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Introduction
Periodontal regeneration is a complex process involving mul-
tiple hard and soft tissues. It is an unrealistic expectation that 
significant regeneration can occur after treatment of periodon-
tally diseased teeth without the addition of some type of graft 
materials. Furthermore, if the graft material is biologically pas-
sive and serves only as a space filler, limited regeneration may 
occur (Reynolds et al. 2010). Increasing evidence suggests that 
biologically active graft materials such as protein growth fac-
tors are required to stimulate increased amounts of cementum, 
periodontal ligament, and bone (Kao et al. 2015). Only 2 pro-
tein materials are approved by the U.S. Food and Drug 
Administration to treat infrabony periodontal defects. These 
products include a mixture of heterogeneous proteins from the 
enamel organ (Sculean et al. 2011) and a recombinant growth 
factor (Nevins et al. 2005; Nevins et al. 2013). The latter pro-
tein therapy requires a β-tricalcium phosphate (β-TCP) carrier 
for delivery. The role of the carrier is not well understood, and 
the enamel matrix proteins have been shown to stimulate sig-
nificant regeneration with and without bone graft carriers in 
various-sized periodontal defects (Cochran, Jones, et al. 2003; 
Cochran, King, et al. 2003). Furthermore, a member of the 

bone morphogenetic protein family, growth and differentiation 
factor 5, has also been shown to stimulate significant periodon-
tal regeneration in baboon defects when combined with β-TCP 
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Abstract
Biological mediators have been used to enhance periodontal regeneration. The aim of this prospective randomized controlled study was 
to evaluate the safety and effectiveness of 3 doses of fibroblast growth factor 2 (FGF-2) when combined with a β-tricalcium phosphate 
(β-TCP) scaffold carrier placed in vertical infrabony periodontal defects in adult patients. In this double-blinded, dose-verification, 
externally monitored clinical study, 88 patients who required surgical intervention to treat a qualifying infrabony periodontal defect 
were randomized to 1 of 4 treatment groups—β-TCP alone (control) and 0.1% recombinant human FGF-2 (rh-FGF-2), 0.3% rh-FGF-2, 
and 0.4% rh-FGF-2 with β-TCP—following scaling and root planing of the tooth prior to a surgical appointment. Flap surgery was 
performed with EDTA conditioning of the root prior to device implantation. There were no statistically significant differences in patient 
demographics and baseline characteristics among the 4 treatment groups. When a composite outcome of gain in clinical attachment 
of 1.5 mm was used with a linear bone growth of 2.5 mm, a dose response pattern detected a plateau in the 0.3% and 0.4% rh-FGF-
2/β-TCP groups with significant improvements over control and 0.1% rh-FGF-2/β-TCP groups. The success rate at 6 mo was 71% in 
the 2 higher-concentration groups, as compared with 45% in the control and lowest treatment groups. Percentage bone fill in the 2 
higher-concentration groups was 75% and 71%, compared with 63% and 61% in the control and lowest treatment group. No increases 
in specific antibody to rh-FGF-2 were detected, and no serious adverse events related to the products were reported. The results from 
this multicenter trial demonstrated that the treatment of infrabony vertical periodontal defects can be enhanced with the addition of 
rh-FGF-2/β-TCP (ClinicalTrials.gov NCT01728844).
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(Emerton et al. 2011) and in humans (Stavropoulos et al. 2011). 
Thus, it appears that the regeneration of periodontal defects is 
best achieved when an active biological factor is present, and in 
some cases, it requires the presence of a solid scaffold carrier.

One prerequisite of any tissue formation is the presence and 
growth of new blood vessels or angiogenesis. This complex 
but coordinated process involves the migration, proliferation, 
and differentiation of several cell types and is regulated by a 
number of factors, including matrix proteins, growth factors, 
cytokines, and chemokines (Barrientos et al. 2008). One 
important molecule in this process is fibroblast growth factor 2 
(FGF-2) or basic fibroblast growth factor. This growth factor is 
increased in acute wound healing and plays a role in granula-
tion tissue formation and tissue remodeling (Bikfalvi et al. 
2009). FGF-2 acts by binding to heparin and has broad mito-
genic and angiogenic actions. It also acts early in the differen-
tiation of osteoprogenitor cells to increase bone formation, and 
it stimulates periodontal ligament cell proliferation and migra-
tion, which makes it an attractive candidate for periodontal 
regeneration therapy (Murakami 2011). Furthermore, FGF-2 
has been shown to significantly stimulate periodontal regener-
ation in large multicenter double-blinded randomized con-
trolled studies when combined with a gel-like hydroxypropyl 
cellulose (HPC) viscous solution (Kitamura et al. 2008; 
Kitamura et al. 2011; Kitamura et al. 2015).

