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Objectives – To test the hypothesis that during root resorption, organic matrix

proteins and cytokines from the surrounding bone and dentin are released into the

gingival crevice.

Material and Methods – Subjects with mild (<2 mm loss) and severe root resorption

(>2 mm) were identified. Control group subjects with no loss of root structure or

undergoing orthodontic treatment were also identified. Gingival crevicular fluid

(GCF) was collected non-invasively from the mesial and distal sides of each of the

four upper incisors by using filter paper strips. The eluted GCF was used for analysis

using western blot and enzyme-linked immunosorbent assay (ELISA) techniques.

Antibodies used were against osteopontin (OPN), (osteoprotegerin) OPG, and

receptor activator of nuclear factor kappa B ligand (RANKL).

Results – Western blot analysis showed differential expression of OPN, OPG, and

RANKL in the control and root resorbed subjects. However, processed forms of

these proteins were only observed in the root resorbed subjects. Results from ELISA

with OPG antibodies revealed a difference in OPG concentration between the

control and root resorption groups. ELISA results with RANKL antibodies did show a

statistically significant difference between the control group and the two study

groups. The ratio RANKL ⁄ OPG was statistically higher in subjects with severe root

resorption than in the control subjects.

Conclusions – Preliminary results confirm the presence of matrix proteins and

cytokines in the GCF of root resorbed subjects. Further, OPG was locally present in

excess amounts over RANKL and an increased RANKL ⁄ OPG in the study groups

could be correlated with an increased bone resorption activity during orthodontic

tooth movement.
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Introduction

Root resorption has been a common complication associated with

orthodontic treatment. It is usually mild and often clinically insignificant;

however it can occur in large amounts i.e., loss of over one third of the

root length, in some patients. Estimated rates of orthodontic patients with
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root resorption vary extensively from study to study.

The range extends from as low as 26% (1) to as high as

100% (2). However, as reported by Brezniak and Was-

serstein (3) it is hard to compare the results and con-

clusions from these studies because of the differences

in methods employed in each study. There were many

differences regarding teeth examined (i.e., incisors vs.

entire dentition) treatment time (i.e., days vs. years),

types of tooth movement (intrusion, full fixed appli-

ances etc) or technique employed to detect resorption

(periapical radiographs, cephalographs). Nevertheless,

it seems that when teeth are evaluated histologically,

root resorption is always present in varying extents

regardless of length of treatment or type of treatment

(4). In fact, root resorption may even be detected in

normal, non-treated subjects (5).

Several factors have been identified that might be

responsible for root resorption. Some of the clinically

relevant risk factors were chronological age, gender,

pre-existing root condition, type of tooth movement,

amount and type of force and treatment duration. Most

of the studies seem to support the idea that there is an

increased risk for root resorption in older patients as

adults tend to have more quiescent periodontal liga-

ment (6). The presence of root resorption before

treatment is usually considered a strong predisposing

factor for root resorption during treatment. Much has

been debated about the effect of mechanical factors on

root resorption. Intermittent forces have been argued

to cause less harm than continuous forces because they

allow the resorbed cementum to heal and prevent

further resorption (7). The magnitude of the force used

has also been implicated in root resorption. Thus,

information regarding the risk factors for root resorp-

tion is conflicting. Most clinicians agree that individual

variation seems to be the only major factor determining

patients� susceptibility to develop severe root resorp-

tion (8, 9).

At present, root resorption can only be monitored

radiographically. Several drawbacks exist with this

technique, namely that standard radiographs: are tech-

nique sensitive, can detect resorption only after it has

occurred in large amounts, and provide two-dimen-

sional information. In addition, periodic progress

radiographs result in additional radiation exposure to

the patient.

The purpose of this study is to determine if an

alternate molecular method can be employed to assess

ongoing resorption in active orthodontic patients. Our

working hypothesis is that: 1) during the process of root

resorption, organic matrix proteins and cytokines are

released into the nearby crevice; 2) differences exist

between levels of these proteins in gingival crevicular

fluid (GCF) of subjects undergoing orthodontic treat-

ment with radiographic signs of root resorption and

subjects not in treatment and without radiographic

signs of root shortening; 3) differences exist between

levels of these proteins in GCF of subjects with mild

and severe root resorption evaluated by radiographs.

The GCF was first utilized by periodontists attempt-

ing to develop a diagnostic test for periodontal dis-

eases. This fluid is an osmotically-mediated transudate.

