  

(ml)

Proteins 

 (mg/ml) 

Activity      

(units)  
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Table 2. Activity in reducing sugars observed in the absence or the presence of starch and cellulose. Results are expressed as micromoles 
of reducing sugar.

Table 1. Controlling process data. Activity is referred to the determination of reducing sugars following incubation with substrate at 
37°C for 30 min.
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ABR preparation doesn’t contain proteins and doesn’t 
show a typical enzymatic activity; furthermore, it does not 
exhibit activity changes in a range of pH between 4.0 and 
8.0. The activity shown against S. mutans polysaccharide 
does not depend on the type of Bacillus strain used or 
on the fermentation medium. It was observed that the 
addition to the culture medium of only one of the two 
components between soluble starch (i.e., rice starch, corn 
starch, potato starch) or cellulose (i.e., microcrystalline 
cellulose, methyl cellulose, carboxymethyl cellulose, 
and ethyl cellulose), does not allow to obtain active 
preparations. On the contrary, this activity was observed 
with the concomitant addition of starch and cellulose, 
probably because is induced the production of one or 
more compounds that otherwise would not be produced. 
Thus, the disruptive activity cannot probably be ascribed 
to substances already known in the state-of-the-art.

Commercial mouthwashes are commonly used, 
because of their antimicrobial activity, as an adjunct to 

Figure 1. Evaluation of the presence of polysaccharides in the substrate used for the 

activity assay: typical positive HPLC-chromatogram.

Fig.  1. Evaluation of the presence of polysaccharides in the substrate used for the activity assay: typical positive HPLC-chromatogram.
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Figure 2. Activity in reducing sugars, assessed by the DNS test, of the ABR 

preparation in the absence or the presence of 4 commonly used disinfectants of the oral 

cavity (Chlorexidine, Cetylpyridinium, Essential oils, and Fluoride). Results are 

expressed as means ± SDs. 

Fig. 2. Activity in reducing sugars, as assessed by the DNS test, 
of the ABR preparation in the absence or the presence of 4 com-
monly used disinfectants of the oral cavity (Chlorexidine, Cetyl-
pyridinium, Essential oils, and Fluoride). Results are expressed 
as means + SDs.

G. DI BONAVENTURA ET AL.
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Figure 3. Effect of the presence of saliva on the activity of ABR preparation in 

reducing sugars, both in female and male subjects. Results are means ± SDs. 
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Figure 4. Effect of exposure to ABR preparation on 48h-biofilm formed by S. mutans

onto dental surface. Assay was performed using two teeth (sample 1, sample 2). 

Biofilm was exposed to ABR preparation (“ABR”) for 5 or 10 min. The presence of 

biofilm formed on tooth surface was shown by staining with Red-Cote dye. 

Fig.3. Effect of the presence of saliva on the activity of ABR preparation in reducing sugars, both in female and male subjects. Results 
are means ± SDs.

Fig. 4. Effect of exposure to ABR preparation on 48h-biofilm formed by S. mutans onto dental surface. Assay was performed using two 
teeth (sample 1, sample 2). Biofilm was exposed to ABR preparation (“ABR”) for 5 or 10 min. The presence of biofilm formed on tooth 
surface was shown by staining with Red-Cote dye.

Fig. 5. Antibacterial activity exhibited by ABR preparation and five commercial mouthwashes against bacterial and fungal species 
commonly found in the oral cavity. Antibacterial activity was expressed as percentage of reduction in bacterial viability, compared 
to the initial inoculum (100% viability). (Product 1: containing essential oils of mint, thyme, eucalyptus and birch, sodium fluoride, 
alcohol; Product 2: containing sodium fluoride, cetylpyridinium; Product 3: containing sodium fluoride, and cetylpyridinium; Product 
4: containing 0.12% chlorhexidine; Product 5: containing aminefluoride).
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sum of its parts: dental  plaque bacterial interactions can 
affect the virulence properties of cariogenic Streptococcus 
mutans. Am J Dent 2011;24(3):153-4.

5.	 Nicolas GG, Lavoie MC. Streptococcus mutans and 
oral streptococci in dental plaque. Can J Microbiol 
2011;57(1):1-20.

6.	 Paes Leme AF, Koo H, Bellato CM, Bedi G, Cury JA. The 
role of sucrose in cariogenic dental biofilm formation – 
new insight. J Dent Res 2006;85:878–887.

7.	 Tanzer JM, Freedman ML, Fitzgerald RJ. Virulence of 
mutants defective in glucosyltransferase, dextran-mediat-
ed aggregation, or dextranase activity. In: Molecular basis 
of oral microbial adhesion. Mergenhagen SE, Rosan B, 
ed. Washington, DC: American Society of Microbiology, 
1985: 204–211.

8.	 Bowen WH. Do we need to be concerned about den-
tal caries in the coming millennium? J Am Dent Assoc 
2002;133:1405–07.

9.	 Tenuta LM, Ricomini Filho AP, Del Bel Cury AA, Cury 
JA. Effect of sucrose on the selection of mutans strepto-
cocci and lactobacilli in dental biofilm formed in situ. Car-
ies Res 2006;40(6):546-9.

10.	 Duarte S, Klein MI, Aires CP, Cury JA, Bowen WH, Koo 
H. Influences of starch and sucrose on Streptococcus mu-
tans biofilms. Oral Microbiol Immunol 2008;23(3):206-
12.

11.	 Allaker RP, Douglas CW. Novel anti-microbial therapies 
for dental plaque-related diseases. Int J Antimicrob Agents 
2009;33(1):8-13.

12.	 Cense AW, Peeters EA, Gottenbos B, Baaijens FP, Nuijs 
AM, van Dongen ME.  Mechanical properties and failure 
of Streptococcus mutans biofilms, studied using a microin-
dentation device. J Microbiol Methods 2006;67(3):463-72.

13.	 Islam B, Khan SN, Khan AU. Dental caries: from infection 
to prevention. Med Sci Monit 2007;13(11):RA196-203.

14.	 Kreth J, Zhu L, Merritt J, Shi W, Qi F. Role of sucrose in 
the fitness of Streptococcus mutans. Oral Microbiol Im-
munol 2008;23(3):213-9.

15.	 Duarte S, Klein MI, Aires CP, Cury JA, Bowen WH, Koo 
H. Influences of starch and sucrose on Streptococcus mu-
tans biofilms. Oral Microbiol Immunol 2008;23(3):206-
12.

16.	 Harwood CR, Cutting SM. Molecular Biological Methods 
for Bacillus. John Wiley & Sons, 199; p. 380-383.

17.	 Pires JR, Rossa Junior C, Pizzolitto AC. In vitro antimicro-
bial efficiency of a mouthwash containing triclosan/gantrez 
and sodium bicarbonate. Braz Oral Res 2007;21(4):342-7.

18.	 van der Mei HC, Engels E, de Vries J, Busscher HJ. Effects 
of amine fluoride on biofilm growth and salivary pellicles. 

daily oral hygiene or as a mono-therapy in the prevention 
of plaque accumulation and gingival inflammation (17-
23). Our results confirmed that most commercially 
available mouthwashes were able to significantly 
decrease viability, up to 90%, of bacterial and fungal 
species commonly found in the oral cavity. However, an 
indiscriminate bacterial eradication from the oral cavity 
is not per se a solution to the phenomenon because 
the perturbation of oral microbiota may have adverse 
effects, such as the risk of superinfections. In this regard, 
our results showed that ABR preparation, contrarily to 
commercial oral disinfectants, showed no antibacterial and 
antifungal activity, suggesting that its use can therefore be 
considered safe in that the oral flora is not perturbed.

In conclusion, taken together our results posed 
rationale for using of ABR preparation in combination 
with commonly used oral mouthwashes/disinfectants, thus 
adding the ability, not shown by mouthwashes, to remove 
preformed plaque and counteract its development, thus 
offering conservative control of gingival and periodontal 
disease.

Indeed, the therapeutic potential that ABR prepara-
tion may be much more high, due to several reasons: i) it 
could be administrated by different formulations, optimal 
for treatment of biofilm-associated diseases (mouthwash 
or toothpaste for dental plaque treatment; gel, for treat-
ment of chronic infected wounds; and spray or inhalation 
powder for treatment of cystic fibrosis-associated respi-
ratory infections); ii) its production is relatively simple 
and unexpensive; iii) it is produced alcohol free and, with 
suitable excipients, may be used in the pediatric patients; 
and, finally iv) it may also be used to prevent bacterial 
adhesion to medical devices (dental implants, catheters, 
etc.). Further studies are warranted to better define the 
real therapeutic significance of ABR preparation.
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Background: The purpose of this study was to compare the microbiota around natural teeth and dental 
implants with different restorative platforms. Attention was focused on whether the microbiological environment 
could change according to the implant platform used i.e. traditional or Platform Switching implants. As the latter 
show less signs of bone resorption, a correlation with the presence of certain periodontal bacteria was suggested. 
Methods: Seven partially edentulous patients with dental implants, either traditional or Platform Switching, were 
included in this study. All the implants were in function at least for 1 year. Gingival crevicular fluid samples 
were obtained before any periodontal probing from natural teeth and different implant platforms and assayed 
using DNA extraction and PCR sequences in order to determine quality and quantity of microbiota. Statistical 
analysis included chi square test were used to establish differences in the microbiological distribution between 
the two implant platforms. Results: There were not statistical differences neither regarding the distribution of 
microbiota around natural teeth and implants nor between the two implant platforms. The presence of B.forsythus 
was revealed in the majority of the samples (from 90% to 100%) while A.actinomycetemcomitans was rarely found 
(from 0% o 25%). As for the other periodontal microbiota, their presence or absence showed a variation according 
to different sites or patients, without a predictable pattern. Conclusions: It was not possible to find a link between 
the colonization of certain types of bacteria and the reduction of bone loss which occurs around Platform Switching 
implants. Therefore the preservation of bone crest is only due to biomechanical aspects, which are related to the 
reposition of the implant-abutment interface away from the outer edge of the implant platform and from the bone. 

MICROBIOLOGIC EVALUATION OF CREVICULAR FLUID IN PATIENTS TREATED WITH 
PLATFORM SWITCHING AND TRADITIONAL IMPLANTS

A. MANNI1, E. SPALLETTA2, M. ARENA2, P. CATTANI3, S. MARCHETTA3, R. CELLETTI2

1Dental School, Catholic University of Rome, Rome, Italy
2Dental School, University of Chieti-Pescara, Italy

3Microbiology Institute Catholic University of Rome, Rome, Italy Università cattolica del sacro Cuore Roma

Several studies have demonstrated that more than 500 
species of bacteria are likely to colonize the oral cavity and 
in each patient 150 or more species have been characterized. 
It has been found that the microbiota associated with stable 
implants is predominantly composed by Gram-positive 
cocci with very low counts of spirochetes and motile 
rods resembling the microbiota of healthy teeth among 
partially and fully edentulous patients.(1) in contrast, 
implants affected with perimucositis tend to harbour 
microbiota with higher levels of Gram-negative bacteria 
including Fusobacterium spp. and low proportions of 
Gram-positive microorganisms. Fusobacterium spp and 
P.gingivalis have been implicated as important pathogens 
in peri-implant disease (2-3) and have also been isolated 
from natural teeth with destructive periodontal disease (4-5). 
It is possible that these organisms interact with periodontal 

tissues in the same way periodontopathic bacteria do in 
destructive periodontal disease (6) and, therefore, may 
have a role in the pathogenesis of peri-implant lesions. 
In addition, non-indigenous oral microorganisms have 
been found in samples taken from sites showing signs 
of peri-implantitis. Enterobacteriaceae species, Candida 
albicans, and Staphylococcus species were identified on 
72% of 18 failing implants.(7) These potential pathogenic 
microorganisms were also present subgingivally 
at neighbouring and non-neighbouring teeth, thus 
demonstrating their transmission from residual pockets 
around teeth to implants in partially edentulous patients.
(8-9) This is responsible for microbial colonization of 
the implants and infection of the peri-implant tissues, 
resulting in peri-mucositis, bone loss and implant failure. 
The purpose of this study was to compare the microbiota 
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around natural teeth and dental implants with different 
restorative platforms. Attention was focused on whether 
the microbiological environment could change according 
to the implant platform used i.e. traditional or Platform 
Switching implants. As the latter show less signs of bone 
resorption, a correlation with the presence of certain 
periodontal bacteria was suggested.

METHODS

Seven partially edentulous patients with dental 
implants, either traditional or Platform Switching, were 
included in this study. All the implants were in function at 
least for 1 year. In each patient the conditions of natural 
teeth and the two implant platforms were considered. 
All the patients underwent a regular periodontal therapy 
of maintenance (scaling-root planing) before being 
involved in the study. Those patients who were taking 
such medication (systemic antibiotics, corticosteroids and 
non-steroidal anti-inflammatory drugs) were excluded 
from this study, in order not to alter the composition of 
crevicular fluid. In the same way, patients affected by 
aggressive periodontitis and pregnant women were not 
taken into consideration.

Gingival(CGF) and peri-implant(PICF) crevicular 
fluid samples were obtained before any periodontal 
probing, so as not to alter the nature of the CGF/PICF. 
The site to be sampled was isolated with cotton rolls, a 
saliva ejector was used and supragingival plaque was 
gently removed. After the site was dried in air with an air 
syringe, CGF was collected with paper strips, which were 
inserted into the gingival crevice until mild resistance 
was felt and then allowed to remain for 2 minutes. Strips 
visually contamined with saliva or blood were discarded. 
Two paper strips were inserted into each peri-implant 
vestibular crevice and two were used to collect CGF from 
natural teeth. All the samples were then immediately put 
into sterile boxes and sent to the Microbiological Institute 
of Catholic University of Rome, where they were stored 
at 4°C and assayed. All the paper strips were stored 
separately site by site, in order to avoid any possible 
contamination from each other.

DNA extraction
All the strips were assayed within 48 hours from 

sampling. Each clinical sample was subjected to DNA 
extraction, after being suspended in a saline solution and 
stored at 4°C before being used. The amount of samples 
was centrifugated at 14000rpm for 15’ at 4°C in order 
to separate the cellular elements from the liquid phase 
of the solution where they were stored. Pellet cells were 
resuspended in 300µl of solution (50 mM Tris, 10 mM 
EDTA and 10% SDS) containing lysozyme (5mg/ml). The 

role of this enzyme is to break down bacterial cell walls 
thus improving nucleid acid extraction efficiency. The 
solution was then kept for 1 hour at 37°C, the temperature 
needed by the enzyme to be active. Proteinase K (200µg/
ml) was added to damage bacterial cell walls and ,after 1 
hour of incubation at 65°C, DNA was separated using a 
solution of phenol and chloroform/isoamilic acid (CIA). 
Total DNA was precipitated by chilled ethanol and kept 
at -20°C overnight. After being centrifuged at 14000rpm 
at 4°C for 40’, the pellet was washed with chilled 70% 
ethanol and centrifuged again at 14000rpm at 4°C for 10’ 
and resuspended in 50µl of distilled water.

Polymerase chain reaction
The polymerase chain reaction (PCR) is a technique to 

amplify a single or few copies of a piece of DNA across 
several orders of magnitude, generating millions or more 
copies of a particular DNA sequence. Primers (short 
DNA fragments) containing sequences complementary 
to the target region along with a DNA polymerase 
are key components to enable selective and repeated 
amplification. As PCR progresses, the DNA generated is 
itself used as a template for replication, setting in motion a 
chain reaction in which the DNA template is exponentially 
amplified. This process allows the DNA quantity to 
double every time the cycle is repeated, following the 
scientific relationship y=2ⁿ (y=amount of final product, 
n=number of amplification cycles). This reaction is thus 
highly specific (because of the complementary bases) and 
extremely sensible (for the number of amplifications). 
The whole process can be divided into three different 
steps for every single cycle of amplification, based 
on temperature changes: denaturation, annealing and 
extension/elongation step. 10µl of extracted DNA were 
analyzed for each bacterial type, while the primer of 
gene 16S rRNA was used. 30 pmol of each primer, 
deoxynucleotide triphosphates (dNTPs) (200µM), 1,5 
mM of MgCl2, 10mM of Tris-HCl (pH 8), 50 mM of KCl 
and 2,5 U of Hot Start DNA-polymerase enzyme (Qiagen 
S.p.a., Milan, Italy) were added to each sample to get a 
final volume of 50µl.

PCR is carried out with cycles that have three 
temperature steps:

1)	 Denaturation : this step is the first regular cycling 
event and consists of heating the reaction to 94-98°C 
for 20-30 seconds, after an initialization step where the 
enzyme is heated at 95°C for 15’. Denaturation causes 
melting of DNA template and primers by disrupting the 
hydrogen bonds between complementary bases of the 
DNA strands, yielding single strands of DNA. 45 cycles 
of denaturation (at 94°C for 30’’) are repeated.

2)	 Annealing: the reaction temperature is lowered to 
30-65°C allowing annealing of the primers to the single-
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-	Porphyromonas gingivalis		                     404bp
-	Prevotella intermedia 		                              589bp
-	Bacteroides forsythus                                               641bp
-	Campylobacter rectus                                               598bp
-	Treponema denticola                                                316bp 

RESULTS

From the microbiological analysis of CGF and 
PICF samples, a different distribution of microbiota 
was revealed, following not a predictable pattern, 
even though some common features regarding the 
distribution of certain bacteria were noticed. The 
periodontal pathogens analyzed in this study were: 
Actinobacillus actinomycetemcomitans, Porphyromonas 
gingivalis, Prevotella intermedia, Porphyromonas 
endodontalis, Campylobacter rectus, Campylobacter 
gracilis,Treponema denticola and Bacteroides forsythus.

The microbiological results of each single patient 
were reported in tables I, II, III, IV, V, VI, VII:

In each table, the patient’s surname is indicated in 
the first column, as well as the implants and natural teeth 
that were considered in the study (using the international 
FDI World Dental Federation two-digit notation). In 
the other columns instead, the precence or absence of 
the main periodontal pathogens is reported, indicating 
with  v  their presence while with  x   their absence. 
Actinobacillus actinomycetemcomitans was revealed 
to be absent in the majority of cases around Platform 
Switching and traditional implants and also around natural 
teeth. A different pattern of distribution was showed by 
Bacteroides forshythus that was almost always present. 
As for the other bacterial strains, their presence or absence 
seemed to undergo a variation according to different sites 
and patients. Actinobacillus has been associated more 
with localized aggressive periodontitis than generalized, 
while Bacteroides forshythus has been found in higher 

stranded DNA template. Stable DNA-DNA hydrogen 
bonds are only formed when the primer sequence very 
closes matches the template sequence. The polymerase 
binds to the primer-template hybrid and begins DNA 
synthesis.

3)	 Extension-elongation step: commonly a 
temperature of 72°C (variable from 65°C to 72°C) is 
used with the Hot-Start DNA-polymerase. At this step the 
enzyme synthesizes a new DNA strand complementary 
to the DNA template strand by adding deoxynucleotide 
triphosphates that are complementary to the template in 5’ 
to 3’ direction, condensing the 5’-phosphate group of the 
dNTPs with the 3’-hydroxyl group at the end of the nascent 
(extending) DNA strand. The extension time depends both 
on the DNA polymerase used and on the length of the 
DNA fragment to be amplified. At a temperature of 72°C 
the Hot-Start DNA-polymerase will polymerize 3550 
bases per minute. 

These three steps are generally repeated (45 cycles), 
leading to exponential amplification of the specific DNA 
fragment.

A basic PCR set up requires several components and 
reagents. These components include:

1)	 DNA template that contains the DNA region 
(target) to be amplified, accurately extracted and purified.

2)	 Two primers that are complementary to the 
3’(three prime) ends of each of the sense and anti-sense 
strand of the DNA target.

3)	 Buffer solution, providing a suitable chemical 
environment for optimum activity and stability of the 
DNA polymerase (KCl, 50mM; Tris-HCl, 10mM, pH 8,3; 
MgCl2, 1,5mM).

4)	 Deoxynucleotide triphosphates (dNTPs), 
the building blocks from which the DNA-polymerase 
synthesizes a new DNA strand (normally used at a 
concentration of 200mM).

5)	 The enzyme DNA-polymerase.
To check whether the PCR generated the anticipated 

DNA fragment, agarose gel electrophoresis was employed 
for size separation of the PCR products, which were then 
coloured with ethidium bromide and exposed to ultraviolet 
light (FluorS™ Multilmager, Bio-Rad), as shown in 
figure 1. The size of PCR products was determined by 
comparison with a DNA ladder (a molecular weight 
marker VIII, Roche Diagnostics S.p.a. Monza,MI), which 
contains DNA fragments of known size, run on the gel 
alongside the PCR products.

The dimensions of the amplified PCR products was as 
follows:

-	Actinobacillusactinomycetemcomitans                     443bp 

(base pieces=nucleotides)  

Figure 1.

RESULTS

From the microbiological analysis of CGF and PICF samples, a different 

distribution of microbiota was revealed, following not a predictable pattern, even 

though some common features regarding the distribution of certain bacteria were 

noticed. The periodontal pathogens analyzed in this study were: Actinobacillus 

actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia,

Porphyromonas endodontalis, Campylobacter rectus, Campylobacter 

gracilis,Treponema denticola and Bacteroides forsythus.

The microbiological results of each single patient were reported in tables I, II, III, 

IV, V, VI, VII: 
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 320 
 242 

bp 

Fig. 1. 
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regarding the precence of bacteria  in the whole group 
examinated.

It is evident also from this tables that the percentage 
values of presence of each bacterial strain are very 
similar, thus reflecting a common distribution of the 
microbiota (significant differences were not reported 
between Platform Switching and traditional implants). 
In both cases the amount of certain bacteria is minimal 
(Actinobacillus actinomycetemcomitans), while other 
types seemed to find a proper environment for their 

quantity in destructive periodontal disease rather than 
in gingivitis or in health status. The precence of this 
pathogens certainly leads to an increased probability of 
bone resorption, reduction of the attachment level and 
tooth loss. In tables VIII, IX, X the results are not showed 
for every single patient, but they are  grouped according 
to different implant platforms and natural teeth (indicating 
with 0 the absence and with 1 the precence of the various 
periodontal bacteria). 

The yellow line contains the percentage values 

Table I. Distribution of microbiota in different sites in the patient G. 

Table II. Distribution of microbiota in different sites in the patient PA. 

Table III. Distribution of microbiota in different sites in the patient S. 

G. Aa​ Pg​ Pi​ Pe​ Cr​ Cg​ Td​ Bf​

Platform​Switching​​​11​ x v v v x v x v

Platform​Switching​​​21​ x x v v x v x v

Implant ​​​​​​​​​​​23​ x x x v v v x v

Implant ​​​​​​​​​​​26​ x v v v v v x v

Natural​tooth​​​​​​​​​​​​45​ x x x x v v x v
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Implant ​​​​​​​​​34​ x x x v x x v v 

Implant ​​​​​​​​​45​ x x v v x x x v
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Implant ​​​​​​​​​13​ x v x v x x v v 

Natural​tooth​​​​​​​21​ x x v v x x v v 
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differences in the microbiological distribution between 
the two implant platforms. Chi-square is a statistical test 
commonly used to compare observed data with data we 
would expect to obtain according to a specific hypothesis. 
The chi-square test is always testing the null hypothesis, 
which states that there is no significant difference 
between the expected and observed result. The sampling 
distribution (if the null hypothesis is true) can be made to 
approximate a chi-square distribution as closely as desired 
by making the sample size large enough.

colonization (Bacteroides forshythus, Porphyromonas 
endodontalis).

The histogram shown in figure 2 compares the 
presence of bacteria in all the three groups that were taken 
into consideration:

No correlation between the presence of a certain 
bacterial strain and the implant platform used was found. 

In order to achieve a more scientific evidence, statistical 
analysis including chi-square test were used to establish 

Table VII. Distribution of microbiota in different sites in the patient PB.

Table IV. Distribution of microbiota in different sites in the patient C. 

Table V. Distribution of microbiota in different sites in the patient B. 

Table VI. Distribution of microbiota in different sites in the patient F. 

Table VII. Distribution of microbiota in different sites in the patient PB. 