The purpose of this study was to evaluate the safety and 
effectiveness of 3 doses of FGF-2 when combined with a  
β-TCP scaffold carrier placed in vertical infrabony periodontal 
defects in adult patients.

Materials and Methods

Trial Design

This multicenter randomized controlled clinical trial was 
designed as a prospective, double-blinded, dose-escalation study 
in patients who required surgical intervention to treat a qualify-
ing periodontal defect. The duration of the trial was 6 mo follow-
ing implantation of the investigational device. A total of 94 
patients were anticipated to be randomized to obtain at least 80 
evaluable patients based on an assumed 15% dropout rate. Six 
sites in the United States participated in the trial. The study 
received Institutional Review Board approval at each investiga-
tional site or at a centralized Institutional Review Board prior to 
commencement of the study. No significant changes occurred in 
the trial design after commencement of the study.

Participants

Men and women >25 years old who could read, understand, 
and agree to provide consent and who were able and willing to 
follow study procedures and instructions were evaluated for 
study inclusion. The patient also had to have a tooth (target) 
with a pocket depth ≥7 mm with a ≥4-mm infrabony defect and 
at least 1 bony wall. Sufficient keratinized tissue for complete 
tissue coverage had to be present, and the radiographic base of the 
defect had to be at least 3 mm coronal to the apex of the tooth. 

The sites of the study included 3 universities—The University 
of Texas Health Science Center at San Antonio, the University 
of Michigan School of Dentistry, and the University of 
Alabama at Birmingham—plus 3 private periodontal practices 
in Fullerton, California; Aurora, Colorado; and Houston, Texas.

Investigational Device and Interventions

This trial used recombinant human FGF-2 (rh-FGF-2; Kaken 
Pharmaceutical Co., Ltd., Tokyo, Japan) produced by genetic 
recombination that transformed Escherichia coli with the human 
gene FGF2. The lyophilized rh-FGF-2, β-TCP, and 1% HPC 
solution were supplied to a contract manufacturing facility 
(Fisher Clinical Service, Mount Prospect, IL, USA), assembled 
into a kit, and labeled with a randomization code generated by 
the contract facility. After signing an informed consent form, 
being screened, having scaling and root planing (≥2 wk before 
baseline visit), and having baseline measurements taken, patients 
meeting inclusion and not meeting any exclusion criteria were 
randomized to 1 of 4 treatment groups—β-TCP plus lyophilized 
placebo (the active control) and β-TCP plus 0.1%, 0.3%, or 
0.4% rh-FGF-2—so that treatment was balanced within each 
investigational site and according to smoking status.

Outcomes

The primary outcome measure was a composite end point 
combining the amount of radiographic linear bone growth 
(LBG) and clinical attachment gain from baseline at 6 mo post-
implantation. The thresholds were 1.5 mm for change in attach-
ment level and 1 mm for LBG. LBG threshold at 2.5 mm was 
also used to be consistent with the LBG observed from a sys-
tematic review of the literature of other leading products 
(Reynolds et al. 2010). Secondary outcome measures included 
the following: mean clinical attachment level (CAL) change at 
3 and 6 mo, LBG and percentage bone fill at 6 mo, probing 
depth reduction at 3 and 6 mo, changes in gingival recession at 
3 and 6 mo, wound healing at 2 and 4 wk, and bleeding on 
probing at 3 mo. Safety was monitored throughout the study by 
assessing the incidence, timing, and severity of adverse events 
(AEs) as well as by analyzing serum at 2 and 4 wk for antibody 
formation against rh-FGF-2. 