The aqueous component is derived mainly from the

serum; the constituents are derived from the serum, the

gingival tissues through which the fluid passes, and

the bacteria in the tissue and in the crevice (10). GCF

was chosen because of its ready accessibility and

because its collection poses minimal risk or harm to

the patients. Orthodontic forces induce the movement

of periodontal ligament fluids and with them any cel-

lular and biochemical product produced from prior

mechanical perturbation. During the course of ortho-

dontic treatment, the forces exerted produce a distor-

tion of the periodontal ligament extracellular matrix,

resulting in alterations of cellular shape and cytoskel-

etal configuration. Such events lead to the synthesis

and presence in the deeper periodontal tissues of

extracellular matrix components, tissue degrading

enzymes, acids and inflammatory mediators which

induce cellular proliferation and differentiation and

promote wound healing and tissue remodeling (11).

The goal of this study is to determine the levels of

OPN (osteopontin), OPG (osteoprotegerin) and RANKL

(receptor activator of nuclear factor kappa B ligand) in

GCF of patients who have been in treatment for at least

1 year who show radiographic evidence of root

resorption.

Materials and methods
Subject selection

Sixty subjects were selected from patients seeking

treatment in the Department of Orthodontics at the

University of Illinois at Chicago. Three groups were set

up, one �control� and two �study� groups. The control
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group included 20 subjects who had not started treat-

ment yet with no radiographic evidence of root

resorption. One �study� group included 20 subjects in

treatment for at least 1 year and with radiographic

signs of mild root resorption less than 2 mm of root

loss and the other group included 20 subjects with

radiographic signs of severe root resorption more than

2 mm of root loss. An informed consent was obtained

from each patient and the project was approved by the

Institutional Review Board (IRB no. 2001-0328) prior to

collection of any samples.

Gingival crevicular fluid collection

Gingival crevicular fluid was collected from the mesial

and distal sides of the upper central and lateral incisors

by using filter paper strips (Periopaper, Oraflow,

Plainview, NY, USA) inserted 1–2 mm into the gingival

sulcus for 30 s. After 1 min a second collection was

performed. Care was taken to avoid mechanical injury

to the soft tissue. The contents were eluted out into 1·
phosphate buffer saline (PBS) containing protease

inhibitor 0.1 mM phenylmethylsulphonylfluoride and

stored at )80�C until further analysis.

Analysis by SDS-PAGE

The absorbed GCF was eluted from the filters were

estimated for their protein content by Bradford assay

and then resolved on a 10% SDS-PAGE gel. The gels

were then stained by Coomassie and silver staining

techniques.

Western blotting analysis

The total proteins were transferred to nitrocellulose

membranes and then processed for further analysis.

Membranes were then incubated with the primary

antibodies against the proteins under investigation

OPN (1:250 dilution); OPG (1:1000 dilution) and RANKL

(1:1000) overnight at room temperature. The mem-

branes were then washed with 1· PBS with 0.1% Tween

20 for 10 min. They were then incubated with the

corresponding secondary antibodies conjugated to

alkaline phosphatase and developed using alkaline

phosphatase conjugate substrate kit (Bio-Rad,

Hercules, CA, USA). Recombinant proteins were used

as positive controls.

Enzyme-linked immunosorbent assay

Indirect ELISA technique was used except for RANKL

that was measured by a two-site ELISA (IMK-513,

Imgenex, San Diego, CA, USA). All samples and stan-

dards were assayed in duplicate and for each sample

three dilutions were assayed. Protein values in the

samples were recorded as ng ⁄ ll derived from the pro-

tein standard curve. Microtiter plates were coated

overnight at room temperature with a concentrated

aliquot of crevicular fluid samples serially diluted in 1·
PBS saline solution. The residual binding sites were

blocked with 5% non-fat dry milk in 1· PBS solution for

2 h at room temperature on a shaker at medium speed.

Wells were then washed three times with 1· PBS, 0.05%

Tween )20 solution and incubated with the primary

antibodies for 2 h at room temperature on a shaker at

medium speed. The primary antibody dilution for OPG

and RANKL was 1:1000. Following incubation with

primary antibody, the wells were washed three times

and incubated with secondary antibody for 1 h at room

temperature. The secondary antibody used was

1:10 000 dilution for anti-mouse IgG (OPG, RANKL).

