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Abstract Resumen 

Context: Bifidobacterium bifidum as a beneficial probiotic may regulate the 
inflammation and induce the bone remodeling by enhancing osteoblasts 
and basic fibroblast growth factor (bFGF) expression in the tension side 
of alveolar bone during orthodontic tooth movement (OTM). 

Aims: To evaluate the expression of bFGF and the number of osteoblasts 
during OTM after B. bifidum probiotic supplementation in male Wistar 
rats. 

Methods: Wistar rats (n = 42) were divided into 6 groups (n = 7) accord-
ingly as follow: OTM and phosphate buffer saline (PBS) for 3 days (K3); 
OTM and PBS for 7 days (K7); OTM and PBS for 14 (K14); OTM and B. 
bifidum for 3 days (P3); OTM and B. bifidum for 7 days (P7); OTM and B. 
bifidum for 14 days (P14). OTM was established by NiTi close coil spring 
with 10 g force-placed between the first incisor and the first maxillary 
molar of Wistar rat. The samples were then terminated on days 3, 7, and 
14. The maxillary tissue was isolated for the immunohistochemical 
examination and hematoxylin-eosin staining. All data were analyzed by 
using an independent t-test (p<0.05), which was implemented based on 
Kolmogorov-Smirnov and Levene’s test (p>0,05). 

Results: The highest bFGF expressions and osteoblast numbers were 
found in Group P14. There were significant differences in bFGF 
expression and osteoblast numbers in the tension side of alveolar bone 
during OTM between the control and treatment groups (p<0.05). 

Conclusions: The post supplementation of B. bifidum shows the 
enhancement of bFGF expression, and osteoblast number in the tension 
side of alveolar bone during OTM determined immunohistochemically.  

Contexto: Bifidobacterium bifidum, como probiótico beneficioso, puede 
regular la inflamación e inducir la remodelación ósea al mejorar la 
expresión de los osteoblastos y el factor de crecimiento básico de 
fibroblastos (bFGF) en el lado de tensión del hueso alveolar durante el 
movimiento dental de ortodoncia (OTM).  

Objetivos: Evaluar la expresión de bFGF y el número de osteoblastos 
durante la OTM después de la suplementación con probióticos de B. 
bifidum en ratas Wistar macho. 

Métodos: Se dividieron ratas Wistar (n = 42) en 6 grupos (n = 7) de la 
siguiente manera: OTM y solución salina tamponada con fosfato (PBS) 
durante 3 días (K3); OTM y PBS durante 7 días (K7); OTM y PBS para 14 
(K14); OTM y B. bifidum durante 3 días (P3); OTM y B. bifidum durante 7 
días (P7); OTM y B. bifidum durante 14 días (P14). El OTM se estableció 
mediante un resorte helicoidal cerrado de NiTi con una fuerza de 10 g 
colocada entre el primer incisivo y el primer molar superior de la rata 
Wistar. A continuación, se terminaron las muestras los días 3, 7 y 14. Se 
aisló el tejido maxilar para el examen inmunohistoquímico y la tinción 
con hematoxilina eosina. Todos los datos se analizaron mediante una 
prueba t independiente (p<0,05), que se implementó con base en la 
prueba de Kolmogorov-Smirnov y Levene (p>0,05). 

Resultados: Las mayores expresiones de bFGF y números de osteoblastos 
se encontraron en el Grupo P14. Hubo diferencias significativas en la 
expresión de bFGF y el número de osteoblastos en el lado de tensión del 
hueso alveolar durante la OTM entre el grupo de control y los grupos de 
tratamiento (p<0.05). 

Conclusiones: La suplementación posterior de B. bifidum muestra la 
mejora de la expresión de bFGF y el número de osteoblastos en el lado 
de tensión del hueso alveolar durante la OTM determinada 
inmunohistoquímicamente.  
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INTRODUCTION 

The orthodontic tooth movement (OTM) aims 
to obtain an ideal tooth alignment and achieve the 
aesthetic and occlusion functions (Rossini et al., 
2015). Teeth can move in the alveolar bone with 
the application of an orthodontic force due to the 
mechanical changes in the biological system that 
cause tension, thereby stimulating the cellular re-
sponses in the periodontal ligament and alveolar 
bone (Nakano et al., 2014). 

