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Effects of FGF on tooth movement and root resorption
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Introduction: Basic fibroblast growth factor (bFGF) is an effective cytokine in angiogenesis 
and bone remodeling. The aim of this study was to determine the effect of locally injected bFGF on 
movement rate and root resorption during orthodontic force application in dogs.

Materials and Methods: In this experimental animal study, four 10-12 months male dogs 
were selected and were randomly allocated into two groups. A week following insertion of closing 
coil spring between the canines and second premolars, 50µg of bFGF was injected to the case group 
and phosphate saline to the control group once per month. One month after second injection, the 
distance between the mentioned teeth were measured. Also, root resorption percentage were ana-
lyzed on the second premolars.

Results: Average maxillary tooth movement rate in case and control groups were found 2.53 and 
1.35mm/month respectively. The correspondent mandibular measures were 2.23mm and 1.15mm. 
These differences were statistically significant (P<0.0001). In respect to root resorption, the differ-
ences were found statistically significant (P<0.01) for coronal region in maxilla, which was higher 
in control group. Regarding the apical and middle regions of both jaws as well as coronal region of 
mandible the differences were insignificant.

Conclusion: The results of the study showed that the local injection of bFGF can increase 
tooth movement rate and has the potential to decrease root resorption during orthodontic tooth 
movement in dogs.
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Orthodontic treatment is associated with unde-
sirable side effects such as root resorption, pain, 
pulp changes, temporomandibular joint disorder 

and periodontal diseases aside from its main expected re-
sults [1,2]. Root resorption depends on factors such as the 

amount and type of applied orthodontic forces, the dura-
tion of orthodontic treatment, root morphology, biologi-
cal and genetic factors, ethnicity and health status of the 
patient [3-5]. The rate of tooth movement is another main 
concern of orthodontists. High rate of tooth movement 
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reduces the duration of treatment as well as the side 
effects of treatment, most importantly root resorp-
tion [1]. Bone remodeling is a major cause of tooth 
movement through a sterile inflammatory process (hy-
alinized tissue) which is initiated, stimulated and de-
veloped by orthodontic forces [6-8]. Cellular activity 
following removal of this layer of hyalinized necrosis 
tissue can also affect the root cellular layer and make 
an easily absorbable root surface [9,10]. On the other 
hand, in the repair process, the extracellular membrane 
adjacent to PDL cells plays an important role in tissue 
regeneration. In fact, signals released from the extra-
cellular matrix along with growth factors can lead to 
the stimulation, proliferation, and differentiation of 
stem cells and ultimately tissue rearrangement [11].

A number of researches have been conducted on 
the effects of stimulatory signals such as Bone Mor-
phogenic Protein (BMP), Fibroblast Growth Factor 
(FGF) and Ostegenic Protein on periodontium regen-
eration [12-14]. Murakami et al. showed new bone 
formation beside PDL and cementum achievement in 
comparison to control group following application of 
recombinant basic fibroblast growth factor (rbFGF) on 
artificial bone defects in dogs and primates [12]. Also, 
according to some previous studies, BMP and enamel 
derived proteins have positive effects on periodontal 
tissues and cementum remodeling processes [13,14]. 
Basic fibroblast growth factor (bFGF) is a polypeptide 
of fibroblast growth factor category. This molecule acts 
in immigration and proliferation of endothelial cells 
as well as vasculogenesis and bone remodeling 15,16. 
Additionally, improving blood perfusion and healing, 
controlling and forming bone mass, increasing osteo-
clasts, decreasing collagen type I and activating alka-
line phosphatase are listed as functions of this growth 
factor [17].

One of the important goals of orthodontic treat-
ment is to improve oral health. Prolonged treatment 
time will result in increasing treatment side effects such 
as root resorption, enamel decalcification and peri-
odontal diseases. As a result, it is important to iden-
tify a factor that can help to reduce treatment time as 
well as root resorption. The aim of this current study 
was to determine the effect of locally injected fibro-
blast growth factor on tooth movement rate and root 
resorption caused by orthodontic force application in 
dogs.

Material and Methods
Experimental animals: This experimental study was 
performed on four 10-12 months old male dogs in 

equal situation. The dogs were randomly divided into 
two groups: group A as control and group B as the case 
group receiving bFGF (2 dogs in each group). As the 
orthodontic appliances were placed in all four quad-
rants, 8 study sites were allocated to each group.

Experimental Description: Since first premolars in 
dogs have short and thin roots, second premolars were 
considered as movement unit and long rooted canine 
teeth as anchorage unit. After confirming the health 
of periodontal tissues via periapical radiographs, first 
premolars were extracted due to proximity to the sec-
ond premolars and risk of intervention with tooth 
movements. For relative healing in the local region, 
dogs were kept in standard situation for a month. The 
designed orthodontic appliance including two loops 
made by ligature ties 0.014 inch (Ortho Technology, 
Wesley Chapel, Florida, USA) was inserted under gen-
eral anesthesia around second premolar and canine 
teeth and were firmed by resin composite (GC Ameri-
ca Inc, Illinois, USA) to avoid extra movements. Clos-
ing coil springs with eyelets (size 12 F, G & H Ortho-
dontics, Indiana, USA) were used to apply 200g force 
between the teeth (Fig 1). Then, the distance between 
points on the distal of canine to the mesial of second 
premolar (pre-marked by bur) were measured via digi-
tal caliper (1108-150 Electronic Caliper, InSize, Suzhou 
New District, China). 