C. Aa​ Pg​ Pi​ Pe​ Cr​ Cg​ Td​ Bf​
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Dental​root ​​​​​​​​​11​ x x v v v x x v
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Platform​Switching​15​ x x x x x x x v

Natural​tooth​​​​​​​​​​13​ x x x v v x v v 

F. Aa​ Pg​ Pi​ Pe​ Cr​ Cg​ Td​ Bf​

Implant ​​​​​​​​​​​25​ v x x v x x x v

Natural​tooth​​​​​​​​​​​​23​ v x v v x x x v

PB. Aa​ Pg Pi​ Pe​ Cr​ Cg​ Td​ Bf​

Platform​Switching​​16​ x v x v v v v v 

Platform​Switching​​26​ x v x v v v v v 

Platform​Switching​​27​ x x x v v v v v 

Natural​tooth​​​​​​​​​​​14​ v x x v v v v v 

Table IV. Distribution of microbiota in different sites in the patient C.

Table V. Distribution of microbiota in different sites in the patient B.

Table VI. Distribution of microbiota in different sites in the patient F.
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The results showed that there is not a statistical 
significant difference in the distribution of bacteria.

DISCUSSION

The aim of this study was to establish a correlation 
between the presence of certain bacterial strains and 
the use of different implant platforms, in order to find a 
microbiological answer to the preservation of bone crest 
that occurs around Platform Switching implants. There 
were no statistical significant differences between the 
implant platform used and the colonization of different 
types of bacteria; this means that the microbiological 
environment around Platform Switching implants is not 
populated by less pathogenic species as it was supposed to 
be. Therefore the preservation of bone crest is only due to 

biomechanical aspects, which are related to the reposition 
of the implant-abutment interface away from the outer 
edge of the implant platform and from the bone (10). 

The advantages of using Platform Switching implants 
are summed up as follows:

-expanded platform
-primary stability
-more centred abutment; axial forces
-more preservation of bone height and soft tissues
-high aesthetic value 
The microbiological composition of  CGF and PICF 

around different implant platforms did not reveal such 
differences in this study, however it should be considered 
how there could be a variation of the microbiota whether 
there is a health status or the implant shows signs of peri-
mucositis and peri-implantitis. 

Table VIII. Presence or absence of bacteria around Platform Switching implants. 

Aa​ Pg​ Pi​ Pe​ Cr​ Cg​ Td​ Bf​

Platform

Switching​ 0​ 0​ 0​ 0​ 0​ 0​ 0​ 1​

Platform

Switching​ 0​ 1​ 0​ 1​ 1​ 1​ 1​ 1​

Platform

Switching​ 0​ 1​ 0​ 1​ 1​ 1​ 1​ 1​

Platform

Switching​ 0​ 0​ 0​ 1​ 1​ 1​ 1​ 1​

Platform

Switching​ 0​ 1​ 1​ 1​ 0​ 0​ 0​ 1​

Platform

Switching​ 0​ 0​ 0​ 1​ 1​ 0​ 0​ 1​

Platform

Switching​ 0​ 0​ 0​ 0​ 1​ 0​ 0​ 0​

Platform

Switching​ 0​ 1​ 1​ 1​ 1​ 0​ 0​ 1​

Platform

Switching​ 0​ 1​ 1​ 1​ 0​ 1​ 0​ 1​

Platform

Switching​ 0​ 0​ 1​ 1​ 0​ 1​ 0​ 1​

Total​ 0​ 5​ 4​ 8​ 6​ 5​ 3​ 9​

0 50 40 80 60 50 30 90

Table VIII. Presence or absence of bacteria around Platform Switching implants.

A. MANNI ET AL.
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microbiological parameters represents an approach for the 
long-term success of osseointegrated implants.(16-18)

CONCLUSIONS

In this study attention was mostly focused on 
the microbiological aspect, however further studies 
could be developed regarding, besides the presence of 
certain periodontal bacteria on the implant surfaces, 
their amount and the volume of crevicular fluid, which 
suddenly increases from healthy gingiva to gingivitis 
and periodontitis. A recent hypothesis suggests that 
when using the same diameter for implant and abutment, 
inflammation is extended only in a vertical plane, thus 
leading to an increased volume of crevicular fluid which 
tends to wash out all the inflammatory products. In this 

It has been demonstrated that implants showing signs 
of peri-implantitis reveal a subgingival microbiota similar 
to the microbiota around natural teeth with periodontal 
disease.(11) Patients with a past history of periodontal 
disease tend to have a high prevalence of anaerobic putative 
periodontal pathogens after 6 months exposure of implants 
to oral environment.(12)  These findings established a 
possible association between periodontopathic bacteria and 
peri-implantitis. Moreover, a phenomenon called intraoral 
translocation plays a determinant role in the composition 
of subgingival microbiota.(13)  Periodontopathic bacteria 
can be transferred from periodontal pockets to peri-
implant niches by means of oral hygiene aids (14) and 
dental instruments,(15) thus increasing the risk of a peri-
implant infection. The monitoring of the periodontal-
peri-implant status in partially edentulous patients using 

Table IX. Presence or absence of bacteria around traditional implants. 

Aa​ Pg​ Pi​ Pe​ Cr​ Cg​ Td​ Bf​
Implant​ 0​ 0​ 0​ 1​ 0​ 0​ 0​ 1​

Implant​ 0​ 1​ 1​ 1​ 1​ 0​ 0​ 1​

Implant​ 0​ 0​ 0​ 1​ 0​ 0​ 1​ 1​

Implant​ 0​ 0​ 1​ 1​ 0​ 0​ 0​ 1​

Implant​ 0​ 0​ 1​ 1​ 1​ 0​ 0​ 1​

Implant​ 0​ 0​ 1​ 1​ 1​ 0​ 1​ 1​

Implant​ 0​ 0​ 1​ 1​ 1​ 0​ 1​ 1​

Implant​ 0​ 1​ 0​ 1​ 1​ 0​ 1​ 1​

Implant​ 0​ 1​ 1​ 0​ 1​ 0​ 1​ 0​

Implant​ 0​ 1​ 0​ 1​ 0​ 0​ 1​ 1​

Implant​ 0​ 1​ 1​ 1​ 0​ 0​ 0​ 1​

Implant​ 0​ 0​ 0​ 0​ 0​ 0​ 0​ 1​

Implant​ 1​ 0​ 0​ 1​ 0​ 0​ 0​ 1​

Implant​ 0​ 0​ 0​ 1​ 1​ 1​ 0​ 1​

Implant​ 0​ 1​ 1​ 1​ 1​ 1​ 0​ 1​

Total​ 1​ 6​ 8​ 13​ 8​ 2​ 6​ 14​

6,7 40,0 53,3 86,7 53,3 13,3 40,0 93,3

Table IX. Presence or absence of bacteria around traditional implants.
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Table X. Presence or absence of bacteria around natural teeth. 

Natural

tooth​ 0​ 0​ 0​ 1​ 1​ 0​ 1​ 1​

Natural

tooth​ 1​ 0​ 0​ 1​ 1​ 1​ 1​ 1​

Natural

tooth​ 0​ 1​ 1​ 1​ 0​ 0​ 0​ 1​

Natural

tooth​ 0​ 0​ 1​ 1​ 0​ 0​ 1​ 1​

Natural

tooth​ 0​ 1​ 0​ 0​ 0​ 0​ 0​ 1​

Natural

tooth​ 0​ 0​ 1​ 1​ 1​ 0​ 0​ 1​

Natural

tooth​ 1​ 0​ 1​ 1​ 0​ 0​ 0​ 1​

Natural

tooth​ 0​ 0​ 0​ 0​ 1​ 1​ 0​ 1​

Total​ 2​ 2​ 4​ 6​ 4​ 2​ 3​ 8​

25,0 25,0 50,0 75,0 50,0 25,0 37,5 100,0

It is evident also from this tables that the percentage values of presence of each bacterial 

strain are very similar, thus reflecting a common distribution of the microbiota 

(significant differences were not reported between Platform Switching and traditional 

implants). In both cases the amount of certain bacteria is minimal (Actinobacillus

Aa​ Pg​ Pi​ Pe​ Cr​ Cg​ Td​ Bf​

Table X. Presence or absence of bacteria around natural teeth.

Fig. 2. 

A. MANNI ET AL.
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of the literature. J Clin Periodontol 2001;28:499-507.

14.	 Contreras A, Astudillo M, Daza LH, et al. Microbial 
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1994;5:78-111.

16.	 Leonardt A, Gröndal K, Bergström C, Lekholm U. Long 
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Clin Oral Implant Res 2002;13:127-132.
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Giulio M,  Traini T, Trubiani O. Characterization of an 
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way inflammation results to be localized on the bone 
crest, determining an irritating action responsible for its 
resorption.

In conclusion, although no microbiological differences 
have been found between traditional and Platform 
Switching implants, the latter undoubtedly show great 
advantages due to less bone resorption around the 
implant shoulder, improving the whole  biomechanical 
performance.
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Background: The biological fixation of an implant to bone is influenced by numerous factors, including surface 
chemistry and surface topography. Various methods have been developed to create rough implant surfaces in order to 
improve the clinical performance of implants and to guarantee a stable mechanical bone-implant interface. Anodic 
oxidation is a dental implant surface modification technique that results in oxide layer growth up to a thickness 
of 1–10 micron. The purpose of this study was to evaluate the performance of the surface through the osteoblasts 
cells growth and the influence of oxidixed surface on BIC %, in the human posterior maxilla after 2 months of 
unloaded healing. Material and methods: In vitro commercially available primary human osteoblasts (NHOst) 
from both femur and tibia of different donor systems (Lonza Walkersville Inc, Walkersville, MD, USA) were 
grown in Osteoblast Growth Media (OBM) (Lonza). Osteogenic differentiation was induced for a period of 4 weeks 
by the OGM medium (OBM basal medium supplemented with 200nM of hydrocortisone-21-hemisuccinate and 
7.5 mM of ®glycerophosphate). The viability of NHOst cells seeded test A and B was measured by the quantitative 
colorimetric MTT (3-[4,5-dimethyl-2-thiazolyl]-2,5-diphenyl-2Htetrazoliumbromide test) (Promega, Milan, Italy). 
One custom-made 2 x 10-mm site evaluation implant (SEI) with nanometer scale and oxidized  surface (test) 
(Evo® Plan 1 Health  s.r.l. - Amaro, UD, Italy), and one SEI with  hydroxyapatite sandblasted surface (control) 
(Osseogrip® Plan 1 Health s.r.l. –  Amaro, UD, Italy), were placed in the posterior maxilla of 15 patients. Patients 
received one of each type of SEI placed  on controlateral side. Results: The proliferation rate studied by the  MTT 
assay showed that during the incubation time, starting at 24 h, an increased proliferation rate was evident in Test B 
respect to Test A. After 2 months of unloaded healing BIC%  was significantly higher in oxidized implants. BIC%  
mean values for the Osseogrip ® surface was 36,133 ±4,888 ER  and 53,533 ± 5,180 ER for the  Evo® surface(P = 
0,028). Conclusion: These results seem to confirm that implant surface topography entails mechanical restrictions 
to the spread and locomotion of the cells involved in bone healing

HISTOLOGICAL AND HISTOMORPHOMETRIC EVALUATION OF IMPLANT WITH 
NANOMETER SCALE AND OXIDIZED SURFACE. IN VITRO AND IN VIVO STUDY.

V. CORVINO, G. IEZZI, O. TRUBIANI, T. TRAINI, M. PIATTELLI

Dental School, University of Chieti-Pescara (Italy).

In recent years numerous studies have been attempted 
to improve the osseointegration of titanium oral implants 
(1,2) and especially the early  formation of a direct contact 
between implant and surrounding bone (3), in order 
to extend clinical indications like critical host tissues 
and concepts of immediate or early loading (4-6). The 
biological fixation of an implant to bone is influenced by 
numerous factors, including surface chemistry and surface 
topography (7-9). Earlier studies (10,11) suggested that 
implant surface topography was the only parameter that 
significantly affected bone-to-implant contact (BIC) 
and interface shear strength. These findings were later 
confirmed by studies with animals, which indicated that 
a certain degree of surface roughness favored BIC, as 

assessed by the removal torque test (12-17).
Histological evaluation and surface analysis of torque 

tested  implants  have demonstrated an increased affinity 
of osteoblasts, more rapid formation of direct bone contact 
to surfaces and higher resistance to shear forces for 
rough implant surfaces16,18 in comparison with smoother 
surfaces (19-22). Various methods have been developed 
to create rough implant surfaces in order to improve the 
clinical performance of implants and to guarantee a stable 
mechanical bone-implant interface (23). 

Modifications of the micro and macrogeometry of 
biomaterials alter the biomolecular and cellular responses 
in vitro, as well as the soft and bone tissue responses in 
vivo (24,25).
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In fact, these surface’s properties are crucial during 
the bone healing phase in the peri-implant region. After 
implantation, implant surfaces are in contact with body 
fluids and interact with a lot of proteins and different 
cell types.  Cell adhesion is one of the initial stages for 
subsequent proliferation and differentiation of osteoblastic 
cells producing bone tissue. It has been shown that 
osteoblastic cell adhesion, growth and differentiation are 
related to surface energy and roughness (26,27).

Rough surfaces encourage the entrapment of fibrin 
protein, adhesion of osteogenic cells and mechanical 
stability of implants in host bone (28–30). Numerous 
surface modifications including turned, blasted, acid-
etched, porous-sintered, oxidized, plasma-sprayed, 
hydroxyapatite coated surfaces, or a combination of these 
procedures have been developed and are currently used 
with the aim of enhancing clinical performance (31).

There is growing evidence that micrometer and 
nanometer scale topographies may be able to modify 
different aspects of cell behavior like cell adhesion, 
morphology, proliferation and differentiation, as well as 
the production of local factors and microenvironments 
(32–37). The variation in results obtained thus far may 
depend on the roughness amplitude and the method used 
to produce the surface topography and texture(36–40).                                                                                                           
Histology from animal experiments (41,42)  demonstrated 
roughness not only provides better mechanical stability 
between the bone tissue and the implant surface, but 
also a configuration that retains blood clots properly and 
stimulates the bone healing process.

Anodic oxidation is a dental implant surface 
modification technique that results in oxide layer growth 
up to a thickness of 1–10 micron. This surface also 
features numerous pores of variable sizes (43,44 ). This 
process results in a growth of the native titanium oxide 
layer and a porous surface topography. It has been found 
that surface oxide properties of the titanium implant 
significantly influence bone tissue response and the 
observed strong bone reaction was speculated to depend 
on the formation of a bone-like apatite layer by Na20-Ti02 
amorphous phase on the implant surface(45).The apatite 
formation was assumed to start with an ionic exchange of 
the alkali ions in the alkali titanate and the hydronium ion 
in simulated body fluid, thus treated substrates formed a 
dense and uniform bonelike apatite layer on their surfaces 
in simulated body fluid (sbf) with ion concentrations 
nearly equal to those of human blood plasma(46). The 
resultant surface structure changed gradually from the 
outermost apatite layer to the inner Titanium (Ti) and its 
alloys through a hydrated titanium and titanium oxide 
layers. This provides not only the strong bonding of the 
apatite layer to the substrates but also a uniform gradient 
of stress transfer from bone to the implants. The present 

chemical surface modification is therefore expected to 
allow the use the bioactive Ti and its alloys as artificial 
bones even under load-bearing conditions. Studies that 
evaluated implant surface topography showed that BIC 
reacts to it more strongly than mach it appears as if 
hydrophilic surfaces supported adhesion of various cell 
types whereas hydrophobic surfaces often inhibited the 
interaction between cells and artificial surfaces enclosed 
implants (21,48,49).

In the present study we have evaluated the performance 
of the surface through the osteoblasts cells growth and 
the influence of oxidixed surface on BIC % in the human 
posterior maxilla after 2 months of unloaded healing. 

MATERIALS AND METHODS

In vitro study
Cells culture 

Commercially available primary human osteoblasts(NHOst) 
from both femur and tibia of different donor systems (Lonza 
Walkersville Inc, Walkersville, MD, USA) were grown in 
Osteoblast Growth Media (OBM) (Lonza).

The phenotype of the cells was characterized by the 
expression levels of alkaline phosphatase (ALP), collagen type I, 
osteocalcin and CD44, and formation of mineralization nodules.

Cells in the developing adherent layer were used for the 
experiments described below, after removal with 0.1% trypsin 
solution, and cell growth was evaluated by the Trypan Blue 
exclusion test. Cells were periodically checked under a phase 
contrast light microscope and finally analysed by scanning 
electron microscopy (SEM) and processed for biochemical 
analyses. All experiments were carried out using cells at the 
second passage and repeated with two different cell lines with 
similar results. 

MTT assay
The viability of NHOst cells seeded test A and Bwas measured 

by the quantitative colorimetric MTT (3-[4,5-dimethyl-2-
thiazolyl]-2,5-diphenyl-2Htetrazoliumbromide test) (Promega, 
Milan, Italy). 5.000 cells/well were seeded into a 96-well culture 
plate with OBM medium, after 24 h of incubation at 37°C, 15 
µl/well of MTT was added to culture medium, and cells were 
incubated for 3 hrs at 37°C). The supernatants were read at 650 
nm wavelength using an ND-1000 NanoDropSpectrophotometer 
(NanoDrop Technologies, Rockland,DE, USA). The MTT assay 
was performed in four independent experiments, six replicate 
wells for each experimental point.

Scanning electron microscopy (SEM)
The samples were prefixed for 4 h at 4 °C in 2% 

glutaraldehyde in 0.05M phosphate buffer (pH7.4), postfixedin 
1% OsO4, dehydrated in increasing ethanol concentrations and 
then critical point-dried. They were then mounted on aluminium 
stubs and gold-coated in an Emitech K550 (EmitechLtd. 
Ashford, UK) sputter-coater before imaging by means of a SEM 
(LEO435VpCambridge, UK).
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(Assusilk®- Assut Medical Sàrl, Pully-Lausanne-Switzerland) 
submerging the microimplants. After placement of the SEIs, 
panoramic radiographs were obtained (Fig. 2). Amoxicillin 
(Augmentin® 1 g - GlaxoSmithKline S.p.A.- Verona-Italy ) was 
given two times per day for five days to prevent postoperative 
infection. For postoperative plaque control subjects were 
prescribed 0,2 % chlorhexidine (Corsodyl® - GlaxoSmithKline 
Consumer Healthcare S.p.A.– Baranzate di Bollate- Milan-
Italy) rinses three times per day for 14 days. The sutures were 
removed after a week. The protocol for this study involved 
unloaded healing for all of the implants. All SEIs were retrieved 
after healing time of 2 months using a 4,1  mm internal diameter 
trephine with irrigation (FIG.3)  and specimens were fixed by  
immediate immersion in 4% neutral formalin. A guide was 
mounted on the SEIs to estabilish the orientation of the trephine 
along the long axis of the implant. They were evaluated  by light 
microscopy for  histomorphometric analysis of the bone-implant 
contact (BIC).  The hystomorphometric data for each specimen 
were recorded  as percentage and means for the control and test 
groups  ±  standard error.

Specimen Processing and Histometric Analyses
The biopsies were processed (Precise 1 Automated System®, 

Assing, Rome, Italy) to obtain thin ground sections as previously 
described.49 The specimens were dehydrated in an ascending 
series of alcohol rinses and embedded in glycol

methacrylate resin (Technovit® 7200 VLC, Kulzer, 
Wehrheim, Germany). After polymerization, the specimens were 
sectioned lengthwise along the larger axis of the implant, using a 
high-precision diamond disk, to about 150 μm, and ground down 
to about 30 μm. Two to three slides were obtained from each 
implant along the long axis. The slides were stained with basic 
fuchsin and toluidine blue. BIC% was defined as the amount of 
mineralized bone in direct contact with the implant surface. The 
measurements were made throughout the entire extent of the 
microimplant. These evaluations were performed using a light 
microscope (Laborlux S®, Leitz, Wetzlar, Germany) connected 
to a high-resolution video camera (3CCD®, JVC KY-F55B, 
Milan, Italy) and interfaced to a monitor and personal computer. 
This optical system was associated with a digitizing pad (Matrix 
Vision GmbH, Milan, Italy) and a histometry software package 

Statistical analysis
For statistical analysis One Way ANOVA was used for  the 

MTTassay. A P-value of <0.05 was considered statistically 
significant.

In vivo study
This randomized controlled double blind study evaluated 15 

patients (mean age : 43.6 years) enrolled between October 2008  
to June 2009, with partial or full edentulism, who had elected 
to receive dental implants to restore their lost dentitions. The 
protocol was approved by Ethics Committee of the University 
of Chieti-Pescara and all patients provided written informed 
consent. Exclusion  criteria included pregnancy, nursing and any 
systemic condition that could affect bone healing. One custom-
made 2 x 10-mm site evaluation implant (SEI) with nanometer 
scale and oxidized  surface (test) ( Evo® Plan 1 Health  s.r.l. - 
Amaro, UD, Italy), and one SEI with  hydroxyapatite sandblasted 
surface (control) (Osseogrip® Plan 1 Health s.r.l. –  Amaro, 
UD, Italy), were placed in the posterior maxilla of 15 patients. 
Patients received one of each  type of SEI placed  on controlateral 
side. The microimplants were placed in the posterior region 
of  the maxilla, always distal to the last conventional implant 
placed. The recipient sites of microimplants were prepared with 
a 1,8 mm diameter twist drill and inserted with screw driver. 
Microimplants were placed approximately 2 mm above the 
crestal bone margin. (Fig. 1) If the microimplants presented low 
primary stability, a second surgical site was prepared. Drilling 
procedures were made under profuse irrigation with sterile 
saline. The flaps were sutured with single interruped silk sutures 

         Fig. 1 SEI placement in the posterior maxilla 
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Fig. 2 Radiograph taken after  SEI placement
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surface.
The Test B showed a nanostructured surface  with more 

homogeneous  roughness than in test  A,  moreover peaks and 
valleys arrangement demonstrated a  more regular shape (Fig 5, 
section B1 and B2).

with image-capture functionalities (Image-Pro Plus® 4.5, Media 
Cybernetics, Immagini & Computer Snc, Milan, Italy). The 
Mean and standard error of histometric variables were calculated 
for each implant, then for each group. Paired t-test  was used 
to compare the surface topography. The significance test was 
2-tailed and conducted at a 5% level of significance.

In vitro results
In the present study, normal human primary osteoblasts 

from Clonetics (Lonza) tested by the company for alkaline 
phosphatase (ALP), type I collagen, osteocalcin, CD44 and von 
Kossa mineralized nodules were used. 50

The proliferation rate studied by the  MTT assay showed 
that during the incubation time, starting at 24 h,  an increased 
proliferation rate was evident in Test B respect to Test A (FIG. 
4).

Scanning electron microscopy   helped to clarify the behavior 
of cells in contact with the titanium implant surfaces.

In Figure 5, section A1 and A2, we observed the geometric 
surface of test A; the sample analysis allowed to distinguish in  
the implant macrodesigns the profile of the coils that cover the 
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Fig 4 :Cell growth evaluated by MTT assay 

 

 

Fig 5: Morphological analysis carried out at scanning electron microscopy 
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Fig. 3 Trephine and core sample

Fig. 4. Cell growth evaluated by MTT assay

Fig. 5. Morphological analysis carried out at scanning electron 
microscopy
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Fig 6 Undecalcified section from the control group. Toluidine blue‐acid fuchsine staining. (12 X) 
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Fig. 6 Undecalcified section from the control group. Toluidine 
blue-acid fuchsine staining. (12 X)

Fig. 7. Newly formed bone was  related only to some area of the 
implant surface. (40 X)

Fig 8 In the bottom of the threads osteoblasts involved in the 
deposition of osteoid matrix not yet mineralized were observed 
(100 X)

 

 

Fig. 9 Undecalcified section from the test group. Toluidine blue‐acid fuchsine staining (12 X) 

 

 

Fig 10 Newly formed bone appeared to cover  mostly of the implant surface (40X) 
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Fig. 9 Undecalcified section from the test group. Toluidine blue-
acid fuchsine staining (12 X)

Fig 10 Newly formed bone appeared to cover  mostly of the im-
plant surface (40X)

Fig. 11. The new bone appeared to be spread over the implant 
surface showing an high grade of osteoconductivity. (100 X)
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observed with the presence of some very thin trabecular  bone. 
(Fig.10 ) A thin layer of bone trabeculae was interposed between 
the old bone and the implant.