Sample Size, Blinding, Calibration,  
and Statistical Analyses

Sample size was based on a 2-sided 2-sample unequal variance 
Student’s t test with an overall 5% significance level for com-
parison of test versus active control. With a minimum of 20 
patients per treatment group, the power is at least 80% to detect 
a difference of 1.70 mm in LBG, which was referred to as the 
result of a previous clinical trial (Nevins et al. 2005). The ran-
domization was performed intraoperatively after surgeons con-
firmed target site inclusion. The investigator and all study 
personnel were blinded to treatment. Calibrated examiners who 
performed evaluations were different from the surgeons admin-
istering the device and were blinded to the investigational 
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device implantation of all patients for the length (6 mo) of the 
study. The radiographs were sent to the central reader (the 
University of Alabama at Birmingham), where they were pro-
cessed and analyzed. All examiners from the investigational 
sites went through a training and calibration exercise at The 
University of Texas Health Science Center in San Antonio 
before they participated in the study. All statistical analyses 
were performed with SAS 9.3 (SAS Institute, Cary, NC, USA). 
The probability level of statistical significance was set to P < 
0.05.

Results
A total of 143 subjects were assessed for eligibility at 6 study 
sites. In total, 88 eligible subjects were randomized in almost 
equal proportions to 1 of 4 treatment groups—β-TCP alone 
(control), 0.1% rh-FGF-2, 0.3% rh-FGF-2, and 0.4% rh-FGF-2 
with β-TCP treatment—ranging from 21 to 23 subjects each 
(Fig. 1). One subject was dropped from the study due to a head 
injury that resulted in his death after 2 wk postsurgery. Two 
subjects were lost to follow-up after 4 wk and 3 mo postsur-
gery, respectively. In total, 85 patients completed the study, and 
the data were analyzed for baseline characteristics and safety 
analyses according to the intent-to-treat population. The per-
protocol population consisted of 83 patients after 2 were 
removed for lack of compliance with the study protocol. 
Effectiveness was analyzed with per-protocol population. The 
study began on November 26, 2012, and enrollment was closed 
on December 16, 2013.

There were no statistically significant differences in subject 
demographics and baseline characteristics among the 4 treat-
ment groups, with most patients (81% to 87%) being nonsmok-
ers (Table 1). Most teeth (71% to 82%) were treated in the 
mandibular arch. Averages of approximately 3 mm of CAL 
gain and pocket depth reduction were achieved in all treatment 
groups at 3 mo after surgery (Table 2). There was no statisti-
cally significant difference in frequency distribution of CAL 
gain ≥3 and <3 mm among the 4 treatment groups (data not 
shown). This means that the standard treatment was success-
fully provided at all clinical sites through the study period.

Statistically significant differences were not detected 
between the control group (β-TCP alone) and test groups in the 
primary composite end point when the threshold setting of 
LBG was 1 mm, because the majority of subjects in all treat-
ment groups met the success criteria. When the LBG threshold 
was changed to 2.5 mm, the increase of the success rates of the 
0.3% rh-FGF-2 group (71.4%) and 0.4% rh-FGF-2 group 
(71.4%) became more apparent when compared with the con-
trol group (45%); however, a statistically significant difference 
was not confirmed (P = 0.076 and P = 0.087, respectively; 
Table 2). When the threshold of LBG is 2.5 mm, the dose 
response pattern detected by a dose selection analysis showed 
a plateau in the 0.3% rh-FGF-2 group, with similar perfor-
mance in 0.4% rh-FGF-2 group.

The mean change in CAL was greater than the historically 
based success criterion in open flap debridement (1.5 mm; 

