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Abstract
Objective: Root resorption is a complication of orthodontic treatment and till date, there is 
a dearth of information regarding this issue. The aim of this study was to determine wheth-
er the expression of transforming growth factor-β1 (TGF-β1, an inflammatory cytokine) is 
related to orthodontic force. Moreover, if associated, the expression level may be helpful 
in differential diagnosis, control and ultimate treatment of the disease. 

Materials and Methods: In this experimental study, a total of 24 eight-week-old male 
Wistar rats were selected randomly. On day 0, an orthodontic appliance, which consisted 
of a closed coil spring, was ligated to the upper right first molar and incisor. The upper 
left first molar in these animals was not placed under orthodontic force, thus serving as 
the control group. On day 21, after anesthesia, the animals were sacrificed. The rats 
were then divided into two equal groups where the first group was subjected to histologi-
cal evaluation and the second group to reverse transcriptase-polymerase chain reaction 
(RT-PCR). Orthodontic tooth movement was measured in both groups to determine the 
influence of the applied force.
Results: Statistical analysis of data showed a significant root resorption between the ex-
perimental group and control group (P<0.05), however, there was no significant difference 
in the expression level of the inflammatory cytokine, TGF-β1.                      
Conclusion: Based on the findings of this study, we suggest that there is a direct relation-
ship between orthodontic force and orthodontic induced inflammatory root resorption. In 
addition, no relationship is likely to exist between root resorption and TGF-β1 expression 
in the resorptive lacunae.           
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Introduction
Orthodontic induced inflammatory root 

resorption is a partial loss of root structure and has 
been shown to be a common risk in orthodontic 
treatment (1-3). Root resorption is a multi-factorial 

phenomenon that results from a combination 
of biological effects, genetic predisposition and 
mechanical factors (1, 4, 5). Although histological 
studies have reported a root resorption incidence 
of 90% in orthodontic treated patients, the severity 
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of root resorption is often clinically lower than this 
ratio. Moreover, some studies have shown that 
1-5% of orthodontic treated teeth develop severe 
root resorption exceeding 4 mm (1). Loss of root 
structure can result in insufficient crown-root ratio, 
which may influence tooth prognosis. Therefore, 
proper diagnosis and patient selection are essential 
in reducing these complications.

Root and bone have structural similarities 
with root resorption being an inflammatory 
phenomenon similar to  bone resorption, however, 
root resorption occurs on the root surface (6). An 
ongoing research in orthodontics is the detection of 
relationships between inflammatory mediators and 
root resorption. The exact process of orthodontic 
induced inflammatory root resorption (OIIRR) is 
yet to be fully understood. Nevertheless, according 
to some studies, pro-inflammatory cytokines may 
play important roles in this process (7). One key 
cytokine that participates in the inflammatory 
process is transforming growth factor-β1 
(TGF-β1).

TGF-β1 is a multifunctional cytokine that can 
affect bone metabolism. This mediator regulates 
bone remodeling by modulating osteoblasts and 
osteoclasts. TGF-β1 elicits different effects on 
cellular activities. For instance, it stimulates 
opposed actions (facilitative and suppressive) 
on osteoclasts. However, when absent in the 
bone marrow environment, monocytes do 
not differentiate into osteoclasts.  After bone 
resorption initiation, TGF-β1 released from 
the bone matrix can inhibit the production of 
osteoclast differentiation factors by osteoblast 
cells (8).

We therefore aimed to evaluate the relationship 
between OIIRR and expression of TGF-β1 using 
reverse transcription-polymerase chain reaction 
(RT-PCR) in rats. 

Materials and Methods

This experimental study consisted of 24 
8-week-old male Wistar rats with an average 
body weight of 230 g (SD=10), which were 
randomly assigned to two equal groups 
of which the first group was used for RT-
PCR and the second group was subjected 
to histological examination. All the 24 rats 

received the orthodontic force procedure. Since 
the animals were kept in the same place during 
the experimental period, no acclimatization 
period was needed. To assess the effects of the 
experiment on the whole body, the rats were 
weighed before and after examination. This 
study was approved by the Institutional Review 
Board (IRB) of the Dental School of Shahid 
Beheshti University of Medical Sciences (No. 
1388123-67).

A split-mouth design was used with the 
contra lateral side of the mouth serving as 
the internal control for each specimen. On 
the first day, the animals were anesthetized 
by 50 mg/kg Ketamine and 2 mg/kg Xylazine 
intraperitoneally. The method for orthodontic 
tooth movement was a modified version of that 
used by King and Fischlschweiger (9).