The existing bone was in close contact with the implant 
surface, osteoblasts were observed still active, involved in the 
deposition of osteoid matrix. (Fig.11)

None of the microimplants with oxidized surface showed 
superficial debris or particle inclusions in the surrounding tissue 
close to the bone area.

BIC%  was significantly higher in oxidized implants. BIC%  
mean values for the Osseogrip ® surface was 36,133 ±4,888 
ER  and 53,533 ± 5,180 ER for the oxidized surface(P = 0,028). 
(Fig.12)

DISCUSSION

In vitro cell culture provides an ideal tool to investigate 
specific different biomaterial scaffolds, and the current 
study assessed the cellular response to Test A and Test 
B. A plating efficiency assay verified that after 24 h the 
cells were adherent to the scaffold previously incubated 
overnight with OBM medium. During the first contact 
between cells and the examined surfaces no  significant 
difficulty in the adhesiveness process was observed, 
confirming the biocompatibility of the three-dimensional 
implant examined. Considering the different geometry 
surfaces our results prove that a higher performance of 
the Test B respect to Test A, indicating the key role that 
acquire the nano-topographic profile. 

In this study oxidized surface implants were 
histologically evaluated after removal from the human 
maxilla and compared with Osseogrip® implants after 2 
months of healing.

The findings demonstrated that micro-implants with 
oxidized surfaces, subjected to an unloaded healing 
period of 2 months showed a higher bone-implant 
contact percentage ( 53,533 ± 5,180) than the BIC% for 
Osseogrip® implants surfaces (36,133 ±4,888 ). 

These results seem to confirm that implant surface 
topography entails mechanical restrictions to the spread 
and locomotion of the cells involved in bone healing( 
51,52). 

This healing starts immediately after implant insertion, 
with the formation of blood clots in the periimplant 
gap(53–56 ) and surface roughness is an important factor 
in this process.

When a biomaterial is implanted into a body, its surface 
is immediately covered with blood and serum proteins.

Materials that adsorb more attachment proteins can 
provide more sites for osteoblast precursor bonding to 
the implant, which then lead to faster bone in-growth and 
implant stabilization.

The implant surface topography properties, as well as 
the specific properties of individual proteins, determine 

The analysis of the profile in section D and D1confirmed 
respectively the previous observations. 

In section B and B1 no signs of biomaterial degradation 
were observed at the conclusion of the treatment.

Photomicrographs of primary cultures of NHOstcells 
showed a specific cell morphology: in fact the cells showed a 
morphologically homogeneous fibroblast-like appearance with a 
stellate shape and long cytoplasmic processes.(Fig 5, section C). 

The ultrastructural analysis of the test B evidenced many 
cells attached to the surface, and a marked interaction between 
cells and implant was evident. The osteoblasts established 
through extending cytoplasmic processes and filopodia  contact 
zone, which enabled the anchorage to surface and between them 
(Fig 5, section C1).

Histological and Histometric Results
Overall, the bone surrounding the microimplants was 

healthy.
The specimens showed the presence of remodeling activity 

in the bone immediately adjacent to the microimplant. 
At low magnification (12x), in all control sections considered  

the implant appeared surrounded by trabecular bone with 
marrow spaces (Fig. 6).

Some parts of the implant surface were completely 
surrounded by a thin layer of newly formed bone tissue (Fig. 7), 
while others portions were only partially in contact with bone 
and more with bone marrow.

At high magnification (100x), in some portions, particularly 
in the bottom of the threads osteoblasts involved in the deposition 
of osteoid matrix not yet mineralized were observed (Fig.8)

At low magnification (12 x) in all test sections considered 
the implant was surronded by trabecular bone with large marrow 
space. (Fig. 9)

At higher magnification  (40 x) large marrow space were 

Fig. 11. The new bone appeared to be spread over the implant surface showing an high grade of 
osteoconductivity. (100 X) . 

 

 

 

Fig. 12 4 BIC rate of either test and control groups. The difference was statistically significant (P < .05). The 
linear regression showed  a  significant tendency of the BIC  to increase in function of the type of the 
implant surface. (t = 2,457  with 14 degrees of freedom. (P = 0,028) 95 percent confidence interval for difference of 

means: 2,213 to 32,587 Power of performed test with alpha = 0,050: 0,547) 

 

Fig. 12 4 BIC rate of either test and control groups. The diffe-
rence was statistically significant (P < .05). The linear regres-
sion showed  a  significant tendency of the BIC  to increase in 
function of the type of the implant surface. (t = 2,457  with 14 
degrees of freedom. (P = 0,028) 95 percent confidence interval 
for difference of means: 2,213 to 32,587 Power of performed 
test with alpha = 0,050: 0,547)
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the implant surface.In a histological evaluation of bone 
response between oxidized and turned titanium micro-
implants in human jawbone, the author placed one test 
(oxidized surface, TiUnites, Branemark System) micro-
implant and one control (turned surface, Mark IIIs, 
Branemark System) micro-implant, in totally 20 patients 
during implant surgery (21) .After a mean healing time of 
6.6 months in the maxilla and 3.5 months in the mandible, 
the microimplants and the surrounding tissue were 
removed with a trephine bur. It was found that surface 
roughness and enlargement were greater for the oxidized 
implants than for the turned implants. Histomorphometric 
evaluation demonstrated significantly higher bone-to-
implant contact for the oxidized implants, both in the 
maxilla and in the mandible. Ivanoff (21) concluded that 
there was a significantly higher bone response for anodic-
oxidized titanium implants than for implants with turned 
surface, and the findings may depend on one or more 
differences of the surfaces: (1) the thicker oxide layer, (2) 
increased surface roughness, (3) differences in surface 
morphology in terms of porosity and (4) change in crystal 
structure. Zhu also reported that the cells on micron- and 
submicron-scale structures were observed to enter the 
pores and attach to the substrate by filopodia, and he 
attributed this phenomenon to pores acting as positive 
attachment sites for the filopodia(62). Hydrophilicity 
is also an important factor for cells adhesion to the 
substrates (63). The osteoblastic cells bind to the proteins 
at the implant surface via their integrin receptors. The 
addition of calcium ions to the surface changes the free 
surface energy and creates active sites with positive 
charge. Positively charged surfaces are favourable 
binding sites for extracellular matrix proteins as well 
as for phosphate ions (64).  In-vitro experiments have 
shown that a calcium-containing surface absorbs more 
proteins compared to a surface with phosphate ions. Both 
calcium and phosphate ions may function as binding sites 
for proteins, but calcium ions play a more important role 
in osteoblast adhesion (65). The dissolution of calcium 
ions, which most likely takes place, may have an effect 
on surrounding cells. Calcium ions mediate cell–cell 
conjunction and communication (66) and may therefore 
contribute to increased cell activity and adhesion. 
Most of the studies demonstrated an advantage for the 
possibly bioactive surfaces in comparison with controls 
with respect to cell and bone response. Whether or not a 
chemical bond exists remains unproven.
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Background: Currently, the use of oral and systemic bisphosphonates, in the form of anti-osteoporosis 
medications or as a part of a chemotherapeutic regimen for several malignant diseases, is increasing dramatically 
in a large group of orthodontic patients. Animal studies have reported adverse dental effects from bisphosphonates, 
including decreased tooth movement, impaired bone healing, and osteonecrosis in the mandible and the maxilla.
Objective: The objective of this paper was to analyze the effects of bisphosphonates on orthodontic therapy in 
humans. Strategy: The literature was systematically reviewed using PubMed, LILACS and OvidMedline up to 
December 31, 2011. Handsearching included several dental journals.  Study selection: All RCT’s, controlled trials 
and case reports-series about the effects of bisphosphonates on orthodontic therapy were analyzed and selected 
independently by two different researchers based on previously established inclusion and exclusion criteria. The 
main search terms were: bisphosphonates, orthodontic treatment and tooth movement. Results: The search strategy 
yielded 136 titles/abstracts: 134 from PubMed and  2 from LILIACS; no articles from OvidMedline, Chocrane 
Library and manual search. Eighty three records were screened, after removal of duplicates. After applying the 
inclusion/exclusion criteria,  135 papers were removed: 43 studies on animals, 4 French and Portuguese articles, 17 
reviews and letters, 18 unrelated to orthodontic therapy or to the topic of this review. Conclusions: Further studies 
are required to assess possible adverse effects of bisphosphonate on orthodontic treatment in humans.

EFFECTS OF BISPHOSPHONATES IN ORTHODONTIC THERAPY:SYSTEMATIC REVIEW

D. RODOLFINOA, M. SACCUCCIB, A. FILIPPAKOSA, R. GERXHANIA, G. LOPEZA, F. FELICEA,
C. D’ARCANGELOC

aDepartment of Medical, Oral Sciences and Biotechnology - Orthodontic School - University
“G. d’Annunzio” Chieti - Pescara - Italy

bOral and maxillofacial Department, Sapienza University of Rome
cDepartment of Medical, Oral Sciences and Biotechnology - Restorative Dentistry - University
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Recently, the issue of bisphosphonate (BP) treatment 
and its impact on dentistry, especially orthodontics, has 
become a topic of concern (1).

Bisphosphonates, stable analogues of naturally 
occurring pyrophosphate-containing compounds, are 
potent bone resorption inhibitors. The BP pharmacological 
site of action is in the osteoclast, where enzyme inhibition 
causes a decrease  proteins responsible for cytoskeletal 
integrity and intracellular signaling. There is some 
evidence that this drug group might also inhibit osteoclast 
precursors and osteoblast communication with osteoclasts 
(2).

 Consequently, bisphosphonates have been widely and 
successfully used in a variety of bone diseases associated 
with excessive osteoclast activity, including osteoporosis, 
Paget’s disease, and fibrous dysplasia. Another clinical 

application of bisphosphonates is for metastatic and 
osteolytic bone disease. Bisphosphonates are now 
established as an effective therapeutic intervention for 
bone metastases of breast, lung, and prostate cancers (3).

Because bisphosphonates work by inhibiting bone 
resorption by osteoclasts, they can have side

effects in dental treatment, including inhibited 
tooth movement, impaired bone healing, and induced 
osteonecrosis in the maxilla and the mandible (4). There 
are numerous references in the literature to the use of 
bisphosphonates in dental practice; however, the results 
are often obtained in animal experimental studies with a 
short follow-up period and used drugs with very different 
antiresorptive

pawers (5). As yet, there have been no reports 
of orthodontic-related problems associated with 
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OvidMedline, Chocrane Library and manual search. 
Eighty three records were screened, after removal of 
duplicates.

After applying the inclusion/exclusion criteria,  135 
papers were removed: 43 studies on animals, 4 French and 
Portuguese articles, 17 reviews and letters, 18 unrelated 
to orthodontic therapy or to the topic of this review. The 
remaining article was then read in full (Table I) (Fig. 1).

Analysis quality
The only article included in this review was considered 

to have low methodological quality (Table II). The 
quality defects were: inadequate size of study sample; 
inappropriate measurement  methods and statistic; 
absence of method error analysis and absence of blinding 
in measurements.

DISCUSSION

Millions of peri- and postmenopausal women 
are currently taking oral bisphosphonates at the 
recommendation of their physicians for the prevention of 
skeletal events related to osteoporosis.

Tens of thousands of patients are also receiving 
bisphosphonate therapy as part of their chemotherapeutic 
regimens for the treatment of malignant diseases. As we 
continue to treat an aging population, it is incumbent upon 
orthodontists to be acutely aware of the potential impact 
of this class of drugs on our patients (7).  This systematic 
review applied a strict protocol and a well defined 
search strategy to analyze the effect of bisphosphonate 
application in orthodontic therapy.

Of the different designs of clinical studies, the 
randomized controlled trial is recognized as providing the 
best scientific evidence (8).

Because of the lack of RTCs, the research strategy 
was extended to all controlled trials and case reports-
series. After applying our inclusion and exclusion criteria, 
only one article, a report of 2 orthodontic patients using 
bisphosphonates, was finally selected (Table I) (1). When 
the methodological quality assessment was applied, this 
publication was considered to have low methodological 
quality. Because of its study design, the article presents 
inadequate size of study sample, inappropriate 
measurement  methods and statistic, absence of method 
error analysis and absence of blinding in measurements.

Case 1, a 35-year-old woman, had been taking 
Fosamax for 16 months before the orthodontic treatment. 
Orthodontic treatment lasted 30 months and a conservative 
unilateral extraction pattern, consisting of the maxillary 
right and the mandibular right first premolars, was planned 
in conjunction with full banded/bonded orthodontic 
treatment to correct the Class II Division 1 subdivision 

bisphosphonate treatment (1). Increasing our knowledge 
on bisphosphonates is critical because these drugs have 
the potential to impede orthodontic treatment and increase 
morbidity to the maxilla and mandible. The main purpose 
of this systematic review was to analyze the available 
scientific evidence about the effect of bisphosphonate 
application in orthodontic therapy.

MATERIALS AND METHODS

Search strategy
The search strategy was conducted according to the Cochrane 

Collaboration guidelines (6).
Development of a comprehensive search strategy was a 

crucial aspect of undertaking this review
to ensure the identification of all randomized controlled 

trials, controlled trials, case reports-series, available on Cochrane 
Library, LILACS, PubMed and OvidMedline, published up to 
December 31, 2011. Handsearching included several dental 
journals. 

The key MeSH (Medical Subject Headings) terms used 
were: ‘‘diphosphonates’’ or ‘‘bisphosphonates’’ combined with 
‘‘orthodontics’’, “orthodontic treatment” or ‘‘tooth movement’’. 

Selection criteria
Inclusion criteria were:
Study design: randomized controlled trials, controlled trials, 

case reports-series
Human  samples
Systemic or topical administration of bisphosphonate.
Description of administration dose and regimen.
Description of direction and magnitude of the force.
English language.
We excluded review articles, opinion articles, letters, and 

articles that did not correspond to the objectives of this review.

Data gathering and analysis
The initial selection of articles was based on title and 

abstract, with a review of the complete article whenever there 
was any doubt as to whether to include it or not. Two reviewers 
(M.D. and D. R.), independently applied the inclusion and 
exclusion criteria to every article, with good concordance being 
shown (kappa index, 0.8). 

Data were independently extracted by each reviewer, with 
intraexaminer conflicts being resolved by discussing the article 
in question until consensus was reached.

The methodological quality of the selected paper was 
assessed (5). The following characteristics were considered: 
sample size, previous estimation of sample size, validity of 
measuring methods, appropriate statistics, method error analysis, 
blinding of measurements, and losses of subjects to the study. 
Quality was classified as low, medium and high.

RESULTS

The search strategy yielded 136 titles/abstracts: 134 
from PubMed and  2 from LILIACS; no articles from 
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limiting bone turnover and remodeling. The  conclusions 
of the article selected should be considered with caution 
due to the low methodological level of quality. 

Because of the low level of evidence found, the results 
of this review are inconsistent to confirm in humans the 
effects of bisphosphonates observed on animals (5).

The lack of data about the effects of bisphosphonates 
on orthodontic therapy in humans can be related to several 
factors.

The introduction of bisphosphonate and the knowledge  
of their effects are recent. 

Description of administration dose and regimen of 
bisphosphonate is difficult to determine in experimental 
human studies rather than in experimental animal studies. 
In fact, the use of bisphosphonate is often discontinuous 
and its half-life is extremely long (10 years or longer) (1).

right malocclusion (Class II on the right and Class I on the 
left). Treatment phases and appliances are not specified.

Case 2, a 77-year-old man, had been on IV Zometa 
for 11 months before orthodontic treatment, consisting 
of placement of canine-to-canine ceramic brackets in the 
mandible to close 2 mm of residual space after the extraction 
of an ectopic mandibular. Closure of the extraction space 
lasted 13 months and was attempted with both a tight-chain 
elastic over a round 0.016-in stainless steel archwire and by 
an orthodontic elastic threadunder-tie.

Both patients experienced impeded tooth movement, 
and 1 patient also suffered osteonecrosis of the mandible. 
Space closure was extremely difficult in both cases.

The author sustains that  bisphosphonates can impact 
orthodontic treatment by impeding tooth movement due 
to osteoclast destruction and decreased microcirculation, 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow diagram of data searching and screening  

136

records identified through database 
searching 

83

records after duplicates removed 

83

records screened

43

records excluded 

 studies on animals 

40

records assessed for eligibility 

39

records excluded 

exclusions:

4  no English 

17 reviews or letters

18 not related to the objectives of this review 

and/or not related to orthodontic treatment 

1

records screened

Fig.1. Flow diagram of data searching and screening



32 (S)

Description of direction and magnitude of the 
orthodontic forces are hardly determined in humans, 
especially if fixed orthodontic appliances and continuous 
arches are applied.

CONCLUSION 

Based on the available results, there is no evidence 
showing that bisphosphonates influence orthodontic 
treatment in humans. 

The main limit of this review article had been the 
scarcity of papers with an adequate methodology and 
the lack well-designed long-term trials on a large sample 
size. These findings suggest that more studies, especially 
RCTs, should be conducted.
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Inflamed human pulp tissue presents an increase in the level of nitric oxide synthase (NOS). The aim of this 
study is to verify the presence of NOS in human pulp of teeth that are subject to orthodontic force. 20 healthy 
subjects, wearers of fixed braces on the upper arch, were selected.  An open coil-spring in NiTi was applied on 
the upper premolar test tooth (TT); the controlateral control tooth (CCT) was subjected to orthodontic treatment 
but not to the further force of the open coil-spring; the antagonist control tooth (ACT) did not undergo any 
orthodontic treatment. Pulps were taken from test, contralateral control and antagonist control teeth immediately 
after the extractions which were done at 15 and 30 days from the start of application of the orthodontic force. The 
pulp tissue was analyzed through immunohistochemical and molecular biology examinations. The results showed 
tooth pulps subject to orthodontic treatment were very inflamed in the first 15 days with high levels of iNOS and 
low levels of eNOS; after 30 days a decrease of the inflammation and an increase of the pulp vascularization were 
observed together with a reduction of iNOS and an increase of eNOS respectively. 

ENDODONTIC-ORTHODONTIC RELATIONSHIPS: EXPRESSION OF NO SYNTHASE IN 
HUMAN DENTAL PULP DURING ORTHODONTIC TOOTH MOVEMENT.

M. D’ATTILIOA, F. DE ANGELIS B, M. VADINIB, D. RODOLFINOA, O. TRUBIANIC,
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Orthodontic tooth movement can cause reduced 
oxygen levels of the pulp [1,2], cell damage and circulatory 
disturbances [3,4] and inflammatory changes. The impact 
of the tooth movement on the pulp is focused primarily on 
the neurovascular system, in which the release of specific 
neuropeptides can influence both blood flow and cellular 
metabolism. Dental pulp inflammation is characterized 
by changes in blood flow [5], immunocompetent cell 
function and neuronal activity [6]. Several mediators 
including histamine, prostaglandins and neuropeptides 
have been shown to be involved in one or more of these 
processes [7,8], while all steps may involve nitric oxide 
(NO) [9]. NO is an intracellular messenger molecule 
with important cardiovascular, neurological and immune 
functions [9]. It is produced by a group of isoenzymes 
collectively termed NO synthases (NOS) [10]. Three 
distinct isoforms of NOS have been cloned to date: the 

endothelial (eNOS), neuronal (nNOS) and inducible 
(iNOS) NOS [9]. The eNOS and nNOS are constitutive 
isoforms that can rapidly synthetize small amounts of NO 
following receptor stimulation [11]. The iNOS is mainly 
involved in the inflammatory processes. Proinflammatory 
stimuli trigger resident and immigrant inflammatory cell 
populations, inducing iNOS [12]. The iNOS produces a 
large amount of NO for sustained periods of time, which 
has a role in a non-specific immune response, acting as a 
toxic agent in infections [9,12].

Histochemical identification of nicotinamide-adenine-
dinucleotide-phosphate-diaphorase (NADPH-d), one 
possible marker of NOS [13] and immunohistochemical 
detection of NOS were used for localization of NOS 
in rodent, feline, canine, and human dental pulp and 
periodontal tissues, as well as in rat pulp after tooth 
preparation [14-17].
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The literature reviewed supports the presence of 
nitric oxide synthase in healthy and inflamed human 
dental pulp: the eNOS in odontoblasts and in endothelial 
cells is shown in healthy human  pulp as is the presence 
of iNOS in macrophages, natural killer and T cells are 
shown in inflamed human pulp [17,18]. The high rate of 
the iNOS-produced NO formation can play a dual role 
in pulpitis. On the one hand NO has beneficial effects, 
because NO is an antimicrobial agent, since it decreases 
the viability of cariogenic bacteria [19]. Furthermore, 
NO acts as an immune modulator and inhibits formation 
of microvascular thrombi [20]. On the other hand NO 
has detrimental effects as well, because the exaggerated 
production of NO can cause toxic actions against the 
pulpal tissues. Furthermore, the excessive vasodilatation 
and increased vascular permeability elicited by local high 
NO can raise the intrapulpal hydrostatic pressure, because 
the pulp is a low-compliance system and is located in 
a closed and rigid dental chamber [21]. The increased 
intrapulpal pressure may consequently compress the 
pulpal venules and thus significantly impair the pulpal 
perfusion that insults the pulp tissue and might even cause 
pulp necrosis.

The aim of the present study was to examine the 
pulpal response to orthodontic force by evaluating and 
comparing the histopathological aspect and the eNOS 
and iNOS expression in human dental pulps collected 
from orthodontically treated and untreated teeth. The 
localization of eNOS and iNOS was performed by 
immunohistochemistry, their mRNA expression was 
identified by RT-PCR and their protein levels were 
detected by Western blot analysis.

MATERIALS AND METHODS

Twenty orthodontic patients, ten females and ten males 
(ages: 14.6 - 21.2 years; mean 17.4 ±1.8 years) at the Unit of 
Orthodontics, Department of Oral Sciences, G. D’Annunzio 
University (Chieti), who were diagnosed as requiring the 
extraction of their first premolars because of dental crowding, 
participated in this study. The following inclusion criteria were 
observed: 1) the need for fixed-appliance therapy involving 
distal retraction of one maxillary canine; 2) a healthy systemic 
condition; 3) no use of anti-inflammatory drugs in the month 
preceding the beginning of the study; 4) a full-mouth plaque 
score (FMPS) and a full-mouth bleeding score (FMBS) ≤ 20%. 
Informed consent was obtained from the patients and the parents 
of patients under 18 years of age prior to the commencement 
of the study, and the protocol was reviewed and approved by 
the Medical Faculty Ethical Committee of the G. D’Annunzio 
University.

Clinical procedures
 In each patient, orthodontic brackets (MBT,3M-Unitek) 

were placed on the buccal surfaces of the teeth in the maxillary 

arch, including the incisors, the canines, and all premolars; the 
bands were bonded on the first molars. A straight-wire fixed 
orthodontic appliance (MBT 3M Unitek) was used only on the 
maxillary arch. The maxillary first premolar was chosen as the 
test tooth (TT), and force was applied by a steel archwire, 0.019-
in circular cross-sectional dimension, and an open coil spring in 
NiTi (American Orthodontic) which applied a constant distalizing 
force of 250 grams on the tooth. The controlateral control tooth 
(CCT) was included in the orthodontic multibrackets appliance 
but it was not subject to the force of the open coil-spring. The 
antagonist control tooth (ACT) was not subjected to any force.

The twenty patients were randomly divided into two equal 
groups on the base of the time of extractions.

In Group I the test and control teeth were extracted 15 days 
after the start of the orthodontic treatment; in Group II the test 
and control teeth were extracted 30 days after the start of the 
orthodontic treatment.

All test (TT) and control (CCT and ACT) teeth from the 
same subject were extracted on the same day.

After extractions, the dental pulps were harvested by tooth 
fracturing, immediately frozen and kept at –80°C for 24-48 
hours. Then longitudinal serial sections of about 7 µm were cut 
with a cryostat (Reichert-Jung Frigocut 2800).

