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ABSTRACT

Progression of periodontal disease results in destruction of the main supportive dental structures. To counteract
this phenomenon, various periodontal regenerative procedures have been suggested. These procedures normally
rely on growth factors-containing materials to enhance optimal regenerative outcomes. Several growth factors
have shown significant results in periodontal regeneration. This review focuses on basic fibroblast growth factor
2 (FGF-2) and its documented role in periodontal regenerative procedures. Through an electronic search in the
PubMed database and a manual search in relevant journals, evidence from in vitro experiments, animal studies,
and human trials is presented and the best treatment conditions are discussed. A review of clinical trials indicates
the ease of use and reduced costs of FGF-2 treatment in comparison with other growth factors. However, additional
randomized clinical trials and long-term studies are required to fully confirm its clinical efficacy.
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Introduction

Progression of periodontal disease tends to cause degradation
of the main supportive dental structures, such as gingival tissue,
periodontal ligaments, cementum, and bone [1]. Guided tissue
regeneration (GTR) was proposed in 1986 for the management
of tissue degeneration. GTR regulates cell migration through the
use of a physical barrier and consequent space creation, with or
without the addition of bone grafting material [2,3]. However, GTR
failed to play a direct active role in stimulating undifferentiated
mesenchymal cells’ proliferation, migration, differentiation, or
attachment within the periodontal ligament [1]. This led to the
development of cytokine- and growth factor-based therapy capable
of directly stimulating mesenchymal cells to differentiate and
form the required cell types. This, in turn, improved regeneration
quality, recovery time, and wound healing [4]. Growth factors
are biologically active polypeptides with an immediate effect on
immune response and function, cells proliferation, differentiation,
and maturation [5]. Several growth factors have yielded significant
results in periodontal regeneration. They include platelet-derived
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growth factor [6], platelet-rich plasma [7], transforming growth
factor beta [8], fibroblast growth factor (FGF) [9], insulin-like
growth factor [10], plasma-rich fibrin [11], bone morphogenic
protein (BMP-2) [12], and epidermal growth factor [13]. FGF
encompasses a family of polypeptides that act as potent regulators
of cell growth and differentiation. FGF was discovered in 1974 as
a strong inducer of proliferation in fibroblasts from the pituitary
gland of cows [14]. The FGF family includes 22 genes classified
into seven subfamilies based on sequence similarity [15,16]. The
most common types of FGF are FGF-1 or acidic FGF (aFGF)
and FGF-2 or basic FGF (bFGF). FGF-2 is secreted mainly by
fibroblasts of the periodontal ligament and is trapped in the
extracellular matrix between gingival epithelium cells where it
binds to heparin sulfate proteoglycan. FGF-2 receptors have been
documented in periodontal ligament cells. FGF-2 is also capable
of enhancing angiogenesis, cell migration, and wound healing.
Recent experimental studies have reported the ability of FGF-2
to regenerate periodontal intrabony defects [17]. The aim of this
review is to assess the effect of FGF-2 in periodontal regeneration
based on findings from in vitro, animal, and human studies.

Methods

An electronic search using the PubMed database of the U.S. National
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Library of Medicine, National Institutes of Health (Bethesda, MD,
USA) was performed in December 2018. An additional manual
search was conducted through the following journals: Journal
of Periodontology, Journal of Clinical Periodontology, The
International Journal of Periodontics and Restorative Dentistry,
The International Journal of Oral and Maxillofacial Implants,
and Clinical Oral Implant Research. Key search terms included
“fibroblast growth factor”, “recombinant human fibroblast
growth factor”, “periodontal regeneration”, “intrabony defects”,
“infrabony defects”, and “furcation involvement”.
All available publication years were searched, although papers
published in the last ten years were given greater consideration.
In Vitro Evidence of FGF-2 Treatment of Intrabony Defects
and Furcation Involvements
A recent in vitro study assessed gene expression and cell
proliferation during periodontal regeneration, following the topic
application of beta-tricalcium phosphate (ß-TCP) on conditioned
bovine dentin surface. Dentin slices (1.0×0.5×0.3 cm) were
sectioned from the roots of bovine incisors, weighted, and divided
in three batches of 12 slices each. The first batch contained six
slices conditioned first with 25% citric acid and then 10 ng FGF-2,
as well as six slices that received 10 ng FGF-2 only. The second
batch consisted of six slices conditioned first with 25% citric acid
and then 50 ng FGF-2, as well as six slices treated topically with
50 ng FGF-2 only. The third batch comprised of 12 slices without
any growth factor, which served as controls. FGF-2 release, gene
expression, and DNA content were assessed. Results revealed
significantly increased cell proliferation as a result of increased
FGF-2 release from conditioned dentin slices; however, no effect
was seen regarding the expression of targeted genes [18].

