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For dentists, daily clinical work is as easy as driving a car. Their own
experience provides them with the necessary confidence and skill.
However, the situation changes with the introduction of a new
method or product. In order to gain the requisite skill for perform-
ing a new technique, it may be enough to participate in practical
courses. Using a new biomaterial for regeneration or sinus floor 
elevation may instead require small changes in technique. How-
ever, this may represent a substantial change in biology because
biomaterials do not have the same response during healing and do
not achieve the same results.

When we have doubts about the quality of a new technique or a
new material, we often ask for the opinion of experts and we trust
their advice. It would, however, be better to be already well pre-
pared so that we may gain greater value from consultations with
experts about the issue of interest.

Only through continued updating is it possible to gain the knowl-
edge to help us make independent choices regarding materials and
methods to be used in our daily practice and, indeed, the Journal of
Oral Science & Rehabilitation was born out of a desire to update 
clinicians regarding new techniques and materials.

As said above, it is easy to drive a car. However, it may be useful to
know how the car functions and how to fix it when it does not work
properly.

Dr. Daniele Botticelli
Co-editor
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About 
the Journal of Oral Science & Rehabilitation

The aim of the Journal of Oral Science & Rehabilitation is to promote rapid
communication of scientific information between academia, industry
and dental practitioners, thereby influencing the decision-making in
clinical practice on an international level.

The Journal of Oral Science & Rehabilitation publishes original and high-
quality research and clinical papers in the fields of periodontology, im-
plant dentistry, prosthodontics and maxillofacial surgery. Priority is
given to papers focusing on clinical techniques and with a direct impact
on clinical decision-making and outcomes in the above-mentioned
fields. Furthermore, book reviews, summaries and abstracts of scientific
meetings are published in the journal.

Papers submitted to the Journal of Oral Science & Rehabilitation are sub-
ject to rigorous double-blind peer review. Papers are initially screened for
relevance to the scope of the journal, as well as for scientific content and
quality. Once accepted, the manuscript is sent to the relevant associate
editors and reviewers of the journal for peer review. It is then returned to
the author for revision and thereafter submitted for copy editing. The 
decision of the editor-in-chief is made after the review process and is
considered final.

About 
Dental Tribune Science

Dental Tribune Science (DT Science) is an online open-access publishing
platform (www.dtscience.com) on which the Journal of Oral Science &
Rehabilitation is hosted and published. 

DT Science is a project of the Dental Tribune International Publishing
Group (DTI). DTI is composed of the leading dental trade publishers
around the world. For more, visit
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Abstract

B a c k g r o u n d

Melatonin, a hormone produced primarily in the pineal gland, possesses 
a series of biological properties that appear to have an influence on bone 
homeostasis. Currently, little is known about how melatonin influences 
bone metabolism in periodontology and implantology.

O b j e c t i v e s

The objectives of this study are (1) to review the properties of melatonin 
in regulating bone homeostasis; (2) to discuss its direct and indirect effects 
on bone; and (3) to propose mechanisms for the use of melatonin as an 
agent to promote alveolar bone regeneration.

C o n c l u s i o n

Melatonin positive regulation of bone formation and homeostasis, in com-
bination with the inhibitory effects on bone resorption, highlights the 
potential use of melatonin as a marker of periodontal and periimplant 
bone-related diseases. In vitro and animal studies show promising results 
on the use of melatonin as a regenerative agent, although no clinical stud-
ies have yet been performed.

K e y w o r d s

Melatonin, osteoblasts, osteoclasts, periodontal disease, dental implant, 
free radicals.
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Introduction

Numerous systemic hormonal changes are 
known to be associated with aging.1 Some con-
ditions linked to circadian rhythms and age may 
alter bone metabolism, resulting in changes in 
immune activity or bone-associated pathologies,2 
such as periodontal disease. These disorders may 
be associated with alterations in normal levels of 
melatonin.3, 4

Melatonin (N-acetyl-5-methoxytryptamine), 
a hormone that is endogenously synthesized, 
primarily in the pineal gland, is a molecule with 
intense antioxidant activity5 and a wide range of 
biological actions, notably in the control of me-
tabolism and bone development.6 Melatonin is 
currently used in therapies as a coadjuvant in 
cancer therapy,7 for anti-aging,8 as an immuno-
stimulatory agent9 or as a sleep regulator,10 as 
well as to increase bone density in menopausal 
patients11 (Fig. 1). It is reported that salivary me-
latonin is released by the acinar cells of the major 
salivary glands and the gingival crevicular fluid. 
It follows a circadian rhythm, with the highest 
values at night. Moreover, in the oral cavity, me-
latonin can act both by receptor-mediated and 
by receptor-independent pathways.12 Therefore, 
through complex molecular pathways that have 
gained special interest for the research commu-
nity in periodontology, it may play a role in alveo-
lar periodontal and periimplant bone maintenan-
ce and regeneration.

Melatonin is an amphiphilic molecule that is 
able to cross most biological barriers. It can exert 
its effect by binding to G-protein-coupled mem-
brane receptors (MT1 and MT2) or by penetrating 
the cell through a specific family of transmem-
brane channels,13 subsequently initiating a nu- 
clear or cytoplasmic molecular cascade. When it 
reaches the nuclei, melatonin binds to a subfamily 
of nuclear receptors key in regulating bone me-
tabolism, the RZR (retinoid Z receptor)/ROR (re-
tinoid orphan receptor) receptor.14 It then regu-
lates a number of cellular events, such as 
promotion of mitosis, induction of DNA repair,15 
or cell differentiation and proliferation.16

Interestingly, it is known that melatonin can 
be synthesized in the bone marrow, where its 
concentration is around 100-fold higher than in 
serum.17 Furthermore, melatonin in the bone mar-
row protects its cells against cytotoxic agents 
in vivo.18 However, the specific biochemical 
mecha nisms that regulate this modulation, spe-
cifically in alveolar bone in humans, are current-

ly not fully understood.11 Hence, it is the purpose 
of this review to describe the properties of me-
latonin in regulating bone homeostasis, directly 
and indirectly, as well as to analyze different the-
rapeutic strategies for the use of melatonin as an 
agent to promote periodontal and periimplant 
bone maintenance and regeneration (Fig. 2).

Direct effects on bone

I .  M e l a t o n i n  a n d  b o n e  f o r m a t i o n

The major organic component of bone extracel-
lular matrix is Type I collagen, which supports the 
expression of bone cell phenotypes and en-  
hances mineralization. Melatonin has been 
shown to regulate the synthesis of Type I collagen 
as a preliminary step to the expression of other 
bone-related proteins, such as bone sialoprotein, 
alkaline phosphatase and osteocalcin, during 
osteoblastic maturation.16

Bone sialoprotein (BSP) is referred to as a 
marker of the late stage of osteoblastic differen-
tiation. BSP is expressed during osteoblastic cell 
differentiation in the extracellular matrix, where 
it is essential for osteoblast attachment and bone 
mineralization. Within this context, it has been 
reported that MC3T3 pre-osteoblast cells ma- 
tured in 12 days in the presence of melatonin 
compared with 21 days without melatonin. Gene 
expression of BSP and related proteins of osteo- 
blastic differentiation (e.g., osteocalcin, alkaline 
phosphatase) is also accelerated and increased 
in melatonin-treated compared with nontreated 
cells.19 Furthermore, by inhibiting the interaction 
of BSP with osteoblastic cell lines, the activity of 
alkaline phosphatase, osteocalcin synthesis and 
cellular response to parathyroid hormone (PTH) 
are also inhibited20 and, subsequently, osteoblast 
differentiation is impaired.21 Thus, these findings 
suggest that melatonin may have an effect in 
regulating osteoblast proliferation and differen-
tiation. These effects could lead to beneficial 
effects in the treatment of pathological processes 
associated with bone resorption or destruction 
by mediating not only in the expression of BSP 
but of other bone glycoproteins as well, resulting 
in enhanced bone apposition.

I I .  M e l a t o n i n  a n d  b o n e  r e s o r p t i o n

Melatonin also exerts an important direct biolog-
ical action on the osteoclast, another key cell in 
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bone turnover. The biological activity of osteo-
clasts is bone resorption, initiated by attachment 
to the surface of the bone tissue and secreting 
protons and free radicals into the cell compart-
ment formed below their ruffled border. The ac-
tivity of osteoclasts is essentially regulated by 
the molecular triad osteoprotegerin/receptor 
activator of nuclear factor-kappa B/receptor ac-
tivator of nuclear factor-kappa-B ligand (OPG/
RANK/RANKL). The balance and expression of 
this triad in bone tissue decisively influence dif-
ferentiation and activation of osteoclasts and play 
an important role in coordinating osteogenesis, 
odontogenesis and tooth eruption. The proteins 
of this triad can be synthesized by a large number 
of cells, including bone marrow cells, dendritic 
cells, lymphoid cells and endothelial cells. Osteo-
blasts are the key cell type in the secretion of OPG 
and RANKL and, therefore, orchestrate the bone 
turnover. Changes in the expression balance of 
this triad can be responsible for hereditary bone 
disorders, such as familiar expansile osteolysis, 

expansile skeletal hyperphosphatasia and juve-
nile Paget’s disease; different forms of osteopo-
rosis; and other metabolic bone diseases.

The OPG/RANK/RANKL triad can be modu-
lated by numerous molecules, including melato-
nin.22 Melatonin suppresses osteoclastic and 
osteoblastic activity by interacting with this  
triad.23 It reduces the expression of RANK in os-
teoblasts24 and RANK receptor in osteoclasts19 
while increasing OPG,24 eventually preventing 
the appearance and activation of osteoclasts.19 
This suggests that melatonin in pharmacological 
doses can inhibit bone resorption and increase 
bone mass by down-regulating RANK-mediated 
osteoclast proliferation and activation.24

Another important aspect of the relationship 
between osteoclasts and melatonin concerns the 
production of free radicals by osteoclasts during 
osteolysis. Osteoclasts generate high levels of 
superoxide anions during bone resorption that 
contribute to the degenerative process of the 
organic bone matrix. One of the most important 

Fig. 1

Melatonin properties.
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Effects of melatonin on bone. 
ALP: alkaline phosphatase; 
OC: osteocalcin.

mechanisms underlying this resorption involves 
the protective superoxide-scavenging enzyme 
superoxide dismutase. Melatonin is a significant 
free-radical scavenger and antioxidant at both 
physiological and pharmacological concentra-
tions.6 Beside its ability to directly neutralize a 
number of free radicals and reactive oxygen and 
nitrogen species, melatonin stimulates several 
antioxidative enzymes,19, 25 limiting the resorptive 
osteoclast activity.

Indirect effects on bone

I .  R e l a t i o n s h i p  w i t h  h o r m o n e s 
a n d  g e n e s  i n v o l v e d  i n  b o n e  t u r n o v e r

Melatonin is an important modulator of calcium 
and phosphorus metabolism.26 In addition to its 
direct actions on cells that modulate bone ho-
meostasis, melatonin may exert its effects indi-
rectly on the bone system by influencing the 

activity of important regulators of the phos-  
phorus–calcium balance and bone metabolism. 
Many studies have indicated that melatonin may 
influence the release of several factors that affect 
bone, such as calcitonin,27 corticosterone,28 
growth factors29 and immunological factors.30

–  Calcitonin, together with bisphosphonates and 
estrogens, is an important regulator of the
apoptosis of osteoclasts. It is a powerful inhib-
itor of osteoclastic resorptive activity by pro-
moting the reduction of contact between os-
teoclasts and the bone surface, altering the
morphology of osteoclasts and decreasing their 
mobility. Melatonin increases secretion of cal-
citonin in rats, and this may inhibit bone resorp-
tion.31

–  PTH increases the expression of RANKL and
decreases the expression of OPG. Melatonin
decreases the levels of PTH, and this may, in-
directly, generate an increase in bone mineral-
ization.32

Fig. 2

E f f e c t s  o f  m e l a t o n i n  o n  b o n e
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–  Cortisol (also known as hydrocortisone) and
other glucocorticoids are increased when mel-
atonin is reduced. They are responsible for in-
hibiting bone formation through direct actions 
on osteoblasts by blocking their recruitment
and differentiation, and subsequently inhibiting 
the production of Type I collagen. An increase
in cortisol is also responsible for an increase in 
bone resorption via antagonism of the 1,25-
dihydroxyvitamin D. Therefore, as melatonin
increases, glucocorticoids are reduced and their 
pro-resorptive effects are limited.

–  Melatonin also stimulates estrogen secretion
and, therefore, limits the associated deleterious
effects of deficiency.33

I I .  A c t i o n  i n  i m m u n e  s y s t e m

The role played by melatonin in the immune sys-
tem is well documented.34 The effects of mela-
tonin have been most widely studied in the con-
text of depressed immune systems with the aim 
of improving immunodeficiency situations. Mel-
atonin regulates the apoptosis of B and T cells 
and has been reported to accelerate the produc-
tion of leukocytes.35

In addition to the direct effect on cells of the im-
mune system, melatonin reduces the synthesis 
of prostaglandins, especially PGE-2; prevents the 
translocation of nuclear factor-kappa B to the 
nucleus and its binding to DNA, thereby reducing 
the up-regulation of a variety of pro-inflamma-
tory cytokines;36 inhibits the production of adhe-
sion molecules that promotes the adhesion of 
leukocytes to endothelial cells;37 and attenuates 
transendothelial cell migration and edema, which 
contribute to tissue damage.30 It also stimulates 
the release of interleukin-2 in Jurkat cells38 and 
interleukin-6 in peripheral blood mononuclear 
cells,39 while it inhibits the inflammatory enzyme 
cyclooxygenase-2 (COX-2) and binds to the active 
sites of COX-1 and COX-2.40 Therefore, melatonin 
can inhibit acute inflammatory reaction and con-
tribute to generating an immune reaction, mini-
mizing the associated bone loss.30

I I I .  A c t i o n  o n  f r e e  r a d i c a l s

One of the principal biological actions of melatonin 
is its wide antioxidant spectrum and powerful en-
dogenous effect as a free-radical scavenger.41 

Thus, it has an indirect reparative effect and pre-
vents intracellular damage, protecting cells from 
free radicals and chemical substances. Melatonin 

acts on oxygen- and nitrogen-derived free radicals, 
including the highly toxic hydroxyl radical,42 per-
oxynitrite anion43 and hypochlorous acid.44 In ad-
dition to directly neutralizing free radicals and 
reactive species of nitrogen and oxygen, melatonin 
stimulates other antioxidant enzymes, such as 
glutathione.45

At the bone level, these effects are of vital 
importance because osteoclasts secrete a wide 
variety of molecular agents for bone degradation. 
Free radicals are the highly secreted ones. Os-
teoclasts generate superoxide anions during re-
sorption that contribute to the degradative pro-
cesses of the organic bone matrix. Other cell 
types, such as monocytes, macrophages and 
neutrophils, accumulate on the adjacent surfaces 
of the bone in chronic inflammatory processes. 
These cells have the capacity to produce free 
radicals and, as previously mentioned, are able 
to stimulate osteoclastic response by liberating 
mediators (cytokines, tumor necrosis factors, 
etc.). Therefore, the use of anti-free-radical 
agents might be an adequate alternative therapy 
for these types of pathologies, by limiting osteo-
clastic activation or free-radical production.

Melatonin and periodontal disease

Periodontal disease is caused by a bacterial chal-
lenge that triggers an inflammatory reaction in a 
susceptible host. Alterations in the OPG/RANK/
RANKL complex, among other cytokines and lo-
cal factors, have been linked to an increase in the 
periodontal destruction, mediated by the increase 
in RANKL production by inflammatory cells, 
mainly macrophages, and the decrease of OPG. 
Additionally, the periodontal tissue is affected by 
the free radicals that burst from phagocytic cells, 
such as neutrophils and macrophages, which 
significantly damage the gingival tissue.