Histopathological and Immunohistochemical analysis
For histopathological and immunohistochemical analysis 

a Leitz Dialux 22 (Leica, Heidelberg, Germany) microscope 
was used. Three slides from 5 pulps in each group were stained 
with hematoxylin-eosin. These slides were used to measure 
the arteriolar diameter and to localize the odontoblasts and 
the inflammatory cells at different magnifications Arteriolar 
diameter evaluation was performed on 20 randomly chosen 
arterioles in the hematoxylin-eosin stained pulps. The blood 
vessels selected were of homogenous appearance, free of 
apparent artifact, and perpendicular to the plane of section [16]. 
The immunohistochemical localization of eNOS and iNOS was 
performed using primary rabbit anti-eNOS (1:100) or primary 
rabbit anti-iNOS (1:100) antibodies (Santa Cruz Biotech Inc., 
Santa Cruz, California) as previously described [17].

Biochemical identification of eNOS and iNOS
The eNOS and iNOS mRNA were demonstrated from 

homogenizates of 30 dental pulps (10 TT, 10 CCT and 10 ACT) from 
each group by RT-PCR using 5’-TGTCTGTCTGCTGCTAG-3’ 
(sense) and 5’-CTCTCCAGGCACTTCAGGC-3’ (antisense) 
for human eNOS and 5’-AGTGATGGCAAGCACGACTTC-3’ 
(sense) and 5’-TCTGTCACTCGCTCACCACGG-3’ (antisense) 
for human iNOS primer pairs as published by Felaco et al. [17]. 
The eNOS and iNOS protein expressions were detected from 
equal amounts of protein (50 µg, obtained by homogenizing 30 
premolar pulps from each group with lysis buffer (Sigma-Aldrich 
Co., St. Louis, MO., USA) by Western blots with primary anti-
eNOS or iNOS antibodies (Santa Cruz Biotech Inc., Santa Cruz, 
California) as described in detail by Felaco et al. [17].

Image processing, image analysis and statistical evaluation
The stained sections of the pulps were examined using a 

Leitz Dialux 22, LEICA (Heidelberg, Germany) microscope. The 
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the inflammatory phenomena and the pulp tissue showed 
histology almost equal to that of healthy pulp (some 
neutrophils present). eNOS was increased together with 
the number of endothelial cells (Fig. 3). iNOS, instead, 
was notably decreased (Fig. 4).

Pulp of the controlateral control teeth 
In Group I, after 15 days, the presence of a 

slight inflammatory infiltration was observed with a 
predominance of polymorphonucleates and lymphocytes; 
the odontoblast layer was not particularly altered. The 
blood vessels did not present localized alterations, 
differently from the pulp of the test teeth, but there was 
however, a slight hyperemia. e-NOS, in the endothelial 
cells, was slightly more evident than what observed in 
the pulp of the teeth that had not undergone orthodontic 
treatment (ACTs). i-NOS was present, but in a lesser 
extent than that found in teeth that had been subject to a 
greater force (TTs).

In Group II, after 30 days, the inflammatory 
phenomena regressed and the pulp tissue presented only a 
few inflammatory cells. eNOS appeared increased, while 
iNOS decreased, compared to what observed in the CCTs 
of Group I.

Pulp of the antagonist control teeth
The histopathologic analysis with hematoxylin-eosin 

of the pulp tissue of ACTs showed linear layers of long 
odontoblasts in column form along the tissue periphery; 
inside there were star-shaped cells of connective tissue, 

quantitative evaluation of the immune reactions was performed 
by determination of the integrated optical density (I.O.D.) 
changes with a digital image analysis. Three investigated areas 
were randomly selected and recorded on each slide. For data 
processing each experimental frame was digitized into 512x512 
pixels by a Sony videocamera connected to a LEICA Quantimet 
500 plus (LEICA Cambridge Ltd, Cambridge, England) and 
the change in I.O.D. was determined using ISO Transmission 
Density (Kodak CAT 152-3406, Eastman Kodak Company, 
Rochester, U.S.A.) as a standard. Results were expressed as 
mean±standard deviation (SD). 

RESULTS

The histological evaluation of the samples was based 
on the inflammatory response of the cells and on the 
organization of the pulp tissue. A careful observation 
through an optical microscope highlighted the differences 
between the TTs, CCTs and ACTs and cellular evolution at 
15 and 30 days after the beginning of treatment.

Pulp of the test teeth
In Group I, after 15 days, a strong inflammatory 

infiltration was observed with a predominance of 
polymorphonucleates and lymphocytes; the odontoblast 
layer was not particularly altered, while the blood vessels 
were altered, above all, in the third apical. eNOS was 
not very evident in the endothelial cells (Fig. 1). iNOS 
was notably evident, above all, in the area of the strong 
inflammatory infiltration (Fig. 2). 

In Group II, after 30 days, there was a regression of 

FIGURES

Fig 1. After 15 days in the test teeth eNOS was not very evident in the endothelial 

cells.

Fig 1. After 15 days in the test teeth eNOS was not very evident in the endothelial cells.
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odontoblasts were also colored. This confirms that these 
cells synthesize eNOS. No differences were found for the 
quantity of e-NOS in the pulp tissue between Group I (15 
days) and Group II (30 days). iNOS, was totally absent 

nerve fibers, blood vessels and lymphocytes. The 
immunohistochemical analysis demonstrated the presence 
of eNOS: the endothelial and fibroblast cells, under the 
optical microscope, were intensely colored and the 

Fig 2. After 15 days iNOS was notably evident in test teeth, above all, in the area of 

the strong inflammatory infiltration. 

Fig 3. After 30 days eNOS was increased in test teeth together with the number of 

endothelial cells. 

Fig 2. After 15 days iNOS was notably evident in test teeth, above all, in the area of the strong inflammatory infiltration.

Fig 3. After 30 days eNOS was increased in test teeth together with the number of endothelial cells.
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of the Western  blots for  the eNOS and iNOS enzymes 
confirmed the localization and expression of the enzymes 
obtained by immunohistochemical techniques: the highest 
values of iNOS were found in the pulp of TTs and the 

in the teeth that had not undergone orthodontic treatment.

Biochemical analysis
The results of the rt-PCR biochemical evaluation and 

Fig 4. After 30 days iNOS appeared notably decreased in test teeth. 

Fig 5. Graph showing the mean results achieved in test teeth (TT), contralateral 

control teeth (CCT) and antagonistic control teeth (ACT) with the Integrated Optical 

Density analysis, performed for eNOS on samples belonging to Group I (extraction 

after 15 days). 

Fig 4. After 30 days iNOS appeared notably decreased in test teeth.

Fig 5. Graph showing the mean results achieved in test teeth (TT), contralateral control teeth (CCT) and antagonistic control teeth 
(ACT) with the Integrated Optical Density analysis, performed for eNOS on samples belonging to Group I (extraction after 15 days).
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expression of the enzymes in the different groups. The 
results were expressed as mean ± standard deviation (SD) 
and are displayed in Figures 5-8.

DISCUSSION 

Although several experimental models have been 
employed to evaluate pulp tissue responses to mechanical 
stimuli [1,22,23] only a limited number of studies have 
been carried out on human subjects; thus, most of the 

CCTs after 15 days, while the highest values of eNOS 
were found in the pulp of the TTs and the CCTs after 30 
days;  in the pulp of the ACTs only eNOS was present and 
in similar quantities in the two different groups (15 and 
30 days).

Integrated optical density
Changes of the I.O.D., determined on a surface 

of  512x512 pixel, using an ISO standard transmission 
density, graphically demonstrated the variations of 

Fig 6. Graph showing the mean results achieved in test teeth (TT), contralateral 

control teeth (CCT) and antagonistic control teeth (ACT) with the Integrated Optical 

Density analysis, performed for eNOS on samples belonging to Group II (extraction 

after 30 days). 

Fig 7. Graph showing the mean results achieved in test teeth (TT), contralateral 

control teeth (CCT) and antagonistic control teeth (ACT) with the Integrated Optical 

Density analysis, performed for iNOS on samples belonging to Group I (extraction 

after 15 days). 

Fig 6. Graph showing the mean results achieved in test teeth (TT), contralateral control teeth (CCT) and antagonistic control teeth 
(ACT) with the Integrated Optical Density analysis, performed for eNOS on samples belonging to Group II (extraction after 30 days).

Fig 7. Graph showing the mean results achieved in test teeth (TT), contralateral control teeth (CCT) and antagonistic control teeth 
(ACT) with the Integrated Optical Density analysis, performed for iNOS on samples belonging to Group I (extraction after 15 days).
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subject to orthodontic traction.
Previous studies, as well as our findings suggest that 

all 3 isoforms of NOS can be expressed in the dental pulp 
[15,16,17].

The present study confirmed that eNOS is present in 
healthy pulp tissue and that it is also found in teeth subject 
to orthodontic traction and in particular in endothelial 
cells, fibroblasts, and odontoblasts, whereas iNOS is never 
expressed under normal condition. Furthermore, it was 
found that hyperaemia is accompanied by an elevation of 
the eNOS, where the dilated vessels maintain an increased 
blood circulation in the pulp tissue. After 15 days the 
orthodontic force lowers the eNOS level and elevates the 
expression of iNOS. The above changes mainly occur 
in the resident and infiltrating macrophages and PMNs. 
The decrease of eNOS after 15 days, compared with the 
increase after 30 days, can be explained by the negative 
feedback that is elicited by the large amount of NO 
produced by the significantly upregulated iNOS [24].

Evidence of NADPH-d reactivity, eNOS mRNA and 
protein in pulpal vessels is coexistent with the role of 
NO as a mediator of blood flow regulation [14,15,16,17]. 
Indeed, systemic infusion of the NOS inhibitors 
markedly reduces basal blood flow and can also inhibit 
cholinergic-induced vasodilatation in the pulp [14,21,25]. 
Furthermore, administration of an NO donor compound 
significantly decreases pulpal vascular resistance [21]. 
These data indicate that apart from an NO-dependent 
basal vasodilator tone, the control of the dental pulp 

data available has been obtained from animal models. 
Nixon et al. [4], using the rat model, found that there was 
a significant vascular change with an increased number 
of functional pulp vessels as related to the specific forces 
applied. Derringer et al. [22] observed  a significantly 
greater number of microvessels at day 5 and day 10 of 
culture in pulp explants from orthodontically moved teeth 
than in the control teeth. These findings support not only 
the presence of significant angiogenesis in the pulp, but 
also the presence of the necessary angiogenic growth 
factors such as PDGF (platelet-derived growth factor), 
EGF (epidermal growth factor) and TGF-b ( transforming 
growth factor beta) which have been identified in pulp 
following endodontic injury as well as during orthodontic 
tooth movement in cats.

An initial hyperemic response was visible following 
application of force considering the increase in cellular 
activity taking place around the tooth during appositional 
and resorptive processes, it is biologically conceivable 
that blood flow in the pulp would also increase to support 
the demand from these dividing and multiplying cells in 
the area.

The suggestion has also been made that the application 
of orthodontic force had a direct effect without site 
specificity [4].

However, enzymatic monitoring during alterations 
of the pulp of teeth supporting an orthodontic force has 
not been used to date. Even less are the studies on the 
expression of nitric oxide synthase in human pulp of teeth 

Fig 8. Graph showing the mean results achieved in test teeth (TT), contralateral 

control teeth (CCT) and antagonistic control teeth (ACT) with the Integrated Optical 

Density analysis, performed for eNOS on samples belonging to Group II (extraction 

after 30 days). 

Fig 8. Graph showing the mean results achieved in test teeth (TT), contralateral control teeth (CCT) and antagonistic control teeth 
(ACT) with the Integrated Optical Density analysis, performed for eNOS on samples belonging to Group II (extraction after 30 days).
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reduction in iNOS and an increase in eNOS.
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Dental pulp undergoes a number of changes passing from healthy status  to inflammation due to deep decay. 
These changes are regulated by several genes resulting differently expressed in inflamed and healthy dental pulp, 
and the knowledge of the processes underlying this differential expression is of great relevance in the identification 
of the pathogenesis of the disease. In this study, the gene expression profile of inflamed and healthy dental pulps 
were compared by  microarray analysis, and data obtained were analyzed by Ingenuity Pathway Analysis 
(IPA) software. This analysis allows to focus on a variety of genes, typically expressed in inflamed tissues. The 
comparison analysis showed an increased  expression of several genes in inflamed pulp,  among which IL1β and 
CD40 resulted of particular interest.  These results indicate that gene expression profile of human dental pulp in 
different physiological and pathological conditions may become an useful tool for improving our knowledge about  
processes regulating pulp inflammation.
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Microarray technology represent  a useful approach 
in the study of gene function in human cells and tissues. 
Due to the unique ability to simultaneously analyze 
the expression levels of thousands genes in a single 
experiment, this approach provides a very high throughput 
tool in the identification of genes involved in different 
physiological and pathological conditions and has been 
largely used in the molecular characterization of different 
diseases (1).

A previous report of our group demonstrated the 
usefulness of the microarray technology in the study of 
the gene expression profiles in healthy and decayed dental 
pulp (2). Thus, this approach would likely represents an 
useful tool also in the study of pathological processes 
involving  human dental pulp, such as inflammation. 

The general meaning of any inflammatory response is 
to deal with and eliminate the source of tissue damage, and 
establish protective mechanisms (3).  The inflammatory 
process uses specific chemical mediators, which can be 
classified as Vasoactive amines, Complement system, 
Kinin system, Coagulation pathway, Fibrinolytic pathway, 
Arachidonic acid metabolites, Platelet activating factor, 
Cytokines, Nitric oxide (4, 5, 6). Among these, a key role 
is played by IL1β and CD40 genes, as directly involved in 
the inflammatory process.

IL1 is a primarily proinflammatory cytokine able 
to regulate the expression of genes associated with 
inflammation and autoimmune diseases (7). IL1β 
plays a crucial role in systemic inflammation due to its 
ability to induce the expression of a large panel of pro-
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inflammatory genes, as type 2 cyclooxygenase (COX-
2), type 2 phospholipase A, and inducible nitric oxide 
synthase (iNOS) (8).

CD40 is a receptor expressed on a wide range of cells 
such as leukocytes and endothelial cells, belonging to 
the TNF superfamily (9). Its activation by CD40-ligand 
(CD40L) plays a crucial role for the development and 
progression of a variety of inflammatory processes. 
CD40/CD40L interaction induces E-selectin dependent 
adhesion of leukocytes to human endothelial cells and 
reduces endothelial cell migration by inhibiting the Akt/
eNOS signaling pathway (10). Thus, both genes perform 
their function by interacting with other molecules, and 
in these cases classical expression studies based on the 
analysis of single transcripts can only provide information 
about the up- and down-regulation of the selected genes,  
but are not able to show a global picture of the different 
pathways involved.

For this reason, a study aimed to the identification 
of genes involved in the inflammatory process should 
be based on the study of the expression levels of several 
genes and on the dissection of their interaction driving to 
the process of inflammation.

The aim of this study was to evaluate the gene 
expression profiles of inflamed and healthy human 
dental pulp by microarray technology using total RNA 
amplification, with particular attention to IL1β and 
CD40 gene expression, in order to clarify the molecular 
mechanisms involved in the pulp inflammatory response 
to tooth decay.

MATERIAL AND MHETODS
 

Pulp Samples
A total of eight subjects were recruited in the clinics of the 

Department of Medical, Oral and Biotechnological Sciences, 
at the “G. d’Annunzio”  University of Chieti after informed 
consent.

Dental pulp samples were obtained from third molars 
subjected to extraction. Four  patients  were subjected to third 
molar extraction because of pain or high sensibility due to deep 
decay (Test Group);  the other four subjects received third molar 
extraction for orthodontic reasons (Control Group). All the teeth 
belonging to Control Group were impacted and did not show any 
sign of tooth decay or other diseases.

The age range for Test Group was 30-36 yrs (mean age 34 
yrs), while for Control Group it was 24-36 yrs  (mean age 28.5 
yrs). 

After the extraction, all the remnants soft tissues were 
mechanically removed and the external tooth surfaces were 
cleaned with a solution of clorhexidine 0.2%. Within 5 minutes 

from extraction, the teeth were sliced in order to obtain dental 
pulp samples, by using a diamond cutter, making a 2-3 mm 
groove around the tooth and avoiding pulp exposure. Then, teeth 
were fractured off through the cutting line with a surgical lever, 
and pulp samples removed from the pulp chambers.

RNA Isolation and Amplification
After collection, both inflamed and healthy pulp tissue 

specimens were immediately stored at -20°C in RNA Later 
(Ambion Austin, TX, USA). Samples were then  homogenized 
using an hand glass potter, and total RNA was extracted using 
the SVtotal RNA Isolation System kit  (Promega, Madison, WI, 
USA). The purity and quantity of RNA was assessed using the 
Agilent 8453 Spectrophotometer (Agilent, Santa Clara, CA, 
USA).  Extracted RNA was linearly amplified and fluorescently 
labeled using the Amino Allyl MessageAmp™ II aRNA 
Amplification Kit according to the manufacturer’s instruction 
(Ambion).

Microarray Expression Profiling
The amplified aRNA (5-10 µg) was fluorescently labeled 

with Cy3-Cy5 cyanins (Amersham; Pharmacia Biotech, 
Buckinghamshire, UK) and then hybridized on high-density array 
Human Whole Genome OneArray™ Microarray V5, (30,275 
total probe; Biosense, Italy). Each MicroArray experiment was 
carried out on RNA pools from the four inflamed pulp samples 
hybridized vs the RNA pools from the four healthy pulp samples 
as control, in order to increase the homogeneity of the results. 
Three technical  replicates (dye swaps) were performed for each 
experiment.

After hybridization, Cy3-Cy5 fluorescent signals were 
captured by a Confocal Laser Scanner “ScanArray Express” 
(Perkin Elmer, Massachusetts, USA) and analyzed using 
the software “ScanArray Express - MicroArray Analysis 
System” version 3.0 (Perkin Elmer). For each slide,  after local 
background subtraction, a LOWESS algorithm was used for row 
data normalization to evaluate signal to noise ratio and generate 
log ratios of sample vs reference signal. A gene was considered 
to be differentially expressed when showing an absolute value of 
log-ratio higher or equal to 0.5, an index that translates to a fold-
change of 1.4 in transcript quantity.  Data analysis  was based 
on  hierarchical gene clustering using Cluster 3.0 (open source 
2006) and TreeView (Stanford University Labs) software. 
Only spots with a present call   in at least 80% of experiments 
and being > 1.7 fold up-or down regulated were included in 
the clustering analysis. Identified clusters were  analyzed by 
the Ingenuity Pathways Analysis (IPA) software (Ingenuity 
Systems, Redwood City, CA), in order to classify genes based on 
their biological functions and disclose the functional networks 
connecting specific genes.

TaqMan real-time quantitative PCR (qRT-PCR)
Microarray results for IL1β and CD40 were verified by qRT-

PCR analysis using an ABI 7900HT Sequence Detection System 
(ABI). Triplicate PCR reactions were run for each gene in three 
independent experiments. The housekeeping gene GAPDH 
was used as an internal control to normalize the expression of 
target genes. Relative expression levels were calculated for each 
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(582 mapped, 252 unmapped) and 159 down regulated 
(140 mapped, 19 unmapped) genes in inflamed pulp as 
compared to healthy pulp . The list of up-regulated genes 
in inflamed pulp samples with  their specific functions  is 
reported in Table I. IPA analysis was carried out to identify 
the genetic networks involving the up-regulated genes.  
Among the different network evidenced, particular interest 
was devoted to two networks involving  IL1β and CD40 
genes, known as largely affecting  pulp inflammation. 

 IL1β network  resulted to be significantly up regulated 

sample after normalization against GAPDH, using the DDCt 
method for comparing relative fold expression differences, as 
previously described (11). The T student test  was performed to 
correlate fold change differential expression detected by qRT-
PCR in inflamed pulp samples respect to healty pulp samples.

RESULTS

Microarray Analysis  
Cluster analysis showed  a total of 834 up regulated 

Category p-value Molecules 

Cell-To-Cell 

Signaling and 

Interaction 

1,34E-04-

1,48E-02 

GTPBP1, IL27, TRIM35, IL24, PKN1, NDN, AREG, GAST, 

CDH5, CD40, CDK4, SF3A2, POLL, DHFR,  IL3, KLC2, 

MEST, TRAF2, PMP22, KIF20B, RASGRP1, NFE2, MAZ, 

CAT, IL1Β, PSMC3, CHN2, MMP9, MUL1 

Inflammatory 

Response 

2,24E-04-

1,36E-02 

LIF, DDIT4, HMGA1, PLAUR, NRF1, GGT1, GSR, HMOX1, 

SOD2, CD40, CYBA, NFE2, PPBP, CAT, IL1Β, DNAJB1 

Cell Morphology 
4,16E-04-

1,48E-02 

CD2, IL5, PTHLH, HMGA1, NRF1, PLAUR, ALOX12, AREG, 

GSR, KITLG, HMOX1, SOD2, CD40, MT1E, NFE2, PPBP, 

CAT, PRKCE, IL1Β, IL3, HFE, HMGB2 

Humoral Immune 

Response 

4,53E-04-

1,48E-02 

LIF, IL5, CD2, SOD2, PRKCE, NKX6-1, DNAJB1, VAX2, 

PHB (includes EG:5245), SLC1A6,CD19, LETM1, RACGAP1, 

M1, IL24, KITLG, TRAF2, CD40, CDK4, CAT, IL1Β, IL3, 

ESR2 

Gene Expression 
4,53E-04-

8,16E-03 

STAT5A, CD19, CD320, IL5, PTPN2, PHC1, HMGA1, HSPD1, 

BCL6, IL24, FLT3LG, KITLG, 

TRAF2, CD40, MYB (includes EG:4602), IL1Β, IL3, MOG 

Cell-mediated 

Immune Response 

1,05E-03-

1,52E-02 

STAT5A, CD19, LIF, IL5, CD2, RACGAP1, HMGA1, IL27, 

ZFPM1 (includes EG:161882), 

HSPD1, BCL6, NOG, KITLG, CD40, MYB (includes 

EG:4602), IL1Β, IL3, EBI3 

Inflammatory 

Disease 

5,53E-03-

1,48E-02 

KLC1, LETM1, CHGA, MYO7A, HMGA1, HEXA, NRF1, 

HOOK3, SOD2, NDEL1, PRKCE, IL1Β, MAP1LC3B, MOG, 

PEX12, CD40 

 

 

Table I. list of up-regulated genes in inflamed pulp samples
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in samples from inflamed pulp as compared to healthy 
tissue,   showing a very high  level of expression of all 
the other  genes present in the network (Fig. 1a). Also 
CD40 resulted up regulated in inflamed pulp as compared 
to healthy pulp, but in this case some  genes present in the 
network centered on CD40 resulted to be under expressed 
(Figure 1b). 

To validate the microarray data, TaqMan real-time 
quantitative PCR analyses were performed on selected 
genes (Fig. 2, Table II). This analysis  confirmed  the 
differential expression of the investigated genes  as 
predicted by microarray data showing a p<0.05 with a 
fold change of 8.88 for IL1B and 1.06 for CD40.

DISCUSSION

Several studies addressed the problem of the 
inflammation process and many of them focused on the 
important role of IL1β and CD40 as molecules able to 
induce the expression of a large panel of pro-inflammatory 
genes, affecting various target organs and involved in cell 
apoptosis stimulation (12, 13, 14)

In our research, high levels of IL1β gene expression  
were found in inflamed pulp samples, while this gene 
showed a  significantly lower expression  in dental pulp 
under physiological conditions, thus confirming the 
important role played in the beginning and progression of 
dental pulp inflammation.

CD40 is essential in mediating a broad variety of 
immune and inflammatory responses including T cell-
dependent immunoglobulin class switching, memory B 
cell development, and germinal center formation (15). 
This gene  is expressed on activated T-cells, endothelial 
cells, macrophages, vascular smooth muscle cells,  and 
activated platelets (16). So the high levels of expression 
of this gene as evidenced by microarray analysis  in 
inflamed dental tissue il likely related to  its important 
role in cell-mediated immune response and in the cell-

Table II:  Representative up and down genes data. 

* mean expression level of selected genes in inflamed pulp samples over mean expression level 

in healthy pulp samples evaluated by microarray method. 