The maxillary right first molars were used as 
the experimental group and their counterparts 
on the left side were used as the internal control 
group. The lateral and palatal surfaces of the 
maxillary right first molars and both upper 
incisors were etched with phosphoric acid gel 
(37.4%) for 30 seconds, wiped with disposable 
brushes soaked in distilled water and dried with 
air syringe.

A ligature wire was tied around the cervical 
third of the first molar and tightened to the closed 
Nickel-Titanium coil spring (0.0508×0.2032 
mm, length=12 mm) as depicted in Figure 1. 
The springs were then fixed anteriorly using 
ligature-wire loops placed around the cervical 
third of the maxillary incisors. Spring activation 
generated 60 g of force when pulled from the 
first molar towards the upper incisors.  The 
magnitude of orthodontic force was measured by 
a tension gauge. Upper incisors were considered 
as anchorage units during protraction of the first 
molars. During the experimental period, the 
rats were fed with powdered food and distilled 
water ad libitum.  

After 21 days of treatment, all rats were sacrificed 
with inhalant anesthesia (Halothane) and their 
maxilla was then removed. The amount of tooth 
movement (the space between the first and second 
molars) was measured using a Feeler Gauge (with 
an accuracy of 0.05 mm).
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Fig.1: Closed Nickel-Titanium coil spring between first right 
molar and incisors.

Reverse transcriptase-polymerase chain reaction 
study 

The first molars were separated by using 
dissecting microscope and high speed fine diamond 
discs and burs. These teeth were examined under 
a stereomicroscope. The resorptive lacunae on the 
mesial surfaces of the subjects in the experimental 
group and the whole mesial root surface of control 
subjects were scratched with a fine diamond 
bur. The obtained tissues were frozen in liquid 
nitrogen. The frozen tissues were first crushed 
in a mortar and pestle. The resulting suspensions 
were then evaporated into disposable petri 
dishes, and 1 ml/g of tissue of RNX PLUS buffer 
(Sinaclon, Iran) was added to the suspension and 
incubated for 5 minutes at room temperature. 
An ultrasonic homogenizer device was used for 
further tissue homogenization. Next, 600 µL/g of 
tissue chloroform (The Science Company, USA) 
was added to the suspension and then transferred 
to centrifuge tubes, shaken well for 15 seconds 
and sustained at room temperature for a further 
3 minutes. The samples were then centrifuged at 
12000 xg for 15 minutes at 4˚C. After transferring 
the upper phase to new Eppendorf microtubes, 1.5 
mg/l tissue isopropyl alcohol (Sciencelab, USA) 
was added. The samples were then incubated 
for 10 minutes, washed with 70% ethanol and 
centrifuged for 2 minutes at 12000 xg. 

The precipitated RNA was then centrifuged 
at 12000 xg for 5 minutes at 4˚C and the RNA 
pellet was put on ice and air dried for 5 minutes at 

room temperature. Using the reverse transcriptase 
enzyme (QuantiTect, Germany) and 2 pmol of 
hexamer primers (Bioline, USA), cDNA was 
synthesized (at 42˚C for 1 hour) and then amplified 
using Taq DNA Polymerase, PCR buffer, specific 
primers (Roche, Germany) for TGF-β1 and 
glyceraldehyde 3-phosphate dehydrogenase gene 
(GAPDH, internal control/housekeeping gene), 
and MgCl2 under the following cycling conditions: 
30 cycles of 30 seconds for denaturation at 94˚C, 
30 seconds for annealing at 55˚C and 30 seconds 
for extension at 72˚C. The conventional RT-
PCR was performed using gene-specific primers. 
For loading control, identical amplification 
conditions were done with the housekeeping gene, 
GAPDH. The PCR products were then resolved 
by electrophoresis on a 2% w/v agarose gel and 
stained with ethidium bromide. PCR fragments 
were visualized using a UV trans illuminator. 
Based on RT-PCR of samples (case and control), 
normalized with GAPDH as an internal control 
(a housekeeping gene), the level of differential 
expression was estimated. 

Histologic evaluation 

For histological evaluation, the maxillae of the 
second group of rats were first fixed in 10% neutral 
buffered formalin (Sigma, USA).  The first molars 
and the surrounding bone in both test and control 
groups were block-dissected from the maxilla 
and decalcified in a 10% solution of ethylene 
diamine tetra-acetic acid (EDTA, Sigma, USA) 
until the specimens became soft. After complete 
decalcification, the specimens were rinsed in 0.01 
M phosphate-buffered saline (PBS, Sigma, USA, 
pH=7.4) and dehydrated with increasing gradients 
of alcohol and methyl salicylate (Sciencelab, USA).  
Next, the tissues were embedded in paraffin with 
a melting point of 58-60˚C. Sagittal serial sections 
of 5 μm thickness were obtained and stained with 
hematoxylin and eosin (H&E).