In view of these common factors and targets, 
it is reasonable to expect an association between 
periodontal disease and levels of melatonin.46

Several clinical studies have demonstrated it.3, 4, 47 
These studies showed that levels of melatonin in 
serum, saliva, gingival crevicular fluid or all three 
are inversely associated with the severity of the 
disease, which indicates that melatonin may have 
a protective role against periodontal disease.

Moreover, the effects of melatonin on the 
reduction of osteoclastogenesis, the capture of 
reactive oxygen species and their metabolites in 
the inflamed area, the increase in bone minera-

E f f e c t s  o f  m e l a t o n i n  o n  b o n e
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lization through the increase in proliferation, dif-
ferentiation and activity of osteoblasts, and col-
lagen and BSP regulation, as already explained, 
together with its anti-fibrotic and anti-inflam-
matory effects on gingival tissue by a reduction 
of the matrix metalloproteinase-1/tissue inhibitor 
of metalloproteinases-1 ratio, suggest the possi-
bility of using melatonin as a host-modulating 
agent in the treatment and control of periodontal 
disease, improving the bone tissue conditions 
and the soft-tissue stability.48 The in vivo admi-
nistration of local or systemic melatonin could, 
therefore, be indicated in these patients, although 
no studies have yet been performed in this sense 
with validated methods.

Melatonin and dental implants

Dental implants are commonly used in current 
treatment of tooth loss. However, to avoid poten-
tial early complications and implant failures,49, 50 
bone healing must occur in the proper way. Bone 
remodeling around dental implants is highly in-
fluenced by the implant surface characteristics 
and evolves as a balance between the activity of 
osteoblasts and osteoclasts.51, 52 Therefore, the 
use of melatonin as a topical agent to induce bio-
mimetic properties of the implant surface has 
emerged as a promising technique.53 Melatonin 
directly influences the osteoblast’s response to 
the implant surface and osseointegration. The 
addition of melatonin improves results for cell 
adhesion, proliferation and differentiation on dif-
ferent titanium surface modifications at early 
time points, although longer culturing times 
seem to reduce those differences.54

These effects have been confirmed in vivo in 
several studies.55, 56 The effects around dental 
implants are similar to those that take place in 
bone repair. Bone repair consists, biologically, of 
three different stages: inflammatory, prolifera-
tive and remodeling. Melatonin may play a role 
in these phases owing to its regulatory effects 
on inflammation, antioxidant properties, regu-
lation of bone cells, and stimulation of collagen 
synthesis and deposition. Moreover, melatonin 
has been shown to increase the number of blood 
vessels, which is a prerequisite for the supply of 
mineral elements and the migration of angioge-
nic and osteogenic cells. As a consequence, his-
tological evaluation of the periimplant bone 
shows more trabecular bone, but less cortical 
bone and higher bone-to-implant contact in  

melatonin-treated sockets compared with con-
trols.55 Therefore, the use of melatonin for osseo- 
integration might be of interest as a biomimetic 
agent. Moreover, it has been suggested to induce 
bone growth when applied in combination with 
bone grafts.56 However, its potential use in re-
generating post-periimplantitis defects has not 
been studied yet.

Conclusion

Melatonin positive regulation of bone formation 
and homeostasis, in combination with the inhib-
itory effects on bone resorption, highlights the 
potential use of melatonin as a marker of peri-
odontal and periimplant bone-related diseases. 
Moreover, in vitro and animal studies are starting 
to show promising results on its use as a regen-
erative agent, although no clinical studies have 
yet been performed. This new strategy may cre-
ate possibilities for novel therapies in the treat-
ment of periodontal disease or enhancing the 
outcomes of implant dentistry.
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Three-year clinical and radiographic 
outcomes of patients treated according 
to the All-on-4 concept in the daily 
practice: A prospective observational 
study on implants and prosthesis 
survival rates and complications

Abstract

O b j e c t i v e

All-on-4 treatment concept is widely applied for complete-arch rehabili-
tations. Nevertheless, minor technical and biological complications can 
occur. The objective of this study was to evaluate the three-year clinical 
and radiographic data of complete-arch fixed dental prostheses support-
ed by four implants according to the All-on-4 protocol.

M a t e r i a l s  a n d  m e t h o d s

Thirty consecutive edentulous patients or patients with terminal dentition 
(18 females and 12 males; mean age of 67.4 years), with a preference for 
implant-supported complete-arch screw-retained fixed dental prostheses, 
were enrolled and treated according to the All-on-4 protocol between 
January 2008 and December 2011. The outcomes evaluated were implant 
and prosthesis survival and success rates, any technical and biological 
complications, periimplant marginal bone loss and patient satisfaction.

R e s u l t s

One hundred and twenty regular platform implants were placed. No pa-
tients dropped out. One implant failed two months after placement, re-
sulting in a cumulative implant survival rate of 99.2%. No definitive pros-
theses failed. Eight technical and three biological complications were 
reported in 11 patients during the entire follow-up period. At the three-year 
examination, the mean marginal bone loss was 1.52 ± 0.41 mm.

C o n c l u s i o n

Within the limitations of the present study, the All-on-4 protocol was 
deemed a viable treatment concept for the complete-arch rehabilitation of 
both jaws in the medium term. Further long-term prospective studies are 
needed to confirm these results. 
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Introduction

Complete edentulism is associated with de-
creased masticatory function, as well as unfavor-
able esthetics due to the loss of support for the 
facial musculature, decreased vertical dimension 
and speech impairment.1–3 The conventional 
method for treating edentulous patients is to re-
habilitate them with a complete removable den-
ture. However, the denture must be adjusted over 
time to compensate for the progressive tissue 
changes associated with denture wearing.4, 5 Ad-
vances in implant dentistry have allowed a shift 
from a complete removable denture to an im-
plant-supported overdenture for the oral reha-
bilitation of edentulous patients.6 The McGill 
consensus statement in 20027, 8 and some inde-
pendent studies9–11 state that mandibular 
two-implant overdentures are the gold standard 
for edentulous patients. However, technical and 
biological complications can occur.12–15

In two pilot retrospective studies, Maló et al. 
presented a planning protocol for the rehabili-
tation of the edentulous mandible and maxilla 
using four implants (All-on-4, Nobel Biocare, 
Kloten, Switzerland) to overcome anatomical 
limitations in the mandible that make it challeng- 
ing to treat without the use of more complex 
techniques.16, 17 The two most anterior implants 
are placed axially, and the posterior implants are 
placed in an angled position to maximize implant 
length and avoid anatomical structures (i.e., the 
mental nerve and anterior border of the maxillary 
sinus). The All-on-4 treatment concept seems 
to be a safe, effective and efficient surgical and 
prosthetic procedure on both jaws after ten  
years in function.18, 19 However, as confirmed in 
a recent systematic review,  few independent 
uncontrolled prospective and retrospective stu-
dies have confirmed these preliminary results.20

The purpose of this prospective observation- 
al study was to evaluate the three-year clinical 
and radiographic outcomes of implant-support- 
ed complete-arch fixed dental prostheses (FDPs) 
delivered on four implants placed according to 
the All-on-4 protocol in edentulous or partially 
edentate patients with a preference for an im-
plant-supported restoration. This study followed 
the Strengthening the Reporting of Observati-
onal Studies in Epidemiology guidelines.21

Materials and methods

This prospective observational study was de-
signed to evaluate patients treated according to 
the All-on-4 protocol in the mandible or maxilla. 
The patients were selected and treated in two 
private centers in Rome and Sassari, between 
January 2008 and December 2011.

The inclusion criteria were a healthy patient 
aged 18 years or older at the time of implant place- 
ment, able to give her or his informed consent for 
participation, with a residual alveolar crest, distal 
to the first premolar, of ≤ 5 mm in height and 
≤ 4 mm in width, assessed by computed tomo-
graphy (CT) or scans, and refusal of a conventi-
onal bone augmentation procedure; partially 
edentate patient with hopeless dentition based 
on multiple risk factors, including endodontic22 
and periodontal criteria,23 prosthetic restorabili-
ty of the tooth, cost–benefit ratio and patient 
preference in terms of refusing any major bone 
augmentation procedures.

The exclusion criteria were general medical 
(American Society of Anesthesiologists Physical 
Status Class III or IV) and/or psychiatric contrain-
dications; pregnancy or nursing; any interfering 
medication, such as steroid therapy or bisphos-
phonate therapy; alcohol or drug abuse; heavy 
smoking (> 10 cigarettes/day); radiation therapy 
to the head or neck region within five years; high 
or moderate parafunctional activity; untreated 
periodontitis; poor oral hygiene and motivation, 
defined as full-mouth bleeding on probing and a 
full-mouth plaque index of ≥ 25%; known allergic 
or adverse reactions to the restorative material; 
and unavailability for regular follow-ups.

This investigation was conducted according 
to the principles embodied in the Declaration of 
Helsinki of 1975 for biomedical research involving 
human subjects, as amended in 2008. All of pa-
tients were duly informed about the nature of the 
study and gave their written consent.

Before implant placement, all of the patients 
underwent CT or CBCT scan according to a dou-
ble-scan protocol.24 In the case of immediately 
post-extraction implants, a previously reported 
two-piece radiographic guide was used for the 
diagnostic study and for virtual implant plan-
ning.25, 26 If the operator decided to wait for hea-
ling of the post-extraction socket, the implant 
sites had to heal for at least three months before 
radiographic examination (Figs. 1–2).

DICOM data of the two sets of scans were 
transferred to a 3-D software planning program 
(NobelGuide, Nobel Biocare) and matched to each 
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other. Four implants were planned for the reha-
bilitation of each participant in post-extraction 
or healed sockets, according to the All-on-4 pro-
tocol.16, 17 Planning data of the patients who re-
quired template-guided surgery were sent to a 
milling center (NobelProcera, Nobel Biocare), 
where stereolithographic surgical templates  

with hollow metallic cylinders to guide implant 
placement in the virtually planned position were 
fabricated. Patients received professional oral 
hygiene prior to the surgery and were instructed 
to rinse with a 0.2% chlorhexidine mouth-  
wash for 1 min, starting two days prior to the  
intervention.

Fig. 7

Periapical radiographs five 
days after implant placement.

Fig. 5

Intra-oral photograph of the 
temporary restoration 
screwed onto the implants.

Fig. 6

Intra-oral photograph five 
days after flapless implant 
placement.

Fig. 3

Try-in of the dental set-up 
modeled on the established 
vertical dimension of occlusion 
according to functional and 
esthetic parameters.

Fig. 4

Screw-retained temporary 
restoration.

Fig. 1

Pretreatment intra-oral photo-
graph.

Fig. 2

Intra-oral photograph three 
months after tooth extrac-
tions.

Figs. 1 & 2

Figs. 3 & 4

Figs. 5 & 6

Fig. 7
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S u r g i c a l  p r o t o c o l

An antibiotic (2 g of amoxicillin and clavulanic 
acid or 600 mg clindamycin if allergic to penicil-
lin) was administered 1 h prior to surgery and 
continued for six days (1 g amoxicillin and clavu-
lanic acid or 300 mg clindamycin b.i.d.) after 
surgery. Local anesthesia was induced using a 
4% articaine solution with 1:100,000 epineph-
rine (Ubistesin; 3M Italia, Milan, Italy). Implants 
were placed in the planned anatomical sites ei-
ther conventionally or using a fully guided ap-
proach. A flapless or a flap approach was per-
formed in order to maintain an adequate 
residual band of keratinized mucosa around the 
implants. When the alveolar crest was too thin 
(knife edge) to place the implant, the alveolar 
crest was remodeled using piezoelectric bone 
surgery under copious irrigation with sterile sa-
line to obtain a flat bony crest. Each patient re-
ceived four NobelSpeedy Groovy implants (No-
bel Biocare), featuring a flat-to-flat matched 
implant-abutment interface with a 0.7 mm tall 
external hexagonal prosthetic connection and a 
rough, highly crystalline and phosphate-en-
riched titanium oxide surface (TiUnite, Nobel 
Biocare). All of the implants were placed accord-
ing to the surgical and prosthetic protocols rec-
ommended by the manufacturer (IFU 73494 
Manual 2/All-on-4 and IFU 71286), with no de-
viations from the original protocol. The drilling 
sequence was chosen according to the manu-
facturer’s instructions in relation to the bone 
quality, achieving an insertion torque at implant 
placement ranging from 35 to 45 N cm in the 
mandible or from 35 to 55 N cm in the maxilla, 
measured using a surgical unit (OsseoCare Pro 
Drill Motor Set, Nobel Biocare). In the post-ex-
traction sites, the gaps between the implants 
and the surrounding socket walls were filled with 
0.25–1 mm granules of deproteinized bovine 
bone (Geistlich Bio-Oss or Geistlich Bio-Oss Col-
lagen, Geistlich Pharma, Wolhusen, Switzer-
land), hydrated using the patient’s blood mixed 
with antibiotic solution (Rifocin 250 mg/10 mL, 
Sanofi-aventis, Milan, Italy).

Seventeen- or thirty-degree angled mul-
ti-unit abutments (Nobel Biocare) were imme-
diately connected to the distal implants for bet-
ter orientation of the screw access hole. Straight 
multi-unit abutments (Nobel Biocare) were used 
in the anterior implants if needed.

A prefabricated screw-retained acrylic resin 
provisional restoration without any cantilever 
was delivered immediately after surgery 

(Figs. 3–5). All of the patients received oral and 
written recommendations regarding medication, 
oral hygiene maintenance and diet. Post-surgical 
analgesic treatment was provided with ibupro-
fen 600 mg, administered every 8 h for two days 
after the surgery, and later on if needed. The 
patients were instructed to rinse the mouth with 
a 0.2% chlorhexidine mouthwash t.i.d. without 
brushing the implant area (Figs. 6 & 7).

P r o s t h e t i c  p r o t o c o l

After three to four months of healing, a definitive 
impression was taken at the implant or abutment 
level according to a previously reported proto-
col.27 Definitive prostheses with titanium or zir-
conia frameworks, fabricated using CAD/CAM 
technology (NobelProcera), were screwed on at 
either the implant or abutment level according 
to the manufacturer’s instructions three to five 
months after implant placement (in the mandible 
and the maxilla, respectively). The definitive im-
plant-supported complete-arch FDP was de-
signed with (hybrid design) or without pink ma-
terial in the cervical region (crown design) and 
veneered with ceramic, acrylic or composite 
according to the patients’ needs (Figs. 8a–c). 
Clinical accuracy of the framework (strain-free 
screwing and absence of an open margin upon 
clinical and radiographic examination) was eval-
uated before prosthesis delivery.28–30 The occlu-
sion was adjusted avoiding any premature con-
tacts. Mutually protected occlusion with 
anterior guidance or balanced occlusion was used 
in cases of opposing natural dentition or an FDP 
and complete removable denture, respectively. 
Follow-up visits were scheduled at one and six 
months and then annually up to five years of 
function. The patients underwent a professional 
cleaning by a dental hygienist every four to six 
months (Figs. 9a–c). Panoramic and periapical 
radiographs were obtained annually after defin-
itive prosthesis delivery (Fig. 10).

The primary outcome measures were as follows:
–  An implant was classified as “successful” when 

the following criteria31 were fulfilled: did not
cause pain or suppuration, did not show any mo-
bility, did not show any signs of radiolucency, and 
did not show periimplant bone loss of > 1.5 mm
during the first year and then > 0.2 mm yearly.

–  An implant was classified as “surviving” when 
the implant remained in the jaw and was stable 
after the prosthesis was removed, even though 
all of the success criteria were not fulfilled.
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–  An implant-supported complete-arch FDP was 
defined as “successful” when the dental pros-
thesis remained in function and the esthetic
evaluation, assessed by the dentist and the pa-
tient, was satisfactory during the study period.

