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Abstract:
Background:�#NVJQWIJ�CWVQITCHVU�CTG�VJG�UVCPFCTF�RTQEGFWTG�HQT�DQPG�ITCHVKPI��VJG�WUG�QH�DQPG�TGIGPGTCVKQP�
D[�OGCPU�QH�FGPVCN�RWNR�UVGO�EGNN�KU�CP�CNVGTPCVKXG�VJCV�QRGPU�C�PGY�GTC�KP�VJKU�ſGNF��4KIGPGTC�2TQVQEQN�KU�C�PGY�
VGEJPKSWG�CDNG�VQ�RTQXKFG�VJG�UWTIGQP�CWVQNQIQWU�RWNR�OKETQ�ITCHVU��Materials and Methods:�#V�VJG�&GRCTVOGPV�
QH�1TCN�5WTIGT[��&QP�1TKQPG�*QURKVCN��$GTICOQ��+VCN[��QPG�RCVKGPV�WPFGTYGPV�VQ�UKPWU�NKHV�GNGXCVKQP�YKVJ�RWNR�
UVGO�OKETQ�ITCHVU�IGPVNG�RQWTGF�QPVQ�EQNNCIGP�URQPIG��#�%6�UECP�EQPVTQN�YCU�RGTHQTOGF�CHVGT���OQPVJ�CPF�
&+%1/�FCVC�YGTG�RTQEGUUGF�YKVJ�OGFKECN�KOCIKPI�UQHVYCTG�YJKEJ�IKXGU�VJG�RQUUKDKNKV[�VQ�WUG�C�XKTVWCN�RTQDG�
VQ�GZVTCEV�VJG�DQPG�FGPUKV[��2GCTUQPŏU�%JK�USWCTG�VGUV�YCU�WUGF�VQ�KPXGUVKICVG�FKHHGTGPEG�KP�DQPG�FGPUKV[�
$&��
DGVYGGP�PCVKXG�CPF�PGYN[�HQTOGF�DQPG��Results:�$&�KP�PGYN[�HQTOGF�DQPG�KU�CDQWV�VJG�FQWDNG�QH�PCVKXG�DQPG��
Conclusion:�6JKU�TGRQTV�FGOQPUVTCVGF�VJCV�OKETQ�ITCHVU�FGTKXGF�HTQO�FGPVCN�RWNR�RQWTGF�QPVQ�EQNNCIGP�URQPIG�
CTG�C�WUGHWN�OGVJQF�HQT�DQPG�TGIGPGTCVKQP�KP�CVTQRJKE�OCZKNNC�
Key words:
$QPG��JQOQITCHV��LCY��TGEQPUVTWEVKQP��TGUQTRVKQP��UVGO�EGNN

INTRODUCTION

Today the main problem in transferring the 
experimental protocols of tissue engineering 

KP�VJG�TQWVKPG�ENKPKECN�RTCEVKEG�KU�VJG�KFGPVKſECVKQP�
of accessible sites where an adequate amount of 
stem cells are collected.[1,2]

Although within the adult human body there 
are several “loci” or “niches” inhabited by a 
UKIPKſECPV�PWODGT�QH�UVGO�EGNNU�[3-5] often these 
loci are not easy to access and have high residual 
morbidity of the anatomical site.

In the dental-maxillo-facial area, the dental pulp 
represents a niche housing neural-crest-derived 
stem cel ls  that  display plast ic i ty  and 
multipotential capability.[6] This niche is easily 
accessible and there is limited morbidity of the 
anatomical site after collection of the pulp.[7-10]

Several studies have been performed on dental 
pulp stem cells (DPSCs) and it is mainly found 
that these cells are multipotent stromal cells 
that can be safely cryopreserved, used with 
several scaffolds, that can extensively proliferate, 
have a long lifespan and build�KP�XKXQ�an adult 
bone with Havers channels and an appropriate 
vascularization.[1,2]