The specimens were examined under a 
light microscope and the resorbed areas were 
examined with histomorphometric analysis. In 
the analysis, the external points of the resorptive 
areas were considered as reference points, and 
the area inscribed between the line joining the 
reference points and the resorbed surface was 
measured.
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Statistic analysis 
Data were represented as mean ± SD. To compare 

mean root resorption area in the test and control 
groups, t test was used. Mann Whitney U test was 
used to identify statistically significant differences 
in expression levels. SPSS (version 18) was used 
to implement the statistical test. The significance 
level was set at P<0.05.

Results
Characterization of C2C12 differentiation

The increasing body weight of the samples 
showed that the intraoral appliances did not 
affect their nourishment. The average weight 
gain compared to the initial weight was 20%. 
The histological sections of the teeth subjected 
to orthodontic force revealed significant 
resorptive lacunae on mesial root surfaces 
with multinucleated giant cells present in these 
regions (Fig.2). None of these patterns were 
detected in the histological sections of control 
roots. This observation confirmed that the model 
used in this study was able to induce orthodontic 
tooth movement and root resorption. Based 
on histomorphometric analysis, the mean root 
resorption area in the test group was 4.8830×10-11 
± 0.163×10-11 mm2 while this was significantly 
lower in the control group at 1.7637×10-11 ± 
0.503×10-11 mm2 ( P<0.001).

Comparison of TGF-β1 expression levels in test 
and control groups did not indicate any significant 
differential expression.

Fig.2: Photomicrograph of resorptive lacunae on mesial root 
surfaces along with multinucleated giant cell. 

Discussion
Root resorption is an iatrogenic sequel of 

orthodontic treatment (1, 10). More specifically, 
this is a biomechanical phenomenon because 
there is a relationship between OIIRR and 
biological inflammatory factors (11, 12). Thus, 
in root resorption, it is essential to identify 
the role of biological inflammatory factors in 
decreasing the prevalence and severity of this 
phenomenon. Gene expression can be analyzed 
for diagnosis of early stages of different 
diseases like multiple sclerosis (13). However, 
lack of differential expression of TGF-β1 in 
root resorption makes this gene an unlikely 
biomarker candidate.  

Several researchers have evaluated the 
effect of tooth movement on root resorption. 
They showed that there is a direct relationship 
between these two variables (14-16), which is 
consistent with the findings of this study.  Other 
studies have also shown that the role of TGF-β1 
in osteoblast and osteoclast differentiation is 
conflicting (8, 17-20). Quinn et al. (21) studied 
the effect of TGF-β1 on osteoclast activity and 
suggested that TGF-β1 may increase osteoclast 
formation via action on osteoclast precursors. 
Nagia et al. (22) conducted a study to evaluate 
the role of TGF-β1  in tooth movement. They 
concluded that TGF-β1 is induced during 
tooth movement and that this inflammatory 
factor may regulate the adaptive alveolar 
bone modeling. Both these studies examined 
the relationship between TGF-β1 expression 
and bone remodeling. Therefore, given that 
TGF-β1 expression was not associated with 
root resorption, this association may be unique 
to the bone tissue. Lack of TGF-β1 expression 
could thus be among the varieties that exist 
between these two hard tissue structures.

Conclusion
Based on the finding of this study, we 

confirm previous findings that there is a 
direct relationship between orthodontic force 
and orthodontic induced inflammatory root 
resorption. However, we observed no association 
between root resorption and inflammatory 
cytokine TGF-β1 expression in the resorptive 
lacunae.



          CELL JOURNAL(Yakhteh), Vol 19, No 2, Jul-Sep (Summer) 2017 282

TGF-β1 and Orthodontic Inflammatory Root Resorption

Acknowledgments
The authors wish to thank the Deputy of Re-

search, Shahid Beheshti University of Medical 
Sciences for financially supporting this study and 
Dr. Darwish for her assistance in preparation of the 
samples. There is no conflict of the interest in this 
study and its related article.

References
1.	 Roscoe MG, Meira JB, Cattaneo PM. Association of or-

thodontic force system and root resorption: A systematic 
review. Am J Orthod Dentofacial Orthop. 2015; 147(5): 
610-626.

2.	 Weltman B, Vig KW, Fields HW, Shanker S, Kaizar EE. 
Root resorption associated with orthodontic tooth move-
ment: a systematic review. Am J Orthod Dentofacial Or-
thop. 2010; 137(4): 462-476.

3.	 Artun J, Van 't Hullenaar R, Doppel D, Kuijpers-Jagtman 
AM. Identification of orthodontic patients at risk of severe 
apical root resorption. Am J Orthod Dentofacial Orthop. 
2009; 135(4): 448-455.