–  An implant-supported complete-arch FDP was 
considered as “surviving” when the dental
prosthesis remained in function, even though
all of the success criteria were not fulfilled.

The secondary outcome measures were as follows:
–   Any technical (fracture of the framework and/

or the veneering material, screw loosening,
etc.) and/or biological (pain, swelling, suppu-
ration, etc.) complications were considered.

–   The distance from the most coronal margin of 
the implant collar and the most coronal point
of bone-to-implant contact was taken as the
marginal bone level. This level was evaluated
on intra-oral digital radiographs taken with the 

paralleling technique using a film holder (Rinn 
XCP, DENTSPLY, Elgin, Ill., U.S.) at implant 
placement (baseline) and then yearly up to 
three years of function. Radiographs were ac-
cepted or rejected for evaluation based on the 
clarity of the implant threads. All readable ra-
diographs were displayed in image analysis 
software (Digora for Windows 2.8, SOREDEX, 
Tuusula, Finland) that was calibrated for every 
single image using the known measure of the 
implant thread pitch. Measurements of the 
mesial and distal bony crest level adjacent to 
each implant were made to the nearest 0.1 mm 
and averaged at the patient level.

–  Patient satisfaction was evaluated with a ques-
tionnaire one month after delivery of the final 
prosthesis and at the three-year follow-up
examination, provided by independent and
blinded outcome assessors. The assessor
asked the following questions: Are you satis-

Figs. 8a–c

Lateral (a & c) and frontal (b) 
intra-oral photographs of the 
carbon-fiber-reinforced defini-
tive prosthesis screwed onto 
the implants.

Figs. 9a–c

Lateral (a & c) and frontal (b) 
intra-oral photographs of the 
definitive prosthesis taken 
three years after implant 
placement.

Fig. 10 

Panoramic radiograph three 
years after implant placement.

c

c

b

b

a

a

Figs. 8a–c

Figs. 9a–c

Fig. 10
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fied with the function of your implant-support-
ed prosthesis? Are you satisfied with the es-
thetic outcome of your implant-supported 
prosthesis? Would you undergo the same 
therapy again?

An independent assessor evaluated the implant 
and prosthesis survival and success rates. Com-
plications were assessed and treated by the same 
clinicians. The marginal bone loss was evaluated 
by an independent radiologist.

S t a t i s t i c a l  a n a l y s i s

Patient data were collected in an Excel spread-
sheet (Microsoft). Finally, all of the data were 
exported into IBM SPSS Statistics for Macintosh 
(Version 22.0; IBM, Armonk, N.Y., U.S.) for sta-
tistical analysis. A bio-statistician with expertise 
in dentistry analyzed the data using PASW Sta-
tistics for Windows (Version 18.0; SPSS, Chicago, 
Ill., U.S.). Descriptive analysis was performed for 
numeric parameters using mean ± standard de-
viation (median; 95% CI). Dichotomous and con-
tinuous outcomes were compared using the chi-
squared test and one-way analysis of variance, 
respectively. Differences in the proportions of 
patients with implant failures, prosthesis failures 
and complications (dichotomous outcomes) were 
compared between the subgroups using the Fish-
er exact test. Patient was the statistical unit of 
the analyses. All statistical comparisons were 
conducted at a 0.05 level of significance.

Results

Thirty-two patients were screened for eligibility. 
Two patients were not enrolled in the trial, be-
cause of refusal to sign the informed consent. A 
total of 120 NobelSpeedy Groovy implants were 
placed using either computer-assisted tem-
plate-guided (n = 15) or conventional freehand 
surgery (n = 15) in 30 consecutive patients  
(18 females and 12 males) with a mean age of 
67.4 ± 6.9 (range of 51–87). Thirty CAD/CAM 
screw-retained implant-supported com-
plete-arch FDPs (18 in the mandible and 12 in the 
maxilla) were delivered. No patients dropped out 
of the study within three years after implant 
placement and no deviation from the original 
protocol occurred. All of the patients were fol-
lowed up for a minimum period of three years 
(mean of 53.8 months; range of 36–84 months). 
Data collected were included in the statistical 

analysis. The main patients’ and interventions’ 
characteristics are summarized in Table 1.
At the three-year follow-up examination, one out 
of 120 implants (0.8%) had failed, resulting in a 
cumulative implant survival rate of 99.2%. The 
only implant failure occurred in one patient two 
months after placement, before delivery of the 
final prosthesis. The affected implant had an in-
fectious etiology (pain, swelling and suppuration) 
and it was 11.5 mm long in position 16, placed 
using guided surgery in a healed site. The implant 
was replaced three months after bone healing. 
The temporary prosthesis was shortened, but not 
replaced by a conventional complete removable 
denture, and the patient was adequately in-
formed and instructed to pay attention and follow 
a soft diet. At the three-year follow-up examina-
tion, no definitive prostheses had failed, resulting 
in a cumulative prosthesis survival rate of 100%. 

Eleven patients experienced one technical or 
biological complication each, resulting in eight 
technical and three biological complications re-
ported during the entire follow-up period. Six 
technical and one biological complication were 
reported during the healing period with tempo-
rary prostheses, while two technical and two 
biological complications were reported after de-
finitive prosthesis delivery. All of the complica-
tions were successfully resolved.

Three prosthetic screws loosened in the tem-
porary prostheses (in three patients) during the 
healing period, and this was resolved by retight- 
ening the screws, stabilizing the occlusion and 
advising the patients not to overload the prosthe-
ses (not to ingest food that may require signifi-
cant masticatory effort). Three fractures of the 
provisional acrylic prostheses occurred (in three 
patients) during the healing period. The tempo-
rary prosthesis was adjusted chairside, the oc-
clusion was stabilized and a night guard was 
delivered for each patient. Fracture of the com-
posite veneering material of the definitive im-
plant-supported cross-arch FDP occurred in one 
patient two years after loading, most likely due 
to occasional parafunctional habits. These situ-
ations were resolved by adjusting the definitive 
prosthesis chairside, stabilizing the occlusion and 
a delivering a night guard.

The first biological complication was reported 
six weeks after implant placement in an 11.5 mm 
long implant placed in position 45, using guided 
surgery in a healed site. The patient reported pain 
and swelling without suppuration. The temporary 
abutment was replaced with a healing abutment. 
The temporary prosthesis was shortened to the 
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right canine. The implant was left to heal for four 
months according to a conventional loading pro-
tocol. The other two complications were periim-
plantitis, consisting of a mean mesiodistal peri-
implant bone loss of 2.6 and 2.8 mm, reported at 
the one-year follow-up examination. The first 
case of periimplantitis developed around a 15 mm 
long implant in position 35, placed using conven-
tional freehand surgery in a healed site. The sec- 
ond case developed around a 13 mm long implant 
in position 32, placed using guided surgery in a 
healed site and immediately loaded. No other 
technical or biological complications occurred 
during the entire follow-up period.

After an initial mean marginal bone loss of 
1.16 ± 0.40 mm (1.06 mm; 95% CI: 0.92–1.20), all 
of the implants lost a mean of 0.21 ± 0.11 mm 
(0.20 mm; 95% CI: 0.16–0.24) between the one- 
and two-year follow-ups, and 0.16 ± 0.07 mm 
(0.15 mm; 95% CI: 0.13–0.17) between the two- 
and three-year follow-ups. At the three-year 
follow-up, the mean marginal bone loss was 
1.52 ± 0.41 mm (1.42 mm; 95% CI: 1.27–1.57). The 
radiographic data are shown in Table 2.

All of the patients were fully satisfied with 
the function and esthetics of their definitive pros-
theses, and all of the patients declared that they 
would undergo the same treatment again.

M a x i l l a  v e r s u s  m a n d i b l e

Twelve patients were treated in the maxilla, while 
18 patients were treated in the mandible. There 
were no statistically significant differences be-
tween centers for the number of patients who 
had failed implants (1/12 vs. 0/18; risk ratio = NA; 
p = 0.399) or complications (3/12 vs. 8/18; risk  
ratio = 0.5625; 95% CI: 0.19–1.70; p = 0.442). At 
the three-year follow-up examination, the mean 
marginal bone loss was 1.49 ± 0.34 mm (1.42 mm; 
95% CI: 1.23–1.61) in the maxilla versus 
1.54 ± 0.46 mm (1.38 mm; 95% CI: 1.17–1.59) in 
the mandible (p = 0.756). The radiographic data 
are shown in Table 3.

G u i d e d  v e r s u s  
c o n v e n t i o n a l  f r e e h a n d  s u r g e r y

Fifteen patients were treated using computer-as-
sisted template-based surgery and 15 with con-
ventional freehand surgery. There were no sta-
tistically significant differences between centers 
for the number of patients who had failed  
implants (1/15 vs. 0/15; risk ratio = NA; p = 0.999) 
or complications (4/15 vs. 7/15; risk ratio = 0.5714; 

95% CI: 0.21–1.55; p = 0.449). At the three-year 
follow-up examination, the mean marginal bone 
loss was 1.48 ± 0.47 mm (1.33 mm; 95% CI: 
1.09–1.57) in the guided surgery group versus 
1.55 ± 0.34 mm (1.46 mm; 95% CI: 1.29–1.63) in 
the conventional freehand surgery group 
(p = 0.365). The radiographic data are shown  
in Table 3.

Discussion

The present study reported data on 30 im-
plant-supported restorations delivered according 
to the All-on-4 protocol and followed for at least 
three years after implant placement. Because it 
was designed as a single-cohort prospective 
study, the main limitation of the present research 
was the lack of a control group and the small sam-
ple size. Another limitation of the present study 
was the variability within the cohort of patients.
 In the present study, the three-year implant 
(99.2%) and prosthesis success rates (100.0%), 
as well as the mean bone loss of 1.52 ± 0.41 mm, 
indicate that the All-on-4 treatment concept is a 
promising treatment modality. Furthermore, the 
results of this prospective observational study 
are consistent with other studies investigating 
the same topic. 

A recent systematic review by Patzelt et al., 
which included 4,804 implants, demonstrated  
a mean cumulative implant and prosthesis survi-
val rate at three years of 99.0 ± 1.0% and  
99.9 ± 0.3%, respectively.20 The mean bone loss 
at three years amounted to 1.3 ± 0.4 mm. Howe-
ver, 12 out of the 13 included studies were consi-
dered to be highly biased. Most of the studies 
included (69%) in the systematic review derived 
from a limited number of investigators in Italy and 
Portugal, which may limit the generalizability of 
the findings, and only 31 % of the studies reported 
a completed follow-up period of three years.

Malo et al. retrospectively reported a cumu-
lative patient-related success rate of 93.8% up 
to ten years of follow-up in the mandible and a 
prosthesis survival rate of 99.2%.18 In the maxil-
la, a five-year survival rate of 93% was reported, 
and the survival rate of the prostheses was 
100%.19 The mean marginal bone loss was  
1.52 ± 0.30 mm after three years. Similar results 
were reported by Browaeys et al., who highligh-
ted unacceptable ongoing bone loss in 49.2% of 
the patients.32

Balshi et al. retrospectively analyzed the out-
comes of 200 arches (800 implants) treated 
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Total

Males 12 (40.00%)

Females 18 (60.00%)

Mean age at implant placement 67.4 ± 6.9

Smokers (< 10 cigarettes/day) 5 (16.67%)

Patients treated in the maxilla 12 (40.00%)

Patients treated in the mandible 18 (60.00%)

Patients treated using guided surgery 15 (50.00%)

Patients treated using conventional surgery 15 (50.00%)

Post-extraction implants 19 (15.83%)

10.0 mm implant length 14 (11.67%)

11.5 mm implant length 42 (35.00%)

13.0 mm implant length 62 (51.67%)

15.0–16.0 mm implant length 2 (1.67%)

Patients with prosthesis failures 0

Patients with implant failures 1 (3.33%)

Patients with complications 11 (36.67%)

Follow-up period

Baseline to 1 year 1–2 years 2–3 years Baseline to 3 years

1.16 ± 0.40 
(0.92–1.20)

0.21 ± 0.11 
(0.16–0.24)

0.16 ± 0.07 
(0.13–0.17)

1.52 ± 0.41 
(1.27–1.57)

Table 1

Table 2

Table 3

Table 1

Patients’ and interventions’ 
characteristics.

Table 2

Mean marginal bone loss  
± standard deviation (mm) 
(95% CI) between follow-up 
examinations.

Table 3

Three-year marginal bone loss 
± standard deviation (mm) 
according to the jaw location 
and type of surgery.

† Unpaired t-test assuming 
normal distribution.

Location Mandible (n = 18) Maxilla (n = 12) P-value†

1.54 ± 0.46 1.49 ± 0.34 P = 0.756

Type of surgery Guided (n = 15) Freehand (n = 15) P-value†

1.48 ± 0.47 1.55 ± 0.34 P = 0.365
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according to the All-on-4 protocol.33 Twenty 
percent (168 implants out of 800) of the implants 
analyzed had a follow-up period of three years or 
more. Cumulative implant and prosthesis survi-
val rates amounted to 97.3% and 99.0%, respec-
tively. 

Grandi et al. analyzed 47 patients treated with 
188 immediately loaded implants placed in the 
mandible according to the All-on-4 protocol in 
post-extraction sites.34 At the 18-month fol-
low-up, no implant had failed and all of the resto-
rations were stable. However, three patients 
experienced fracture of the provisional restora-
tion. No significant differences in bone loss were 
found between axially placed and tilted implants 
at the 18-month follow-up.

Babbush et al. retrospectively examined 165 
patients treated according to the All-on-4 pro-
tocol.35 The cumulative implant survival rate was 
99.6% (99.3% in the maxilla and 100.0% in the 
mandible) for up to 29 months of loading. The 
definitive prosthesis survival rate was 100%. 
Recently, the same authors retrospectively ana-
lyzed the patient-centered outcomes, including 
the cost of treatment, length of the treatment 
period and comfort provided by the provisional 
restoration, in patients treated according to the 
All-on-4 protocol and compared these results to 
a historical control group, which included com-
plete-arch FDPs supported by natural teeth or 
implants and implant-supported overdentures.36 
This study demonstrated that the cost, length of 
treatment and comfort provided by the provisi-
onal restoration significantly favored the All-on-4 
treatment modality.

In the present study, the overall percentage 
of complications experienced was large (36.6 %). 
Nevertheless, this result did not differ from those 
normally encountered in oral rehabilitation in 
which implants are used as support for an FDP 
(33.6% at five years).37 Moreover, most of these 
complications were reported on the temporary 
restoration, during healing. The clinicians who 
carried out the procedures addressed all of the 
complications chairside. Furthermore, the condi-
tion of the patients remained stable up to the 
completion of the three-year follow-up period. In 
order to minimize the incidence of complications, 
dental clinicians should exert great effort in select- 
ing patients, respecting the original protocols, and 
choosing reliable components and materials for 
implant-supported complete-arch FDPs.

Patients with untreated periodontitis were 
not included in the study. Implant therapy in pa-
tients with a history of chronic periodontitis and 

generalized aggressive periodontitis might be 
considered a viable treatment with similar survi-
val outcomes to those reported for healthy pa- 
tients. Periodontally compromised patients were 
included after being treated to reduce the inflam-
mation and halt the disease progression, before 
tooth extraction and implant placement. Accor-
ding to Donos et al., it is necessary to treat and 
control the periodontal disease, regardless of its 
progression pattern and subtype, before implant 
therapy is initiated in order to improve the over-
all implant success and achieve a more favor- 
able bone resorption pattern.38 Nevertheless, a 
comprehensive implant maintenance program 
has to be encouraged and continued in order to 
identify periimplant bone loss early on, particu-
larly in patients with a history of periodontal dis- 
ease.