** mean mRNA levels of selected genes in inflamed pulp samples vs healthy pulp samples 

measured by real-time PCR. 

 

   ID Log2 Ratio* qRT-PCR** 

IL1Β NM_000576.2 4.278       8.88 

CD40 NM_001250.3 1.758       1.06 

 

 

Table II.  Representative up and down genes data.

* mean expression level of selected genes in inflamed pulp samples over mean expression level in healthy pulp samples evaluated by 
microarray method.
** mean mRNA levels of selected genes in inflamed pulp samples vs healthy pulp samples measured by real-time PCR.Figure 1: Genes  networks. 1a: IL1Β network; 1b: CD40 network 

Genes in red show increased expression in inflamed pulp samples compared with control 

samples. Arrows indicate that a molecule acts on another while lines indicate that a molecule 

binds to another. 

 

 

 

Figure 1a 

 

Figure 1b Fig. 1. Genes  networks. 1a: IL1Β network; 1b: CD40 network
Genes in red show increased expression in inflamed pulp 
samples compared with control samples. Arrows indicate that 
a molecule acts on another while lines indicate that a molecule 
binds to another.
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agonist-induced inflammasome assembly (18). These data 
suggests that the inflammatory process within human pulp 
is based not only on the activation of inflammation related 
genes, but also on the under expression of other genes. 
Once again, this study confirm that the use of microarray 
technology may provide useful information about the 
genetic networks involved in the inflammation processes, 
although there is still much to learn about the beginning 
and progression of inflammation in human dental pulp. 
Moreover, this method permits to compare inflamed and 
physiological tissues, finding the genes involved in this 
pathological process, for the best understanding of cells 
interaction.
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The aim of this work is to examine the behaviour of laser treated gutta-percha (a–b) after heating, to test the 
validity of a new obturation technique. Samples of laser- and no laser- treated gutta-percha have been examined 
by the thermal/thermogravimetric analysis and compared. All samples have been submitted to four runs of heating 
from the temperature of 25–130 °C, followed by spontaneous cooling. It was found that some samples have shown 
the typical behaviour of the α-gutta-percha; others have shown characteristics similar to the conventional β-gutta-
percha. The laser treated gutta-percha has shown a significant mass loss after the first run of heating, while the 
mass tends to stabilize after the third run. It has been demonstrated that the 980 nm diode laser used with cited 
parameters does not alters thermal behaviour of gutta-percha cones.

THERMAL ANALYSIS OF LASER-SOFTENED GUTTA-PERCHA

M. PETRINI, M. FERRANTE, P. TRENTINI, G. PERFETTI, P. DOTTORE, G. SPOTO

Department of Medical, Oral and Biotechnological Sciences, University of Chieti - Italy

The inflammation of dental pulp is characterized by 
a succession of cellular, vascular and immunological 
processes; monitoring the level of such mediators, like 
prostaglandins E2 it is possible to investigate the severity 
of the pulpitis and to assess if it is irreversible. (1-2) 

The treatment of irreversible pulpitis is the extraction 
of the tooth or the endodontic therapy, in order to obtained 
effective elimination of bacteria and the complete filling 
of the root canal system, which are essential to provide 
a biological environment for healing of the periradicular 
tissues. (3) 

A proper canal cleaning, shaping and irrigation 
is essential to significantly reduce bacteria from 
canals, but, many studies demonstrated that laser 
irradiation has an adjunctive bactericidal effect in 
conventional endodontic therapy. (4-5-6)

The material most widely used for endodontic 
obturation is the dental gutta-percha: it has been shown to 
be approximately 18 to 22% gutta-percha polymer and 37 
to 75% zinc oxide. (7)

Currently a variety of gutta-percha obturation 
techniques exist, like lateral condensation and of heat-
softened vertical condensation. (8) Studies have shown 
that plasticized gutta-percha can easily be moved into the 
canal irregularities, thus replicating the intricacies of the 
root canal system. (9)

Laser softened gutta-percha provides procedural 
simplification of the root filling and less time consumption. 

(10) The assessment of the thermal behaviour of softened 
gutta-percha is critical for ensuring that laser treatments 
do not pose a risk to alter its physical and mechanics 
characteristics.

The aim of this work was to compare thermal behaviour 
of 980 nm laser-softened gutta-percha and commercial 
gutta-percha.

MATERIALS AND METHODS

The measurements were carried out on a thermogravimetric/
differential thermal analyser (Model TG/DTA 6300, Seiko 
Instruments USA Inc. Torrance, CA, USA).

56 gutta-percha Points (Inline) ISO 40 were randomly 
divided into two groups: 32 Test and 24 Control.

The coronal portion of gutta-percha points of both Group 
Test and Control, were split with a scalpel and eliminated, so 
samples of 5 mm long were obtained from their apical portion 
(Fig. 1).

Group Test was irradiated by a 980 nm diode laser at 3.0W 
for 20 sec in continuous mode. (11)

The laser used was the 980-nm diode (G-Laser 25, Galbiati 
srl, Italy), with flexible fibber optic 600 µm in diameter at a 
distance of 1 cm.

The measurements were carried out on a thermogravimetric/
differential thermal analyser (Model TG/DTA 6300, Seiko 
Instruments USA Inc. Torrance, CA, USA).

Samples were heated in the analyser to determine the 
occurrence of endothermic peaks;

20 samples of each group were analyzed (40 samples total 



52 (S) M. PETRINI ET AL.

analyzed); for each sample of gutta-percha the following cycle 
of heating and cooling experiments was carried out four times 
(12): 
a.	 Analysis of the sample at standard temperature (25° C):
b.	 Evaluation of the mass (mg).
c.	 Heating from the temperature of 30° C to 70°C with an 

increase of 1° C/min.
d.	 Heating from the temperature of 70° C to 130°C with 

an increase of 5° C/min with maintenance of the final 
temperature for 10 minutes.

e.	 Cooling of the sample with spontaneous decrement up to the 
temperature of 30°C.
Simultaneously, thermogravimetric analysis was carried out 

to determine the weight loss, if any, during the heat cycles. This 
analysis consists in eliminating the organic compounds present 
in the analysed material, and observing its degradation behaviour 
toward the heat treatment. (7)

Statistical analysis
The TGA data collected for each sample were entered into 

a spreadsheet and analyzed statistically using Stat View 4.0 
(Abacus Concepts, Berkeley, USA). Fisher’s PLSD, Scheffe and 
Bonferroni/Dunn methods were used to evaluate the presence 
of statistically significant differences (significance level < 0.05).

RESULTS

All samples presented a thermal behaviour 
characterized by a peak comprised between 53 and 59°C, 
which is the conversion of the α-phase into amorphous 
gutta-percha (Fig. 2). On the contrary the peak between 
42 and 49 °C, corresponding to the transformation from 
β-gutta-percha to the α-gutta-percha, characterized only 
few samples of both groups. In Group Test there was 
a slight increase in the percentage of β gutta-percha, 
however Bonferroni, Scheffé, and Fisher’s LSD did not 
show significant differences than Group Control (Fig. 3).

Indeed thermogravimetric analysis registered a 
different behaviour between Group Test and Control (Fig 
4). The percentage of loss of weight after the thermal cycle 
was higher in samples irradiated by laser (3.89%) than 
controls (2.26%). Bonferroni, Scheffé, and Fisher’s LSD 
have confirmed that there were significant differences 
(p=0.0258; significance level < 0.05) between the two 
groups.  

DISCUSSION

A thermal/thermogravimetric comparison between 
commercial gutta-percha (Group Control) and laser 
treated gutta-percha (Group Test) has been conducted. 
The 980-nm diode laser is characterized by small 
wavelengths, belonging to the infrared region –close to 
the electromagnetic spectrum. It is thought that the pink-
orange colour of gutta-percha points is a target of the 980 

nm diode laser; in this way the energy is mainly absorbed 
and converted into heat and gutta-percha softens. 

The polymer of the gutta-percha (trans-polysoprene) 
can exist in two crystalline forms a and ß: they differ by 
the distance between two consecutive -CH3 groups placed 
on the same side in relation to the carbons engaged in the 
double bonds ("molecular repeat distance") and the two 
phases (a and β) are inter-convertible. (12)

Results showed a slight increase in the percentage of β 
gutta-percha in Group Test. This change, however, is not 
significant respect group Control. Authors believe that the 
presence of β gutta-percha in both groups is attributable 
to the different crystal structures that already, without 
laser treatment is present in the commercial form of gutta-
percha tips. 

Many studies indeed disagree about the composition 
of the gutta-percha in endodontic tips. Maniglia-Ferreira 
found that the majority of the analyzed endodontic cones 
showed thermal behaviour typical of β-gutta-percha, with 
two endothermic peaks. (13)On the contrary Ferrante 
registered only one endothermic peak, corresponding to 
the conversion from the α- to the amorphous gutta-percha. 
(12) Basing on thermal results this study showed that 980 
nm diode laser can be safety used also during endodontic 
obturation.

The thermogravimetric differences between Group 
Test and Control are very important. The weight of loss 
in laser treated gutta-percha polymer could make the cone 
more porous and reduce its root canal sealing property, 
essential for the success and durability of the endodontic 
treatment. (14)

However also commercial gutta-percha cones during 
clinical treatment, are often plasticized by a heat carrier 

Fig. 1 shows the samples preparation: gutta-percha cones were 
split with a scalpel and only samples of 5 mm obtained from the 
apical portion were considered.
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and mode of operation.(16-17) 
Hmud has demonstrated that this device is able to 

induce cavitation bubbles in water and weak hydrogen 
peroxide solutions, for enhance the removal of debris and 
smear layer in the root canal. (18)

These protocols are safe in terms of thermal insult to 
adjacent tissues, provided that the fibber is moved and 
irrigation is used between laser exposures. (19)

Also Garcia supported the use of 980 nm diode laser 

or by thermo mechanical compaction, which if used 
improperly may cause partial decomposition if the heat 
generated exceeds 100°C, according to the Merck index. 
(15) 

Nevertheless, the use of this device in endodontics 
is recently supported by many studies. Bahcall has 
demonstrated that there is a low increment of temperature 
using a 980 nm diode laser when compared with a 1064 
nm Nd:YAG laser (3 W/30 s), with the same potency value 

Fig. 2.  shows the differential thermal analysis of 2 different samples. The curve relatives sample A presents two typical major endothermic 
peaks (40.0 and 53 °C), indicating that the material was in β form. The curve relatives sample B shows only one endothermic peak (ca. 
53 °C), which corresponds to the conversion of the α-phase into amorphous gutta-percha. 

Fig. 3 shows different occurrence of βàα transition in Group Test and Control. In samples irradiated by laser there is a slight increase in 
the percentage of β gutta-percha. Bonferroni, Scheffé, and Fisher’s LSD, however, did not show significant differences between Group 
Test and Control (significance level < 0.05).
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Other studies have been undertaken, seeking to 
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CONCLUSIONS

It has been demonstrated that:
1.	 980 nm diode laser used with cited parameters does 

not alters thermal behaviour of gutta-percha cones.
2.	 Laser treatment modifies thermogravimetric behaviour 

of endodontic cones but other studies are needed 
to compare this technique with others plasticizer 
methods. 
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Mesenchymal stem cells (MSCs) are of great interest for the regeneration of tissues and organs. Bone marrow 
is the first sources of MSCs, but in the recent years there has been interest in other tissues for the isolation of 
these pluripotent cells. In this study, we investigated the features of MSCs isolated from different oral regions in 
order to evaluate their potential application in the regeneration of damaged maxillofacial tissues. Sampling from 
human periodontal ligament, dental pulp, maxillary periosteum as well as bone marrow were collected in order to 
obtain different stem cell populations. Cells were morphologically and immunophenotipically characterized. Their 
proliferation potential and their ability to differentiate in osteoblasts were also assessed. All tested cell population 
showed a similar fibroblast-like morphology and superimposable immunophenotype. Slight differences were observed 
in proliferation and differentiation potential. Cells isolated from human periodontal ligament, dental pulp, maxillary 
periosteum had the characteristics of stem cells. Considering their peculiar feature they may alternatively represent 
interesting cell sources in stem cell-based bone/periodontal tissue regeneration approaches. 

IN VITRO EVALUATION OF MESENCHYMAL STEM CELL ISOLATION POSSIBILITY FROM 
DIFFERENT INTRA-ORAL TISSUES.

M. ORCIANI1, R. DI PRIMIO1, C. FERRETTI1, G. ORSINI2, E. SALVOLINI1, R. LAZZARINI1,
M. MATTIOLI-BELMONTE1

1Department of Clinical and Molecular Sciences, and 2Department of Clinical Sciences and Stomatology, 
Università Politecnica delle Marche, Via Tronto 10/a, 60126 Ancona (Italy).

Stem cells are immature and unspecialized cells with 
the potential to differentiate into many different cell 
lineages. By the conventional definition, these cells can 
renew themselves indefinitely through “self-renewal (1), 
and they vary in terms of their body location and the type 
of cells that they can generate. Recent studies showed that 
the oral tissues, which are easily accessible for dentists, 
may represent an interesting source of stem cells. 

Given to their unique abilities, stem cells are 
particularly attractive for the development of innovative 
bone tissue engineering strategies (2) and/or tissue 
regenerative medicine based on in situ cell recruitment 
also in dentistry (3,4) where, for instance, alveolar 
bone resorption may occurs after tooth loss/extraction 
in periodontal disease, severe caries, root fractures or 
accidental trauma (5). Consequently, stem cell and tissue 
engineering applications are expected to provide a novel 
capability to regenerate large defects in periodontal tissues 
(6) and alveolar bone (7), and to ultimately replace the lost 
tooth itself (8). 

Stem cell-based tissue engineering has already 
been applied to clinical trials for oro-facial bone tissue 

regeneration (7) with preliminary promising successes. 
However, the recent findings that several types of stem 
cells can be harvested from the oral and maxillofacial 
regions (9), advocate further investigation  on their role 
in dentistry regenerative biology, in particular with regard 
to the optimal type of stem cells to be used for a more 
efficient treatment of injured oral tissues.

In oral and maxillofacial regions, two types of adult 
stem cells have been characterized: epithelial stem cells 
(10) and mesenchymal stem cells (MSCs).  The latter 
have long been assumed to exist in dental tissues, because 
some of these tissues (i.e. periodontal tissues and dental 
pulp) can regenerate or form reparative dentin by a natural 
process, if the environmental conditions are suitable after 
dental treatments (11,12) .

Considering the diverse MSC sources identified 
and characterized in dental tissues (9,13,14), aim of the 
present study is to compare cells obtained by different 
oral regions (i.e. periodontal ligament, dental pulp, 
maxillary periosteum) with bone marrow (BM) derived 
stem cells, in order to evaluate their potential application 
in regenerative medicine for oral tissues.
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MATERIALS AND METHODS

Mesenchymal stem cells isolation
Mesenchymal stem cells (MSCs) were isolated from human 

periodontal ligament (PDL-MSCs), dental pulp (DP-MSCs), 
maxillary periosteum (PDPCs) and bone marrow (BM-MSCs).  
Periodontal ligaments and dental pulps were obtained from 
the third molars of healthy donors after extractions scheduled 
for orthodontic reasons.  Periosteum was harvested from full-
thickness biopsy of patients who underwent routine oral surgery 
procedures. BM was collected from iliac crest and mononuclear 
cells were obtained by Histopaque® 1077 (Sigma Aldrich, MO, 
USA) density gradient centrifugation. The study was performed 
under an institutionally (Università Politecnica delle Marche) 
approved protocol and all patients gave their informed consent. 
Both systemic and oral diseases were absent in all subjects. 
Immediately after extraction, the samples tissue were cut into 
small pieces, washed in phosphate-buffered saline (PBS) and 
cultured with the Mesenchymal Stem Cell Growth Medium 
(MSCGM) bullet kit (Lonza Group® Ltd).

The cultures were maintained in a 5% CO2 humidified 
incubator at 37°C. After 14 days of culturing, numerous cells 
forming colonies (CFU-F) migrated from the explants; non-
adherent cells and residual tissue were removed and the 
medium was replaced with fresh one. Subsequently, the medium 
was changed twice a week. When the adherent cells reached 
confluence, they were detached by 0.125% trypsin and 1 mM 
ethylenediamine tetraacetic acid (EDTA) for 3 minutes. The 
released cells were collected and re-plated for subculture in 
culture flasks with MSCGM for DP- and PDL-MSCs and with 
Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12 
(DMEM/F-12) supplemented with 10% Foetal Bovine Serum 
(FBS) and 1% penicillin-streptomicin (100U/ml), all from 
GIBCO® (Invitrogen, Milan, Italy) for PDPCs (15, 16) and BM-
MSCs.

MSCs morphology and characterization
Morphology and cell growth of the MSCs were evaluated by 

phase contrast microscopy (Leika DM IL, Leika® Microsystems 
GmbH, Germany) and the viability was assessed by an automated 
cell counter (Invitrogen®, Milano, Italy).

At 3rd passage, cells isolated from BM, DP, PDL and 
periosteum were examined for surface antigens specific to stem 
cells. Cells in culture were trypsinized and stained, in agreement 
to minimal criteria for identification of human MSCs (17), with 
fluorescin isothiocyanate (-FITC) conjugated antibodies against: 
CD90, CD105, CD14, CD19, CD34, CD45 , CD73 and HLA-
DR. Flow cytometry analysis was performed with a Becton 
Dickinson FACScan instrument equipped with an argon ion laser 
tuned at 488 nm. Data acquisition was done with CellQUEST 
software (Becton Dickinson, USA). All antibodies were 
purchased from Becton-Dickinson. Cells were gated according 
to their scatter light, and fluorescence intensity distribution was 
analyzed in histograms.

In vitro differentiation into osteocytes 
Differentiation was performed using STEMPRO® 

Osteogenesis Kit (GIBCO, Invitrogen, Milan, Italy ). Cells 
cultured in DMEM/F-12 with 10%FBS were used as negative 

controls. For osteogenesis cells were seeded at a density 
4.5x104cells with appropriate medium for 8-12 days, changing 
the medium twice a week. Osteogenic differentiation was 
assessed by Von Kossa and Alkaline phosphatise (ALP) stainings. 
For Von Kossa stain, cells were fixed in 4% Paraformaldehyde 
(PFA) for 15 min at Room Temperature (RT) and incubated 
with 1% silver nitrate solution under UV light for 20 min RT. 
Unreacted silver was removed with 5% sodium thiosulfate for 5 
min. For ALP staining, cells were fixed in 4% PFA  for 15 min 
RT and washed in 100 mM Tris-HCl pH 9.5, 100 mM NaCl and 
10 mM MgCl2 buffer for 10 min RT. Cells were then stained 
with fast 5-bromo-4-chloro-3-indolyl phosphate and nitroblue 
tetrazolium alkaline phosphate substrate (Sigma-Aldrich, Milan, 
Italy) for 10 min and rinsed in dH2O. Reaction was observed 
with a light microscope (Nikon Eclipse 600, Nikon, Milan, 
Italy). 

RESULTS

Mesenchymal stem cells isolation
BM was collected from iliac crest and mononuclear 

cells were obtained by a density gradient centrifugation. 
Cells were plated in culture flasks and maintained till 
near-confluence that they reached around day 14.

DP- and PDL-MSCs were obtained from the third 
molars of healthy donors; after 7 days of culturing, some 
cells with a fibroblastoid morphological aspect appear 
near the explants.  A confluent cell monolayer was reached 
by day 14 when cells were detached and splitted for the 
second passage. Cells showed a fast doubling population 
time and appeared morphologically more homogeneous 
than first passage. 

Minced explants of maxillary periosteum were 
positioned with their cambium side placed against the 
dishes. Cells were then allowed to adhere in standard 
cell culture condition and cells with a fibroblast-like 
morphology (PDPCs) migrating from the explants were 
observed after 10-12 days. Confluence was reached 
within 20 days.

Figure 1 depicts the fibroblastoid morphological 
aspect of cells isolated from the different selected sources 
with no differences among cells. On the contrary the 
proliferation rate of PDPCs and of MSCs isolated from 
BM was lower in comparison with that observed for 
PDL- and DP-MSCs (Fig. 2).  For three months, the cell 
proliferation follows an exponential growth curve; after 
this time the growth rate decreased (Fig. 2).  

Immunophenotypical characterization
BM-,DP-, PDL-MSCs, and PDPCs were 

immunophenotypically analyzed by flow cytofluorimetry 
to confirm that the isolated cell displayed phenotypic 
characteristics usually described for MSCs.

The analyses revealed that cells appeared to be strongly 
positive for CD73, CD90 and CD105 and negative for 
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To evaluate any possible changes in their phenotype 
linked to culture conditions, cytofluorimetric analysis 
was repeated on proliferating cells after 8 or 16 weeks. 
The expression profile of mesenchymal markers on these 

HLA-DR, CD14, CD19, CD34 and CD45 (Fig. 3). This 
MSCs-like immunophenotype was comparable to that of 
BM-MSCs and confirmed in all tested sample of PDL, DP 
and PDPCs. 

Fig. 1. Morphology of MSCs. Phase-contrast images of MSCs derived from bone marrow (A), dental pulp (B), periodontal ligament (C) 
and periostium (D) at 10 days of culture. Scale bar, 100 μm.

Fig 2. Cell growth .Cell number was assessed by an automated cell counter at every passage during 12 weeks of culture. The proliferation 
rates of BM-MSCs and PDPCs were significantly lower than the others.
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and isolated from the bone marrow and more recently 
from some other tissues including skin (20), amniotic 
fluid (21,22), periosteum (16), adipose tissue (23) and 
various dental tissues (13,24). In cell culture, MSCs can 
be identified and isolated on the basis of their adhesion 
to tissue-culture-treated plastic (25). This concept was 
originally reported in 1970 by Friedenstein et al (26) and 
gave rise to the concept of MSCs (27). In 1999, Pittenger 
et al. (28) characterized human MSCs from iliac crest 
bone marrow (BM-MSCs) as multipotent stem cells by 
demonstrating their isolation, expansion in culture and 
directed differentiation to osteogenic, adipogenic and 
chondrogenic lineages. Since then, extensive studies on 
MSCs have demonstrated their robust multipotency and 
even “stem cell plasticity”, as demonstrated by the MSCs 
ability to differentiate into lineages that are not typical 
mesenchymal derivatives (29,30). 

Although the iliac crest has served as the primary 
source of BM-MSCs, at present they can also be isolated 
from orofacial (maxilla and mandible) bone marrow 
aspirates obtained during dental different surgical 
procedures (e.g. dental implant, wisdom tooth extraction). 
Clinical observations (31) and experimental animal 

cell populations was not significantly different from that 
observed in earlier expanded cells (data not shown).

Cell differentiation
BM-, DP-, PDL-MSCs and PDPCs osteogenic 

differentiation was detected after 10 days of culture for 
BM-MSCs and PDPCs, with cells strongly positive 
for alkaline phosphatase (Fig 4) and aggregates of 
mineralized matrix as shown by Von Kossa staining (Fig 
4). Differentiation for DP- and PDL-MSCs occurs after 
12 days.

DISCUSSION

Tissue engineering approach for bone regeneration and 
repair is a new challenge in oral and maxillofacial surgery 
and many therapeutic attempts have been reported (18). 
In view an efficient treatment for regeneration of these 
tissue is however represented by a correct selection of the 
appropriate cytotype  since cells from diverse sources may 
show different in vivo results (19). 