Laurell et al. 1998) of clinical effectiveness in all treatment 
groups at 3 mo (2.9 to 3.5 mm) and 6 mo (2.5 to 3.6 mm) post-
implantation (Table 2). Linear bone growth was 3.7 and 3.6 mm 
in the 0.3% and 0.4% rh-FGF-2 groups, compared with 3.1 mm 
in the control and 3.0 in the 0.1% rh-FGF-2 group. Percentage 
new bone growth was 75% and 71% in the 0.3% and 0.4%  
rh-FGF-2 groups, compared with 63% in the control and 61% 
in the 0.1% rh-FGF-2 group. At 3 mo postsurgery, pocket depth 
reduction was similar (3.5 to 3.8 mm) among all treatment 
groups and there was not a significant change between 3 and  
6 mo. Furthermore, after 3 mo, the change in gingival recession 
was less in the 0.3% and 0.4% rh-FGF-2 groups (–0.3 mm) 
compared with the control group (–0.6 mm). Bleeding on prob-
ing was also reduced from baseline to 3 mo by 40% to 50% in 
all treatment groups. The wound healing scale at 2 wk after 
treatment was significantly greater in the rh-FGF-2 treatment 
groups than in control (P < 0.05); however, by 4 wk, there were 
no statistically significant differences among all groups (Table 
2). No subjects experienced an increase of specific antibody 
during the study. Of the 75 AEs reported, 4 were serious AEs. 
All 4 serious AEs were determined by the principal investiga-
tors to be non-device-related AEs. Furthermore, although 17 
patients reported 24 AEs in the control group—which was 
twice the number reported in the 0.3% rh-FGF-2 group—there 
were no significant differences in the number of patients who 
reported AEs among the 4 treatment groups. No hard tissue 
abnormalities, including ankylosis, were observed through 
radiographic assessment. Representative radiographic images 
for 0.3% and 0.4% rh-FGF-2 and control groups are shown in 
Figure 2B—D.

Assessed for eligibility        
(N=143)

Screen failures 
(N=55)

Randomization (N=88)

Treatment I 
(N=22)

(β-TCP alone)

Treatment IV 
(N=23)

(0.4% rh-FGF-2 
with β-TCP)

Treatment II 
(N=21) 

(0.1% rh-FGF-2 
with β-TCP)

Treatment III 
(N=22)

(0.3% rh-FGF-2 
with β-TCP)

Death (N=1) 

3 months follow 
up  (N=21)

3 months follow 
up  (N=21)

3 months follow 
up  (N=22)

3 months follow 
up  (N=23)

Lost to 
follow up 

(N=2) 

6 months follow 
up  (N=21)

6 months follow 
up  (N=21)

6 months follow 
up  (N=22)

6 months follow 
up  (N=21)

Figure 1. Trial flowchart for the 6-mo study. β-TCP, β-tricalcium 
phosphate; rh-FGF-2, recombinant human fibroblast growth factor.
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Dose evaluation was based on a number of factors, with one 
of which being the primary composite end point but using suc-
cess criteria for LBG ≥2.5 mm as noted above. Five dose 
response patterns were examined and modeled statistically 
with the Wald statistic. This analysis indicated that the dose 
response pattern is considered to reach a plateau in 0.3% rh-
FGF-2 and that the performance of 0.3% rh-FGF-2 will be 
similar to that of 0.4% rh-FGF-2. A post hoc exploratory analy-
sis examined the additional value of rh-FGF-2 when added to 
β-TCP by defect type based on percentage bone fill. This anal-
ysis demonstrated that the addition of rh-FGF-2 resulted in a 

statistically significant improvement of approximately 20% in 
bone fill in 1- and 2-wall defects (P < 0.05; Fig. 3). No differ-
ences occurred in 3-wall defects compared with control in this 
post hoc analysis.

Discussion
This prospective randomized controlled multicenter clinical 
study was double-blinded with dose verification and external 
monitoring in patients who required surgical intervention to 
treat a qualifying periodontal defect with a bone graft 

Table 1. Patient and Study Site Characteristics at Baseline.

Recombinant Human Fibroblast Growth Factor 2

Measure Control (n = 22) 0.1% (n = 21) 0.3% (n = 22) 0.4% (n = 23) P Valuea

Age, y, mean ± SD 56.5 ± 10.7 59.7 ± 12.1 54.0 ± 10.6 54.0 ± 10.5 0.27
Male 59.1 (13) 66.7 (14) 59.1 (13) 60.9 (14) 0.95
Race N/Ab