Conclusion

Within the limitations of the present study, the 
All-on-4 concept is a predictable and minimally 
invasive treatment concept for the complete-arch 
rehabilitation of both jaws, regardless of jaw lo-
cation and type of surgery. It may decrease the 
overall treatment time and re-establish adequate 
function in a cost-effective way. Further long-
term prospective data (five years and more) and 
outcomes beyond cumulative survival rates are 
needed.
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Abstract

O b j e c t i v e

Induced pluripotent stem cells (iPSCs) possess high pluripotency and dif-
ferentiation potential and may constitute a possible source of autologous 
stem cells for clinical applications. However, the lengthy reprogramming 
process (up to one month) remains one of the most significant challenges 
facing standard virus-mediated methodology. The Gli-like transcription 
factor Glis1 is highly expressed in unfertilized eggs and one-cell-stage 
embryos. In this study, iPSCs were generated using a combination of pri-
mary human oral mucosal fibroblasts (HOFs) and episomal plasmid vectors 
expressing transcription factors, including Glis1.

M a t e r i a l s  a n d  m e t h o d s

HOFs were established from oral mucosal tissue 3 mm in diameter from 
a 23-year-old Asian male using a skin trephine. Human iPSCs were gen-
erated from the established HOFs using the following episomal plasmid 
vectors: pCXLE-hOCT3/4-shp53-F that expresses OCT3/4 and short- 
hairpin RNA (shRNA) against p53, pCXLE-hSK that expresses SOX2 and 
KLF4, pCXLE-hUL that expresses L-MYC and LIN28, and pCXLE-hGlis1 
that expresses Glis1.

R e s u l t s

Fifty colonies of human embryonic stem (ES)-like cells were observed as 
early as 20 days after initial episomal plasmid vector transduction. The 
resulting cell lines shared several characteristics with human ES cells, 
including morphology, pluripotency-associated gene and protein markers, 
karyotype analysis and the ability to differentiate in vivo into all three germ 
layers.

C o n c l u s i o n

Our method, combining the use of HOFs and episomal plasmid vectors 
expressing OCT3/4, shRNA against p53, SOX2, KLF4, L-MYC, LIN28 and 
Glis1, offers a powerful tool for safely and rapidly generating bona fide 
human iPSCs and facilitates the application of iPSC technology to biomed-
ical research.

K e y w o r d s

iPSC, integration-free plasmid vector, Glis1, human oral mucosal tissue.
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Introduction

The successful reprogramming of human and 
mouse somatic cells into induced pluripotent 
stem cells (iPSCs) via ectopic overexpression of 
pluripotency-associated transcription factors is 
considered a major scientific breakthrough.1–5 
Similar to the characteristics of embryonic stem 
(ES) cells,6–8 human iPSCs can proliferate indef-
initely, while retaining pluripotency, and can dif-
ferentiate into all cell types found in the body. 
IPSCs have been generated from dermal fibro-
blasts,3 peripheral blood,9 dental pulp cells,10 
gingival fibroblasts,11 periodontal ligaments,12 oral 
mucosa13 and mesenchymal stromal cells.14

Gingival tissue is routinely resected during 
general dental treatments, such as tooth extrac-
tion, periodontal surgery and dental implanta- 
tion, and generally treated as biomedical waste.15 
Egusa et al. successfully derived iPSCs from 
human gingival fibroblasts (HGFs) using retro-
viral transduction of transcription factors; they 
also reported that the reprogramming efficiency 
of mouse gingival fibroblasts was higher than 
that of dermal fibroblasts.11 However, retroviral 
integration increases the risk of tumor forma- 
tion, while integration-free methods decrease 
this potential risk.15 The development of novel 
approaches to generating integration-free iPSCs 
has eliminated the concern of integrating  
virus-associated genotoxicity in clinical applica-
tions.16 Integration-free human iPSCs have been 
generated using several methods.15 Okita et al. 
reported a simple method that uses p53 sup-
pression and nontransforming L-MYC to gene-
rate human iPSCs with episomal plasmid vec-
tors.15 Our recent study demonstrated that iPSCs 
could be generated from a combination of pri-
mary HGFs and an episomal plasmid vector.17 
However, the lengthy reprogramming process 
(up to one month) remains one of the most sig-
nificant challenges facing standard virus- 
mediated methodology.

Maekawa et al. reported that the Gli-like 
transcription factor Glis1 (Glis family zinc finger 1) 
markedly enhances the generation of iPSCs from 
both mouse and human somatic fibroblasts 
when it is expressed together with three tran-
scription factors collectively known as OSK 
(OCT3/4, SOX2 and KLF4) using retroviral trans-
duction.18 However, little is known regarding 
whether Glis1 can effectively promote direct 
reprogramming during iPSC generation using 
an episomal plasmid vector. In the current study, 
iPSCs were generated by combining primary 

human oral mucosal fibroblasts (HOFs) with 
episomal plasmid vectors expressing OCT3/4, 
short-hairpin RNA (shRNA) against p53, SOX2, 
KLF4, L-MYC, LIN28 and Glis1.

Materials and methods

E t h i c a l  s t a t e m e n t

Approval for the sampling of human oral mucosa 
tissue, establishing iPSCs and genome/gene 
analysis was obtained from the Ethics Committee 
of Osaka Dental University, Hirakata, Japan (au-
thorization No.: 110783; approval date: 30 Sep-
tember 2013) and the DNA Recombination Ex-
periment Safety Committee of Osaka Dental 
University (authorization No.: 54; approval date: 
18 July 2014). Written informed consent was 
obtained from the participant. The animal exper-
iments followed a protocol approved by the An-
imal Committee of Osaka Dental University (au-
thorization No.: 14-06002; approval date: 8 July 
2014).

C e l l  c u l t u r i n g

HOFs were established from oral mucosal tissue 
3 mm in diameter obtained using a skin trephine 
(derma punch, Maruho, Osaka, Japan) from a 
23-year-old Asian male. Human oral mucosal
tissue was placed in 35 mm tissue culture dishes 
and cultured in Dulbecco’s Modification of Eagle’s 
Medium (DMEM) containing 10% fetal bovine
serum at 37 °C and 5% CO2.11 The medium was
replaced every three days. Once the HOFs had
proliferated, the tissue was removed. When the
cells reached subconfluence, they were dissoci-
ated using 0.25% trypsin (Invitrogen, Carlsbad,
Calif., U.S.) and transferred to 60 mm tissue cul-
ture dishes (passage 1). HOFs were regularly
passaged at a 1:3 ratio every three to four days.

G e n e r a t i o n  o f  i P S C s  f r o m  
H O F s  w i t h  e p i s o m a l  v e c t o r s

One microgram of an expression episomal plas-
mid mixture containing pCXLE-hOCT3/4-
shp53-F that expresses OCT3/4 and shRNA 
against p53, pCXLE-hSK that expresses SOX2 
and KLF4, pCXLE-hUL that expresses L-MYC and 
LIN28, and pCXLE-hGlis1 that expresses Glis1 
(Addgene, Cambridge, Mass., U.S.) was electro-
porated into 6 × 105 primary HOFs (passage 5) 
with the Amaxa 4D-Nucleofector (Lonza, Basel, 
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Switzerland) according to the manufacturer’s 
instructions using program DT-130 (Lonza). 
These cells were then transferred on to mitomy-
cin C-treated SNL 76/7 cells (cat. No. 07032801, 
lot No. 08F009; European Collection of Authen-
ticated Cell Cultures, Porton Down, U.K.) at 
5 × 104 cells per 100 mm dish. The following day, 
the culture medium was replaced with embry-
onic stem cell (ESC) culture medium consisting 
of DMEM/F12 medium (Sigma-Aldrich, St.  
Louis, Mo., U.S.) supplemented with 20% Knock-
Out Serum Replacement (Gibco, Grand Island, 
N.Y., U.S.), 2 mM L-glutamine (Nacalai Tesque, 
Kyoto, Japan), 1% nonessential amino acids (Gib-
co), 0.1 mM 2-mercaptoethanol (Gibco) and 5 ng/
mL fibroblast growth factor-2 (ReproCELL, 
Kanagawa, Japan). Thirty days subsequent to 
transduction, a number of colonies were mechan-
ically picked and transferred to a 24-well plate. 
After several passages, ESC-like colonies were 
selected for further cultivation and characteriza-
tion. IPSCs were generated and maintained in 
ESC culture medium. For routine passaging, iPSC 
colonies were detached with CTK solution 
(2.5 μg/mL trypsin, 1 mg/mL collagenase IV, 20% 
KSR, 1 mM CaCl2/PBS, and 70% PBS) and split 
at a 1:3 ratio every four to five days.

Q u a n t i t a t i v e  r e a l - t i m e 
r e v e r s e  t r a n s c r i p t i o n - 

p o l y m e r a s e  c h a i n  r e a c t i o n

Total RNA was isolated using the RNeasy Micro 
Kit (Qiagen, Limburg, Netherlands) according to 
the manufacturer’s protocol. Single-stranded 
complementary DNA was synthesized from a 
total of 500 ng RNA (DNase-treated) using the 
PrimeScript RT Master Mix (Takara, Shiga,  
Japan). KhES-1 RNA was provided by the Foun-
dation for Biomedical Research and Innovation 
(Kobe, Japan). Quantitative real-time reverse 
transcription-polymerase chain reaction (qRT-
PCR) was conducted in triplicate using SYBR 
Select Master Mix (Life Technologies, Grand  
Island, N.Y., U.S.) with a StepOnePlus system (Life 
Technologies) and the following PCR program: 
95 °C for 10 min, then 40 cycles of 95 °C for 15 s, 
60 °C for 1 min and 72 °C for 15 s. Specific primers 
are listed in Table 1. The glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) gene was 
co-ampli fied as an internal standard. Gene ex-
pression was measured using the ΔΔCT method.20

Differences in gene expression between KhES-1, 
HOF-iPSCs and HOFs were evaluated by variance 
analysis with the Tukey test.

Table 1

List of primers used for 
qRT-PCR.

Table 1

Primer Gene Sequences (5’ to 3’)

Pluripotent 
marker

OCT3/4
Forward GAAACCCACACTGCAGCAGA

Reverse TCGCTTGCCCTTCTGGCG

NANOG
Forward CTCAGCTACAAACAGGTGAAGAC

Reverse TCCCTGGTGGTAGGAAGAGTAAA

SOX2
Forward GGGAAATGGGAGGGGTGCAAAAGAGG

Reverse TTGCGTGAGTGTGGATGGGATTGGTG

KLF4
Forward CGCTCCATTACCAAGAGCTCAT

Reverse CGATCGTCTTCCCCTCTTTG

TERT
Forward CGTACAGGTTTCACGCATGTG

Reverse ATGACGCGCAGGAAAAATGT

C-MYC
Forward GTTGGTCAGGCTGGTCTTGAA

Reverse CATGCGCCTGTAATCCTAGCA

Internal control GAPDH
Forward CCACTCCTCCACCTTTGACG

Reverse ATGAGGTCCACCACCCTGTT
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Table 2

Antibodies used for flow 
cytometry and immuno-
chemical staining of 
HOF-iPSCs.

Table 2

S u r f a c e  a n t i g e n  a n a l y s i s

Cells (5 × 105) were obtained after treatment with 
0.025% trypsin (Life Technologies). Cell surface 
antigen staining was performed in phos-
phate-buffered saline (PBS) with 2% human  
serum albumin (Mitsubishi-Tanabe Pharma, Osa-
ka, Japan). The cell suspension was incubated 
with the antibodies listed in Table 2 for 30 min at 
4 °C. Murine anti-human antibodies were used 
at the recommended concentrations. Primary 
antibodies and isotype controls are listed in Table 
2. The stained cells were analyzed with FACSAr-
ia II (Becton Dickinson, Franklin Lakes, N.J., U.S.) 
and the data were analyzed using the FlowJo
software (Tree Star, Ashland, Ore., U.S.).

I m m u n o c y t o c h e m i s t r y

For fixed staining of differentiation-specific mark-
ers, cells were fixed for 30 min in 4% paraformal-
dehyde at 4 °C, followed by washing in PBS. The 
cells were then permeabilized for 15 min with 2% 
bovine serum albumin and 0.1% Triton X-100 (Sig-
ma-Aldrich) and incubated overnight at 4 °C with 
the primary antibodies diluted in PBS containing 
2% bovine serum albumin. The cells were then 

washed and incubated for 1 h with the appropriate 
fluorescence-conjugated secondary antibodies. 
Primary antibodies and secondary antibodies are 
listed in Table 2. The staining images were ac-
quired with a ZOE Fluorescent Cell Imager (Bio-
Rad Laboratories, Hercules, Calif., U.S.).

I n  v i v o  d i f f e r e n t i a t i o n 
( t e r a t o m a  f o r m a t i o n )

NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ mice (Jackson 
Laboratory, Bar Harbor, Maine, U.S.) were anes-
thetized and iPSCs (1 × 106) were transplanted 
under the epidermal space of the neck. Two hun-
dred microliters of saline was injected into a  
second epidermal space as a negative control. 
Mice were euthanized 12 weeks later and tera-
toma samples were collected and subjected to 
histological analysis. Teratomas were processed 
according to standard paraffin embedding and 
hematoxylin and eosin staining procedures by 
the Business Support Center for Biomedical Re-
search Activities (Kobe, Japan).

Antibodies Supplier Cat. No Dilution

OCT3/4 Santa Cruz Biotechnology, 
Dallas, Texas, U.S. SC5279 1/100

NANOG Cell Signaling Technology, 
Danvers, Mass., U.S. 3680S 1/100

SSEA-3 Abcam, Cambridge, Mass., 
U.S. ab16286 1/100

SSEA-4 Millipore, Billerica, Mass., U.S. MAB4360 1/100

TRA-1-60 Millipore, Billerica, Mass., U.S. MAB4304 1/100

TRA-1-81 Millipore, Billerica, Mass., U.S. MAB4381 1/100

DAPI Invitrogen, Carlsbad, Calif., 
U.S. D1306 5 μg/mL

Alexa Fluor 594 mouse Invitrogen, Carlsbad, Calif., 
U.S. A11062 1/500

Alexa Fluor 594 rat Invitrogen, Carlsbad, Calif., 
U.S. A21211 1/500
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K a r y o t y p e  a n a l y s i s

Chromosome G-band analysis was performed at 
Nihon Gene Research Laboratories (Sendai,  
Japan). At least 15 metaphases were analyzed.

Results

G e n e r a t i o n  o f  i P S C s  f r o m  H O F s 
u s i n g  e p i s o m a l  p l a s m i d  v e c t o r s

Three lines of HOFs were established from the 
oral mucosa of the 23-year-old Asian male 
(Fig. 1). Homogeneous fibroblasts emerged from 
the oral mucosal tissue one week after the start 
of culturing. HOFs were exponentially expanded 
up to 30 passages; cells were counted at each 
passage and plated at 1.5 × 104 cells/cm2. Colo-
nies with a flat human ESC-like morphology and 
non-ESC-like colonies were counted at around 
day 20 after HOF transfection with episomal 
plasmid vectors expressing human OCT3/4, 
shRNA against p53, SOX2, KLF4, L-MYC, LIN28 
and Glis1. The average number of ESC-like colo-
nies from three experiments was 54.7 ± 3.05, 
with a reprogramming efficiency of approximately 
1%; the average number of non-ESC-like colonies 
was 25.3 ± 3.21 (Table 3). A number of colonies 
obtained from the HOF cells were mechanically 

picked at passage 1. Several days later, four ESC-
like colonies were selected and expanded. All 
colonies were similar to ESCs in morphology  
and proliferative capacity and were named 
“HOF-iPSCs”.