&25%U�ECP�DG�EWNVWTGF�D[�VYQ�OGVJQFU��6JG�ſTUV�
is the enzyme-digestion method[11] in which the 

pulp tissue is collected under sterile conditions, 
digested with appropriate enzymes, and then 
the resulting cell suspensions are seeded in 
culture dishes containing a special medium 
supplemented with necessary additives and 
then incubated. Finally, the resulting colonies are 
UWDEWNVWTGF�DGHQTG�EQPƀWGPEG�CPF�VJG�EGNNU�CTG�
stimulated to differentiate. The second method 
for isolating DPSCs is the explant outgrowth 
method[12] in which the extruded pulp tissues 
are cut, anchored via microcarriers onto a 
suitable substrate, and directly incubated in 
culture dishes containing the essential medium 
with supplements. Up to 2 weeks are needed to 
CNNQY�C�UWHſEKGPV�PWODGT�QH�EGNNU�VQ�OKITCVG�QWV�
of the tissue.

From a clinical point of view, despite the 
tremendous potential of the pulp, both these 
methods are not allowed for therapeutical 
application, due to extensive manipulation of 
the pulp tissue. In this case report, we present 
a new method for clinical management of the 
human pulp tissue, called Rigenera Protocol. 
With this innovative approach the pulp is treated 
as any other connective tissue subjected to 
grafts, with a phase of collection and a phase of 
mechanical disaggregation of the tissue without 
manipulating the matrix. Rigenera produces 
OKNNKQPU�QH�XKCDNG�OKETQ�ITCHVU�CPF�ſNVGTU�VJGO�
with a cut-off of 50 microns, in order to promote 
the discharging of old differentiated cells and 
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the enrichment of young progenitors cells contained within 
the pulp. In the current study, we performed a sinus lift 
augmentation using these micro-grafts derived from dental 
pulp and the patient was evaluated after 4 months by using 
CT scan and a special computer program[13] to evaluate bone 
density in order to evaluate the suitability of this new bone as 
dental implant site.

MATERIALS AND METHODS

Patient
A male M.B., 45 years old, was selected in the Department of 
Oral Surgery, Don Orione Hospital, Bergamo, Italy. Informed 
written consent approved by the local Ethics Committee was 
obtained from patient to use his data for research purpose.

The patient had an unremarkable medical history, no other 
oral diseases, and he wanted to rehabilitate the upper right 
maxilla with dental implant-prosthetic therapy. He was taking 
no medications and denied any allergies. Before the surgery he 
underwent sextant scaling with ultrasonic and hand instruments. 
The same patient presented a third molar with advanced bone 
resorption but healthy for caries. We decided to extract the upper 
right third molar and extract the pulp to produce micro-gratfs 
for bone tissue regeneration of the upper left maxilla.

Surgical procedure and dental pulp stem cells collection
After the extraction of the third molar the crown was separated 
from the roots following the enamel-cementum line in order to 
open the pulp chamber and expose the soft connective pulpar 
tissue. The pulp was gently collected using a Gracey curette 
and dissociated using Rigenera System (HBW srl, Turin, Italy) 
in 1.2 ml of physiologic solution. After 30 seconds of agitation 
the cellular suspension was collected from the system and 
gentle poured onto collagen sponge (Gingistat, GABA, Italy).

The pharmacological profylaxis was prescribed as follows: 
Dexamethason (Decadron, Visufarma spa, Roma, Italy) 4.5 mg 
6 h before the surgery, Nimesulide (Doc Generici srl, Milano, 
Italy) 100 mg 2 h before the surgery, amoxicillin 875 mg plus 
125 clavulanic acid (Augmentin, Glaxosmithkline spa, Verona, 
Italy) 12 h and 1 h before the surgery. Before the surgery the 
oral decontamination was obtained using 60 seconds of mouth 
rinsing with 0.2% Chlorhexidine washing (Forhans, Torino, 
Italy). The local anesthetic used was articain 2% 1:100000 
epinephrin (Espe, Norristown, PA, USA).

6JG�KPEKUKQPU�YGTG�RGTHQTOGF�CPF�C�HWNN�VJKEMPGUU�ƀCR�GNGXCVGF�
according the lateral approach technique; a bony window of 
square shape with 25 mm side was obtained to access the sinus 
using a 1.5 mm bur.