During the study period, in order to avoid defor-
mation or movement of orthodontic appliances, dogs’ 
diet was limited to soft food. After a week of daily as-
sessment of dogs, injections were initiated. Group A 
which was considered as the control group, received 
one milliliter of buffered phosphate saline monthly 
(twice in two months). For the case group of B, 50μg 
of bFGF (Pasteur Institute, Tehran, Iran) in one mil-
liliter of solution was injected. All the injections were 
done in both maxilla and mandible by insulin syringe 
through a small hole made in alveolar bone, located 
between second premolar roots (Fig 1). According to 
the previous similar study, the selected dose of growth 
factor was 30μg in every region [12]. As contrary to 
Murakami’s study, the carrier in the present study was 
not used and the growth factor could be easily dissipat-
ed, 50μg was injected to the control group. The dogs 
were sacrificed one month after the second injection 
and the distance between the second premolars and 
the canines were measured following appliance remov-
al. Also, the second premolars with surrounding bone 
were removed for histological analysis. Root resorption 
zones (in coronal, middle and apical regions) were di-
vided into total root area and recorded as percentage 
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of root resorption. This calculation was done by using 
Nilu software (Nilu pathology image analyzer, Iran). 
This procedure was done by a pathologist and the mea-
sures were repeated twice with the interval of 4 weeks.
All the processes in present study including radiog-
raphy were done under general anesthesia and intu-
bation. Anesthesia was initiated by intramuscular in-
jection of ketamine hydrochloride (20mg/kg Rumpan, 
Bayer, Seul, Korea) and acepromazine (0.02mg/kg  At-
ravet, Ayerst, Monteal, Qebec)  and it was then con-
tinued by using 2-3% Halothane gas (Halothane BP, 
Cambridge, Ontario, Canada)  until anesthesia symp-
toms appeared. 

Statistical Analysis
Obtained data were analyzed using the SPSS (SPSS 

Inc., Chicago, IL, USA) version 22.0, Chi-square and 
independent t-test. A P value less than 0.05 was con-
sidered statistically significant.

Results
Effect of bFGF on the amount of tooth movement: 

The obtained results showed the average rate of tooth 
movements in upper jaw of the dogs in control and case 
groups were 1.35±0.07 and 2.53±0.09mm per month. 
The difference was statistically significant (p<0.0001). 
Likewise, the average rate of mandibular tooth move-
ments were measured 1.15±0.04 and 2.23±0.06mm per 
month in the control and case groups, respectively. 
Which was also statistically significant (p<0.0001) (Ta-
ble 1).

Effect of bFGF on root resorption: The average and 
distribution index of root resorption percentage of 
apical, middle and coronal sections of root in maxilla 
and mandible are shown in Table 2. Statistical analysis 
results indicated insignificant difference of root resorp-
tion percentage in apical and middle sections of maxil-
la and mandible as well as coronal section of mandible. 
The only section with a significant difference in root 
resorption percentage was the coronal third of maxil-

lary second premolars (P<0.01). Control group showed 
significantly higher root resorption in comparison to 
the case group in Maxillary coronal sections (Figs. 2A 
and B). 

Fig 1. Injection in maxillary arch with orthodontic 
appliance.

Fig 2. A) Coronal region of root without resorption. B) 
Apical region of root with resorption (H&E stain, x40, 
B:bone, PDL:periodontal ligament, D:dentin, C:pulp 
canal, R:root resorption).

A

B
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Group Mean (mm) SD 95% CI P Value

Maxilla Mandible Maxilla Mandible Maxilla Mandible

Control 1.35 1.15 0.07 0.004 1.24-1.46 1.08-1.22 p<0.0001

bFGF 2.53 2.23 0.09 0.006 2.38-2.68 2.13-2.33

Table 1. The mean, standard deviation, 95% confidence interval and P value of maxillary and mandibular tooth move-
ment rate in study groups.

Region Group Mean SD CI 95% P Value

Maxillary

apical region

Control 7.53 2.24 3.95-11.09 P=0.37

bFGF 4.88 3.47 0.65-10.4

Madibular

apical region

Control 6.58 3.59 0.85-12.29 P=0.85

bFGF 5.4 0.57 0.32-10.48

Maxillary

middle region

Control 7.05 2.4 3.23-10.87 P=0.26

bFGF 3.0 3.83 -3.09-9.09

Mandibular

middle region

Control 5.88 4.17 -0.76-12.51 P=0.92

bFGF 6.0 3.5 -2.69-14.69

Maxillary

coronal region

Control 7.75 1.94 4.67-10.83 P<0.01

bFGF 1.33 2.31 -4.4-7.07

Mandibular

coronal region

Control 7.1 1.79 4.24-9.96 P=0.53

bFGF 6.58 3.34 1.27-11.88

Table 2. The mean, standard deviation, 95% confidence interval and P value of maxillary and mandibular root re-
sorption percentage in study groups.