MSCs are among the most promising adult stem 
cells for clinical applications; they were originally found 
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Fig. 3. Representative FACScan analyses of cell-surface antigen expression. Solid grey fluorescence histograms, negative control (IgG1 
isotype control-FITC labeled). The data are representative of BM-,  DP- and PDL-MSCs and of PDPCs, each performed in duplicate. 
No differences were observed.
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Our data are in agreement with previous studies on 
DP-MSCs (37, 38), PDL-MSCs and maxillary periosteum 
(39) and suggest different oral tissues suitable for isolating 
stem cells. This could allow the surgeon to reduce tissue 
loss, trauma, complications and discomfort for the patients 
in view of clinical practice requiring stem cell-based 
bone/periodontal tissue regeneration. Further studies are 
however necessary to establish evidence-based practices 
to educate dentists and patients regarding the use of stem 
cells in autologous regenerative therapies. 
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Implant-associated infections represent an occasional but serious problem in dental and/or orthopaedic surgery. 
A possible solution to prevent the initial bacterial adhesion may be the coating of the implant surface with a thin 
layer of antibiotic-loaded biocompatible polymer. Hydrogels are one of the promising and versatile materials as 
antibiotic controlled release systems. In this work, antibiotic-modified poly(ethylene-glycol diacrylate) hydrogel 
coatings on titanium substrates were prepared by electrochemical polymerization and tested against methicillin 
resistant Staphylococcus aureus (ATCC 33591). Two different methods to load vancomycin and ceftriaxone were 
used. We show that the proposed titanium coatings displayed an interesting antibacterial activity, however, further 
studies on their effective cytotoxicity will furnish evidence of their real clinical efficacy. 
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The success of a dental implant is hugely related 
to a good osseointegration as well as to the long term 
prevention of bacterial infections [1]. In general, 
biomaterial implantation into the human body increases 
infection susceptibility [2] and activates host defences, 
stimulating the release of inflammatory mediators, 
including oxygen radicals and lysosomal enzymes [3-5]. 

The microflora of dental peri-implantitis is 
predominantly based on anaerobic Gram-negative bacilli 
(i.e. Porphyromonas gingivalis and Prevotella intermedia) 
or anaerobic Gram-negative cocci (Veillonella spp. and 
spirochaetes including Treponema denticola) [6].  The role 
of Staphylococcus aureus, that is typically encountered 
in orthopedic infections is also controversial in dental 
infections [7]. Indeed, the primary cause of implant 
associated infections is related to the presence of an 
extracellular matrix serum protein that covers the implant. 
The latter provides an ideal environment for bacterial 
adhesion and proliferation that, in turn, determines biofilm 
formation [8].  

A systemic treatment of infected implants with 
antibiotics is often difficult [9], therefore the use of local 
antimicrobial prophylaxis may represent a useful tool 
for infection prevention. One of the major advantages of 

this approach is the stable and extended antibiotic release 
directly to infected tissue, at an adequate local bactericidal 
concentration and without systemic toxicity. In this 
respect the development of controlled release systems 
for bioactive agents (e.g. drugs, peptides and proteins) 
is, today, one of the major research driving forces in 
pharmaceutical industry. 

Hydrogels are three-dimensional polymer networks able 
to absorb extremely large amounts of water [10,11], the ideal 
environment for many bioactive molecules. Several studies 
report drug release and/or tissue engineering applications 
of hydrogel networks obtained by UV irradiation or cross-
linking, either chemical or physical [12-14]. For hydrogel 
coatings onto a metal substrates (e.g titanium), a very 
promising alternative synthetic route is represented by 
an electrochemical polymerization, which leads to thin 
coatings firmly attached to the substrate, that in the electro-
synthetic process is used as working electrode [15-22]. 

This work represents a further development of 
previous studies devoted to the identification of possible 
modification of  titanium (Ti) implant surfaces for 
the delivery of active molecules directly at the site of 
infection, through a polymeric coating [18-20, 22]. 

On the basis of these former experiences, here we 
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Apparatus
All electrochemical experiments were carried out using a 

PAR 273 potentiostat-galvanostat (EG&G Princeton Applied 
Research) and a three-compartments cell. A schematic 
description of the cell was already reported [16]. Cathodic and 
anodic compartments were connected by a glass frit of medium 
porosity. Titanium sheets (10x10 mm2) were used as working 
electrodes and dipped into the cathodic side cell compartment, 
while the RVC auxiliary electrode was secured in the anodic one. 
The Ag/AgCl (KCl sat.) reference electrode was introduced in 
close proximity to the working electrode by a Luggin’s capillary. 
In the present work, all potentials are referred to the reference 
system used: Ag/AgCl (KCl sat.) (0.199 V vs. SHE).

Electrochemical polymerization
Electrochemical polymerizations were carried out 

accordingly to a procedure described in previous works [16,18]. 
Briefly, the cathodic compartment was filled with 0.1 M 
(NH4)2S2O8 aqueous electrolyte solutions containing 0.1 M of 
macromer, whilst the anolyte was 0.025 M H2SO4. The potential 
was cycled between 0.0 V and a final potential of -0.9V or -1.2V 
(see below), using 20 cycles (scan rate 100 mV/s).

The catholyte was purged with nitrogen for 10 minutes 
before any electrosynthesis. During the electrosynthesis, carried 
out at room temperature, nitrogen purged the air above the 
catholyte. At the end of electrosynthesis, Ti working electrodes 
were removed immediately, washed with distilled water and 
then dried with a nitrogen flux.

XPS analysis
X-ray Photoelectron Spectroscopy (XPS) spectra were 

obtained using a ThermoVG Thetaprobe spectrometer, equipped 
with a microspot monochromatised AlKa source. The AlKa 
line (1486.6 eV) was used throughout the work and the base 
pressure of the instrument was 10-9 mbar. Survey scans (binding 
energy range 0-1200 eV, FAT mode, pass energy = 150 eV) and 
detailed spectra (FAT mode, pass energy = 50 eV) were recorded 
for each sample. Data analysis of the latter was performed using 
the Avantage software package, which consists of a non-linear 
least-squares fitting program. In all the cases the experimental 
points of the detailed spectra were fitted by gaussian-lorentzian 
peaks having the same full width at half maximum, starting from 

chose a lower molecular weight poly(ethylene glycol 
diacrylate) (PEGDA) macromer as a potential carrier 
for vancomycin, an effective drug against methicillin-
resistant S. aureus (MRSA) [23] and ceftriaxone (a third-
generation cephalosporin) [24], since cephalosporins are 
the most frequently used antibiotics in dental postoperative 
prophylaxis.   

Antibiotic loadings within hydrogel coatings were 
obtained using two different procedures: 1) entrapment 
of the antibiotic during electrosynthesis, i.e. adding the 
drug to the monomer solution; 2) post-electrosynthesis 
antibiotic loading, dipping the hydrogel coated Ti sheets 
in a solution containing an appropriate antibiotic amount.

X-ray Photoelectron Spectroscopy (XPS) and  High 
Performance Liquid Chromatography (HPLC) were 
employed to perform coating characterization and to 
estimate the amount of antibiotic released from the 
hydrogel networks. Microbiological tests were carried out 
on MRSA ATCC 33591 strain, evaluating the antibiotic 
growth inhibition properties and the coating efficacy as 
drug delivery systems. 

MATERIAL AND METHODS

Chemicals 
Hydrogels were obtained on titanium substrates by 

electrosynthesis of poly(ethylene-glycol diacrylate) with average 
Mn = 575 g/mol (PEGDA) (SIGMA). Titanium (SIGMA) 
electrodes were mechanically polished by fine diamond paper 
and then by Al2O3 powder (50 mm). After this treatment, 
before polymer deposition, each electrode was cleaned by an 
ultrasonic bath using ethanol and successively triply distilled 
water. Reticulated vitreous carbon (RVC) was cut to size and 
used as the anode in all electropolymerizations, without further 
modification.

Vancomycin hydrochloride (Sigma Aldrich) MW = 1485.71 
g/mol and ceftriaxone disodium salt hemi(heptahydrate) MW 
= 661.60 g/mol (Sigma Aldrich), were stored at 4°C and used 
without further modification. The chemical structure of the 
employed antibiotics is reported in Figure 1. 

Fig. 1. Chemical structure of vancomycin (A) and ceftriaxone (B).
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the amount of drug released, but just to have an on/off response 
of the effectiveness of the antibiotic-modified drug delivery 
systems developed. For each antibiotic-modified Ti sheets, 
three experiments were performed in the same conditions; the 
inhibition zone diameter was calculated as the mean value and 
error was estimated by standard deviation.

RESULTS AND DISCUSSION

XPS analysis
A detailed XPS characterization of the 

electrosynthesized PHEMA- and PEGDA-based 
hydrogel films has been carried out in a previous work 
[18]. In particular, using a PEGDA macromer with a 
mean molecular weight of 700 g/mol, it was expected 
the obtainment of an average presence of 13 ethylene 
glycol units in each macromer. In contrast, XPS analysis 
demonstrated that the electrosynthesized hydrogel was 
constituted by macromers with shorter PEG chains (equal 
to 10.1 ± 1.6 EG units/macromer).

On the basis of this consideration, in this work, in 
order to obtain more compact and adherent hydrogel 
coatings, a PEGDA macromer with shorter PEG chains 
(mean molecular weight 575 g/mol) has been used, with 
a theoretical average ethylene glycol (EG) units of 10. 
The obtained PEGDA coatings appeared more adherent 
and underwent no peeling-off with respect to the previous 
investigated PEGDA system [18]. XPS analysis was 
employed to estimate the average PEG chain length. 
The PEGDA C1s signal curve fitting analysis is shown 
in Figure 2. C1s signal was fitted with four components, 
whose attributions were reported in Table 1. The area 
ratio between peaks A:B:C:D was 2.7 : 1.0 : 7.4 : 1.0 
and indicated that XPS stoichiometric value relevant to 
macromer EG units (peak C) was equal to 7.4 ± 0.7. This 
finding suggests that the electrosynthesized hydrogel was 
obtained by macromers with shorter PEG chains (i.e. 
containing 7.4 vs 10 EG units).

HPLC detection
A quantitative detection of the vancomycin released 

from the hydrogel coatings was obtained by HPLC 
analysis. UV-detection HPLC without pre- or post-
column derivatization was employed. Six replicates for 
all the investigated systems were prepared, using both the 
during- and the post-electrosynthesis loading procedures. 
The amount of vancomycin released from antibiotic-
loaded PEGDA coatings in PBS solution (pH= 7.4) 
has been evaluated after 24h. A blank experiment was 
performed by analysing solution after 24h of immersion 
of unloaded PEGDA covered Ti sheets. HPLC results, 
were summarized in Table 2. 

At this stage of our investigations, the quantitative 
information obtained by the in vitro simulation of the 

models already applied. Quantification was performed using 
peaks areas; comparison between data from different elements 
was possible after correction (division) by empirically derived 
atomic sensitivity factors [25].

Antibiotics loading in hydrogel coatings
When molecules were loaded in the hydrogel coatings 

during their growth (i.e. during electrosynthesis), antibiotics  
were added in the catholyte with a concentration of 100 ppm. In 
this case, the electrochemical parameters were accurately chosen 
in order to found the best conditions for the integrity of these 
drugs during the electrosynthesis. In particular, for vancomycin, 
the final potential was -0.9V while for ceftriaxone was -1.2V.

An alternative, post-electrosynthetic antibiotic loading 
procedure was also evaluated. In this case, the electrosynthesized 
hydrogel films were dipped in an aqueous solution containing a 
100 ppm of antibiotic for 2 hours. 

HPLC analysis of the antibiotic release from antibiotic-modified 
hydrogel coatings 

Preliminary HPLC measurements have been performed 
on vancomycin- or ceftriaxone-loaded samples. The HPLC 
experiments were carried out using a liquid chromatograph 
at high performance (Agilent Technologies Ltd) Model 1100, 
having a mobile phase degassing module, a pump, an auto-
sampler in which the injector Rheodyne with a 100 ml loop was 
accommodated. The chromatographic separation was allowed 
by a Restek RP-C18 analytical column (5 mm, 250 mm x 4.6 
mm internal diameter). The detector used was a DAD (Agilent 
Technologies Ltd. mod. 1100) with BIORAD software for signal 
analysis.

As far as vancomycin detection is concerned, isocratic 
elution was carried out thermostating the column at 30 °C, for a 
flow rate of 1.5 mL/min. Mobile phase was PBS (0.05 M): ACN: 
methanol (84: 8: 8), while the DAD was set at a wavelength of 
215 nm [26].

For ceftriaxone detection, the mobile phase was composed 
by PBS (0.1M): ACN (10:90). The pH of the mobile phase was 
adjusted to 7.5 using ammonia solution. The DAD was set at a 
wavelength of 270 nm [27].

Evaluation of in vitro antibacterial activity 
Samples were previously sterilized by UV radiation for 1 

h/sheet side. Antibiotic-modified Ti sheets were immersed in a 
bacteria suspension that has been performed adding one to two 
colonies of MRSA ATCC 33591 culture into 2 mL of 8.5% NaCl 
physiological solution, in order to get an initial concentration 
of  colony-forming units (CFU)/mL of 2.9 x 108. Bacterial 
suspension was then diluted 1:10, and a sterile swab soaked in 
this suspension was streaked on plate count agar (Oxoid) in Petri 
dishes. Each different antibiotic-modified hydrogel Ti coating 
sheet was dispensed onto the agar plate. Unmodified hydrogel 
Ti coating sheet was used as negative control. The bacteria were 
grown overnight at 37°C and then the antibiotic release was 
verified evaluating the inhibition zone diameter after 24h.

Vancomycin and ceftriaxone sensitivity was preliminary 
assessed measuring zones of inhibition on agar plates. These tests 
have not been utilised to obtain a quantitative information on 
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modified Ti sheets are reported in Table 3. 
In Figure 3 the MRSA inhibition growth haloes due 

to the antibiotics release at 24h from PEGDA-modified 
Ti sheets have been reported. It can be underlined that, as 
suggested by Clinical and Laboratory Standards Institute 
(CLSI-Document M100), the vancomycin minimal 
inhibition concentration (MIC) against MRSA is lower 
than that of ceftriaxone.

In this study, it was observed that in the case of 
vancomycin, positive results were obtained irrespectively 
to the antibiotic loading procedure employed (see Figure 
3 A and B). This suggests that the vancomycin amount 
loaded “during” or “post” electrosynthesis is enough to 
inhibit the bacterial growth. Anyway, in agreement with 
our previous experience [19], the “post” electrosynthesis 
antibiotic loading procedure is more effective than the 
“during” one.

As far as ceftriaxone-loaded coatings are concerned, 
no inhibition in MRSA growth was detected when the 
antibiotic was loaded during electrosynthesis, revealing 
that this loading method is not effective for the entrapment 
in the hydrogel coating of a ceftriaxone concentration 
able to kill the tested bacteria. In this respect, a possible 
structure modification of the entrapped ceftriaxone 
molecules in the “during-electrosynthesis” loading could 
not be excluded, even if this procedure has been accurately 
chosen taking into account the electrochemical parameters 
able to avoid any electroactivity of this molecule . On the 
other hand, employing the “post electrosynthesis” loading 
method for ceftriaxone, a significant inhibition zone was 
detected. 

Moreover, these in vitro antibacterial tests resulted in 
good agreement with the above reported antibiotic release 
analyses performed by HPLC.

We can conclude that vancomycin-loaded coatings 
represent the most interesting local antibiotic release 
system, independently from the loading method employed. 
Alternatively, the hydrogel coating modified by ceftriaxone 
“post electrosynthesis” could be a potential antimicrobial 
coating for dental prosthetic devices.

drug release was used to verify a possible relationship 
between the amount of antibiotic released and MRSA 
growth inhibition. Work is in progress to investigate both 
vancomycin and ceftriaxone release kinetics from PEGDA 
coating by HPLC analysis and to determine a quantitative

relationship that could clarify how the inhibition of 
MRSA growth is affected by the concentration of each 
antibiotic employed.

In vitro antibacterial activity 
The screening of the efficacy of the two different 

antibiotics, vancomycin and ceftriaxone, and the release 
properties of PEGDA electrosynthesized hydrogel 
coatings were performed by in vitro tests against MRSA 
ATCC 33591.

Unloaded PEGDA thin hydrogel coatings on Ti 
sheets were exposed to bacteria suspension in the same 
experimental condition adopted for antibiotic-loaded 
hydrogel coatings. It can be observed that any biological 
activity can be ascribable to the sole polymer matrix. The 
results obtained from the two antibiotic loaded PEGDA-
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Table I 
Attribution B.E: (eV) 

(PEGDA)
A:   –CHx 285.0 

B:   –C-C(=O)OR 285.7 
C:   –COC 286.5 

D:    –C(=O)OR 289.0 
Attributions and binding energy values relevant to C1s 
signal curve-fitting analysis reported in Figure 2.

Table II. HPLC detection of vancomycin and ceftriaxone amounts (g/mL)
released from PEGDA hydrogel coatings after 24h

Antibiotic loading 
procedure

Vancomycin loaded-
PEGDA

Ceftriaxone

loaded-PEGDA

During electrosynthesis  4.0 ± 1.9 0.29± 0.13 

Post electrosynthesis 10.0 ± 1.4 5.5 ± 1.6 

Data are reported as mean ± SD  

Fig. 2. Typical Carbon 1s XPS signal recorded on PEGDA 
hydrogel coating electrosynthesized on titanium. Components 
and resultant obtained from curve fitting analysis are also shown. 

Table I. Attributions and binding energy values relevant to C1s signal curve-fitting analysis reported in Figure 2.

S. COMETA ET AL.
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hydrogel film has been proposed as a bioactive titanium 
implants coating. Two antibiotics, vancomycin and 
ceftriaxone, which are frequently used in orthopedic 
an dental postoperative antibiotic prophylaxis, 
were successfully entrapped into hydrogel coatings 
electrosynthesized onto titanium substrates. The release 
and efficacy of these local antibiotic delivery systems 
have been also evaluated by in vitro test against MRSA, 
confirming that antibiotic-modified hydrogel coatings, 
especially with vancomycin, could represent an effective 
approach in order to prevent oral bacterial infections 
frequently related to oral and maxillofacial surgery. HPLC 
data showed the efficacy of the antibiotic amount released 
from the hydrogel network. 

As future perspective, the toxic properties of 
PEGDA will be investigated in order to ascertain the 
biocompatibility of these electrosynthesized hydrogels. 
In this way, it will be possible to obtain a biocompatible 
coating endowed with antibacterial activity and able 
to support cell functions pertinent to bone remodelling 

Overall these results, even though stimulating from 
a microbiological point of view, needs to be further 
investigated tacking into account problems related to 
the surrounding oral tissue, which could be affected by 
antibiotic release.  Our  previous experiences [19, 20] on 
the use of this type of hydrogels and of another antibiotic 
(i.e. ciprofloxacin) showed a good biocompatibility of 
MG63 osteoblast-like cells. During implantation, cells 
that could be affected by the presence of coatings endowed 
with an antibacterial activity are, however, not only 
that involved in bone remodelling (i.e. osteoblasts, pre-
osteoblasts and mesenchymal stem cells [28]) but other 
cells of the oral cavity, such as gingival fibroblasts and 
cells from periodontal ligament [29]. Therefore, further 
studies are necessary to validate the clinical efficacy of the 
proposed antibacterial coatings.

CONCLUSION

In this work a new electrosynthesized polyacrylic 
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Table I 
Attribution B.E: (eV) 

(PEGDA)
A:   –CHx 285.0 

B:   –C-C(=O)OR 285.7 
C:   –COC 286.5 

D:    –C(=O)OR 289.0 
Attributions and binding energy values relevant to C1s 
signal curve-fitting analysis reported in Figure 2.

Table II. HPLC detection of vancomycin and ceftriaxone amounts (g/mL)
released from PEGDA hydrogel coatings after 24h

Antibiotic loading 
procedure

Vancomycin loaded-
PEGDA

Ceftriaxone

loaded-PEGDA

During electrosynthesis  4.0 ± 1.9 0.29± 0.13 

Post electrosynthesis 10.0 ± 1.4 5.5 ± 1.6 

Data are reported as mean ± SD  

Table II. HPLC detection of vancomycin and ceftriaxone amounts (μg/mL) released from PEGDA hydrogel coatings after 24h.
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Table III. Diameter of inhibition zone (cm) of the different drug loading 
procedures and antibiotics employed against MRSA.

Antibiotic loading 
procedure

Vancomycin   inhibition
haloe

Ceftriaxone   inhibition
haloe )

During electrosynthesis  2.0±0.2 no halo 

Post electrosynthesis 3.0 ±0.7 2.5±0.2 

Data are reported as mean ± SD of  three experiments performed in the same 
conditions.

Table III. Diameter of inhibition zone (cm) of the different drug loading procedures and antibiotics employed against MRSA.
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during implant osseointegration. 
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We here describe a new technique for making a definitive impression that we refer to as the two-step impression/
injection technique. This technique initially follows the classical one-step putty/ light-body impression technique 
with the polymerization of the putty and the light-body compound. This is then followed by the second step: 
injection of extra-light-body compound into the preparation through a hole in the metal stock tray. The aim of 
this additional step is to control the wash bulk and minimize the changes that can produce unfavorable impression 
results. This new two-step impression/injection technique allows displacement of soft tissues, such as the tongue, 
during the first seating of the putty and wash materials, while in the second step, the extra-light-body compound 
records all of the finer details without being compressed.

TWO-STEP IMPRESSION/ INJECTION, AN ALTERNATIVE PUTTY/ WASH IMPRESSION 
TECHNIQUE: CASE REPORT

S. CAPUTI, G. MURMURA, B. SINJARI, G. VARVARA

Department of Medical, Oral and Biotechnological Sciences, Dental School, “G. d’Annunzio” University of 
Chieti–Pescara, Italy.

Impression techniques that use dual-phase materials, 
such as the putty and light-body impression technique, 
can be accomplished in one or two steps. In these one-step 
and two-step techniques, only the light-body compound 
should cover the entire preparation, although this cannot 
always be accomplished clinically (1,2). The classical 
two-step putty/ light-body impression technique has 
been reported to be more accurate than the 1-step putty/ 
light-body impression technique (2,3). In these two-
steps, the light-body stage is carried out after the putty 
has polymerized and contracted; therefore, any further 
contraction of the light-body compound leads to minimal 
dimensional changes (4,5).

The one-step putty/ light-body impression technique 
has also been criticized because of the uncontrolled bulk 
of the light-body compound (6-13). By diminishing the 
volume of the polymerizing compound at each stage, the 
final contraction will also be reduced, and the accuracy 
of the impression can be improved (7). The putty in the 
one-step impression technique also tends to push the light-
body wash off the prepared tooth, and thus critical areas, 
such as the finish line, can be covered by the putty, which 
cannot record details to a satisfactory level (2,8-11). For 
this reason, even studies where the one-step impression 
technique has been seen to be as accurate as the classical 
two-step impression technique, concerns have been raised 

about surface defects when using the one-step impression 
technique (9). 

Another difficulty with the one-step impression 
technique is that once the light body is on the preparation, 
the putty needs to be brought into position and seated. 
During this critical phase, the patient’s tongue or floor 
of the mouth can remove the light-body compound from 
the tooth. The classical two-step impression technique 
largely allows these problems to be overcome, but it can 
be associated with the creation of an occlusal step, as 
some light-body compound can spread along the occlusal 
surface during the reseating of the putty (10). Moreover, 
the light-body compound is displaced during this second 
step, and this can generate distortions that result in 
reduced dimensional accuracy of the impression. It has 
also been reported that the wash material can displace 
the preliminary putty impression during the seating, and 
afterwards, elastic recovery of the putty can occur upon 
removal of the impression, resulting in a tendency towards 
larger inter-abutment distances (9).

Considering the problems that can be associated 
with these techniques, although the classical two-step 
impression technique shows a number of advantages, 
further improvements to dimensional accuracy can be 
achieved with our novel two-step putty/ light-body 
impression/ injection technique. We recently described 
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the principles of this new two-step impression/ injection 
technique in an in-vitro study (12). In this previous study, 
the initial polymerization of the putty and the light-
body compound was as for the classical one-step putty/ 
light-body impression technique, but this was followed 
by the injection of extra-light-body compound into the 
preparation through a hole in the metal stock tray. The 
aim of the present study is to present this alternative two-
step putty/ light-body impression/ injection technique in 
the patient. 

CASE DESCRIPTION 

The following case report illustrates the use of this 
new definitive impression technique. A healthy 40-year-
old patient came to the Department of Prosthetic 
Dentistry at the University “G. d’Annunzio” concerned 
about a restoration on the upper left first molar. Clinical 
examination and radiographic evaluation were performed. 
The proposed treatment plan include removing the existing 
restoration and some decay, followed by endodontic 
therapy and post-endodontic restoration. A supra gingival 
Chamfer (# 165 018; Komet, Lemgo, Switzerland) 
preparation of the margin was then performed (Figure 
1A). A temporary crown was seated and an appointment 
for the impression taking was given for 3 weeks later. 