 American Indian or Alaska Native 4.5 (1) 0 (0) 0 (0) 0 (0)  
 Asian 13.6 (3) 9.5 (2) 9.1 (2) 8.7 (2)  
 Black or African American 9.1 (2) 9.5 (2) 18.2 (4) 13.0 (3)  
 Native Hawaiian or other Pacific Islander 0 (0) 0 (0) 0 (0) 0 (0)  
 White 72.7 (16) 71.4 (15) 63.6 (14) 78.3 (18)  
 Other 0 (0) 9.5 (2) 9.1 (2) 0 (0)  
Ethnicity 0.18
 Hispanic 4.5 (1) 23.8 (5) 13.6 (3) 4.3 (1)  
 Non-Hispanic 95.5 (21) 76.2 (16) 86.4 (19) 95.7 (22)  
Smoking history 0.98
 Current smoker, or smoked within past 6 mo 13.6 (3) 14.3 (3) 18.2 (4) 13.0 (3)  
 Nonsmoker 86.4 (19) 85.7 (18) 81.8 (18) 87.0 (20)  
Clinical attachment level, mm 0.76
 Mean ± SD (n) 8.4 ± 1.4 (22) 8.8 ± 1.2 (21) 8.3 ± 1.4 (22) 8.7 ± 2.4 (23)  
 Median [min, max] 8.0 [6.0, 11.0] 9.0 [7.0, 11.0] 8.0 [5.0, 11.0] 8.0 [4.0, 16.0]  
Pocket depth, mm 0.56
 Mean ± SD (n) 8.1 ± 1.0 (22) 8.1 ± 1.1 (21) 7.9 ± 0.7 (22) 8.4 ± 1.8 (23)  
 Median [min, max] 8.0 [7.0, 11.0] 8.0 [7.0, 10.0] 8.0 [7.0, 9.0] 8.0 [7.0, 14.0]  
Gingival recession, mm 0.70
 Mean ± SD (n) 0.2 ± 1.0 (22) 0.6 ± 0.9 (21) 0.4 ± 1.4 (22) 0.3 ± 1.4 (23)  
 Median [min, max] 0.0 [-1.0, 3.0] 0.0 [-1.0, 3.0] 0.0 [-2.0, 3.0] 0.0 [-3.0, 4.0]  
Vertical bone depth, mm 0.72
 Mean ± SD (n) 6.1 ± 1.6 (22) 5.7 ± 1.9 (21) 6.1 ± 1.2 (22) 6.3 ± 2.0 (23)  
 Median [min, max] 5.0 [4.0, 9.0] 6.0 [4.0, 10.0] 6.0 [4.0, 9.0] 6.0 [4.0, 12.0]  
Width of defect, mm 0.48
 Mean ± SD (n) 3.2 ± 1.0 (22) 3.2 ± 1.3 (21) 3.5 ± 1.4 (22) 3.7 ± 1.2 (23)  
 Median [min, max] 3.0 [2.0, 5.0] 3.0 [2.0, 8.0] 3.0 [2.0, 7.0] 3.0 [2.0, 6.0]  
Bleeding on probing 95.5 (21) 95.2 (20) 90.9 (20) 100 (23) 0.55
Defect location 0.89
 Maxillary 22.7 (5) 28.6 (6) 18.2 (4) 26.1 (6)  
 Mandibular 77.3 (17) 71.4 (15) 81.8 (18) 73.9 (17)  
Tooth surface 0.69
 Mesial 50.0 (11) 38.1 (8) 31.8 (7) 39.1 (9)  
 Distal 50.0 (11) 61.9 (13) 68.2 (15) 60.9 (14)  
No. of defect walls 0.22
 1 9.1 (2) 4.8 (1) 9.1 (2) 13.0 (3)  
 2 54.5 (12) 52.4 (11) 22.7 (5) 47.8 (11)  
 3 36.4 (8) 42.9 (9) 68.2 (15) 39.1 (9)  

Values presented in % (n) unless noted otherwise.
aFisher exact test was used for demographic characteristics and categorical baseline characteristics. Analysis of variance was used for continuous 
baseline characteristics.
bNot applicable. There is no P value calculated for race because subjects may be in >1 category.
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substitute and a biological protein. Many bone graft substitutes 
have been used to treat such defects (Sculean et al. 2015), but 
few have been examined under the strict clinical trial conditions 
as performed in this clinical study. A similar clinical study sup-
ports the use of a U.S. Food and Drug Administration–approved 

recombinant platelet-derived growth factor and β-TCP (Nevins 
et al. 2005; Nevins et al. 2013). In addition, a group of enamel 
matrix proteins isolated from the crowns of developing teeth, 
either alone or combined with various bone graft materials 
(Koop et. 2012), has been approved by the same body. The 

Table 2. Clinical Outcome.