E x p r e s s i o n  o f  E S C - s p e c i f i c 
m a r k e r  g e n e s  i n  H O F - i P S C s

HOF-iPSCs were selected for characterization 
from among the picked clones after 23 passages 
based on their higher level of proliferation and 
stability of the ESC-like morphology. The expres-
sion of the ESC-specific marker genes OCT3/4, 
NANOG, SOX2, TERT, KLF4 and C-MYC in 
HOF-iPSCs was analyzed using qRT-PCR (Fig. 3). 
Expression of NANOG and SOX2 was significant-
ly higher and that of C-MYC and TERT was lower 
in KhES-1 cells compared with that in HOF-iPSCs 
(Figs. 3b–e). No significant difference was ob-
served between KhES-1 and HOF-iPSCs for 
OCT3/4 and KLF4 expression (Figs. 3a & f). KLF4 
was the only gene to exhibit higher expression in 
HOF cells compared with both the KhES-1 cells 
and HOF-iPSCs (Fig. 3f).

C h a r a c t e r i z a t i o n  o f  H O F - i P S C s

HOF-iPSCs were selected for characterization 
from among the picked clones after 20 passages 

Table 3

ESC-like colonies obtained 
from HOFs. The number of 
colonies per 5 × 104 cells after 
cell reprogramming with 
episomal vectors. These data 
were obtained from three 
independent induction 
experiments using HOFs from 
a donor.

Fig. 1

Excision of oral mucosal tissue 
by punch biopsy.

Table 3

Fig. 1

ES–like Non-ES–like

HOFs

54 23

52 24

58 29
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Figs. 2 a–c

Generation of HOF-iPSCs. 
(a) Time course for HOF 
reprogramming. 
(b) Microscopy image of 
original HOFs in culture. 
(c) Generated HOF-iPSC 
colonies on SNL feeder cells.

Fig. 2

Fig. 3 Figs. 3 a–f

QRT-PCR analysis of the 
expression of six pluripotency -
related genes in HOF-iPSCs: 
(a) OCT3/4, 
(b) NANOG, 
(c) SOX2, 
(d) C-MYC, 
(e) TERT
and (f) KLF4. KhES-1 cells 
(passage 23) were used as the 
positive control and HOFs 
(passage 6) as the negative 
control.
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based on increased proliferation and stability of 
the ESC-like morphology. Expression of the 
ESC-specific surface markers SSEA-3, SSEA-4 
and TRA-1-60 in HOF-iPSCs was analyzed using 
flow cytometry; all three markers were expressed 
(Fig. 4). HOF-iPSCs could be maintained beyond 
20 passages and still demonstrated ESC-like 
morphology. In addition, HOF-iPSCs expressed 
ESC-specific surface markers, such as OCT3/4, 
SSEA-4, TRA-1-60 and TRA-1-81 (Fig. 5). Tumor 
formation was observed three months after the 
injection of HOF-iPSCs under the epidermal 
space in the neck of immunodeficient mice. His-
tological examination showed that the tumor 
contained various tissues, including cartilage 
(mesoderm), melanocytes (ectoderm), gut-like 
tube tissue (endoderm) and neural tissue (ecto-
derm; Fig. 6). Karyotype analysis of the tested 
clones showed a normal human karyotype 
(Fig. 7).

Discussion

Many strategies have been proposed for the 
management of large defects in oral tissue or 
organs such as due to congenital abnormalities, 
trauma or cancer treatment. Autogenous bone 
grafts are the gold standard for such reconstruc-
tion because of their osteoconductive, osteoin-
ductive and nonimmunogenic properties.20, 21 
Recently, cell therapy using stem cells combined 
with osteoconductive biomaterials or scaffolds 
has become a promising alternative to autoge-
nous bone grafts.22 In order for cell therapy to 
efficiently treat large defects in oral tissue or 
organs, it is important to produce a sufficient 
number of cells that function similarly to prima-
ry islets. IPSCs, referred to as pluripotent stem 
cells, have been generated via retrovirus-medi-
ated introduction of four transcription factors3, 

4 and represent a potentially unlimited source of 
cells. IPSCs that can be efficiently generated 
from tissue easily accessible to dentists have 
great potential;23 iPSCs have been generated 
from various oral mesenchymal cells23 and these 
cells have been reported to possess higher  
reprogramming efficiency than skin fibroblasts 
do.10

Oral mucosal tissue is easily accessible and 
can be harvested by a simple and safe procedu-
re. Oral mucosal wounds are characterized by 
rapid re-epithelialization and remodeling and are 
known to heal quickly compared with other skin 
injuries. This rapid re-epithelialization and remo-

deling is due to the increased production of ac-
tive MMP-2 in oral mucosal fibroblasts compared 
with skin fibroblasts; MMP-2 may play an import-
ant role in rapid extracellular matrix reorganiza-
tion and scarless wound healing.13, 24, 25 Therefore, 
we hypothesized that HOFs generated from pa-
tient tissue might provide a superior cell source 
for iPSCs. In the present study, we found that the 
endogenous expression level of KLF4 was higher 
in HOFs than in ESCs or HOF-iPSCs. Endogenous 
KLF4 has been shown to be expressed in gingival 
and periodontal fibroblasts derived from oral  
tissue.12 Miyoshi et al. also found that HOFs ex-
press not only KLF4 and C-MYC but also NANOG 
and OCT4 at low levels, suggesting that HOFs 
possess a number of epigenetic advantages for 
reprogramming.13

Integrating virus-associated genotoxicity and 
tumor formation in iPSCs is of concern for clinical 
application.15 Integration-free human iPSCs have 
been generated using several methods.24, 26–30 

Okita et al. used two of their findings to improve 
reprogramming efficiency using episomal plas-
mids;15 iPSC generation is markedly enhanced by 
p53 suppression31 and L-MYC is more potent and 
specific than C-MYC during human iPSC genera-
tion.32 In our previous study,17 iPSCs were gene-
rated from HGFs using the above-mentioned 
method. The generated iPSCs expressed ESC-spe-
cific markers, as assessed by gene analysis and 
immunocytochemistry. Embryoid bodies and 
teratomas were formed from the iPSCs, demon- 
strating their ability to differentiate into three 
germ layers. However, 50 ESC-like colonies were 
obtained only 30 days post-HGF transfection. 
This lengthy reprogramming process (up to one 
month) is comparable to that of the standard  
virus-mediated methodology.33

The maternal Gli-like transcription factor Glis1 
is highly expressed in unfertilized eggs and one-
cell-stage embryos.18 Maekawa et al. showed that 
Glis1, but not C-MYC, increased iPSC tumorige-
nicity and markedly enhanced the generation of 
iPSCs from both mouse and human fibroblasts 
when expressed together with OCT3/4, SOX2 and 
KLF4.18 In the present study, we observed 50 co-
lonies of human ES-like cells as early as 20 days 
after initial episomal plasmid vector transduction. 
These results demonstrate that Glis1 enhances 
the efficiency of iPSC generation using episomal 
plasmid vectors expressing OCT3/4, shRNA 
against p53, SOX2, KLF4, L-MYC and LIN28.  
However, iPSC generation from multiple donors 
will be required to establish the application of iPSC 
technology to biomedical research.
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Figs. 4a–c

Flow cytometry analysis  
of pluripotent markers in 
HOF-iPSCs: 
(a) SSEA-3, 
(b) SSEA-4 
and (c) TRA-1-60.

Figs. 5a–d

Generated HOF-iPSCs  
stained for 
(a) OCT3/4, 
(b) SSEA-4, 
(c) TRA-1-60 
and (d) TRA-1-81;
scale bar = 100 μm.

Fig. 4

Fig. 5
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a b c

Conclusion

Oral mucosal tissue can be conveniently obtained 
using a simple and safe procedure and possess-
es epigenetic advantages for reprogramming. We 
have successfully established a technique for 
rapidly and safely generating human iPSCs from 
oral mucosa using episomal plasmid vectors ex-
pressing OCT3/4, shRNA against p53, SOX2, 
KLF4, L-MYC, LIN28 and Glis1. In order to repair 
large bone defects caused by trauma, tumors or 
congenital deficiency, it is necessary to combine 
sufficient cell numbers and biomaterials. The 
accelerated generation of integration-free human 
iPSCs would facilitate the application of clini-
cal-grade iPSC technology for the treatment of 
large oral tissue or organ defects.
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Figs. 6a–c

IPSCs have the potential to 
differentiate into three germ 
layers in vivo. Hematoxylin 
and eosin staining of 
teratomas derived from iPSCs 
at passage 20 revealed the 
presence of (a) cartilage 
(mesoderm; red arrow), 
melanocytes (ectoderm; black 
arrow), (b) gut-like tube tissue 
(endoderm; red arrow) and  
(c) neural tissue (ectoderm; 
red arrow).

Fig. 7

Karyotype analysis of iPSCs at 
passage 20 using G-band 
staining.

Figs. 6a–c

Fig. 7
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Bone block graft to treat  
an apicomarginal defect 
simultaneously with apical 
surgery of the maxillary 
incisors: A case report with 
three-year follow-up

Abstract

O b j e c t i v e

The objective of this article is to describe the successful management of 
an apicomarginal defect of a maxillary lateral incisor with a bone block 
graft performed simultaneously with apical surgery of both lateral and 
central incisors.

C a s e  p r e s e n t a t i o n

A 15-year-old male patient with a recurrent sinus tract involving the max-
illary right incisors was referred for possible treatment with apical surgery. 
Root canal treatment and apical surgery had been undertaken unsuccess-
fully one year before. Radiographic examination revealed a radiolucent 
area surrounding the tooth apexes. A bone block was harvested from the 
apical area of the central incisor with ultrasound tips to gain access to the 
root end and apical surgery of both incisors was performed. The bone block 
graft was used to cover an apicomarginal bony defect of the maxillary 
lateral incisor. At the three-year follow-up, the teeth had no clinical signs 
or symptoms, and the periapical radiograph demonstrated complete heal-
ing around the apexes.

C o n c l u s i o n

The use of a bone block graft to treat an apicomarginal defect in conjunc-
tion with apical surgery achieved complete healing of the periradicular 
tissue in this case.
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Apicomarginal defect, apical surgery, bone regeneration.
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Introduction

An apicomarginal defect is defined as a localized 
bony defect that is characterized by the absence 
of alveolar bone over the entire root length.1 This 
type of defect significantly reduces the prognosis 
of periapical surgery. Hirsch et al.2 and Skoglund 
and Persson3 observed healing rates of 27% and 
37%, respectively, in teeth that had undergone 
periapical surgery and with apicomarginal  
defects, substantially lower than teeth in which 
the vestibular cortical was intact. Current surgi-
cal techniques, supported by the use of ultra-
sound, amplification and magnification devices, 
have improved the prognosis of periapical sur-
gery,4 also in teeth with this type of bony defect. 
Kim et al. observed a healing success of 77.5% in 
teeth with apicomarginal defects using a micro-
surgical technique, but still significantly lower 
than the 95.2% rate of teeth with lesions con-
fined to the apical area.5

The reason for the poorer prognosis in teeth 
with apicomarginal defects has been suggested 
to be the formation of a long junctional epithe-
lium over the denuded root surface, preventing 
bone regeneration.6 Experimental7, 8 and clinical 
studies9 have shown significantly higher success 
rates with the use of tissue regeneration 
techniques (guided tissue regeneration, GTR) in 
apicomarginal defects.

The purpose of this article is to describe the 
successful management of an apicomarginal 
defect of a maxillary lateral incisor with a bone 
block graft performed simultaneously with  
apical surgery of both lateral and central incisors.

Case report

A 15-year-old male patient was referred to our 
clinic because of a recurrent sinus tract involving 
the maxillary right incisors (Fig. 1). Regarding the 
patient’s medical history, no health problem was 
reported, nor was a history of allergies or the use 
of any medication. The patient had suffered a 
traumatism one year before that caused fractur-
ing of the central incisors and the right lateral 
incisor. The central incisors were restored with 
composite and root canal fillings were performed 
in both central and lateral right incisors; in addi-
tion, root resection of the lateral incisor had been 
performed without retrograde filling. The peri-
apical radiograph showed a radiolucent area sur-
rounding the tooth apex (Fig. 2). Probing depth 
was normal around the central incisor and the 

lateral incisor had a 7 mm depth at the vestibular 
aspect.

The surgical treatment combined two proce-
dures: endodontic surgery of both maxillary right 
incisors and a bone autograft to regenerate the 
buccal bone plate of the lateral incisor. The  
surgery was carried out under local anesthesia 
with 4% articaine and 1:100,000 epinephrine 
(Inibsa, Lliçà de Vall, Spain). After elevation of a 
full-thickness mucoperiosteal flap, the patholo-
gical tissue around the apex of the lateral incisor 
was debrided. Afterward, a bone block was har-
vested from the apical area of the central incisor 
with ultrasound tips to gain access to the root 
end (Fig. 3); the block was kept submerged in 
saline solution. The root of the central incisor was 
then resected approximately 3 mm from the apex; 
the lateral incisor root had been resected in a 
previous periapical surgery (Fig. 4). Hemostasis 
of the bony crypt was achieved with aluminum 
chloride (Expasyl, Produits Dentaires Pierre  
Rolland, Merignac, France).10 The root ends were 
inspected using a rigid endoscope (Möller-Wedel, 
Munich, Germany; Figs. 5 & 6). The root-end ca-
vities were prepared with sonic-driven microtips 
(Piezon Master 400, EMS Electro Medical Sys-
tems, Nyon, Switzerland; Fig. 7) and were retro-
filled with mineral trioxide aggregate (MTA; 
DENTSPLY Tulsa Dental Specialties, Tulsa, Okla., 
U.S.; Fig. 8). The quality of the retrograde fillings 
was inspected with the endoscope (Fig. 9). The
bone block graft was fixed with an osteosynthe-
sis screw to regenerate the buccal wall of the
lateral incisor (Fig. 10). The bony defect at the
donor area and the apical area of tooth #12 were 
covered with textured bovine collagen (Lyostypt, 
B. Braun Melsungen, Tuttlingen, Germany). After 
cleaning the wound area, primary wound closu-
re was accomplished with multiple interrupted 
sutures. 

The patient was prescribed amoxicillin 
(500 mg/8 h) preoperatively (two days before 
surgery) for suppurative abscess and five days 
after intervention owing to the bone block graft 
procedure, ibuprofen (400 mg/8 h for four days), 
a 0.12% chlorhexidine rinse (t.i.d. for seven days) 
and paracetamol (500 mg on demand) in the 
event of intense pain. The sutures were removed 
after one week.

At the follow-up visit after three years, the 
teeth were asymptomatic, no gingival recession 
had occurred and normal periodontal probing 
depths were recorded around both teeth (Fig. 11). 
The periapical radiograph showed complete bone 
regeneration around the apexes (Fig. 12).



Journal of
Oral Science & Rehabilitation

38   Volume 2 | Issue 2/2016

B o n e  b l o c k  g r a f t  t o  t r e a t  a p i c o m a r g i n a l  d e f e c t

Figs. 1 & 2

Figs. 3 & 4

Figs. 5 & 6

Figs. 7 & 8

Fig. 1

Sinus tract involving the 
maxillary right incisors.

Fig. 2

The periapical radiograph 
shows a radiolucency around 
the apexes of the central and 
lateral incisors.

Fig. 3

Using ultrasound, a bone block 
was harvested from the apical 
area of the central incisor.

Fig. 4

Intraoperative image after 
root-end resection.

Fig. 5

Endoscopic image of the 
lateral incisor apex, resected 
during a previous periapical 
surgery. 

Fig. 6

Endoscopic image of the 
central incisor apex after 
root-end resection, showing 
the gutta-percha.

Fig. 7

Root-end cavities prepared  
in both teeth. 

Fig. 8

Image after root-end cavity 
filling. The apicomarginal 
defect of the lateral incisor is 
evident over the entire buccal 
bone plate.