Discussion
bFGF or FGF-2 is a cytokine belongs to the growth 

factor superfamily and founds in many tissues of the 
body. Previously, bFGF was considered as mitotic fac-
tor of fibroblast cells but further researches revealed 
other characteristics such as stimulating angiogenesis, 
endothelial cells proliferation, tissue remodeling and 
wound healing, osteoblasts and osteoclasts prolifera-
tion and differentiation, calling macrophages, embry-
onic development and nervous cells apoptosis [18-21].
In our study, the results showed that the tooth move-
ment in the study group was more than the control 
group. Similarly, Seifi et al. showed that in all rats in-
jected with bFGF, the tooth movement rate was clearly 
higher [22]. In other study results showed that com-
bined injection of bFGF and Insulin growth factor 
(IGF) caused significantly higher tooth movement than 
control group in 7th, 21th and 28th days of study [23]. 
Above-mentioned results are consistent with the results 
of our study. The reason of decreasing tooth movement 
after first phase of movement can be interpreted by 
the fact that blood vessels become occluded and sterile 
necrosis in the region under pressure ensures. Blood 
supply of periodontal ligament provides oxygen and 

nutrition required for cellular activity in both physi-
ological and pathological states. Obliteration of blood 
flow, necrosis and decreased tooth movement under 
light or heavy forces is inevitable [9,10]. Therefore, if 
an angiogenesis stimulating factor inhibits necrosis or 
at least limits its duration in periodontal ligament, then 
we expect limited or no delay phase of tooth movement 
and increased tooth movement rate. The other reason 
can be the ability of bFGF to induce macrophages and 
secondary messengers and as a result, the orthodon-
tic tooth movement can be initiated without any delay. 
Additionally, having potential of differentiating osteo-
blasts and osteoclasts and the important role of them 
in bone remodeling can increase tooth movement rate 
[18,20].

Liao et al. conducted a research on expression of 
bFGF in rabbits’ periodontium under different ortho-
dontic forces concluded that special amount of force 
is essential to express bFGF [24]. In addition, Tang et 
al. carried out a study to evaluate expression of bFGF 
in rat periodontium under orthodontic treatment and 
found higher amount of this factor on 10th and 14th 
days in case group compared to the control group [25]. 
Shiratani et al. studied the effects of local bFGF in root 
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resorption of delayed autotransplanted teeth in dogs 
and concluded that root resorption in groups treated 
by FGF-2 is significantly less than control group [26]. 
Similar findings were concluded in our study. There 
were not significant differences between the two groups 
in most regions. This can be due to the amount of ap-
plied force (light continuous force), relatively short du-
ration of force application and finally the type of tooth 
movement (tipping, which does not predispose the 
tooth to root resorption) [27]. 

We found significantly less root resorption in 
bFGF group in coronal region of maxillary teeth. As 
the tooth movement type was tipping-which is result-
ed by a single force on tooth crown-the pressure on 
marginal area of the root would be greater and this 
could lead to root resorption. Therefore, bFGF can be 
regarded as a factor that can decrease root resorption 
caused by orthodontic treatment. Less root resorption 
with presence of bFGF can be due to its anti-necrotic 
activity. According to the study of Seifi et al. higher 
dosage of bFGF can decrease resorption lacunas in 
teeth which are not under any orthodontic treatment 
[22]. Besides, chemotactic factors, extracellular ma-
trix, adhesion molecules and growth factors such as 
insuline-like growth factor 1 (IGF1), FGFs, epidermal 
growth factor (EGF), BMPs and transforming growth 
factor-beta (TGF-beta) which exist in cementum ma-
trix can absorb and induce cementoblast cells and aid 
root repair. This can be considered as another reason 
for lesser root resorption in the groups received bFGF 
in comparison to the control group [28-32]. All cells of 
the body act intelligently to their surroundings. Molec-
ular biology in response to this intelligence raises an 
important question that cells work their way through 
environmental stresses such as stress, lack of oxygen, 
lack of food, and so on. For example, in the absence 
of oxygen, cells alert and release the hypoxia-inducible 
factor (HIF). This alert increases the expression and 
activation of various types of growth factors, including 
bFGF. bFGF expresses angiogenesis by binding to its 
cellular receptor and through a cascade pathway, ev-
erything is provided for cell adaptation and survival 
[33-40]. It seems that by increasing the concentration 
of mentioned factors in periodontal tissues, tissue re-
modeling rate and their regenerative potential are af-
fected and likewise root resorption caused by ortho-
dontic treatment can be decreased or eliminated.

Conclusion
Within limitation of this study, the results showed 

that bFGF can increase tooth movement and decrease 
root resorption during orthodontic tooth movement. 

However, further studies are required on this subject 
for more clarification.
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