 Any tissue biological reactions might occur 
during an orthodontic treatment as the result of 
changes in the applied force distribution in the 
periodontal tissue. The ideal OTM only can be 
arranged if the remodeling of alveolar bone 
around the tooth occurs (Krishnan and Davidov-
itch, 2006). Meanwhile, alveolar bone remodeling 
consists of alveolar bone resorption in the com-
pression site by osteoclast and then followed by 
the alveolar bone formation by osteoblast in the 
tension side. Significantly, the processes of alveo-
lar bone remodeling, which involves the interac-
tion between osteoblast and osteoclast during 
OTM is the one that should be considered by the 
orthodontist (Huang et al., 2014). 

The rate of alveolar bone remodeling during 
OTM in adults is slower than in adolescents due to 
the growth and development period (Abbing et al., 
2020). The orthodontic treatment plan must be 
considered a local and general condition from a 
patient’s health, especially in periodontal tissue 
(Cerroni et al., 2018). Nowadays, many researchers 
develop methods to accelerate OTM to provide 
shorter treatment duration by employing either 
surgical or non-surgical approaches. Specifically, 
the OTM treatment duration rates can be acceler-
ated through the non-surgical approach, such as 
supplementing an herbal compound and low-laser 
intensity therapy that can increase osteoclast-
osteoblast interaction by the enhancement of ex-
pressed biomolecular markers (Nugraha et al., 
2020; Narmada et al., 2019; 2020). 

Moreover, the immune system regulates the in-
flammation process, which is very important for 

OTM. Any applied OTM force may induce the 
inflammatory response around the tooth, especial-
ly periodontal ligament and alveolar bone (Krish-
nan and Davidovitch, 2006). The excessive or pro-
longed inflammation during OTM can interrupt 
the OTM rate due to the increased production of 
pro-inflammatory cytokines and the decreased 
production of anti-inflammatory cytokines or 
growth factors, which may disrupt alveolar bone 
remodeling (Huang et al., 2014). In addition, any 
excessive pro-inflammatory cytokine such as TNF-
α can induce the resorption of bone and tooth root 
(Qi et al., 2019). 

Fundamentally, previous research found that 
Bifidobacterium bifidum (Tissier 1900) Orla-Jensen 
1924 (family Bifidobacteriaceae) is considered as one 
of beneficial probiotic, which can act as a regulator 
of immunity in the digestive tract through the 
modification of reactions related to allergies and 
inflammation (Khailova et al., 2010). B. bifidum is 
gram-positive bacteria that can activate the toll-
like receptor-2 (TLR-2), which is an important re-
ceptor on the surface of immune cells that recog-
nize the lipoprotein component of gram-positive 
bacteria (Llewellyn and Foey, 2017). Moreover, B. 
bifidum also can act as immunomodulators of im-
mune response by reducing the excessive produc-
tion of pro-inflammatory cytokines and increasing 
the production of anti-inflammatory cytokines 

through nuclear factor kappa B (NF-B) signaling 
(Shirasawa et al., 2010). The higher expression of 
anti-inflammatory cytokines may inhibit the ex-
pression of pro-inflammatory cytokines, resulting 
in the decrease of prolonged inflammation and 
may induce the growth factor that is essential for 
the tissue regeneration process. Consequently, the 
enhancement of growth factor such as basic fibro-
blast growth factor (bFGF) is able to stimulate os-
teoblasts proliferation, maturation, an activity that 
is important for alveolar bone formation in the 
tension side during OTM (Inayati et al., 2020). 
Thus, the purpose of this study is to investigate the 
bFGF expression and the number of osteoblasts in 
the tension side of alveolar bone during OTM post 
B. bifidum probiotic supplementation in male 
Wistar rats.  
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MATERIAL AND METHODS 

Study design and ethical aspects 

This study was a true experimental study with 
a post-test only control group design. The simple 
blind random sampling method was applied to 
select the sample in this study. The Health Re-
search Ethics Committee, Faculty of Dental Medi-
cine, Universitas Airlangga Surabaya, East Java, 
Indonesia, approved this study protocol with the 
reference number 698/HRECC.FODM/X/2019. 