4.	 Brezniak N, Wasserstein A. Orthodontically induced in-
flammatory root resorption. Part I: the basic science as-
pects. Angle Orthod. 2002; 72(2): 175-179.

5.	 Brezniak N, Wasserstein A. Orthodontically induced in-
flammatory root resorption. Part II: the clinical aspects. 
Angle Orthod. 2002; 72(2): 180-184.

6.	 Seifi M, Jessri M, Vahid-Dastjerdi E. Identification of a 
novel root resorptive function of osteopontin gene. J Dent 
(Tehran). 2008; 5(4): 142-149.

7.	 Seifi M, Hamedi R, Khavandegar Z. The effect of thyroid 
hormone, prostaglandin E2, and calcium gluconate on or-
thodontic tooth movement and root resorption in rats. J 
Dent (Shiraz). 2015; 16(1 Suppl): 35-42.

8.	 Fox SW, Lovibond AC. Current insights into the role of 
transforming growth factor-beta in bone resorption. Mol 
Cell Endocrinol. 2005; 243(1-2): 19-26.

9.	 King GJ, Fischlschweiger W. The effect of force magni-
tude on extractable bone resorptive activity and cemen-
tal cratering in orthodontic tooth movement. J Dent Res. 
1982; 61(6): 775-779.

10.	 Harris DA, Jones AS, Darendeliler MA. Physical proper-
ties of root cementum: part 8. Volumetric analysis of root 
resorption craters after application of controlled intrusive 
light and heavy orthodontic forces: a microcomputed to-
mography scan study. Am J Orthod Dentofacial Orthop. 
2006; 130(5): 639-647.

11.	 Dorow C, Sander FG. Development of a model for the 
simulation of orthodontic load on lower first premolars 
using the finite element method. J Orofac Orthop. 2005; 
66(3): 208-218.

12.	 Turner CH, Pavalko FM. Mechanotransduction and func-
tional response of the skeleton to physical stress: the 
mechanisms and mechanics of bone adaptation. J Orthop 
Sci. 1998; 3(6): 346-355.

13.	 Hasheminia SJ, Tolouei S, Zarkesh-Esfahani SH, 
Shaygannejad V, Shirzad HA, Torabi R, et al. Cytokine 
gene expression in newly diagnosed multiple sclerosis 
patients. Iran J Allergy Asthma Immunol. 2015; 14(2): 
208-216.

14.	 Chan E, Darendeliler MA. Physical properties of root ce-
mentum: Part 5. Volumetric analysis of root resorption cra-
ters after application of light and heavy orthodontic forces. 
Am J Orthod Dentofacial Orthop. 2005; 127(2): 186-195.

15.	 Fox N. Longer orthodontic treatment may result in greater 
external apical root resorption. Evid Based Dent. 2005; 
6(1): 21.

16.	 Maltha JC, van Leeuwen EJ, Dijkman GE, Kuijpers-Jag-
tman AM. Incidence and severity of root resorption in or-
thodontically moved premolars in dogs. Orthod Craniofac 
Res. 2004; 7(2): 115-121.

17.	 Chen TL, Bates RL. Recombinant human transforming 
growth factor beta 1 modulates bone remodeling in a min-
eralizing bone organ culture. J Bone Miner Res. 1993; 
8(4): 423-434.

18.	 Ngan P, Saito S, Saito M, Lanese R, Shanfeld J, Davi-
dovitch Z. The interactive effects of mechanical stress 
and interleukin-1 beta on prostaglandin E and cyclic AMP 
production in human periodontal ligament fibroblasts in 
vitro: comparison with cloned osteoblastic cells of mouse 
(MC3T3-E1). Arch Oral Biol. 1990; 35(9): 717-725.

19.	 Kagayama M, Sasano Y, Mizoguchi I, Kamo N, Takahashi 
I, Mitani H. Localization of glycosaminoglycans in peri-
odontal ligament during physiological and experimental 
tooth movement. J Periodontal Res. 1996; 31(4): 229-234.

20.	 Boekenoogen DI, Sinha PK, Nanda RS, Ghosh J, Currier 
GF, Howes RI. The effects of exogenous prostaglandin E 
2 on root resorption in rats. Am J Orthod Dentofacial Or-
thop. 1996; 109(3): 277-286.

21.	 Quinn JM, Itoh K, Udagawa N, Hausler K, Yasuda H, 
Shima N, et al. Transforming growth factor beta affects 
osteoclast differentiation via direct and indirect actions. J 
Bone Miner Res. 2001;16(10):1787-94.

22.	 Nagai M, Yoshida A, Sato N, Wong DT. Messenger RNA 
level and protein localization of transforming growth fac-
tor-beta1 in experimental tooth movement in rats. Eur J 
Oral Sci. 1999; 107(6): 475-481. 