Recombinant Human Fibroblast Growth Factor 2

Outcome Control 0.1% (n = 21) 0.3% (n = 22) 0.4% (n = 23)

CAL, mm  
 BL 8.4 ± 1.4 (22) 8.8 ± 1.2 (21) 8.3 ± 1.4 (21) 8.7 ± 2.4 (23)
 3M 5.2 ± 1.6a (21) 5.9 ± 1.9a (21) 5.2 ± 1.4a (21) 5.1 ± 1.6a (22)
 6M 5.5 ± 1.9a (20) 6.3 ± 2.4a (21) 5.3 ± 1.5a (21) 4.9 ± 1.7a (21)
PD, mm  
 BL 8.1 ± 1.0 (22) 8.1 ± 1.1 (21) 7.9 ± 0.7 (21) 8.4 ± 1.8 (23)
 3M 4.4 ± 1.0a (21) 4.6 ± 1.2a (21) 4.4 ± 1.6a (21) 4.5 ± 1.5a (22)
 6M 4.6 ± 1.1a (20) 5.2 ± 2.0a (21) 4.5 ± 1.0a (21) 4.5 ± 1.6a (21)
GR, mm  
 BL 0.2 ± 1.0 (22) 0.6 ± 0.9 (21) 0.4 ± 1.4 (21) 0.3 ± 1.4 (23)
 3M 0.8 ± 1.2 (21) 1.2 ± 1.6b (21) 0.8 ± 1.4 (21) 0.6 ± 1.1 (22)
 6M 0.9 ± 1.3b (20) 1.0 ± 1.4 (21) 0.8 ± 1.4 (21) 0.4 ± 0.9 (21)
Bleeding on probing, %  
 BL 95.5 (21/22) 95.2 (20/21) 90.9 (20/22) 100 (23/23)
 3M 47.6c (10/21) 57.1c (12/21) 38.1c (8/21) 63.6c (14/22)
Composite end point, %  
 ∆CAL ≥1.5 mm and LBG ≥1 mm at 6 mo 80.0 (16/20) 71.4 (15/21) 90.5 (19/21) 81.0 (17/21)
 ∆CAL ≥1.5 mm and LBG ≥2.5 mm at 6 mo 45.0 (9/20) 47.6 (10/21) 71.4 (15/21) 71.4 (15/21)
∆CAL, mm  
 3M 3.1 ± 1.4 (21) 2.9 ± 1.7 (21) 3.1 ± 1.6 (21) 3.5 ± 1.7 (22)
 6M 2.9 ± 2.1 (20) 2.5 ± 2.1 (21) 3.0 ± 1.4 (21) 3.6 ± 1.8 (21)
LBG, mm: 6M 3.1 ± 1.8 (20) 3.0 ± 1.2 (21) 3.7 ± 1.3 (21) 3.6 ± 2.1 (21)
Percentage bone fill: 6M 62.5 ± 26.4 (20) 61.0 ± 23.0 (21) 74.6 ± 20.0 (21) 71.1 ± 37.8 (21)
PDR, mm  
 3M 3.7 ± 1.4 (21) 3.5 ± 1.4 (21) 3.5 ± 1.6 (21) 3.8 ± 1.1 (22)
 6M 3.6 ± 1.2 (20) 2.9 ± 2.0 (21) 3.4 ± 1.0 (21) 3.7 ± 1.0 (21)
∆GR, mm  
 3M –0.6 ± 1.4 (21) –0.6 ± 1.1 (21) –0.3 ± 1.2 (21) –0.3 ± 1.2 (22)
 6M –0.7 ± 1.5 (20) –0.4 ± 1.0 (21) –0.4 ± 1.1 (21) –0.1 ± 1.3 (21)
WH score  
 2 wk 100.0 (22) 100.0 (21) 100.0 (21) 100.0 (23)
  0 36.4 (8) 9.5 (2) 19.0 (4) 21.7 (5)
  1 45.5 (10) 57.1 (12) 33.3 (7) 30.4 (7)
  2 18.2 (4) 28.6 (6) 33.3 (7) 26.1 (6)
  3 0.0 (0) 4.8 (1) 14.3 (3) 13.0 (3)
  4 0.0 (0) 0.0 (0) 0.0 (0) 8.7 (2)
  Difference from control N/A P < 0.05 P < 0.05 P < 0.05
 4 wk 100.0 (21) 100.0 (21) 100.0 (21) 100.0 (23)
  0 68.2 (15) 76.2 (16) 71.4 (15) 52.2 (12)
  1 18.2 (4) 19.0 (4) 14.3 (3) 43.5 (10)
  2 4.5 (1) 4.8 (1) 14.3 (3) 4.3 (1)
  3 4.5 (1) 0.0 (0) 0.0 (0) 0.0 (0)
  Difference from control N/A P > 0.05 P > 0.05 P > 0.05