Journal of
Oral Science & Rehabilitation

Volume 2 | Issue 2/2016   39

B o n e  b l o c k  g r a f t  t o  t r e a t  a p i c o m a r g i n a l  d e f e c t

Discussion

Complete healing of periapical tissue after peri-
apical surgery includes regeneration of the alve-
olar bone, periodontal ligament and cementum.11 

Several studies have shown that GTR applied with 
periapical surgery promotes healing of apical le-
sions and improves the prognosis of the treat-
ment.12–14 In a recent meta-analysis, Tsesis et al. 

observed that GTR improved the success rate of 
periapical surgery, particularly in large and 
through-and-through lesions, although the dif-
ferences were not statistically significant.15 How-
ever, none of the studies included evaluated the 
prognosis of teeth with apicomarginal defects. 
Tissue regeneration in teeth with apicomarginal 
defects is not as predictable and there is no ver-
ified treatment option.16 Only four clinical trials, 
none of them with control groups, were found in 
which the prognosis of periapical surgery in teeth 
with apicomarginal lesions was studied. Dietrich 
et al. grafted the defects with inorganic bovine 
bone material and a collagen membrane.17 After 
one year, the clinical and radiographic assess-
ment demonstrated a success rate of 82.6% and 
the median probing pocket depth decreased from 
9 mm to 3 mm. Three years later, Marín- Botero 
et al. found similar results in two study groups.9 
In one group, a polyglactin 910 membrane was 
placed over the apicomarginal defect (n = 15), and 
in the other group, a sliding periosteal graft was 
used to cover the defect (n = 15). Identical success 
rates of 87% were observed in both groups.

 Recently, the outcome of modern endodon-
tic microsurgery was evaluated by Kim et al. in a 
prospective study.5 They studied healing accor-
ding to the type of lesion and observed a healing 
success rate of 73.7% for teeth with apicomar-
ginal defects treated with calcium sulfate placed 
into the periradicular bony defect and a collagen 
membrane covering the denuded buccal surface. 
Goyal et al. evaluated the use of platelet-rich 
plasma (PRP) for the treatment of apicomarginal 

Fig. 9

Fig. 11

Fig. 10

Fig. 9

Endoscopic image after cavity 
filling with MTA.

Fig. 10

The bone block graft was fixed 
with an osteosynthesis screw 
to regenerate the buccal wall 
of the lateral incisor.

Fig. 11

Clinical appearance at the 
three-year follow-up visit.

Fig. 12

Periapical radiograph three 
years after surgery. Complete 
bone regeneration around  
the apexes was observed.
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defects.18 They conducted a study with three 
groups: In the first group, the defect was cover-
ed with a collagen membrane (n = 10); in the  
second group, a PRP preparation was placed over 
the defect (n = 10); and in the last group, PRP was 
packed into the defect and a collagen sponge was 
used to cover it (n = 10). The overall rate of healed 
cases was 80.76%, with differences that were 
not statistically significant between the groups.

Currently, the use of ultrasound, amplification 
and magnification devices has improved the prog- 
nosis of periapical surgery.4 In this case report, 
these advances allowed treatment of an apico-
marginal defect with a bone block graft after pe-
riapical surgery of two maxillary incisors. There 
are no studies in the literature on the use of a block 
graft to treat this type of lesion simultaneously 
with apical surgery. Bone block grafts are used in 
implantology owing to osteogenic, osteoinductive 
and osteoconductive potential. Thus, although 
there are currently very few studies that provide 
scientific evidence sufficient to determine the ideal 
treatment of apicomarginal defects, we believe 

that the procedure proposed in this article can be 
an alternative for the treatment of these defects. 

One of the main problems with this type of 
graft is management of the soft tissue, since in 
order to minimize the risk of dehiscence, it is 
necessary to achieve a tension-less wound clo-
sure.19 The stabilization and intimate contact 
between the block graft and the recipient bed 
have been considered crucial to a successful out-
come.20 This can be achieved with the use of 
osteosynthesis screws.21

Conclusion

The use of a bone block graft to treat an apico-
marginal defect in conjunction with apical surgery 
achieved complete healing of the periradicular 
tissue in this case.
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Abstract

O b j e c t i v e

Platelet-rich plasma (PRP) gel is an autogenous blood-derived material 
that may be used as a regenerative agent of oral structures. The regener-
ative capacity of PRP is largely attributed to its composition, including 
many different growth factors. Thus far, no study has identified the mole-
cular content of this gel. Therefore, it was the purpose of this study to 
assess the presence of different growth factors in PRP gel, using the West-
ern blot technique.

M a t e r i a l s  a n d  m e t h o d s

Blood samples were collected from 20 healthy donors and then processed 
to obtain PRP gel samples. The Western blot technique was used to deter-
mine the presence of the following growth factors: vascular endothelial 
growth factor (VEGF), platelet-derived growth factor (PDGF), transform-
ing growth factor-beta (TGF- 1), fibroblast growth factor (FGF), insulin-
like growth factor-1 (IGF-1) and epidermal growth factor (EGF).

R e s u l t s

Western blot analysis showed positive electrophoretic bands correspond-
ing to molecular weights of the examined platelet growth factors. These 
bands were observed in every sample of PRP, demonstrating their presence 
as constituents of PRP gel.

C o n c l u s i o n

Data from our study showed that PRP gel contains varying amounts of 
VEGF, TGF- 1, bFGF, PDGF-A, IGF-1 and EGF.

K e y w o r d s

Platelet-rich plasma, growth factors, tissue engineering, wound healing, 
Western blotting.
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Introduction

Tissue integrity and blood vessel repair are es-
sential after destructive and reconstructive 
events, such as surgery, trauma and regenerative 
procedures. The seeking for and identification of 
reliable and safe techniques or therapeutic meth-
ods that would predictably enhance the regen-
erative capacity in damaged tissue has become 
a major focus of current research. A large number 
of cells are involved in wound healing, including 
platelets, which play a crucial role in controlling 
coagulation and releasing growth factors and 
cytokines related to tissue regeneration. Plate-
let-derived products isolated from the patient’s 
own blood have been extensively studied and 
tested because platelets are considered a source 
of cytokines and growth factors, which amplify 
wound healing and tissue repair.1

Platelet-rich plasma (PRP) offers much po-
tential owing to its autogenous nature and a 
supposed molecular content. PRP was originally 
defined as a product with a high concentration 
of platelets, obtained from autologous blood, that 
contains different growth factors that may po-
tentially influence cells involved in wound healing 
and bone regeneration.2 Besides its adhesive and 
hemostatic properties, from a biological stand-
point, the rationale for the use of PRP is rooted 
in the idea that regenerative advantages are ob-
tained after the application of this product, given 
the modulating activity that is supposed to be 
exerted by molecules released from the -gra-
nules, which are stored in the cytoplasm of pla-
telets.3, 4 A wide variety of molecules with diffe-
rent biological roles are known to be contained 
in the different platelet granules, such as seroto-
nin, coagulation factors, proteoglycans, mem-
brane-associated proteins and different types of 
proteases.1, 5 However, some researchers believe 
that the activity of specific mitogenic/growth 
factors, concretely stored in the -granules, is of 
major importance in regenerative events.6, 7 
Growth factors, including those that have been 
classically associated with PRP, are included in a 
family of polypeptides of low molecular weight 
with a very short life span. Growth factors can 
modulate cell behavior, alter gene expression of 
target cells and ultimately lead to promotion of 
cell migration, proliferation, differentiation and 
eventually maturation.8 The growth factors that 
have been reported to be in PRP include vascular 
endothelial growth factor (VEGF), platelet-deri-
ved growth factor (PDGF), transforming growth 

factor-beta (TGF- 1), fibro blast growth factor
(FGF), insulin-like growth factor-1 (IGF-1) and 
epidermal growth factor (EGF).2, 6, 9

When PRP was introduced in dentistry, most 
of the knowledge that justified its attributed 
regenerative potential came from experimental 
animal models10, 11 and several human case re-
ports.12–15 Nowadays, clinical trials conducted to 
assess the clinical validity of PRP have shown 
controversial results, many of them advocating 
for no significant effect when PRP is used  
alone.16–18 However, it has been reported that the 
addition of PRP to bone substitutes promotes 
enhancement of osseointegration of dental im-
plants, optimizing the expansion of new bone 
cells, and improvement of the aggregation and 
cohesiveness of particulate-based bone substi-
tutes.19, 20 In order to understand how PRP works, 
it is important to know its structure and mole-
cular composition.21 It is important to know 
whether the described factors are present in an 
amount that can be easily detectable and in what 
proportion of the population. However, only li-
mited evidence is currently available. Hence, it 
was the aim of this study to conduct a qualita-
tive analysis to screen the molecular composi-
tion of PRP.

Materials and methods

P r e p a r a t i o n  o f  P R P

Venous blood was obtained from 20 healthy vol-
unteers (16 males and four females; mean age of 
27.4), who gave their informed consent and met 
the following inclusion criteria after a complete 
medical history recording and examination: no 
medication taken in the last two weeks, no  
dental or intra-oral surgical treatment within the 
last month, and no vaccine received and no in-
fection history within the last three months. 
Briefly, 20 cm3 of blood was drawn per patient 
and 5 cm3 placed into each of four Vacutainer 
tubes (Becton Dickinson, Oxford, U.K.), which 
contained 0.1 cm3 of 3.8% (w/v) sodium citrate. 
In order to minimize platelet activation during 
blood collection, a 19-gauge butterfly needle with 
a light tourniquet was used and the first 2 mL of 
blood was discarded. For the preparation of the 
PRP, a modification of the original procedure pro-
posed by Anitua in 1999 was followed.4 Immedi-
ately after collection, the tubes were placed in a 
centrifuge machine to spin at 1,500 rpm for 7 min 
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in order to separate the blood fractions. In order 
to produce PRP, 500 mL from the volume of plas-
ma situated just over the top of the red fraction 
was collected from every sample. To each 500 mL 
of plasma, 250 mL of calcium chloride was add-
ed. Finally, the tubes were placed in a 37 ºC warm 
water bath for 20 min to accelerate the formation 
of a PRP gel. The remaining contents of the tubes 
was discarded.

M o n o c l o n a l  a n d  
p o l y c l o n a l  a n t i b o d i e s

The Western blot technique was performed using 
monoclonal antibodies for the selected platelet 
growth factors: anti-VEGF (C-1: sc-7269; Santa 
Cruz Biotechnology, Santa Cruz, Calif., U.S.), 
anti-PDGF-A (E-10; sc-9974; Santa Cruz Biotech-
nology), anti-human TGF-ß1 (Clone 9016.2; 
Sigma-Aldrich, St. Louis, Mo., U.S.), anti-human 
IGF-1 Goat (Sigma-Aldrich), anti-human bFGF 
(Clone FB-8; Sigma-Aldrich) and anti-human EGF 
(Clone EGF-10; Sigma-Aldrich). Fluoro-
chrome-marked polyclonal immunoglobulin-G 
antibodies able to bind the previously mentioned 
antibodies were purchased from Santa Cruz Bio-
technology to be used as secondary antibodies.

W e s t e r n  b l o t  t e c h n i q u e

Gels for electrophoresis (12% SDS-PAGE) were 
initially prepared for each experiment. Final sam-
ples consisting of a volume of 15 mL of PRP clot, 
previously diluted in a sample buffer (at a pro-
portion of 1 mg/mL), were properly identified and 
placed on each well of the electrophoresis gels. 
The proteins were electrophoretically run at a 
rate of 60 V and 45 mA for 2 h, using the Power-
Pac HC electrophoresis kit (Bio-Rad, Laborato-
ries, Hercules, Calif., U.S.). Transference of the 
proteins located in the running gel was performed 
using a Trans-Blot SD device (Bio-Rad), at 
25 V/60 mA for 50 min. Once the transference to 
nitrocellulose membranes, designed for protein 
transference, had been completed, specimens 
were submerged in 20 mL of blocking suspension 
(5 mg of fat-free powder milk diluted in 100 mL 
of 1 × TBS) for 60 min, at room temperature. After 
that, the membranes were incubated with the 
mentioned specific monoclonal antibodies for 
different growth factors in agitation, for 24 h at 
4 °C. Three 5 min washes using a washing solu-
tion (0.5 mL of 0.1% TWEEN 20 in 500 mL of  
1  × TBS) were performed prior to the incubation 
of the membranes with the secondary antibodies, 

Fig. 1

Western blot analysis 
illustrated the expression of 
VEGF, TGF- 1, bFGF, PDGF-A, 
IGF-1 and EGF.

Fig. 1
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Table 1

Expression of VEGF, TGF- 1,
bFGF, PDGF-A, IGF-1 and EGF 
in the different PRP gel 
samples obtained from 
donors, after Western blotting.

for 2 h at room temperature. Finally, the mem-
branes received three 5 min washes (0.5 mL of 
0.1% TWEEN 20 in 500 mL of 1 × TBS), and they 
were developed and scanned. Bands for each 
sample were assessed and assigned to three lev-
els of intensity: band not visible (–); band visible 
but not solid (+/–); and solid positive band (+).

Results

In this qualitative analysis, all growth factors  
under study (VEGF, PDGF-A, TGF- 1, bFGF, IGF-
1 and EGF) were present in all of the patients 
(Table 1). The bands observed as positive after 
developing the membrane were located at the 
presumed molecular weight for each of the fac-
tors: VEGF at 45 kDa, TGF- 1 at 25 kDa, bFGF at 
17 kDa, PDGF-A at 15 kDa, IGF-1 at 7.6 kDa and 
EGF at 6.4 kDa (Fig. 1).

Discussion

PRP has been suggested to be a novel agent that 
could promote not only hard-tissue regeneration3 
but also soft-tissue healing.22 Although contro-
versy exists regarding its ability to promote re-
generation, especially in hard tissue,17, 23, 24 many 
clinicians remain loyal to its clinical usage. In 
order to enhance understanding of PRP, our 
research group has focused on analyzing the 
structure and composition of PRP gel using flow 
cytometry and the scanning electron micro-
scope.25 Our results have shown PRP’s micro-
structural composition, essentially constituted 
by fibrin in relation to the different cellular ele-
ments in the clot, identified as largely platelets 
in different stages of activation.

Following the line traced by those previous 
findings, our group has designed a further in vitro 
study to determine the presence of different 

Table 1

C o m p o s i t i o n  o f  P R P

Donor VEGF
45 kDa

TGF- 1
25 kDa

bFGF
16–18 kDa

PDGF-A
15 kDa

IGF-1
7.6 kDa

EGF
6.4 kDa

JF + + + + + +

PG + + + + + +

OC + + + + + +

SR + + + + + +

JL + + + + + +

GA + + + + + +

VR + + + + + +

GG + + + + + +

MF + + + + + +

EM + + + + + +

EF + + + + + +

FG + + + + + +

IM + + + + + +

JS + + + + + +

DG + + + + + +

AA + + + + + +

RG + + + + + +

CF + + + + + +

LG + + + + + +

LF + + + + + +
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growth factors known to be present in the -gra-
nules of the platelets in PRP gel samples.26 
Results obtained from the present study indi- 
cate that PRP gel contains the six tested growth 
factors: VEGF, PDGF, TGF- 1, FGF, IGF-1 and EGF.
These growth factors have been known for their 
influence at different stages of the healing pro-
cesses.8, 19 Basically, growth factors are low- 
weighted molecules produced and released by 
many different cell types under variable stimuli 
and play a determinant role in the development 
and maturation of different tissues in mammals. 
For instance, VEGF is an important regulator of 
angiogenic processes, increasing vessel perme-
ability and contributing essentially to neoangio-
genesis. Its presence in the clot of PRP can par-
tially justify the positive outcomes obtained in 
some studies regarding the beneficial effect of 
PRP on capillary growth in soft-tissue wound 
healing.27 Several in vitro and animal studies have 
illustrated the modulating effect that growth 
factors exert on different cell types. PDGF is pri-
marily responsible for tissue healing and has been 
shown to induce proliferation of gingival fibrob-
lasts and osteoblasts28 and adherence of perio-
dontal ligament cells to root surfaces.29 TGF- 1
is essential for normal tissue remodeling and 
wound healing; it is chemotactic for human fi-
broblasts,30 enhances the proliferation and dif-
ferentiation of osteoblasts,31–33 and intervenes in 
angiogenesis and immunomodulation.34 BFGF 
induces stimulation of periodontal ligament cell 
proliferation, osteoblastic cell proliferation and 
growth and fibroblasts, and plays a role in angio-
genesis.35–37 IGF-1, also known as somatomedin, 
is a mediator in the activity of growth hormone38 
and a positive regulator of cell proliferation and 
differentiation for most cell types.39 EGF en-  
hances the proliferation of keratinocytes40 and is 
implicated in epithelialization, wound contrac- 
tion and remodeling.41

Thus far, the majority of studies reporting 
detection of one or some of the previously men-
tioned growth factors in PRP samples have been 
conducted on nonclotted samples, without any 
platelet activator added.3, 42–45 In our opinion,  
direct analysis of the presence of growth factors 
in PRP gel would provide a more accurate idea 
regarding which are the bioactive constituents 
of PRP gel.