Animal Trials Showing the Effect of FGF-2 Treatment of
Intrabony Defects and Furcation Involvements

Multiple animal studies have evaluated the effect of applying FGF2, either alone or in combination with other regenerative materials,
such as BMP-2, enamel matrix derivate (EMD) or ß-TCP, to
optimize the regenerative enhancement of these factors. These
treatments have shown significant periodontal regeneration in both
intrabony defects and furcation areas.

mandible of nine beagle dogs. FGF-2 was incorporated within
gelatin microspheres to control its release and sandwiched with
collagen sponge, which served as a scaffold in one of the defects.
The sponge alone served as a control group on the contralateral
side. Active vascularization and osteogenesis were observed in the
FGF-2-treated group after just four weeks, with 2.4 mm of new
cementum having formed and functionally oriented periodontal
ligaments, whereas no cementum had formed in controls (p<0.01)
[20].
Two studies provided evidence of optimum periodontal
regeneration when FGF-2 was combined with ß-TCP particles and
applied to surgically created two-wall bony defects in 15 young
male dogs. Histometric analysis performed under a scanning
electron microscope after four weeks showed increased new bone
formation in the ß-TCP/FGF-2 group compared to the FGF-2 and
ß-TCP groups (76.3% vs. 59.3% and 65.3%; p<0.01%), as well
as new cementum formation (81% vs. 61.8% and 68.3%; p<0.01)
[21].
Another study documented the regenerative effect of FGF-2
following the addition of EMD. The combined EMD/ß-TCP/FGF2 treatment was applied in 16 one-wall bony defects (5×5×5 mm)
in the lower premolars and first molar extracted from four healthy
dogs. The outcome was compared to treatment with ß-TCP alone,
EMD/ß-TCP, and FGF-2/ß-TCP. After ten weeks, the EMD/ßTCP/FGF-2 group showed more new cementum formation (4.31
mm vs. 2.02 mm; p<0,05) and connective tissue attachment (0.32
mm vs. 1.79 mm; p<0.05) than the other three conditions [22].
Tanaka et al. suggested a possible mechanism of action for FGF-2
based on the application of 0.3% FGF-2 with 3% hydroxypropyl
cellulose (HPC) in three-wall bony defects created in 16 beagle
dogs. Results showed enhanced periodontal regeneration
accompanied by an increased number of blood vessels in the first
seven days; this was followed by new cementum, periodontal
ligament formation, and increased BMP-2 expression. The latter,
in particular, was suggested to induce mesenchymal stem cell
differentiation into osteoblasts and new bone formation after 28
days [23].

Intrabony Defects
Two- and three-wall defects were surgically created in a beagle
dog model and were filled with FGF-2 (50 g/site) associated with
a fibrin carrier. Sites filled with fibrin alone served as controls. In
three-wall defects, there was no clear difference between test and
control groups after one week. However, bone formation appeared
higher in FGF-2-containing sites after two weeks, and was
accompanied by increased periodontal ligament formation along
with small deposits of cementum. Interestingly, no ankyloses, root
resorption or epithelial down growth was observed [19].

In light of these findings, Lee et al. evaluated the synergistic
effect of a serial application of FGF-2 and BMP-2 on periodontal
regeneration in 12 one-wall defects mesial to the lower mandibular
first molars with a spilt mouth design. BMP-2 alone served as
the control. Histologic and histomorphometric analysis revealed
a significant amount of regeneration when compared to BMP2 alone, with new cementum (24.7% vs. 18.6%; p<0.05) and
bone formation (54.4% vs. 44.4%; p<0.05) after eight weeks.
Interestingly, after four weeks, teeth treated with BMP-2 alone
exhibited greater bone formation than the combined FGF-2/BMP2 treatment (40.1% vs. 34.9; p<0.05) [24].