The technique used for capturing the impression of 
the preparation involved the selection of a stock tray 
appropriate for the dental arch for the impression. First, 
a 1-step impression was performed, with the putty 
and light-body compound (Aquasil; Dentsply, York, 
Pa), simultaneously (Figure 1B). After removing the 
preliminary impression tray from the mouth, a hole was 
made through the polymerized compound with a carbide 
bur (187 023, Komet, Lemgo, Switzerland). This hole was 
positioned at the most coronal end (edge) of the prepared 
abutment, so as to coincide with one of the holes in the 

stock tray (Figure 2A). The selected hole on the stock tray 
was circled with ink to facilitate its identification during 
the following procedures, and a thin section of the inter-
dental compound was taken off the impression using the 
same carbide bur (Figure 2B). After this, extra-light-body 
compound (Aquasil; Dentsply, York, Pa) was syringed 
onto the prepared abutment and the adjacent teeth, and 
into the preliminary impression. Then the impression tray 
was re-inserted in the same position. Further extra-light-
body compound was placed in a syringe (Elastomer, ESPE 
Dental AG, Seefeld, Germany) and injected through the 
hole marked on the abutment (Figure 3), while holding 
down the impression tray, to prevent it from lifting off the 
teeth. The impression was left in situ to polymerize for 
the time period recommended by the manufacturer. The 
impression tray was then removed from the mouth and 
examined for accuracy (Figure 4). 

DISCUSSION

In the present study, we can see that in the patient, this 
new two-step impression/ injection technique allows the 
displacement of soft tissues, such as the tongue, during 
the first seating of the putty and wash materials, while in 
the second step, the super-light-body compound records 
all of the finer details without being compressed. Another 
aspect that we believe will also be of advantage is that 
greater pressure can be created, forcing the super-light-
body compound to penetrate into the gingival sulcus more 
easily. The disadvantage of this technique is that it is time-
sensitive and requires coordination between the clinician 
and dental assistant for the injection of the extra-light-
body compound. Also, overall, it is more time-consuming 
when compared to the classical two-step putty/ light-body 
impression technique. Despite these timing and time 
limitations, however, in the patient, this new two-step 
impression/ injection technique provides much greater 

Fig. 1. The dental preparation (A), and the preliminary impression (B).
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accuracy in the recording of the details due to the use 
of the very fluid super-light-body compound. Moreover, 
there is no extra cost involved for the patient and for the 
clinic, in terms of the use of stock trays. 

When making impressions, dimensional accuracy is 
crucial to the quality of the fixed prosthodontic treatment, 
and the impression technique is a critical factor that 
can affect the accuracy. This new two-step impression/ 
injection technique appears to be the most dimensionally 
accurate impression method in terms of the resultant 
casts, and it allows a very precise dental prosthesis to be 
achieved. 
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Fig. 4. Detail of the definitive impression surface of one of the 
abutment teeth.
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This report presents a case of a patient who developed a mandibular premolar supernumerary tooth after 
14 years of age. Panoramic radiographs show the complete absence of the tooth (or tooth lacuna) at 14 years of 
age, and the crown as 50% developed at 17 years of age. The panoramic radiograph and computed tomography 
show dislocation of the roots of the adjacent teeth and a morphology similar to a premolar. Although the patient 
concluded the orthodontic treatment just before the premolar detection on any panoramic radiograph, the parents 
of the patient complained about the poor information received from the orthodontist.  

LATE DEVELOPMENT OF A SUPERNUMERARY PREMOLAR IN A 17-YEAR-OLD FEMALE: 
TIMING OF MINERALIZATION AND MEDICOLEGAL CONSIDERATIONS

V. PINCHI1, G. VARVARA2,*, L. FARESE1, GA. NORELLI1

1Departmental Section of Legal Medicine, University of Florence, Italy
2Department of Medical, Oral and Biotechnological Sciences, Dental School, “G. d’Annunzio”

University of Chieti–Pescara, Chieti, Italy.

Supernumerary teeth are generally defined as teeth 
formed in excess of the normal configuration and number 
(1, 2). Single or multiple supernumerary teeth occur more 
frequently in males than in females (3). They can occur in 
both arches, but different relative prevalences have been 
reported in the literature. Some studies have reported that 
the mandibular premolar area is most frequently affected 
(2), whilst others have described the highest recurrence 
of supernumerary teeth as pre-maxilla (4). Therefore, 
supernumerary premolars are more frequent as mandibular 
than maxillary, and lower supernumerary teeth mimic the 
normal shape and volume (5). 

Supernumerary bicuspids start late in development 
and in the literature most reports have described cases 
of the development of supernumerary teeth in children 
aged between 7 and 14 years (1-5). Often the precise age 
of appearance of supernumerary teeth and their rate of 
development are not recorded due to a lack of close serial 
X-rays (1-5). Whenever neglected, the development of 
supernumerary teeth can cause complications, such as root 
resorption, impaction or malpositioning of the adjacent 
teeth, and cyst or ameloblastoma formation (6). Hence 
the age of the possible appearance of a supernumerary 
tooth and the rate of its mineralization are crucial points 
for clinicians to plan follow-up examinations and possible 
interventions.

Although the occurrence of supernumerary teeth 

is a phenomenon that is well reported in the literature, 
very few cases have focused on the late development of 
supernumerary teeth during adolescence (7). The present 
clinical case describes a supernumerary premolar that 
started development after the patient had reached 14 
years of age. Two series of relatively close radiographic 
examinations allowed a description of the development 
timing from stage zero (absence of the tooth lacuna) 
to the stage of crown mineralized at 50%. This case 
risked a possible medicolegal claim, so the potential 
medicolegal issues connected with the appearance of such 
a supernumerary tooth after the conclusion of orthodontic 
treatment require specific discussion.

CASE REPORT

A 14-year-old female started orthodontic treatment 
for a malocclusion. The girl had her first menstruation 
when she was 12 years old, and the medical and familiar 
histories were unremarkable. A panoramic radiograph 
was requested by the orthodontist (Fig. 1), the dental 
arches were photographed, and the orthodontic procedure 
provided two arches of full bandage. After three years, 
when the orthodontic treatment was nearly at a conclusion, 
the patient went to an osteopath because of some pain 
in the lumbar region. A new panoramic radiograph was 
then requested, and a developing supernumerary tooth in 
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mandible region 34-35 was detected (Fig. 2). The tooth 
crown was shaped as a premolar and the roots of the 
adjacent teeth were remarkably diverging. The parents 
of the patient returned to the orthodontist complaining 
about the lack of information about the presence of the 
supernumerary tooth. The orthodontist retrieved the 
panoramic radiograph taken at the beginning of the 
treatment and explained that the tooth was actually not 
present at that time. The patient underwent computed 
tomography (Fig. 3) of the mandible and surgical removal 
of the tooth was performed without complications. The 
morphology of the tissues and the histological examination 
confirmed that they were dental tissues of a tooth. 

DISCUSSION

This is a case report of the very late development 
of a supernumerary lower premolar in a healthy 
17-year-old female. At 14 years of age, she had started 
orthodontic treatment that lasted for three years without 
any complications, and with the accomplishment of the 
foreseen results. Then, a panoramic radiograph taken at the 
age of 17 years revealed the presence of a supernumerary 
tooth developing in the mandible bone between the roots 
of the two bicuspids. However, this was not present in 
the panoramic radiograph taken when the patient was 14 
years old. Applying the Moorees scale to assess the stage 
of dental mineralization, the supernumerary premolar was 
at stage C ½ (50% of the crown) in the second panoramic 
radiograph (8). According to Moorees et al., a normal 
regularly developing premolar crown takes an average 
of 2.5 years to mineralize from the earliest stages (the 
tooth lacuna) to stage C ½ in the case of a first premolar, 

and 1.5 years if it was a second premolar (9). As three 
years had passed between the first and second panoramic 
radiographs, the supernumerary tooth appeared to have 
undergone regular development.

At first glance, this finding is quite different from 
the case reported by Leonardi et al., who described the 
rapid development of a supernumerary premolar over 
nine months (10). Indeed, even in this previous case, the 
Authors indicated that a more accurate re-examination of 
the first panoramic radiograph revealed the thin band of 
dental enamel of the developing supernumerary tooth, so 
that the appearance of the tooth should be dated earlier. 

Supernumerary teeth tend to start their development 
later than the normal corresponding teeth, and forming 
supernumerary premolars have been found in subjects aged 
between 11 and 16 years (4). Therefore, most case reports 
deal with supernumerary premolars that show an advanced 
or completed crown in patients younger than 14 years (5). 
Shneider et al. described two conical supernumerary teeth 
that erupted in a 16-year-old male, but neither the images 
nor the description of the case allow it to be inferred whether 
the teeth were forming or were indeed completely calcified 
(11). A supernumerary premolar was detected by Gibson 
in the panoramic radiograph of a 20-year-old female (12). 
Since the supernumerary bicuspid was completely calcified 
in the second panoramic radiograph, no discussion about 
the age when the formation started or the rate of the 
calcification was possible. 

From this point of view, the present case appears 
relatively rare, as in this female subject, who had reached 
her puberty peak 2 years before, the supernumerary tooth 
started to form after 14 years of age. Furthermore, the 
tooth development appears to have proceeded at a regular 

Fig. 1. The panoramic radiograph taken before the orthodontic treatment (April 2009). The female patient was 14 years 
old at the time. No evidence of supernumerary teeth can be seen. 
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permanent dentition. The tooth showed a very delayed 
formation time also with respect to the third molars, and 
it would have completed the root after the patient reached 
25 years of age, as the average time needed for the regular 
development of a premolar is about 11 years (13). 

The management of supernumerary teeth depends 
on the type, position and the decision whether or not to 
intervene, with surgical removal resulting from a balance 
between the possible surgical complications with those 
connected with the maintenance of the tooth and the 
periodic radiographic follow-up (14). In this case, no 
risk increase was deemed to be connected with the actual 

rate, thus attaining only the first stage of crown formation 
by 17 years. Moreover, the moment of appearance of 
this supernumerary tooth was delayed until after the 
completion of all of the other teeth, except the third 
molars. In particular, all of the four premolars showed 
completely built apices in the first panoramic radiograph 
(Fig. 1). These findings suggest that it is not likely that 
the supernumerary tooth was the result of dycothomia 
of the dental tooth bud. On the contrary, the findings of 
a tooth with a shape and mineralization rate similar to 
a normal premolar are compatible with possible local 
hyperactivity in the dental lamina that resulted in post-

Fig. 2. The second panoramic radiograph taken after three years (April 2012) reveals the late development of a mandibular 
supernumerary premolar. The tooth crown shows the early stages of calcification. 

Fig. 3. The computed tomography cross-sectional images show that the developing crown of the supernumerary premolar 
had a slight lingual displacement, and that it was moving the roots of the adjacent bicuspids without any remarkable 
evidence of root resorption. The crown was at a safe distance from the alveolar nerve emergence.
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germectomy of the supernumerary tooth, which was 
otherwise moving the adjacent roots. 

The disclosure of this forming tooth left the parents 
of the patient astonished, who argued that this constituted 
prima-facie negligence on the part of the orthodontist. 
This comes with the assumption that the tooth was 
previously detectable and that the orthodontist had 
failed to correctly diagnose it and to properly inform the 
patient and her family. However, the re-examination of 
the panoramic radiograph taken before the orthodontic 
treatment and correctly maintained in the dental files of 
the patient allowed the demonstration of the occurrence of 
the rare and very delayed formation of the tooth, and thus 
to exclude any suspicions of misdiagnosis on the part of 
the dental practitioner. Furthermore, the abnormal tooth 
formation cannot have been even remotely foreseen by 
the orthodontist, so that no specific information had to be 
provided to the patient. 

In this specific case, a detailed explanation supplied 
to the patient and her parents sufficed to avoid any 
dispute with the orthodontist, so that the relationship 
based on trust was quickly re-established and the patient 
is completing her orthodontic treatment. As reported 
in the literature that focuses on dental claims, this case 
demonstrates the need for the maintenance of good patient 
records, thereby allowing the dentist to explain fully what 
had happened during the treatment. This allowed full and 
proper communication with the patient, which can be a 
tricky point when there is the need to prevent or to better 
manage the possible of a conflict arising (15, 16).
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The recently introduced ultrasonic osteotome procedure is an alternative to conventional rotatory burs. The 
aim of this study was to establish the differences between two ultrasonic osteotomes and conventional rotatory 
burs, in order to perform micromorphological and histological analyses of osteotomized bone surfaces. Bony 
samples were taken from adult bovine ribs including both the cortical and marrow bone. Soft tissues have been 
removed  and the bone pieces were divided into four groups, to test four devices: a conventional osteotomy round 
bur, a Lindeman bur and piezoelectric osteotomes ES007 and the T-Black. Each device performed cuts that  were 
examined via scanning electron microscope (SEM) and light microscopy (LM) to check respectively cut precision 
and bone architecture all along the defect borders. SEM analysis of specimens showed that burs created defects 
of greater width and with irregular edges while those produced by ultrasonic osteotomes were narrow and had 
mostly smooth cutting surfaces. The edges of incisions made by drills were full of bone fragments while less bone 
chips were observed on piezoincision’s ones. Dimensions of fragments were wider if cuts were made by burs too. 
LM analysis of samples showed  focally, delicate bony trabecules crushed and pressed into the bone marrow in 
cutting made by burs. Samples cut by ultrasonic devices showed small or no smear layer and only partial or no 
crushed trabecules. Osteocytes seemed to be intact all along the cutting surface in all samples observed. In the 
present study, according to literature, ultrasonic surgery‘s validity is confirmed. As a matter of fact, the greater 
the number of bone chips products, the greater the magnitude of the inflammatory process induced, as well as the 
possibility of a greater bone loss and delay in wound healing near the osteotomized area.

MICROMORPHOMETRICAL AND HISTOLOGICAL ANALYSES USING TWO DIFFERENT 
OSCILLATING OSTEOTOMY TECHNIQUES COMPARED WITH CONVENTIONAL ROTARY 

OSTEOTOMY.

G. PERFETTI, I. DE TULLIO, D. BERARDI, D. DI IORIO, G. SPOTO, A. SCARANO

Department of Medical, Oral and Biotechnology Sciences, University of Chieti-Pescara, Chieti, Italy.

Ultrasonic surgery uses modulated ultrasonic vibration 
to let controlled cutting of bony structures (1). The main 
advantages of piezosurgery include soft tissue protection, 
optimal visibility in the surgical field, decreased blood 
loss, less vibration and noise, increased comfort for the 
patient and protection of tooth structure. To date it has 
been indicationed for use in oral and maxillofacial surgery, 
otorhinolaryngology, neurosurgery, ophthalmology, 
traumatology and orthopaedics (2). The aim of the study 
was to establish the differences between two ultrasonic 
osteotomes and conventional rotatory burs in order to 
perform micromorphological and histological analyses 
of osteotomized bone surfaces(3). Qualitative analysis 
evaluated these parameters: cutting precision, presence of 
fragments / debris (3,4), architectural integrity of the bone 
and osteocytes adjacent to the cutting area. Quantitative 
analysis evaluated these parameters: thickness of the 

smear layer and bone density percentage of debris on the 
cut surface.

METHODS

Forty four fresh bony samples were taken from ten adult 
bovine ribs collected within 1 h post-mortem (4). The samples 
included both the cortical and marrow bone. Soft tissues have 
been removed (connective tissue and periosteum) and then 
samples have been stored for 1-2 days at a temperature of 4 ° C. 
These were cut along the major axis and then along the minor 
axis, to obtain 48 pieces of rectangular shape having dimensions 
of width and height respectively 2cm x 1cm and thickness 
comprising the two cortical and medulla. The bone pieces were 
divided into four groups, each group consisting of twelve samples. 
The cuts were conducted at a distance of 0.5 cm between them 
and from the lateral margins of the sample, at the depth necessary 
for reaching up to the bone marrow and in order to cover the 
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entire cortex. So we obtained thirty-six cuts for each group. The 
four groups correspond to four different instruments tested in 
this study: a conventional osteotomy round bur (Komet, Lemgo, 
Germany), a Lindeman bur  (Komet, Lemgo, Germany) (both 
used on low-speed hand piece and under constant irrigation) (5) 
and piezoelectric osteotomes ES007 and the T-Black (the same 
device ES007 covered in medical polished steel ) (ESACROM 
Surgysonic Moto®). Piezoelectric osteotomes were used under 
constant irrigation of sterile and refrigerated (4-6°C) saline 
solution and power and vibration were set respectively to 40 
(according to the scale set by the device) and 80 microns (Figure 
1). Each device performed three cuts for sample (Figures 2, 
3, 4, 5). The samples obtained were fixed in a volume of 10% 
buffered formalin (4) equal to approximately 5 times its own, for 
about 18 to 24 hours. The prepared surfaces were examined via 
scanning electron microscope (SEM) (6) and light microscopy 
(LM) to check respectively cutting surfaces and cut precision 
and bone architecture all along the defect borders. 

18 histological sections for each instrument were set up to 
be monitorated at Light Microscope (LM) (Leitz LABORLUX 
S, Binocular Microscope, Leica, Germany), and 18 samples per 
instrument to be analyzed at the Scanning Electron Microscope 
(SEM) (Ages 50 XVP The B6, Carl Zeiss SMT Ltd., Cambridge, 
UK).

RESULTS

Qualitative analysis
SEM analysis of specimens showed that round burs 

created defects of greater width and with irregular edges. 
The edges of incisions made by this drill were full of bone 
chips and theirs dimensions were wide (Figures 6, 7) . 
Already looking at the image at low magnification, it’s 
possible to see that round bur has imprinted on cortical 
grooves (Figure 6). LM analysis of samples showed  
focally, delicate bony trabecules crushed and pressed 
into the bone marrow in cutting made by round burs. At 
higher magnification on the  irregular cutting surface was 
possible to detect fragments of cortical bone and a layer of 
altered and compressed bone (approximately 45 micron), 
so as to make osteocytes little discernible (Figure 8). 
Perpendicular sections to the cutting surface confirmed the 
presence of bone chips and an irregular surface (Figures 
9 and 10). At higher magnification (40x) it is possible to 
detect portions of torn bone (Figure 10).  Finally, always 
at higher magnification, it is visible a portion of altered 
bone, with thickness of about 7-8 microns (Figures 11 and 
12).

SEM images of sections obtained with the Lindemann 
bur have detected a cutting surface more regular when 
compared with that obtained by the cutting of the round 
bur. The cutting edges are surrounded by cortical bone 
chips and torn bone (Figure 13). At higher magnification 
is also visible compression bone generated by the bur 
during cutting and debris of modest size (Figure 14). 

LM analysis of samples showed  focally, delicate bony 
trabecules crushed and pressed into the bone marrow but 
no damaged osteocytes (Figure 15).

Both sections made parallel or perpendicularly 
showed smear layer on the cutting surface which amount 
respectively 15 microns and 10 microns (Figures 15, 16).

Samples cut by ultrasonic devices showed more clear 
and regular edges (cortical ones), free from bone chips 
(Figures 17, 18, 19, 20). At higher magnification, samples 
cut by the T-Black osteotome showed the structure of a 
small blood vessel preserved in its integrity (Figure 20). 
Under LM samples cut by ultrasonic devices showed only 
partial or no crushed trabecules and intact osteocytes 
all along the cutting surface as in all sample observed 
(Figures 21, 22).

However, samples made by T-Black osteotome, 
already at low magnification, showed a very thin smear 
layer on the surface of cortical bone, with thickness of 
a few microns (about 6-7 microns) (Figure 22).  Finally, 
cutting analyzed in histological perpendicular sections, 
has revealed smooth and clear edges: there were no bone 
chips or debris and no crushed trabecules (Figures 23, 24, 
25).

Statistical analysis
Analysis of Variance (ANOVA) and, for multiple 

comparisons, the Bonferroni test were used to analyze 
data relating to the percentages of debris on each cutting 
surface (Table I). Figure 26 shows the percentages of bone 
chips on surfaces cut by different devices, each analyzed 
at both low and high magnification. There were statistical 
differences between the percentage of debris created by 
the two piezoelectric inserts (P <0.05) as well as between 
the two burs used (P <0.05). Even pair wise comparisons 
between the different instruments showed statistical 
differences (P <0.05). In particular, the round bur 
generated the highest percentage of debris, followed by 
Lindemann one and, finally, by the piezoelectric inserts, 
ES007 and then the T-Black one. Figures 27 and 28 show 
graph about smear layer thickness in respectively parallel 
LM sections and perpendicular ones.

DISCUSSION

The results reported in this work are consistent with 
most of the data currently available in the international 
literature (5, 7, 8). In fact a certain superiority of 
piezosurgery is showed in the early stages of the healing 
process of a wound made ​​with the Ultrasonic Surgery 
Device compared to conventional rotary instruments, 
both applied in the field of Bone Surgery (8, 9, 10,11,12). 
This improvement in healing phase is due to the greater 
precision and regular cut that allow to obtain less or no 
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Fig. 1. From left: round bur, Lindemann bur, piezoelectric insert 
ES007, piezoelectric insert T-Black.

Fig. 4. Execution of the cut with ES007.

Fig. 2. Execution of the cuts with round bur. Fig. 5. Execution of the cut with ES007 T-Black.

Fig.3. Execution of the cuts with Lindemann bur. Fig. 6. Round bur: SEM low magnification.
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Fig. 7. Round bur: SEM high magnification.

Fig. 8. Round bur: LM image.

Fig. 9. Round bur, LM image, perpendicular section.

Fig. 10. Round bur, LM image, perpendicular section, high ma-
gnification (40x).

Fig. 11. Round bur, particular of figure 10.

Fig. 12. Round bur, particular of figure 10.

G. PERFETTI ET AL.
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Fig. 15. Lindemann bur: LM image.

Fig. 13. Lindemann bur, SEM low magnification.

Fig. 14. Lindemann bur, SEM high magnification. Fig. 17. Piezoelectric osteotome ES007, SEM low magnification.

Fig. 16. Lindemann bur: LM image, perpendicular section.

Fig. 18. Piezoelectric osteotome ES007, SEM high magnification.
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Fig. 19. Piezoelectric osteotome ES007 T-Black, SEM low ma-
gnification.

Fig. 20. Piezoelectric osteotome ES007 T-Black, SEM high ma-
gnification.

Fig. 21. Piezoelectric osteotome ES007, LM low magnification.

Fig. 22. Piezoelectric osteotome ES007 T-Black, LM low ma-
gnification.

Fig. 23. Piezoelectric osteotome ES007, LM perpendicular sec-
tion.

Fig. 24. Piezoelectric osteotome ES007,  LM perpendicular sec-
tion.

G. PERFETTI ET AL.
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explanation at the best healing process that can be obtained 
with the instrument piezoelectric (10). Biomolecular 
analysis has shown that, in addition to the greater degree 
of bone morphogenetic proteins and the transforming 
growth factor (TGF)-BETA2  (components useful to repair 
bone in the samples treated with the piezosurgery), it was 
possible to obtain also a lower amount of pro inflammatory 
cytokines acting as TNF-alpha and interleukins -1 and 
-10, compared to samples treated with drills (10). These 
results lead us to conclude that the new method is more 
efficient in controlling inflammatory processes and in 
promoting bone healing in the early stages, because it 
stimulates tissue remodeling within the first 56 days of 
treatment (10). The improved process of healing around 
the surgical site prepared with the Ultrasonic Surgery 
Device is due to the extreme regularity of cutting edges, 
so as to respect the bony architectural (13, 14). In fact, 
even the histological sections of this study demonstrate the 
integrity of the osteocytes, perfectly cut by the instrument, 
without damage or lacerations.

In the present study, according to literature, ultrasonic 
surgery‘s validity is confirmed and it was possible to 
highlight the many benefits of using the Ultrasonic Device 
in bone surgery procedures. These consist essentially of a 
better quality of the cut made by the instrument in terms 
of precision and regularity, as it has allowed the creation 
of sharp edges, precise, smooth and free of bone debris. 
These characteristics allow less traumatic cut of tissues, 
faster healing and less bone remodeling near the cutting 
edges. In particular there were statistical differences 
between the two burs taken into consideration: the cutter 
of Lindemann appears to be more precise and effective 
in giving a clean cut. There were significant differences 
even between the two piezoelectric inserts and both were 
significantly superior compared to the drills: these are able 

bone chips.  Therefore it can be concluded that the greater 
the number of bone chips producted, the greater the 
magnitude of the inflammatory process induced (due to the 
stimulation of macrophage cells by such small fragments), 
as well as the possibility of a greater bone loss and delay in 
wound healing bone near the osteotomized surfaces.