Values presented in % (n) or mean ± SD (n). Paired t test was used for change from baseline of CAL, PD, and GR. Fisher exact test was used for 
change from baseline of percentage bleeding on probing. Superiority for composite end point was tested with a logistic regression model to include 
age and smoking status at the time of randomization. Superiority for the continuous effectiveness end points were tested with an analysis of covariance 
model. There was no significant difference. A Kruskal-Wallis test was used for difference from control of WH.
3M, 3 mo; 6M, 6 mo; BL, baseline; CAL, clinical attachment level; GR, gingival recession; LBG, linear bone growth; PD, pocket depth; WH, wound 
healing.
aP < 0.01.
bP < 0.05.
cP < 0.01. 
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results of this rigorous randomized controlled clinical trial 
indicate that the rh-FGF-2 combined with β-TCP behaves in a 
similar fashion. This conclusion is supported by multiple ran-
domized controlled clinical trials in Japan where this same bio-
logical factor, combined with a HPC solution (without bone 
grafting), also significantly stimulates LBG compared with the 
vehicle control or enamel matrix proteins (Kitamura et al. 
2008; Kitamura et al. 2011; Kitamura et al. 2015).

The rh-FGF-2 is a biological stimulant that has been 
reported to promote proliferation and migration of certain 
kinds of cells, including osteoblasts, endothelial cells, and 
periodontal ligament cells. It is a unique molecule in that it 
prohibits the proliferation of epithelial cells; thus, its cellular 
effects suggest that rh-FGF-2 would make an effective peri-
odontal regeneration agent. Furthermore, rh-FGF-2 is well 
known as a potent angiogenic factor to generate new blood 

vessels, which are important for enhancing the wound-healing 
process and supporting new tissue formation.

Histologic animal studies were conducted with FGF-2 to 
evaluate periodontal regeneration, since histologic proof is 
required to claim periodontal regeneration (Murakami et al. 
1999; Takayama et al. 2001; Murakami et al. 2003; Anzai et al. 
2010; Shirakata et al. 2010; Nagayasu-Tanaka et al. 2015). In a 
1-wall defect study based on a dog model, significant new 
cementum formation occurred as compared with the active 
control (β-TCP alone) and the sham group (nongrafted sites; 
Anzai et al. 2010). In 2001, rh-FGF-2 was approved in Japan 
as the active agent in a drug for dermal ulcers. In addition, 2 
phase II and a phase III clinical trials for periodontal regenera-
tion with rh-FGF-2 in a gel formulation were conducted where 
0.3% rh-FGF-2 gel was most effective in stimulating periodon-
tal clinical regeneration (Kitamura et al. 2008; Kitamura et al. 

Figure 2. Radiographic assessment. (A) Radiographic measurements. The measurements are taken from a stationary landmark (cementoenamel 
junction [CEJ]) to the base of the defect, to the crest of bone, and to the apex of the longest root. All measurements are taken parallel to the long 
axis of the tooth. A0 is the root length at baseline; B0 is the measurement from the CEJ to the base of the defect at baseline; and C0 is the CEJ to 
the crest of the defect projected onto the root surface. B6m indicates the measurement from the CEJ to the base of the defect at 6 mo. At follow-
up, the A and B measurements are repeated. Linear bone growth = B0 – B6m. Percentage bone fill = (B0 – B6m) / (B0 – C0) x 100. (B) Radiographic 
representative case (distal defect of tooth 31) of control group at baseline and 6 mo. (C) Radiographic representative case (distal defect of tooth 29) 
of 0.3% recombinant human fibroblast growth factor 2 (rh-FGF-2) treatment group at baseline and 6 mo. (D) Radiographic representative case (mesial 
defect of tooth 30) of 0.4% rh-FGF-2 treatment group at baseline and 6 mo.
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2011; Kitamura et al. 2015). The current 
clinical trial utilized a solid synthetic 
bone graft material (β-TCP) that is 
known as an effective synthetic bone 
substitute intended to fill, augment, or 
reconstruct periodontal or bony defects, 
and it serves as a biocompatible scaffold 
for bone cells for osteoconduction and is 
absorbed and replaced over time 
(Reynolds et al. 2015).