FGF-2 showed significant regenerative ability when applied in 18
surgically created three-wall defects located in edentulous areas
mesial to canines (3×3×4 mm), bilaterally in both the maxilla and

Similarly, six two-wall defects in a mandibular canine model were
created in six healthy beagle dogs to evaluate the effect of FGF2 immobilized in porous ß-TCP. Three dimensional analysis was
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performed two to eight weeks post application of FGF-2/porous
ß-TCP and compared results to treatment with porous ß-TCP
alone. The combination therapy resulted in a significantly higher
bone density mineral content in a relative short period of time,
beginning at two weeks after application and through the eighth
week. These results indicated that FGF-2 might play a vital role in
reducing the time required for periodontal regeneration; however
further studies should be performed to confirm this hypothesis
[25].
Furcation Involvements
A study on beagle dogs evaluated the effect of FGF-2 on
periodontal healing in furcation areas. Grade II furcation defects
(4 mm vertical and 3 mm horizontal) were surgically created in
mandibular premolars and molars. Polyvinyl siloxane impression
material was placed in the furcation to induce inflammation.
One month later, defects were surgically accessed, degranulated,
root planed, and filled with FGF-2 (30 g/site) combined with a
gelatinous carrier. The samples were compared with furcations
in which the same carrier was applied alone. Six weeks later,
histomorphometric analysis revealed significant new bone
formation compared with the control (79.6% vs. 42.8%; p<0.01),
new trabecular bone formation (41.4% vs. 21.8%; p<0.01), and
new cementum formation (75.8% vs. 34.3%; p<0.01) [19].
A similar model with a split mouth design was set by surgically
creating 12 grade II furcation defects (4 mm vertical and 3 mm
horizontal) in the lower first molars in six female dogs. Polyvinyl
impression material was placed in the defects. After four weeks,
the flap was raised and 0.1% FGF-2 (30 g/site) was applied along
with a gelatinous carrier, while the carrier alone was placed in the
contralateral side. Histomorphometric analysis showed significant
new bone formation (83.6% vs. 35.4%; p<0.01), trabecular bone
formation (44.1% vs. 16.6%; p<0.01), and deposits of cementum
(97% vs. 37.2%; p<0.01) after six weeks [26].
Comparable results were achieved in grade II furcation defects
accrued naturally due to periodontal disease seven weeks post
application of 0.4% FGF-2 in combination with a gelatinous
carrier. The percentage of new bone, new trabecular bone, and
new cementum formation was significantly higher when compared
to carrier alone (54.7% vs. 6.2%, 68.3% vs. 24%, and 69.2%
vs. 31.7%; p<0.05). Notably, FGF-2-treated sites exhibited also
enhanced angiogenesis and regeneration of peripheral nerve fibers
[10].
Application of 0.3% FGF-2 mixed with ß-TCP was evaluated in
30 grade III furcation defects created in the lower premolars in
five beagle dogs. This was compared to 0.3% FGF-2 alone or no
material application. Histometric analysis eight weeks post surgery
revealed significantly greater connective tissue attachment and
massive bone regeneration, reaching the fornix of the furcation, in
the ß-TCP/FGF-2 group than in the other two groups. New bone
formation in ß-TCP/FGF-2, FGF-2, and control samples was as
follows: 75.8%, 51.5%, and 24.3%, respectively (p<0.01); whereas
new cementum was recorded in 84.1%, 71.8%, and 23.4% (p<0.01)
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of samples, respectively. Epithelial down growth amounted to 2%,
12.9%, and 48.1%, respectively (p<0.05). Neither root resorption
nor ankyloses were observed in these groups [27].
To evaluate the synergistic effect of FGF-2 in periodontal
regeneration, Murakami et al. conducted a trial on primates with
six grade II furcation areas. Histomorphometric analysis eight
weeks post surgery revealed significant cementum (71.2% vs.
38.9%; p<0.01), new bone (71.3% vs. 54.3%; p<0.01), as well
as new trabecular bone formation (48.7% vs. 31.6%; p<0.01)
following topic application of FGF-2 and a gelatinous carrier, as
opposed to gelatinous vehicle alone [19].
A second primate model was developed to test two different
concentrations of FGF-2 and thus establish optimum regeneration
results. Accordingly, 0.1% or 0.4% FGF-2 was applied with a
gelatinous carrier and the mixture was compared to carrier alone
in 32 grade II furcation involvements in four male primates. After
eight weeks, histometric analysis showed significant periodontal
regeneration as indicated by new bone growth in animals treated
with 0.4% and 0.1% FGF-2 vs. carrier alone (71.3% and 58%
vs. 54.3%, respectively; p<0.05), as well as new trabecular bone
growth (48.7% and 36.8% vs. 31.6%; p<0.01) and new cementum
formation (72.2% and 79.1% vs. 38.8%; p<0.01). Thus, as
suggested by these findings, the regenerative ability was clearly
dose-dependent [28].