Animal preparation  

All experimental procedures involving animals 
were carried out in accordance with the Animal 
Research: Reporting of In Vivo Experiments 
(ARRIVE) guidelines to ameliorate any sufferance 
of the animals. All the rats were placed individual-
ly in polycarbonate cages (0.90 × 0.60 × 0.60 m) for 
a week on a 12-h light/dark cycle at a steady tem-
perature of 25°C and 50% humidity for the accli-
matization to compensate their various origins. 
Animals were fed with a standard pellet diet with 
ad libitum tap water and routinely inspected for 
food consumption and fecal characteristics.  

Bifidobacterium bifidum probiotic preparation  

B. bifidum was obtained from Food and Nutri-
tion Center in Gadjah Mada University, Yogyakar-
ta Special Region, Indonesia. B. bifidum BRL 130 
strain was confirmed with certificate number of 

PSPG/0309/IV/19. The animals of the probiotic 
group were then orally administrated with 10 
mL/day of B. bifidum in drinking water at the dose 
of 1.5 x 108 CFU/mL every day. 

Orthodontic tooth movement animal model and 
Bifidobacterium bifidum probiotic 
supplementation 

The samples of this study consisted of 42 
healthy male Wistar rats, around 16-20 weeks-old, 
with body weight around 200-250 g. The Wistar 
rats were used as an OTM animal model. All sam-
ples were then assigned into six groups (n = 7), 
respectively: Group 1: OTM and phosphate buffer 
saline (PBS) (OneMed, Sidoarjo, Indonesia) for 3 
days (K3); Group 2: OTM and PBS for 7 days (K7); 
Group 3: OTM and PBS for 14 (K14); Group 4: 
OTM and B. bifidum for 3 days (P3); Group 5: OTM 
and B. bifidum for 7 days (P7); Group 6: OTM and 
B. bifidum for 14 days (P14). OTM in the animal 
model was established by using an OTM device 
consisted of a 6 mm long nickel-titanium open coil 
spring (American Orthodontics Corp., Sheboygan, 
WI, USA) placed between the maxillary incisors 
and the maxillary molar to move the molar mesial-
ly with 10 g force and measured by employing the 
tension gauge (American Orthodontics Corp., 
Sheboygan, WI, USA). Furthermore, the fixed or-
thodontic appliance was fixated by applying 0.07 
stainless steel ligature wire (American Orthodon-
tics Corp., Sheboygan, WI, USA) that is shown in 
Fig. 1. 

 

 

Figure 1. Orthodontic tooth 
movement (OTM) in the 
animal model. 
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The supplementation of B. bifidum was com-
pleted per orally by utilizing the oral gavage, con-
sisting in a stomach tube with a single dose of 1.5 
× 108 CFU/mL every day based on the previous 
study (Pazzini et al., 2017). Animals were then 
sacrificed after days 3, 7, and 14 by a lethal dose of 
rodent anesthesia (60 mg/body weight of keta-
mine and 3 mg/body weight of xylazine [Sigma 
Aldrich, Merck KGaA, Darmstadt, Germany]). The 
rats’ maxillae were then dissected and placed in 
10% formalin (OneMed, Surabaya, Indonesia) for 
four days, and then they were decalcified for 3 
months by applying ethylenediaminetetraacetic 
(EDTA) (OneMed, Surabaya, Indonesia). Thus, the 
sample underwent tissue processing for further 
immunohistochemical analysis (IHC) analysis. 

Moreover, IHC staining using a 3,3-
diaminobenzidine stain kit (DAB) (Sigma Aldrich, 
Merck KGaA, Darmstadt, Germany) was per-
formed. Anti-bFGF (SantaCruz Biotechnology Inc., 
Dallas, TX, USA) antibody monoclonal (AbMo) 
was also utilized. Hematoxylin and eosin staining 
(Sigma Aldrich, Merck KGaA, Darmstadt, Germa-
ny) was applied as staining for the osteoblast ex-
amination. The observation and examination of 
expression from bFGF and the number of osteo-
blasts in the tension side of alveolar bone were 
carried out by two observers in the different visual 
fields by applying Nikon 600L inverted light mi-
croscope (Nikon Corp., Tokyo, Japan) at 1000× 
magnification (Nikon Corp., Tokyo, Japan). Then 
all data were recapitulated for further analysis. 