El-Sharkawy et al. performed a similar study 
based on a different technique, enzyme-linked 
immunosorbent assay (ELISA), and the same 
growth factor content of PRP was found.9 They 

quantified platelet and growth factor levels. 
PDGF, TGF- 1, IGF-1, EGF, VEGF and bFGF were 
also identified in their PRP samples. They attri-
buted the biological properties of these growth 
factors, such as proliferation of fibroblasts and 
periodontal ligament cells and extracellular ma-
trix formation, to PRP. Lu et al. also used the same 
technique, ELISA, and they identified and quan-
tified PRP growth factors released (PDGF, TGF- 1
and IGF-1), obtaining similar results, although no 
search for EGF, VEGF or bFGF was conducted.2

Despite the contribution of our findings to the 
understanding of PRP biology, they also raise 
more questions that need to be addressed. The 
identification of these growth factors in PRP gel 
only suggests their presence in the clot, without 
providing evidence supporting its biological ben- 
efit after its clinical usage, especially for regene-
rative approaches. Growth factors are proteins 
that, once released from the producer cell, exert 
a very localized action at specific ratios,46 owing 
to their short life span. They are labile molecules 
highly susceptible to denaturalization mediated 
by proteases present in the wound site and to 
phagocytosis and might even become solubilized 
in the carrier.47 These undesirable events usually 
lead to the inactivation or annulment of the bio-
logical properties of these mediators. For 
instance, PDGF cannot be detected in circulating 
blood in normal conditions, and when it is intra-
venously injected, its life span is around 2 min.48 
This lack of long-term activity associated with 
the short half-life of this platelet growth factor 
may require repeated applications over time to 
maintain their therapeutic effect.

Both the vehicle and concentration (dose) of 
biological mediators, such as platelet growth 
factors, may be critical factors to consider when 
seeking to achieve controlled modulation of cel-
lular events in the desired time interval.49 How- 
ever, it has to be taken into consideration that 
there is no currently available information about 
the optimal dosages of PRP needed to achieve 
the highest effectiveness.1

It is also important to note that the technique 
used in this study for the detection of growth 
factors, Western blotting, allows detection of the 
presence of a determined protein in a sample by 
highly specific binding of antibodies to epitopes 
of that polypeptide. However, it is not possible 
to ultimately determine whether the target pro-
tein is biologically active and therefore able to 
exert its effect when applied to a wound. This 
fact, along with the arguments discussed before, 
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moves us to reason that the beneficial effects 
obtained after application of autologous PRP gel 
may not be mediated only by the action of growth 
factors.

Considering this data, it is logical to outline 
several questions and doubts regarding the var- 
iable amount of growth factors, presenting a true 
ability to interact with the environment, that may 
be released from the PRP gel sample that is cli-
nically applied. Are those growth factors the 
exclusive or major mediators responsible for a 
change in the biological conditions that lead to 
an improvement in tissue regeneration? Does the 
fibrillar component of the clot have a role in mod- 
ulating the biological response that permits a 
better clinical response? Or, is it a synergistic 
effect between the fibrillar scaffold and different 
molecular components of blood plasma, among 
which growth factors are present, that induces 
those beneficial effects?

Understanding the role of each component 
of PRP gel in wound-healing events and the op-

timal concentration of molecules with the capac- 
ity of modulating these processes remains one 
of the major challenges for researchers in this 
field of tissue engineering. In order to address 
those questions, further in vitro and in vivo stud- 
ies seeking to determine the physical interaction 
of PRP elements with cell types present in the 
craniofacial surgical field and its impact on cell 
proliferation and differentiation are needed.
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Spontaneous bone 
regeneration after removal  
of cysts: One-year follow-up 
of 336 consecutive cases

Abstract

O b j e c t i v e

The objective of this study was to assess spontaneous bone healing after 
enucleation of large jaw cysts without using any grafting material. 

M a t e r i a l s  a n d  m e t h o d s

The study was conducted at the Department of Oral Surgery of the San 
Giovanni Calibita Fatebenefratelli Hospital, Rome, Italy. Between January 
2000 and July 2012, 336 consecutive patients with large jaw cysts 
(average size of 1.50 ± 0.80 × 1.06 ± 0.50 cm) were treated by a Partch II 
surgical enucleation. Postoperative clinical and radiographic examinations 
were performed at ten and 30 days, respectively, and then at six and  
12 months on the basis of panoramic radiographs, using the Kawai et al. 
classification.

R e s u l t s

Healing and radiographic spontaneous bone regeneration of the residual 
cavities were obtained in all of the cases. Radiographic controls after cystic 
enucleation showed no evidence of recurrence. 

C o n c l u s i o n

The study demonstrated that spontaneous bone regeneration can be  
obtained after enucleation of large jaw cysts without using filling mate-
rial, thereby decreasing the financial and biological costs and reducing the 
risk of postoperative complications.
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Odontogenic cysts, enucleation, oral surgery, spontaneous bone regener-
ation.
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Introduction

The gold standard for the treatment of most jaw 
cysts is enucleation of the lesions. The cavity re-
maining after enucleation may heal spontaneous-
ly by the physiological appositional mechanism 
of bone growth. However, in larger bony defects, 
the use of bone grafting materials is still contro-
versial.1–13 Many studies have concluded that 
bone grafts should be used to reduce the risk of 
jaw weakness.14–18 Some researchers have sup-
ported that the remaining cystic cavities should 
be filled with biointegrative materials to prepare 
the site for implant placement.19 However, other 
authors have reported that spontaneous bone 
healing occurred without the use of bone grafts.20 
According to this last study, bone density can 
increase by 48% after 12 months and by 91% 
after 24 months, as seen after marsupialization 
of large jaw cysts. The success of spontaneous 
regeneration should be directly related to the size 
of the bony defect, anatomical features, patient’s 
age and other parameters, such as monocortical 
or bicortical defect type.19

The objective of this retrospective clinical 
study was to evaluate spontaneous bone regen- 
eration after enucleation of large jaw cysts, 
achieved with a conservative surgical technique, 
without using any filling material.

Materials and methods

This study was conducted at the Department of 
Oral Surgery of the San Giovanni Calibita, Fate-
benefratelli Hospital, Rome, Italy, from January 
2000 to July 2012. All consecutive patients re-
quiring a Partch II surgical intervention for cyst 
removal were enrolled. Each patient was com-
pletely informed about the possible risks of the 
intervention and the surgical procedure. 

P r e o p e r a t i v e  a n a l y s i s

Panoramic radiographs were obtained for all of 
the patients subjected to surgical enucleation 
(Fig. 1). The dimensions of the cysts were evalu-
ated on panoramic radiographs taken just before 
surgical treatment. A preoperative computed 
tomography (CT) scan was required only in cases 
of very large jaw cysts with erosion of cortical 
plates, in order to evaluate more precisely the 
extent of the lesions (Fig. 2).

S u r g i c a l  p r o t o c o l

The surgery was conducted by one surgeon 
(MDD) in a single session for each patient, with
standardized techniques. All of the patients re-
ceived antibiotics before surgery. Local antimi-
crobial treatment was performed with 0.12%
chlorhexidine digluconate mouth rinses t.i.d. for 
two weeks, starting three days before surgery,
interrupted only on the first postoperative day.
The majority of the surgeries (93.5%) were per-
formed under local anesthesia with 2% mepi-
vacaine. Only 22 (6.5%) surgical procedures were 
conducted under general anesthesia (in cases of 
cysts entering into the nasal cavity), depending
on the general conditions, compliance, local and 
anatomical characteristics (such as the lesion
extent), the site accessibility and the expected
duration of the surgery. When the cysts were
placed into the anterior region of the mandible,
bilateral local anesthesia at Spix’s spine with 2% 
mepivacaine and infiltrative anesthesia with 2% 
mepivacaine and 1:100,000 epinephrine was
administered. After the elevation of a full- 
thickness flap of adequate dimensions, with two 
lateral releasing incisions on the vestibular aspect 
(to preserve the lingual nerve in the mandible;
Figs. 3 & 4), conservative access to the lesion was 
obtained using a round bur in a low-speed hand-
piece under irrigation with sterile saline (Fig. 5).
In all of the cases, there was very little bone de-
bris, owing to the minimally invasive surgical
approach. Particular care was taken to preserve
the maximum amount of bone in order to allow
postoperative regeneration of the defect and to
provide adequate support to the soft tissue
during the healing period (bone bridging). When-
ever possible, the cysts were enucleated in one
piece with minimal invasion. The remaining cyst 
cavity was curetted to remove all residual frag-
ments and to reduce the risk of recurrence
(Fig. 6). The hopeless teeth were either extract-
ed or endodontically treated, followed by apicec-
tomy. In all of the cases, after the careful cleaning 
of the residual cavity, a primary closure was per-
formed with a nonresorbable thread and inter-
rupted sutures. No grafting material was placed 
into the residual bone sites. In all of the cases, a
histological examination was performed, after
fixation in a 4% formalin solution (Fig. 7).

The patients were advised to refrain from 
drinking and eating for 2 h after the surgical pro-
cedure and to then eat only cold and soft food for 
24 h. After ten days, upon removal of the sutures, 
the wound was examined and controlled. 
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Figs. 1 & 2

Figs. 3 & 4

Fig. 1

Preoperative radiographic 
view (2005).

Fig. 2

Preoperative CT scan view 
(2005).

Fig. 3

Preoperative clinical view.

Fig. 4

The surgery was performed 
under local anesthesia to 
obtain a larger working area.

All of the patients were followed for possible com-
plications, including hemorrhagic complications, 
swelling, hematoma and ecchymosis. Follow-ups 
entailed both clinical and radiographic evaluations 
in order to assess the reduction in size of the re-
sidual cavities. Clinical controls were performed 
ten days after surgery and radiographic assess-
ment after 30 days and at six and 12 months 
postoperatively. The radiographic examinations, 
performed in order to evaluate the bone regen-
eration rate, entailed preoperative and postoper-
ative panoramic radiographs and, in some cases, 
CT scans (Figs. 8 & 9). A CT dental scan was re-
quired in order to evaluate more precisely the rate 
of bone healing in the buccolingual dimension, 
using axial slices, if necessary. The findings from 
the panoramic radiographs were analyzed both 
subjectively and using the Kawai et al. radio-
graphic classification, which evaluates the vari-
ation of the surgical site margins and the interior 
contents of the sites based on radiographs.21 

Results

The sample included 336 patients, 200 males 
(59.5%) and 136 females (40.5%) ranging from 
10 to 83 years of age (mean age and standard 
deviation of 43.4 ± 16.8), as demonstrated in 
Table 1. No patients were lost during follow-up. 
The majority (68.8%) of the patients had man-
dibular cysts and the remainder of the sample 
(31.3%) had maxillary lesions.

S u r g i c a l  a n d  r a d i o g r a p h i c  d a t a

The mean dimensions of the bony defects were 
1.50 ± 0.80 × 1.06 ± 0.50 cm. Primary closure 
was obtained in all of the cases. Minor compli-
cations (swelling, hematoma and ecchymosis 
were present in 85% of the cases) were reported 
during the first week. At the second recall, these 
minor complications were no longer present. No 
hemorrhagic complications occurred. An inferior 
alveolar nerve paresthesia and a compound frac-
ture both occurred in only one patient (0.3%).



Journal of
Oral Science & Rehabilitation

Volume 2 | Issue 2/2016   53

S p o n t a n e o u s  b o n e  r e g e n e r a t i o n :  A n a l y s i s  o f  3 3 6  c a s e s

Figs. 5 & 6

Fig. 7

Figs. 8 & 9

Fig. 5

An intra-oral view.

Fig. 6

An intra-oral view during  
the cyst enucleation.

Fig. 7

The cystic specimen. 

Fig. 8

Postoperative radiographic 
view (six months after 
surgery).

Fig. 9

Postoperative radiographic 
view (one year after surgery).

The patient with the mandibular fracture was 
treated with analgesics and a soft diet under 
close observation. No surgical intervention to 
reduce and stabilize the fracture was carried out. 
At six months postoperatively, the affected pa-
tient experienced a spontaneous full recovery of 
the inferior alveolar nerve paresthesia. 

Clinical and radiographic evaluation perfor-
med 12 months after the surgical procedure  
showed complete healing of the lesions in all of 
the cases, with no sign of inflammation, infecti-
on or recurrence. On the basis of Kawai et al.’s 
criteria21 and of the postoperative radiographic 

and clinical controls, all of these areas were con-
sidered healthy and showed complete bone re-
covery. The postoperative CT scans performed 
on patients with very large mandibular cysts 
showed complete bone regeneration and recon-
stitution of almost normal anatomy of the previ-
ously affected jaw segment 12 months after 
surgery. There were also gradual increases in 
bone density in both mandibular and maxillary 
defects. In all of the cases, the clinical healing 
patterns were similar.
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H i s t o l o g i c a l  d a t a

According to the World Health Organization clas-
sification, most of the cysts were odontogenic 
cysts of inflammatory origin, followed by odon-
togenic cysts of unspecified nature; radicular 
cysts (also termed periapical cysts); cystic lesions 
of odontogenic developmental dentigerous (or 
follicular) nature, unilocular and/or multilocular; 
unspecified granulation tissue; odontomas; peri-
apical granulomas; ameloblastomas; keratocysts; 
nonodontogenic nasopalatine duct cysts; inflam-
matory residual cysts; and lesions due to other 
diseases, such as odontogenic fibromas, nonep-
ithelial, traumatic and hemorrhagic cysts, sinus 
polyposis, epulis, fibrous bone dysplasia and oral 
melanosis. The diagnoses are reported in Table 2.

Discussion

Bone reconstruction has been considered an es-
sential requirement for complete functional reha-
bilitation after jaw surgery. Although many stud-
ies have supported the use of different bone grafts 
to reduce the risk of jaw weakness,14–17 the present 
study showed that spontaneous bone regenera-
tion occurred in all of the residual bony defects 
without the use of any filling material. The phys-
iological healing process occurred with sponta-
neous bone regeneration even in the presence of 
large residual cystic cavities. The present study 
suggested that this type of intervention was very 
safe and minimally invasive, despite the increased 
surgical duration and technical complexity, with 
a complete recovery of the area occupied by jaw 
cysts. The bone recovery could be demonstrated 
with absolute accuracy only on CT scan controls, 
comparing on a digitalized image the preoperative 
and postoperative bone density. However, the 
main limitation of the present study was the short 
follow-up period. In fact, in order to confirm data 
from the present study, a longitudinal control (five 
years after surgery) would be recommended.