This study used a composite primary 
outcome variable that combined a clini-
cal outcome (CAL) and a radiographic 
outcome (LBG) to measure the effec-
tiveness of the product (Lynch et al. 
2006). The combining of outcome mea-
sures for hard and soft tissue compo-
nents of the periodontium was preferable 
to evaluate the effectiveness of a biologi-
cal factor that has effects on both types 
of tissue. Similar to a previous trial with β-TCP as the protein 
carrier (Nevins et al. 2005; Nevins et al. 2013), the results here 
demonstrated that β-TCP as an active control in the periodontal 
defects had a good response in the lesions. Thus, a more strin-
gent value was needed to discriminate a difference in the 
patient outcomes. Under these conditions, it was clear that add-
ing the rh-FGF-2 had a clear and a significant effect on enhanc-
ing the amount of clinical periodontal regeneration achieved. 
Various bone graft materials have been used in the past, and the 
results have often been variable. This is likely due to the fact 
that in those cases, the bone graft material predominantly 
served as a space filler in a large bony void and provided a 
solid matrix for osteogenic cells to elaborate osteoid and new 
bone formation. Although β-TCP used in this study achieved a 
high-percentage bone fill (62.5%) without rh-FGF-2, the addi-
tion of 0.3% rh-FGF-2 increased bone fill >10%. The percent-
age bone fill at 6 mo in the active control was 3.5 times greater 
than that of the β-TCP treatment group in the previous trial 
(62.5% vs. 18%; Nevins et al. 2005). The difference between 
the 2 studies could be explained by the lower distribution of 
1-wall defects in the present study than the previous study 
(9.1% vs. 32.2%). When a biologic factor such as rh-FGF-2 is 
added, cell behavior is directly affected, resulting in enhanced 
cell migration, proliferation, and differentiation. In addition, 
because FGF-2 is a potent stimulant of new blood vessel 
growth, new periodontal tissue formation is enhanced. No new 
cementum, periodontal ligament, or bone tissue can form with-
out blood supply; thus, FGF-2 is a logical choice for enhancing 
periodontal regeneration. The effect of this molecule was par-
ticularly observed in this trial in the wound-healing scores 
where inflammation was enhanced at 2 wk—when it should be 
with an angiogenic factor such as rh-FGF-2—in the growth 
factor–treated lesions as compared with control. This study 
also confirmed the safety of this product.

In summary, the 0.3% and 0.4% rh-FGF-2 investigational 
devices increased the success rate of subjects based on the 

primary composite end point in the change of CAL and LBG. 
Furthermore, the 0.3% and 0.4% rh-FGF-2 treatment improved 
LBG by approximately 1 mm as compared with the control 
treatment when 2 outliers were excluded from the analysis. 
This additional 1 mm of LBG is clinically meaningful when 
considering that it increases the alveolar bone supporting the 
study tooth by 30% more than the control group.

Gingival recession following periodontal surgery was neg-
ligible in the 0.4% rh-FGF-2 group versus the control group. 
Gingival recession can not only be an aesthetic problem fol-
lowing periodontal flap surgery but also be associated with 
increased root sensitivity. In addition, the subgroup analysis of 
percentage bone fill in 1- and 2-wall defects indicated that the 
addition of rh-FGF-2 to β-TCP contributes to additional bone 
fill in these defects where healing is typically less predictable. 
Therefore, an additional benefit of the investigational device 
may be to increase the predictability of the treatment success in 
less predictable defects.

In conclusion, enhanced clinical periodontal regeneration 
was achieved in this randomized controlled double-blinded 
multicenter clinical trial using a defined protocol for the evalu-
ation of rh-FGF-2 combined with a β-TCP scaffold matrix. The 
use of rh-FGF-2 combined with a scaffold matrix offers poten-
tial as a treatment option for a variety of periodontal osseous 
defects. Further investigations may also consider the ability of 
rh-FGF-2 to promote periodontal wound repair through differ-
ent delivery approaches.
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