Statistical analysis  

All data were analyzed by using Statistical 
Package for the Social Sciences 20.0 software (SPSS 
for Windows, Chicago, USA). Descriptive statistics 
were described as mean ± standard deviation (SD). 
An independent t-test was implemented between 
K3 group and T3 group, K7 group and T7 group, 
K14 group and T14 group (p<0.05) based on Kol-
mogorov-Smirnov and Levene’s test (p>0.05). 

RESULTS 

All data were homogenous and normally dis-
tributed (p>0.05). The result of IHC examination of 

bFGF expression can be seen in Fig. 2A-F; mean-
while, treatment groups (D-F) showed more posi-
tive expression (brown colored) compared to con-
trol groups (A-C). The expression of bFGF in-
creased in the treatment groups and the highest 
was found in the P14 treatment group (Fig. 3). The 
result of osteoblast number can be seen in Fig. 4A-
F; in which the treatment groups (D-F) were com-
pared to the control groups (A-C). The number of 
osteoblasts increased in the treatment group and 
the highest one was found in the P14 treatment 
group (Fig. 5). There were significant differences 
in bFGF expression and osteoblast numbers in the 
tension side of alveolar bone during OTM between 
the control groups and the treatment groups re-
spectively: K3 and P3; K7 and P7; K14 and P14 
(p<0.05). 

DISCUSSION 

In this study, we found that the supplementa-
tion of B. bifidum as a beneficial probiotic can in-
crease the bFGF expression and the number of 
osteoblasts in the tension side of alveolar bone 
during OTM in Wistar rats from days 3, 7 and 14, 
immunohistochemically. The highest expression of 
bFGF and number of osteoblasts were found in the 
T14 group. The bFGF expressions and osteoblast 
number between OTM and PBS only group or 
OTM and B. bifidum supplementation group were 
significantly different. The continuous application 
of orthodontic mechanical forces induces the in-
flammatory processes through toll like receptor-4 

(TLR4)/NF-B signaling, which induces stress on 
the vascularization in the periodontal ligament. 
Any excessive pressure results in ischemia, gradu-
ally decreasing capillaries, thrombi, nutritional 
disturbances, cell death and necrotic or hyaliniza-
tion in the pressure side. Conversely, dilation of 
blood vessels occurs in the tension side. Further-
more, changes in vascularity are mediated by 
growth factors, such as bFGF and vascular endo-
thelial growth factor (VEGF) (Krishnan and Da-
vidovitch, 2006). Moreover, bFGF increases the 
proliferation of endothelial cells and causes endo-
thelial cell growth. bFGF is also a component of 
the bone matrix, playing an important role in regu-
lating   bone   remodeling.  Any  increase  in  bFGF 
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A B C 

   

D E F 

 

  

Figure 2. Positive expressions of bFGF in the osteoblast in the tension side of alveolar bone during OTM in 
male Wistar rats. 

bFGF expression in: (A) tension side of OTM and PBS for 3 days (K3) group; (B) tension side of OTM and PBS for 7 days 
(K7) group; (C) tension side of OTM and PBS for 14 (K14); (D) in tension side of OTM and B. bifidum for 3 days (P3) 
group; (E) tension side of OTM and B. bifidum for 7 days (P7); (F) tension side of OTM and B. bifidum for 14 days (P14). 
Black arrows in all groups indicate positive expression of bFGF. Magnification 1000×. 

 
 

 

Figure 3. The number of basic fibroblast growth factor 
(bFGF) expressions in osteoblast of alveolar bone in the 
tension side during OTM in male Wistar rats.  

Data are expressed as mean ± SD (n = 7), *p<0.05 statistically 
significant differences between control groups and treatment 
groups. K3: The groups were OTM and PBS for 3 days; K7: OTM 
and PBS for 7 days; K14: OTM and PBS for 14; P3: OTM and B. 
bifidum for 3 days; P7: OTM and B. bifidum for 7 days; P14: OTM 
and B. bifidum for 14 days. 

 
expression in the tension side of alveolar bone dur-
ing OTM might be correlated with periodontal 
tissue remodeling (Inayati et al., 2020). The process 
of remodeling both in the periodontal ligament 
and alveolar bone involves an inflammatory reac-
tion, which occurs as a typical body reaction to 
counteract the destructive stimulus and regenerate 
the injured tissues. Thus, bFGF is a potent angio-
genic factor as its expression increases under hy-
poxic conditions and during the tissue regenera-
tion (Li et al., 2018).  