Human Studies Showing the Effect of FGF-2 Treatment
of Intrabony Defects and Furcation Involvements

Following the promising results about FGF-2 in animal trials,
FGF-2 has been tested further in several human studies. Kitamura
et al. investigated its use on 74 patients, who were diagnosed with
two- and three-wall intrabony defects 3 mm apical to the crestal
bone. Different concentrations of freeze-dried FGF-2 (0.3%, 0.1%,
and 0.03%) were used along with HPC, which served as a vehicle
and control. A significant difference was found between 0.3%
FGF-2/HPC and the control group (0% FGF-2/3% HPC) after 36
weeks, as determined by increased alveolar bone height (0.95 mm
vs. 1.85 mm; p=0.021). In contrast, no significant difference was
found in terms of clinical attachment gain [29]. The same authors
preformed a multi-centered randomized clinical trial on 253
patients with periodontitis and intrabony defects (two- and threewall defects, > 3 mm or deeper, apical to the remaining bone crest).
Each participant contributed with one defect. Inclusion criteria
for this study were: degree II or less tooth mobility and sufficient
attached gingival tissue. Different concentrations of FGF-2 (0.2%,
0.3%, and 0.4%) mixed with HPC were applied. Results indicated
that all concentrations were superior to HPC alone. Interestingly,
when comparing the effect of different concentrations of FGF-2
for 36 weeks, the highest percentage of bone fill (50.58%) was
obtained with 0.3% FGF-2 (p< 0.01). Two mechanisms of action
of FGF-2 were proposed. According to the first, FGF-2 led to direct
stimulation and proliferation of mesenchymal cells in periodontal
ligaments, which then differentiated into either cementoblasts
or osteoblasts. The second involved stimulation of angiogenesis
and production of different types of extracellular matrix, such as
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hyaluronic acid (HA) and osteopontin [30]. In 2016, Kitamura et
al. confirmed that bone fill was significantly more pronounced with
0.3% FGF-2/HPC than HPC alone (37.1% vs. 21.5%; p< 0.001)
after 36 weeks in a randomized controlled trial. However, they
found no significant difference between the two groups in terms
of clinical attachment re-gain. Consequently, a second part of the
study compared the use of FGF-2, EMD, and flap surgery to treat
the same defects. After 36 weeks, linear bone growth was 1.9 mm
in the FGF-2 group and 1.3 mm in the EMD group (p<0.05) [31].
Regarding the use of different carriers for FGF-2, Santana and
Santana suggested HA was optimal due to its good bidirectional
mechanism. The authors compared open flap debridement (OFD)
alone to OFD with FGF-2/HA to treat intrabony defects in 30
patients with at least two such contralateral defects. A significant
difference was found between the FGF-2 group and the OFD
group in terms of probing depth (5.5 mm vs. 2.9 mm; p<0.05) and
probing attachment level gain (4.8 mm vs. 2.2 mm; p<0.05), but
not probing bone level and recession [32].

3.

FGF-2 alone has been used also for treating aggressive
periodontitis. A case report revealed an 86.9% increase in alveolar
bone height following a 36-week treatment of intrabony defects
with 0.3% of FGF-2, as well as good crestal bone stability after
a six-year follow-up period [33]. Finally, the use of FGF-2 has
been investigated also in combination with bone graft substitute.
A comparison between different concentrations of FGF-2 (0.4%,
0.3%, and 0.17%) and ß-TCP bone graft for the treatment of
intrabony defects revealed that three weeks after surgery bone
fill was 75% in the group receiving 0.3% FGF-2 and 63% in
the control group. However, this difference was not considered
significant (p<0.05) [34].

9.

Conclusion

Based on evidence discussed in this review, FGF-2 has been
found to have a potential beneficial effect on tissue healing and
periodontal regeneration. Specifically, it seems to increase the
percentage of bone fill, reduce probing depth, and increase
periodontal attachment level, particularly if mixed with controlled
release systems (specific types of vehicles). By comparing the
effect of different concentrations of FGF-2, the highest percentage
of bone fill was achieved with 0.3% FGF-2. The use of FGF-2
to treat periodontal regeneration is promising due to ease of
use and reduced costs when compared to other growth factors.
Nevertheless, more randomized clinical trials with larger sample
sizes are required to confirm previous findings and to understand
the growth factor’s precise effect. Finally, a longer evaluation
period is required to fully confirm the clinical efficacy of FGF-2.
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