6JGP��VJG�UKPWU�ECXKV[�YCU�ſNNGF�YKVJ�C�OKZ�QH�)KPIKUVCV�CPF�
dental pulp stem cells. The implant was positioned (Camlog, 
Alta-tech, Vicenza, Italy). The sinus access was closed and 
sutured.

Postsurgical medication were prescribed as follows: Antibiotic 
therapy (875 amoxicillin plus 125 clavulanic acid) twice a day 
HQT���FC[U��FGZCOGVJCUQP���OI�HQT�VJG�ſTUV�FC[��CPF�����OI�
for the second day after the surgery; Nimesulide 100 mg twice 
a day for 5 days; 0.12% Chlorhexidine rinse twice a day for 

15 days. The patient was advised against blowing her nose and 
was asked to return in 1 week for suture removal.

The post-surgical course was uneventful.

Data collection
Radiographs were taken before and after the surgery.

After 4 months follow-up radiographic examinations were 
done with the use of CT scans.

The Digital Imaging and Communications in Medicine data 
were processed with medical imaging software (3Diagnosys 
3.0-3DIEMME, Milano, Italy) which gives the possibility to 
use a virtual probe to extract the bone density values in the 
desired regions and export them in Excel tables for statistical 
analysis. The virtual probes were set in the following regions 
in the “after surgery” CT scans:
Ŗ� 0CVKXG�DQPG
Ŗ� )TCHVGF�\QPG
Ŗ� #KTYC[U�
ECNKDTCVKQP�RTQDG��

An area of 1 mm thickness was extracted with this probe and 
exported to Excel for further analysis. The data extracted is 
GZRTGUUGF�KP�*QWPUſGNF�7PKVU��DGKPI�VJG�RTQEGUUGF�%6�UECPU�
calibrated according to water-based phantoms.

Statistical analysis
Pearson’s Chi-square test was used to investigate difference in 
bone density between native and FB.

RESULTS

The Figure 1a and b shows the Radiographs taken in the 
regenerated site before and after the surgery. The Figure 2a-c 
shows the sample preparation. Figure 3 shows the positioning 
of the collagen sponge with micro-grafts suspension within the 
maxillary sinus.

Table 1 reports the median bone density (BD) of the patient: In 
columns are reported the BD whereas in rows are reported the 
type of bone (grafted and native). BD of newly formed bone is 
about the double compare to native BD.

DISCUSSION

The tissue engineering opens new challenges for clinical 
dentistry. The use of adult stem/progenitor cells can be 
extensive, since stem/progenitor cells can be harvested from 
various tissues such as adipose tissue, bone marrow, dental 
pulp, and periodontal ligament.[14] Dental and periodontal 
tissues represent a possible source of stem cells because 
approachable niches contain a high number of stem cells 

Table 1: Results of Computer tomography evaluation by 
*WPUſGNF�UECNG
Patient Probe Computer tomography 

*QWPUſGNF�UECNG�
JW�
4 Months follow-up post grafting

#�4� 0GYN[�HQTOGF�DQPG� ������v������
0CVKXG�DQPG ������v������
%CNKDTCVKQP Ō������v�����
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The quality and quantity of regenerated bone formed by DPSCs 
was demonstrated�KP�XKVTQ�and�KP�XKXQ�experiments using stem 
cells and biomaterials.[5,23,24,26] Thus, dental pulp could be 
considered as an interesting and potentially important source 
of autologous stem/progenitor cells that are ready for use 
for therapeutic purposes, such as the repair/regeneration of 
craniofacial bones.

Although this is only one case report, it is extremely 
encouraging for dentistry that new therapeutical approaches 
can be developed from the transferring of biological science 
into clinical practice, using the enormous regenerative potential 
of the human bone.
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Figure 2: The Rigenera Protocol: (a) the Rigeneracons disposable medical device 
are positioned within the Rigenera Machine; (b) The micro-graft suspension 
collected from the Rigeneracons after the disaggregation of the dental pulp 

tissue; (c) The Micro-graft suspension is poured on collagen sponges
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ba

Figure 1: Endoral RX taken before (a) and after (b) the surgery

ba

Figure 3: The biocomplex constituted by a collagen sponge as carrier of pulp 
micro-grafts is put within the maxillary sinus (a) and gently pressed (b)
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