The significant increase in bFGF expression in 
the treatment groups of this study is in accordance 

with the opinion that many signaling molecules in 

the TLR4 or TLR2/NF-B pathway provide an 
opportunity for probiotics to modulate the in-
flammatory responses, including alveolar bone 
remodeling during OTM. Furthermore, TLR2 acti-
vation by the probiotics can induce a suppressive 
effect on TLR4-mediated inflammatory response 

(Hachimura et al., 2018). The inhibition of NF-B 
signaling may provide a feedback mechanism 
against the active Wnt signaling, which activates 
runt-related transcription factor 2 (RUNX2) and 
Osterix that increases the osteogenic differentia-
tion   of  mesenchymal   stem   cell   into  osteoblast  

 
 

100 μm 100 μm 100 μm 

100 μm 100 μm 100 μm 
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A B C 

   

D E F 

   

Figure 4. The osteoblast cells (black arrow) were found in the tension side of alveolar bone during OTM.  

(A) OTM and PBS for 3 days (K3); (B) OTM and PBS for 7 days (K7); (C) OTM and PBS for 14 (K14); (D) OTM and B. 
bifidum for 3 days (P3); (E) OTM and B. bifidum for 7 days (P7); (F) OTM and B. bifidum for 14 days (P14). Hematoxylin 
and eosin staining, magnifications 1000×.  

 

 

Figure 5. The number of osteoblasts in the tension side 
of alveolar bone during OTM in male Wistar rats.  

Data are expressed as mean ± SD (n = 7), *p<0.05 statistically 
significant differences between control groups and treatment 
groups. K3: OTM and PBS for 3 days; K7: OTM and PBS for 7 
days; K14: OTM and PBS for 14; P3: OTM and B. bifidum for 3 
days; P7: OTM and B. bifidum for 7 days; P14: OTM and B. 
bifidum for 14 days. 

 
(Sitasari et al., 2020). The osteoclast number de-
creases but the osteoblast number increases during 
OTM post oral supplementation of probiotic 
(Pazzini et al., 2017). The decreased inflammatory 

cytokine and the activation of NF-B inhibit the 
expression of nuclear factor-associated T cells-1 
(NFATc1) and sclerostin during OTM (Hernawan 
et al., 2020). The data analysis shows that bFGF 
expression in the treatment group on day 14 rises 
more significantly than in the control group. This 
result showed that the systemic B. bifidum supple-
mentation significantly affects the increasing bFGF 
expression in the tension side. The alveolar bone 
formation during OTM is about 6 to 15 days 

(Krishnan and Davidovitch, 2006). Thus, in this 
time frame, there are many growth factors ex-
pressed in osteoblast or fibroblast in the periodon-
tal tissue (Li et al., 2018).  

The significant increase in bFGF expression on 
day 14 in the treatment group expresses that the B. 
bifidum probiotic exhibits its role to enhance the 
alveolar bone formation in the tension side during 
OTM. The local application of probiotics as much 
as 50 μg/mL can enhance the regeneration of 
wounds in animal models. The signaling pathway 
of PI3K/AKT/β-catenin/transforming growth 
factor β1 is activated after the local application of 

100 μm 100 μm 100 μm 

100 μm 100 μm 100 μm 
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probiotics. Then, it can increase the wound regen-
eration rate in vivo (Han et al., 2019). This study's 
limitation is covered in OTM animal model with 
limited sample size, time frame, and examination 
method only. Further study is still required to elu-
cidate the mechanism of alveolar bone remodeling 
during OTM after B. bifidum supplementation. 

CONCLUSIONS 

Post supplementation of B. bifidum shows the 
enhancement of bFGF expression and osteoblast 
number in the tension side of alveolar bone during 
OTM, immunohistochemically. 
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