Preti ‘s study has provided us with the concrete 

Fig. 28. Graph about smear layer thickness in perpendicular 
LM sections.

Fig. 25. Piezoelectric osteotome ES007 T-Black,  LM perpendi-
cular section.

Fig. 26. Graph of the percentage of debris. 

Fig. 27. Graph about smear layer thickness in parallel LM sec-
tions.
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to ensure a more precise and clear cut and, in particular, 
the T-Black allowed greater accuracy of all the tools taken 
into consideration.
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The present study was conducted to evaluate human pain perception at different phases of dental surgery using 
a computer controlled device, the Single Tooth Anesthesia System (STA System®), versus the traditional syringe 
technique. One hundred healthy patients participated in this single-blind split-mouth design study. Individuals 
provided pain ratings at needle insertion, delivery of anesthetic solution and tooth extraction via a numeric visual 
rating scale or NVRS. The anterior middle superior alveolar, or AMSA, injection was compared with traditional 
syringe injections in maxillary quadrants. NVRS scores for AMSA were significantly lower for the STA System® 
when compared to traditional syringe technique at needle insertion, delivery of anesthetic solution (p<0.0001) and 
also during tooth extractions (p=0.0002). A higher percentage of patients (23%) required a second injection after the 
traditional syringe technique. Subjects reported having less clinical pain with AMSA injection at every step of the 
dental surgery. The STA System® combines an anesthetic pathway and controlled flow rate resulting in virtually 
imperceptible needle insertion and injection, and a rapid onset of profound anesthesia. NVRS scoring system facilitated 
patient comprehension in assessing pain value and intensity experienced. The two anesthetic delivery techniques were 
therapeutically equivalent for maxillary injections but AMSA/computer controlled protocol significantly minimizes 
subjective pain perception at needle insertion, anesthetic delivery and during tooth extraction.

SUBJECTIVE PAIN RESPONSE TO TWO ANESTHETIC SYSTEMS IN DENTAL SURGERY: 
TRADITIONAL SYRINGE VS. A COMPUTER CONTROLLED DELIVERY SYSTEM

R. PATINI1, V. COVIELLO2, L. RAFFAELLI1, P.F. MANICONE1, S. Z. DEHKHARGANI1, F. VERDUGO3, 
G. PERFETTI4, A. D’ADDONA1

1Department of Oral Sciences, Catholic University, Rome, Italy.
2Department of Oral and Maxillofacial Sciences, “Sapienza” University of Rome,Rome, Italy.

3VA Hospital, Greater Los Angeles. Private Practice Altadena, Los Angeles, CA, USA.
4Department of Oral Sciences, University of Chieti, Italy.

Local anesthesia and pain control is one of the most 
important elements of dentistry, and particularly dental 
surgery. Fear of dental injections is a common event 
reported by patients (1-3). This fear can be a significant 
impediment to dental care because it frequently causes 
patients to delay or even avoid treatment (4). Pain arises 
from mechanical trauma of needle insertion into the 
site of injection, or from sudden tissue distension that 
follows a rapid anesthetic discharge. Pain can also be 
caused by the stimulation of the first few drops of the 
local anesthetic (5,6). Contrary to conventional ideas, 
needle tissue penetration is not the primary reason for 
pain. The anesthetic volume injected and tissue pressure 
is the main cause of distress and pain (7). Nevertheless, 
the administration of local infiltrations by conventional 
syringe injection is still the most common method 

used in dentistry to deliver the anesthetic. Recently, a 
precision-metered dental injection system called the 
STA System® (Milestone Scientific, Livingston, NJ) has 
become available. This system is the latest computer-
controlled local anesthetic delivery system that provides a 
precise injection flow-rate regardless of tissue resistance. 
The delivery process starts from a conventional 1.8 ml 
anesthetic cartridge through a plastic micro-tubing into 
a plastic handle where a luer-lok  connecting needle is 
attached. The anesthetic flow is computer-controlled 
and initiated by exerting pressure on a foot pedale. The 
pump allows administration of local anesthetic at three 
slow but constant rates, and the computer compensates 
for variation in resistance to flow (5,7). During needle 
insertion, continuous positive pressure yields a constant 
anesthetic drip that precedes the needle. The combination 



90 (S) R. PATINI ET AL.

approach following the AMSA technique. Anesthesia was 
administered by the same experienced operator. The order of 
techniques was randomly selected. The AMSA palatal injection 
site is located at a point that bisects the maxillary first and second 
premolars, and midway between the crest of gingival margin 
and mid-palatine suture. The needle is orientated at a 45 degree 
angle with the bevel facing the palatal tissue, while rotating the 
STA® needle. The AMSA is easily administered and profound 
anesthesia is achieved within approximately 5-7 minutes of 
injection. Buccal infiltrations and contralateral palatal injections 
were administered for the traditional technique. A distraction 
technique in the form of a check wiggle was employed for 
the buccal infiltration upon insertion of the syringe. For the 
traditional palatal injection, pressure was applied using a cotton 
tip applicator, similar to that used with the STA System® 
injection, before insertion of the syringe. Once anesthesia was 
achieved, tooth extractions were performed. Patients were 
blindfolded with a commonly used sleeping mask so they would 
not distinguish which anesthetic delivery system was being used. 
Anesthesia procedures and tooth extractions were completed in 
the same session according to a split-mouth design. The STA 
System® produces audible beeps as the injection is administered. 
Beeping tones cannot be turned off with a switch. Therefore, the 
beeping sound was produced during both injection methods so 
that subjects would be unable to distinguish between techniques. 
Immediately after needle insertion, delivery of local anesthetic 
and tooth extractions, patients were asked to remove their mask 
and rate the pain for both conventional and STA System® 
techniques. 

All patients received mepivacaine 3% with a vasoconstrictor 
(Carboplyina 20 mg/ml with epinephrine 1:100.000 Dentsply 
Italia srl) at a temperature of 25° C. A 1.8 mL anesthetic cartridge 
was used for both procedures (STA® vs. traditional) following 
the AMSA technique.  The local anesthetic was injected with 
a 30 gauge dental needle for both STA® (30 G handpiece 
and needle, Milestone Scientific) and traditional (Trend Ject 
0.30x21mm) injections. The products used in this study are 
presented in Figure 2.

Groups were labeled as follows: Group (Tins/del) pain 
perception scores at needle insertion and delivery of anesthetic 
solution for the traditional technique; Group (Text) pain perception 
scores at tooth extraction for the traditional technique; Group 
(Sins/del) pain perception scores at needle insertion and delivery 
of anesthetic solution for the STA® technique; Group (Sext) pain 
perception scores at tooth extraction for the STA® technique.

Descriptive analysis of data was expressed as mean ± 
standard deviation (SD). Differences in pain ratings at needle 
insertion, delivery of local anesthetic and during tooth extraction 
were analyzed using a commercially available software program 
(SPSS®, version 20.0, SPSS Inc., Chicago, IL, USA). 

RESULTS

One hundred adult patients 18 to 65 years old (mean: 
54.39 ± 21,14 years) participated in this study. The 
NVRS data are shown in Table 1. Median scores, mean 
values, minimum and maximum pain rating values 

of an anesthetic pathway and a controlled flow rate results 
in virtually imperceptible injections, rapid anesthesia 
onset (7) and decreased patient anxiety levels (4,8). 
The theory behind it is that when administered slowly, 
the drops of solution anesthetize the tissue ahead of the 
needle, thereby yielding a virtually painless process 
(4,7,8). All techniques of local intraoral anesthesia, such 
as maxillary and mandibular infiltrations, mandibular 
block (9), intraligamentary (10), anterior middle superior 
alveolar (AMSA) injection (11), and anterior superior 
alveolar (ASA) injection (12) can be performed with the 
STA System®. Maxillary teeth extending from the central 
incisor to mesiobuccal side of the first molar, and the 
associated palatal tissue, can be anesthetized with AMSA 
injection (13).

The aim of this single-blinded split-mouth design 
study is to compare traditional syringe technique versus 
computer-controlled STA® anesthetic System to evaluate 
pain perception at needle insertion, delivery of local 
anesthetic solution and during tooth extraction, in patients 
requiring at least two tooth extractions on opposite sides 
of the maxilla. 

MATERIALS AND METHOD

One hundred adult patients (52 men and 48 female) who 
needed at least two dental extractions on both left and right 
maxillary arches participated in this single-blind study at the 
Department of Oral Sciences, Catholic University of Sacred 
Heart, Rome, Italy, from March 2010 through October 2011. 
They were systemically healthy and had no contraindications to 
local anesthetics. Patients were not taking any medications that 
would alter pain perception, as determined by a written medical 
health form and oral questionnaire. Pregnant females were not 
included in the present study. All study subjects volunteered to 
participate and verbal informed consents were obtained prior 
to inception. This study was conducted in accordance with 
the Helsinki Declaration of 1975, as revised in 2000. Patients 
were informed that a computer controlled and traditional 
syringe techniques would be used for their dental procedures. 
All patients had previously experienced a conventional syringe 
technique and none had received the STA® injection. 

Pain ratings were explained to patients before injections. 
NRS, VRS and Visual Analogue Scale (VAS) systems are the 
most common pain rating scales used to evaluate patients’ 
painful sensation and behaviors in research studies (15,16,26-
29). Pain differences at needle insertion, delivery of local 
anesthetic solution and during tooth extractions were analyzed 
using a pain scale (30-32) based on Numeric Rating Scale (NRS) 
and Verbal Rating Scale (VRS) named Numeric Verbal Rating 
Scale (NVRS). Pain level descriptions were as follows: 0= no 
pain; 1-3= minimal pain; 4-6= mild pain; 7-9= severe pain; 
10= worst pain possible. Every verbal expression is graphically 
linked to a range of three numeric values (Figure 1). 

One half of the maxilla was anesthetized using the STA® 
system and the contralateral half by a traditional infiltration 
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Fig. 1. Numeric Verbal Rating Scale (NVRS).

Fig. 2. Materials used in the present study.
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TABLE 1. – Pain scores for traditional vs. computer‐controlled (STA) anesthesia delivery groups.  

  Traditional 
Pain scores 

The STA System 
Pain scores 

Tooth number*            Traditional  Tooth number*     The STA System  Tins/del  Text  Sins/del  Sext 

1.6, 1.5  2.3, 2.4  3  3  1  5 

2.2, 2.5  1.4, 1.5  2  6  0  3 

1.1, 1.2, 1.3  2.2, 2.3, 2.4  2  3  2  3 

1.4, 1.3  2.1, 2.6  2  5  1  3 

2.5, 2.4  1.1, 1.2  3  4  0  5 

1.4, 1.6  2.3, 2.5  2  4  1  4 

1.4, 1.6  2.2, 2.4  0  6  2  1 

2.1, 1.4  1.3, 1.4  4  5  2  2 

1.6, 1.5  2.2, 2.5  3  3  3  3 

1.1, 1.4, 1.5  2.3, 2.4  3  4  3  3 

2.1, 2.2  1.4, 1.5  5  4  2  5 

1.4, 1.5, 1.6  1.3, 1.1  2  6  2  2 

1.3, 1.4  2.3, 2.5  3  5  2  1 

2.2, 2.4  1.1, 1.5  3  4  1  5 

1.4, 1.5  2.3, 2.4  4  5  2  3 

1.1, 1.2  2.4, 2.5  0  4  0  4 

1.4, 1.2  2.1, 2.2  2  3  2  2 

2.4, 2.6  1.5, 1.2  3  4  1  5 

2.1, 2.2  1.3, 1.5  4  4  1  5 

1.5, 1.6  2.1, 2.3  2  3  3  3 

2.2, 2.3, 2.4  1.5, 1.1  2  4  3  1 

1.6, 1.1  2.4, 2.5  4  6  1  2 

1.5, 1.6  2.5, 2.6  3  5  0  1 

2.3, 2.4  1.1, 1.4  4  6  2  3 

1.3, 1.6  2.2, 2.3  2  2  2  4 

2.2, 2.4  1.1, 1.2  3  5  1  2 

2.3, 2.5  1.3, 1.4  2  6  1  1 

2.4, 2.5  1.5, 1.4  3  6  0  3 

1.1, 1.2  2.6, 2.4  3  3  1  2 

1.4, 1.5  2.1, 2.6  3  4  1  3 

1.5, 1.6  2.6, 2.5  2  6  0  1 

2.3, 2.5  1.6, 1.4  5  6  0  5 

2.5, 2.6  1.3, 1.5  3  3  0  3 

2.1, 2.6  1.5, 1.6  3  5  1  5 

1.2, 1.3  2.2, 2.3, 2.4  3  6  0  1 

1.4, 1.6  2.4, 2.5, 2.6  3  3  0  4 

1.6, 1.2  2.5, 2.6  2  3  3  4 

2.3, 2.5  1.3, 1.4, 1.5  5  6  2  3 

1.5, 1.3  2.3, 2.4  2  4  3  3 

2.5, 2.6  1.2, 1.3  2  4  0  5 

1.1, 1.2  2.4, 2.6  3  5  1  0 

1.4, 1.6  2.4, 2.5, 2.6  2  3  1  0 

Table I. Pain scores for traditional vs. computer-controlled (STA) anesthesia delivery groups.

R. PATINI ET AL.



         

93 (S)Journal of Biological Regulators & Homeostatic Agents

2.2, 2.3, 2.4  1.1, 1.2  3  5  0  2 

2.3, 2.5  1.2, 1.3  2  5  0  2 

2.3, 2.4  1.1, 1.4, 1.5  3  4  2  1 

2.1, 2.6  1.4, 1.6  3  2  2  4 

1.3, 1.5  2.5, 2.6  2  4  0  5 

1.5, 1.4  2.1, 2.6  3  6  2  5 

2.4, 2.6  1.4, 1.6  0  2  0  0 

2.6, 2.5  1.1, 1.2  2  2  2  1 

1.4, 1.6  2.5, 2.4  3  2  1  2 

2.6, 2.4  1.1, 1.2, 1.3  1  4  1  4 

1.1, 1.4, 1.5  2.3, 2.4  3  5  1  3 

2.5, 2.6  1.3, 1.5  3  6  1  0 

2.3, 2.5  1.1, 1.4  4  6  1  1 

2.3, 2.5  1.2, 1.3  3  5  1  5 

1.3, 1.5  2.5, 2.6  3  4  1  5 

1.1, 1.2  2.5, 2.6  3  2  1  4 

2.2, 2.5  1.6, 1.1  2  2  1  4 

1.3, 1.5  2.2, 2.1  1  5  3  4 

2.4, 2.5  1.4, 1.5  3  5  1  1 

2.5, 2.6  1.1, 1.4  2  5  3  4 

1.4, 1.6  2.2, 2.4  1  3  1  4 

2.2, 2.4  1.2, 1.4  1  6  0  4 

1.3, 1.4  2.1, 2.6  2  3  0  1 

1.1, 1.2  2.5, 2.6  4  2  0  5 

2.3, 2.5  1.1, 1.2, 1.4  3  6  0  4 

2.2, 2.3, 2.4  1.1, 1.2  3  5  3  3 

1.3, 1.4  2.5, 2.6  1  6  0  3 

2.1, 2.6  1.3, 1.6  2  3  2  3 

2.3, 2.4  1.4, 1.3  1  4  0  3 

1.1, 1.2  2.3, 2.5  5  2  1  4 

1.3, 1.5  2.5, 2.6  5  2  1  2 

2.4, 2.5  1.1, 1.6  5  4  2  5 

2.3, 2.4  1.1, 1.2  5  4  2  5 

1.4, 1.6  2.2, 2.5  4  4  2  4 

1.4, 1.6  2.2, 2.1  0  5  1  5 

1.6, 1.5  2.1, 2.2  1  5  2  2 

2.4, 2.5  1.4, 1.6  0  4  0  1 

1.1, 1.5, 1.4  2.3, 2.4, 2.5  0  4  0  5 

1.4, 1.3  2.4, 2.5  1  4  0  2 

2.3, 2.5  1.3, 1.5  3  4  2  3 

2.3, 2.5  1.2, 1.3  3  4  0  5 

1.1, 1.2  2.3, 2.4  1  3  0  5 

2.3, 2.5  1.2, 1.3  2  3  2  5 

1.6, 1.4  2.5, 2.6  4  2  1  4 

1.1, 1.2, 1.3, 1.4, 1.5  2.1, 2.2, 2.3, 2.4, 2.5  4  5  2  3 

1.4, 1.6  2.2, 2.3, 2.4  4  4  2  4 
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2.1, 2.2, 2.4  1.2, 1.3, 1.5  3  2  3  5 

2.5, 2.1  1.6, 1.4  2  4  1  5 

2.3, 2.5  1.4, 1.5  2  2  1  4 

2.3, 2.5  1.2, 1.4  3  0  0  4 

1.4, 1.5, 1.6  2.3, 2.4  3  2  2  5 

2.3, 2.4  1.1, 1.2  0  4  3  4 

1.4, 1.5  2.6, 2.5  3  6  0  5 

2.3, 2.5  1.1, 1.5  4  4  1  4 

1.3, 1.6  2.3, 2.5  5  3  2  3 

1.1, 1.2  2.2, 2.3  5  3  2  4 

2.5, 2.6  1.4, 1.6  2  4  2  5 

2.3, 2.4  1.1, 1.2  0  3  1  5 

*FDI (Federation of Dental International) notation system 
 

 

 
 

2.1, 2.2, 2.4  1.2, 1.3, 1.5  3  2  3  5 

2.5, 2.1  1.6, 1.4  2  4  1  5 

2.3, 2.5  1.4, 1.5  2  2  1  4 

2.3, 2.5  1.2, 1.4  3  0  0  4 

1.4, 1.5, 1.6  2.3, 2.4  3  2  2  5 

2.3, 2.4  1.1, 1.2  0  4  3  4 

1.4, 1.5  2.6, 2.5  3  6  0  5 

2.3, 2.5  1.1, 1.5  4  4  1  4 

1.3, 1.6  2.3, 2.5  5  3  2  3 

1.1, 1.2  2.2, 2.3  5  3  2  4 

2.5, 2.6  1.4, 1.6  2  4  2  5 

2.3, 2.4  1.1, 1.2  0  3  1  5 

*FDI (Federation of Dental International) notation system 
 

 

 
 

2.1, 2.2, 2.4  1.2, 1.3, 1.5  3  2  3  5 

2.5, 2.1  1.6, 1.4  2  4  1  5 

2.3, 2.5  1.4, 1.5  2  2  1  4 

2.3, 2.5  1.2, 1.4  3  0  0  4 

1.4, 1.5, 1.6  2.3, 2.4  3  2  2  5 

2.3, 2.4  1.1, 1.2  0  4  3  4 

1.4, 1.5  2.6, 2.5  3  6  0  5 

2.3, 2.5  1.1, 1.5  4  4  1  4 

1.3, 1.6  2.3, 2.5  5  3  2  3 

1.1, 1.2  2.2, 2.3  5  3  2  4 

2.5, 2.6  1.4, 1.6  2  4  2  5 

2.3, 2.4  1.1, 1.2  0  3  1  5 

*FDI (Federation of Dental International) notation system 
 

 

 
 

*FDI (Federation of Dental International) notation system

Table II. Descriptive statistics for the two anesthesia techniques during 2 phases.

Table III. Pain perception differences between the two anesthesia techniques.
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The clinician can anesthetize several teeth in the maxillary 
arch, extending from the mesiobuccal root of the first 
molar to the central incisor, by means of a single palatal 
infiltration without numbing the lips, face or interfering 
with the muscles of facial expression (7,12,17). The 
traditional syringe technique, on the contrary, requires 
several injections on the vestibular and mucobuccal side 
of the target teeth. 

The present study showed highly significant 
(p<0.0001) differences for pain ratings at needle insertion 
and anesthetic solution delivery when the conventional 
buccal and AMSA technique versus the STA System® 
injection were compared. The STA system registered lower 
pain levels than those registered with the conventional 
technique during tooth extractions (p=0.0002).

The STA System® offers several advantages over 
conventional syringes, including excellent tactile 
sensation due to a lightweight plastic handle and the 
ability to rotate the needle as it is introduced into tissues, 
producing a coring penetration that minimizes needle 
deflection (7,25). The slow rate of anesthetic flow reduces 
patient discomfort compared with palatal injections 
administered with a traditional syringe (25). Friedman 
and Hochman stated that careful needle insertion and 
slow anesthetic delivery could reduce painful sensation 
at needle insertion. Nevertheless, anesthetic flow rate is 
independent of applied pressure with the STA System® 
(13,23,26).

NRS, VRS and VAS systems are the most common 
pain rating scales used to evaluate patients’ painful 
sensation and behaviors in research studies (15,16,23-
32). These scales are not always easily understandable 
or intuitive for patients. The VAS system seems to be 
particularly cumbersome for them to comprehend in 
our experience. The NRVS scale system was created to 
facilitate clear comprehension of pain perception levels 
and intensity. The NRVS rating system gives patients the 
possibility to better express pain intensity by choosing a 
numeric value for each verbal expression.

CONCLUSIONS

The AMSA technique administered using the 
STA System® in a dental surgery treatment reduced 
pain significantly more than the conventional syringe 
technique at needle insertion, delivery of local anesthetic 
and tooth extraction. The NRVS scale has proven to be 
a very effective and intuitive system to evaluate pain 
perception at different clinical phases of anesthetic 
delivery. Computer-controlled anesthesia using the STA 

System® seems to be less painful and more clinically 
effective for dental surgery procedures due to the greater 
extent of anesthetic effect. 

after needle insertion, delivery of local anesthetic and 
tooth extraction for both traditional and STA System® 
techniques, are shown in Table 2 and Table 3. STA 
System® registered significantly lower pain levels at 
needle insertion and delivery of anesthetic as compared to 
conventional injection technique (p<0.0001). Moreover, 
the STA® technique registered lower pain levels than 
the conventional injection during tooth extractions 
(p=0.0002). Statistical results are presented in Table 3. 
A higher percentage of patients (23%) required a second 
injection after the traditional syringe technique (p=0.002). 
Only two patients (2%) required a supplementary injection 
when it was administered with the STA System®. The 
above difference was statistically significant (p=0.005).

DISCUSSION

The results of this study demonstrate a statistically 
significant reduction in pain perception, with the STA 

System® as compared to traditional injections, at 
different phases. Pain perception was significantly higher 
when using the traditional injection technique at needle 
insertion, anesthetic delivery and tooth extraction. 

The majority of literature on computer-controlled 
injection systems deals with pain perception at injection 
using a computer-assisted injection device, and compares it 
to the conventional syringe injection technique (4,11,14-20). 
For the most part, results have been favorable (14,17,19-21) 
to the computer-assisted injection system, with only two 
studies showing no difference in pain perception (15,20) 
and one study showing higher pain ratings (4).

Computer-controlled anesthetic devices are largely 
attributable to procedures performed in pediatric dentistry, 
restorative dentistry, endodontics, periodontology, and 
maxillofacial surgery (7) but there are limited research 
data on the efficacy of the STA System® in dental surgery 
(17, 22).

Traditionally, maxillary teeth have been anesthetized 
administering an infiltration injection on the buccal or 
labial aspects of the target tooth. Palatal injections, used to 
anesthetized the palatal mucosa, are generally considered 
the most painful injections (6,7,23). Wahl et al. showed 
that palatal injections caused significantly more pain 
than most intraoral injections (24). The traditional buccal 
intraoral infiltration approach routinely anesthetizes the 
surrounding tissues (lips, surface of the face) and can 
also affect muscle activity. Patient’s natural response, as 
well as active facial expressions are temporarily affected, 
including a distortion of the smile and the annoying 
sensation of facial numbness (7,13). The palatal approach 
AMSA nerve block can be attempted with a traditional 
manual syringe, but the precise pressure and volume ratios 
of the STA® are virtually impossible to reproduce (13). 
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