However, in most cases, patients with cysts 
in edentulous areas underwent a CT scan evalua-
tion for the following implant-supported pros-
thetic rehabilitation.22 Morphometric analysis, 
similarly to Chiapasco et al.,14 was not performed 
because implant stability and survival clinically 
demonstrated that bone was of a good quality. 
These results corroborate those of Pradel et al., 
who concluded that the bone density increased 
after enucleation of large mandibular cysts with-
out using filling material.20 Similar results were 
obtained by Chiapasco et al.14 

The differential diagnosis between odontogenic 
cysts and ameloblastomas could be attained by 
analyzing the postoperative recurrence in the 
short term. Differences such as root resorption 
of adjacent teeth may aid the clinician in the pre-
operative differential diagnosis. In a radiograph-
ic preoperative analysis, ameloblastomas proved 
to have a root resorptive potential far greater than 
did other cystic lesions. No recurrence was noted 
during the entire follow-up period of the study, 
although the incidence was about 3%. However, 
ongoing follow-up examination is required and 
essential for management.

Conclusion

Within the limitations of this study, some obser-
vations in agreement with current literature can 
be made. Spontaneous bone regeneration with 
bone bridging outside the residual cyst cavity can 
occur after surgical removal of large jaw cysts 
without the aid of any grafting materials, accord-
ing to evidence-based clinical and radiographic 
criteria. There was also a reduction of the risks of 
paresthesia and fracture in the mandible, owing 
to the conservative approach. This will simplify 
the surgical procedure, decreasing financial and 
biological costs and reducing the risk of post-
operative complications.
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Variables Number of patients %
Sex
Males 200 59.5

Females 136 40.5

Age category (years)
Mean 336 100

43.4 ± 16.8

min. 10 

max. 83

Location of cyst
Mandibular 231 68.8

Maxillary 105 31.2

Anesthesia
Local 314 93.5

General 22 6.5

Complications
Paresthesia 1 0.3

Fracture 1 0.3

Dimension of bony defects (cm)
Mean 336 100

1.50 ± 0.80 × 1.06 ± 0.50 cm
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2001 9 2 13 - - - 4 - - 1 - 1 30

2002 10 9 3 - - - 2 - 1 - - 1 26

2003 13 2 9 - 1 2 4 - - 1 - - 32

2004 10 2 3 - 1 1 4 - - - - 1 22

2005 19 3 8 - 1 1 - - - - - 2 34

2006 8 4 3 - - 1 - - - - - - 16

2007 8 5 2 - - 3 6 - 1 - 1 - 26

2008 16 2 7 - - 1 7 - 1 - 1 2 37

2009 8 2 5 1 - 1 9 - 1 - - - 27

2010 10 2 3 - 1 - 13 1 1 - 1 2 34

2011 5 2 3 - - 2 15 2 - - - 1 30

2012 4 - 2 - - 2 13 - - 1 - - 22

Total 120 35 61 1 4 14 77 3 5 3 3 10 336

% 35.7 10.4 18.1 0.3 1.2 4.2 22.9 0.9 1.5 0.9 0.9 3 100

Table 1

Demographic composition  
of the study population and 
clinical features.

Table 2

Distribution of oral cysts  
in the population sample.

*  Unspecified.
**   Such as odontogenic 

fibromas, nonepithelial, 
traumatic and hemorrhagic 
cysts, sinus polyposis, 
epulis, fibrous bone 
dysplasia and oral 
melanosis. 

Table 1

Table 2
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Knowledge about risk  
factors associated with 
periodontal disease among 
patients referred to a  
specialist periodontal clinic

Abstract

O b j e c t i v e

The patient’s awareness and knowledge of periodontal disease is a key 
factor for successful periodontal treatment. The objective of this study 
was to evaluate this knowledge among patients referred to a specialist 
periodontal clinic. 

M e t h o d s

145 consecutive patients referred for treatment of periodontitis were 
asked about the causes/risk factors associated to periodontitis. Their an-
swers were collated into the following groups: genetics/inheritance, 
stress, smoking, poor oral hygiene/bacteria, systemic disease (diabetes, 
cardiovascular disease, medicine intake).

R e s u l t s

Among the 145 patients referred, 60% had some knowledge about the 
causes of or risk factors associated to periodontal disease. Among these 
87 patients, poor oral hygiene/bacteria was the most mentioned cause 
(40.6%), followed by smoking (22.9%). Genetics/inheritance, stress and 
systemic disease were seldom reported. The majority of the patients 
(70.1  %) with knowledge about periodontal disease had received informa-
tion about the disease from the dental staff, while the rest had acquired 
their knowledge from other sources. 

C o n c l u s i o n

The knowledge about the etiology of periodontal disease among the re-
ferred patients was poor since 40% had not received any information 
about the disease. In order to treat and control periodontal disease effec-
tively, programs with a focus on improving both professional and patient 
awareness of perio dontal disease are needed.
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Introduction

The role of plaque accumulation as an etiological 
factor to the development of periodontal disease 
is well established.1–3 In the last decades, some 
risk factors associated with the progression of 
periodontal disease have also been identified  
(i.e., specific bacteria, smoking habit, poorly  
controlled diabetes, stress, obesity, gender,  
socio-economic status, genetics).4 The associa-
tion between periodontal status and systemic 
diseases, such as cardiovascular disease, respi-
ratory disease and obesity, has also been high-
lighted during the last years.5–8 It is the duty of 
dentists and dental hygienists to transfer this 
knowledge to the patients. It has been reported 
that once patients are informed about the nature 
of their disease, the dental professionals are 
conse quently able to obtain the patients’ com-
pliance in estab lishing good periodontal health 
behavior.9 In this matter, Horne et al. identified 
three important aspects: the patient’s compli-
ance (“the extent to which the patient’s behavior 
matches the prescriber’s recommendations”), the 
adherence (the agreement between the patient 
and the health care provider to follow the pre-
scriber’s recommendations) and the concordance 
(the agreement between a patient and a health 
care professional in determining whether, when 
and how medicines have to be taken).10

Blinkhorn considers that unsatisfactory ad-
herence can often be explained by inadequate 
information and when the information is irrele-
vant to the patient.11 The patient’s awareness 
and knowledge of periodontal disease appears 
also to be a key factor for successful periodontal 
treatment.12, 13 Deinzer et al., in a study involving 
1,001 interviews in a German community, repor-
ted a deficit in knowledge about risk factors 
associated with periodontal disease and sugge-
sted that education on periodontal disease 
should be improved.9 Pralhad and Thomas re-
ported that there were some differences in the 
knowledge of periodontitis among different 
health care professionals.14

Knowledge about risk factors associated 
with periodontal disease among patients re-  
ferred to specialist periodontal clinics has not 
yet evaluated. For this reason, the objective of 
the present study was to evaluate knowledge 
about periodontal disease among patients re-
ferred to a specialist periodontal clinic for a pe-
riodontal examination. The second objective was 
to evaluate the source of the patients’ informa-
tion.

Materials and methods

All consecutive patients (N = 145) referred to the 
specialist periodontal clinic in Borås, Sweden, for 
a periodontal clinical examination between June 
and December 2014 were included. The patients 
were referred from private and public dental clin-
ics in the county of Södra Älvsborg, in Sweden.

After registration of the patients’ anamneses 
and before undergoing clinical examination, the 
patients were asked whether they had been re-
ferred from a private or public clinic, whether they 
knew the reason why they had been referred to 
a specialist clinic (yes/no) and whether they knew 
about possible causes/risk factors associated 
with periodontal disease. Patients could express 
one or more causes and did not have to choose 
from a list of suggestions or a questionnaire. Their 
answers were then collated into the following 
groups: genetics/inheritance, stress, smoking, 
poor oral hygiene/bacteria, systemic disease (di-
abetes, cardiovascular disease, medicine intake). 
The patients were also asked whether they had 
obtained their knowledge on periodontal disease 
from dental professionals, the Internet, newspa-
pers or other sources.

The patients were informed that their answers 
were being collected anonymously for research 
analysis. All of the patients gave their consent.

S t a t i s t i c a l  a n a l y s i s

Mean value and standard deviation were used for 
data description. The percentage of patients with 
respect to the different answers was calculated 
and differences were analyzed by a chi-squared 
test, using IBM SPSS Statistics (Version 22.0; 
IBM, Armonk, N.Y., U.S.). A p-value of < 0.05 was 
considered to be significant.

Results

The number of patients included in the study was 
145; 64 were males (mean age of 54.4; S.D. ± 14.6) 
and 81 were females (mean age of 57.8; 
S.D. ± 15.8). Of these patients, 37.2% had been
referred from private clinics and 62.8% from
public clinics (Table 1). Only 9.7% had not been
informed about the reason they were being re-
ferred to the specialist clinic, and in this respect, 
no difference was noted between private and
public dental clinics (Table 2). When asked
whether they had any knowledge about the
causes of or risk factors for periodontal disease
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Table 1

Table 2

Table 1

Sample description.

Table 2

Awareness of the reason  
for referral to a specialist 
periodontal clinic.

(yes/no), only 60% answered “yes”. The mean age 
of the patients who answered “yes” was 58 ± 17 
and was 55 ± 14 for the patients who answered 
“no”, and these values were not statistically sig-
nificantly different. Concerning the 40% of pa-
tients without any knowledge about the causes 
of or risk factors for periodontal disease, no dif-
ference was noted between patients referred 
from private dental clinics or those referred from 
public dental clinics (Fig. 1). Among the 87 pa-
tients with knowledge about the causes of or risk 
factors for periodontal disease, 53 (61%) ex-
pressed only one possible cause, 24 (28%) two 
causes and 10 (11%) three (Fig. 2). Poor oral 
hygiene/bacteria was the most commonly men-
tioned cause of periodontal disease (40.6%), 
followed by smoking (22.9%). Among the pa-
tients who reported only one cause, poor oral 
hygiene/bacteria was the most cited. In patients 
who mentioned two causes, smoking was the 
most cited, followed by poor oral hygiene/bac-
teria and genetics/inheritance. Stress and sys-
temic disease were seldom reported (Fig. 2). The 
majority of the patients (70.1%) with knowledge 
about periodontal disease stated that they had 
been informed about the causes of the disease 
by dental professionals, while the rest of the 
patients had obtained their knowledge from the 
Internet, magazines or other sources (Fig. 3).

Discussion

The objective of the present study was to inves-
tigate the knowledge about periodontal disease 
among patients referred to a specialist periodon-
tal clinic. All of the patients regularly visited pub-
lic or private dental clinics for dental treatment 
and received periodontal nonsurgical therapy at 
least once a year, among other dental treatments. 
Among those patients, 90.3% knew the reason 
for their referral to a specialist clinic. When the 
patients were asked whether they were familiar 
with the causes of periodontal disease, surpris-
ingly, 40% answered “no”, even though they had 
been sent to a specialist clinic and received reg-
ular nonsurgical periodontal treatment from their 
dentist or dental hygienist. Regardless of whether 
they were referred from public or private clinics, 
the percentage of patients with no know ledge 
about periodontal disease was similar. Males 
tended to have less knowledge than females. It 
has been suggested that men may have less 
inter est in their oral health and knowledge about 
periodontal disease compared with women.15 The 
high frequency of patients without any know-
ledge about periodontal disease among these 
regular recipients of dental care highlights the 
ineffectiveness in transferring individual tailored 
information from the professional dental staff to 

N = 145 % Mean age (years) S.D. (years)

Referral from
Private clinics 54 37.2 61.8 13.9

Public clinics 91 62.8 52.4 15.0

Sex
Male 64 44.1 54.4 14.6

Female 81 55.9 57.8 15.8

Total 145 100 56.0 15.3

Male (%) Female (%) All (%)
Difference according to sex

2
P-value

Private clinics 91.6 83.3 87.0 0.9059 0.365

Public clinics 89.7 94.2 92.3 0.7949 0.427

Total 90.5 90.2 90.3 0.0469 0.963
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Fig. 1

Fig. 2

Fig. 3

Fig. 1

Knowledge about causes of  
or risk factors for periodontal 
disease. Only about 60% of 
patients overall responded 
positively, irrespective of 
whether they were referred 
from private or public dental 
clinics.

Fig. 2

Answers from the 87 patients 
with knowledge about  
the causes of or risk factors 
for periodontal disease: 
The graph on the left shows 
that 60.9% of these  
patients expressed only  
one putative cause, while 
39.1% cited two or more.
The graph on the right shows 
that poor oral hygiene/
bacteria was the most 
mentioned cause of 
periodontal disease (40.6%), 
followed by smoking (22.9%). 
Stress, genetics/inheritance 
and systemic disease were 
seldom reported (4.5%, 17.5% 
and 14.5%, respectively).

Fig. 3

The source of information 
among the 87 patients  
with knowledge about 
periodontal disease:  
The majority had obtained  
the information from  
dental professionals, but  
30% of them had gained  
their knowledge from other 
sources.
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the patients, which might be due to low interest 
among general practitioners in the etiology and 
prevention of periodontal disease16 or to inade-
quate techniques used to achieve patients’ 
awareness of the disease and compliance.17, 18 
Compliance with periodontal therapy is directly 
related to its success.13 Gao et al. reviewed the 
effect of motivational interviewing in improving 
periodontal health and concluded that dental 
professionals should assess the presence of ad-
equate knowledge of periodontal disease before 
starting treatment.19

It is important to point out that the patients 
in our study were asked whether they had any 
knowledge about periodontal disease and that 
they answered using their own words, not via a 
questionnaire requiring selection from multiple 
options. Their answers were then collated into 
different groups of causes or risk factors. The 
majority of the patients cited only one cause and 
the remainder reported two or more causes. 
Among the patients who gave only one cause of 
periodontal disease, the majority cited poor oral 
hygiene/bacteria; poor oral hygiene/bacteria was 
also the most common cause reported when data 
from all of the patients were considered. The  
second most common cause was smoking. It is 
well established that poor oral hygiene is a major 
risk factor for periodontal disease, as are smoking, 
stress, genetic factors, diabetes, obesity and car-
diovascular disease.4 Surprisingly, among those 
patients who cited two causes, smoking was more 
commonly mentioned than was poor oral hygiene/
bacteria. It is reported in the literature that smok- 
ing is a risk factor for periodontal disease and 
results in accelerated onset, severity and progres-
sion of the disease,20, 21 but this is the case only in 
the presence of plaque20 and is related to the 
number of cigarettes smoked per day.21 However, 
in recent years, smoking has been evaluated as a 
risk factor for periodontal disease together with 
other subject-related risk factors and in that con-
text does not seem to have a stronger impact than 
factors such as cardiovascular disease or obesity.7

Thus, among the patients involved in our 
study, smoking seemed to be overestimated  
almost to the level of poor oral hygiene/bacteria. 
However, only a few patients cited other sub-
ject-related risk factors. Genetics/inheritance had 
a slightly higher percentage (17.5%) compared 
with systemic disease (14.5%) and stress (4.5%). 
Linden et al. reported that occupational stress has 
a relationship to the progression of periodontitis.22 
Peruzzo et al. reviewed the relationship between 
psychological factors and periodontal disease and 

concluded that there is a positive relationship 
between stress and periodontal disease.23 Studies 
have shown a correlation between poorly con-
trolled diabetes and specific gene polymorphisms 
and periodontal disease.24 Our results on the 
knowledge of causes of periodontal disease 
among patients referred to the specialist peri- 
odontal clinic are in agreement with a similar  
study by Razzak et al.25 and point to the need to 
improve patients’ knowledge about periodontal 
disease and its risk factors. In our study, the  
majority of the patients (70.1%) were informed by 
dental professionals.

Conclusion

Within the limitations of this study, we conclude 
that the rate of knowledge about periodontal dis-
ease among the patients referred to the specialist 
periodontal clinic was poor, since 40% of the re-
ferred patients had not received any information 
about the disease. Patients suffering from peri- 
o dontal disease require motivation in order to 
comply with the treatment. Therefore, in order to 
treat or control periodontal disease effectively, 
programs that focus on improving both the den-
tal professionals’ and the patients’ knowledge 
about periodontal risk factors and on motivation 
techniques among general dentists and dental 
hygienists should be implemented.
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