Wells were washed again three times prior to addition

of the substrate, p-nitrophenyl phosphate (Sigma,

St Louis, MO, USA). Following incubation at 37�C for

30 min, the optical density was measured at 405 nm

with a microtiter plate reader after 45 min. ElISA with

OPG and RANKL was performed using six severe root

resorption subjects, eight mild root resorption subjects

and eight control group subjects.

Statistical analysis

Statistical analysis among the groups was performed

using one-way ANOVA and Scheffé test to evaluate the

statistical difference between each pair of groups.

Shapiro-Wilk statistics was used to assess the normal

distribution of the concentration values of the dentin

matrix proteins.

Results
SDS-PAGE analysis

Crevicular fluid samples from study and control groups

were loaded onto the gels to confirm the presence of

proteins. Coomassie blue staining revealed only few
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bands while silver staining, having a higher sensitivity

than Coomassie blue protein dye, revealed multiple

bands (12). The concentration of proteins from the

study group was higher when compared with those in

the control sample. The mean concentration value for

the severe root resorption group was 0.89 lg ⁄ ll ±

0.32 lg for the moderate root resorption group was

0.77 lg ⁄ ll ± 0.21 lg and for the control group was

0.22 lg ⁄ ll ± 0.05 lg.

Western blot analysis

Western blot analysis was performed to detect osteo-

protegerin, RANKL and OPN in the control and study

groups. Immunoblotting against OPN detected one

band at 54 kDa in the control group sample (Fig. 1A)

and two bands at 54 kDa and 66 kDa (Fig. 1B) and

several degraded fragments in the study group samples.

Immunoblotting against OPG demonstrated the pres-

ence of one band at 55 kDa in both control and study

groups and the presence of another band which might

be a cleavage product of osteoprotegrin (OFG)

(Fig. 2A). This 30 kDa peptide was present only in the

mild and severe root resorption groups (Fig. 2A).

Immunoblotting with antibodies against RANKL iden-

tified a band at 45 kDa in both the control and study

group (Fig. 2B).

ELISA

Results from ELISA performed with OPG antibodies

reveal a difference in OPG concentration between the

control and the root resorption groups and a small

difference between the two study groups (Fig. 3A).

One-way ANOVA test did not show a statistically signifi-

cant difference among the groups and this could be due

to the insufficient number of samples used (observed

power = 0.416). ELISA results with RANKL antibodies

reveal a difference in RANKL concentration between

the control group and the root resorption groups

(Fig. 3B) and a small difference between the study

A 

B 

Fig. 1. Western blot analysis using anti-osteopontin (OPN) antibody.

C16, C17 and C19 are samples from control subjects. (A) single band

at �54 kDa is observed. (B) shows Western blot analysis from patients

undergoing root resorption using anti-OPN antibody. R5 & R22 are

mild root resorption group sample. R16 &R32 are from severe root

resorption group samples. Arrows indicate two major bands at �66 &

�54 kDa and smaller fragments of �30 kDa and less.

A 

B 

Fig. 2. (A) shows Western blot analysis using anti-osteoprotegerin

(OPG) antibody. R19 is mild root resorption sample, R30 severe root

resorption sample and C13 control group sample. Two major bands

are detected at 46–54 kDa and 30 kDa in the study group samples. (B)

shows western blot analysis using anti- receptor activator of nuclear

factor kappa B ligand antibody. R12 is mild root resorption group

sample; R21 is severe root resorption group sample; C21 is control

group sample. (a) band is detected at 46 kDa.
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groups. One-way ANOVA and Scheffé test did show a

statistically significant difference between the control

group and the two study groups but not between the

mild and severe root resorption groups as shown in

Fig. 3B. Also the ratio between RANKL ⁄ OPG is statisti-

cally higher in subjects with severe root resorption than

in the control subjects (Fig. 3C).

Discussion

During the process of root resorption, organic matrix

proteins and cytokines are released into the gingival

crevice. The objective of this study is to study if matrix

proteins such as OPN and cytokines such as OPG and

receptor activator of nuclear factor –jB ligand (RANKL)

could be used as biological markers for root resorption

related to orthodontic treatment. Results from this

study demonstrate that differences exist between levels

of these proteins in GCF of subjects with mild and

severe root resorption evaluated by radiographs.

The western blot results for OPN show a single band

at 54 kDa in the control group while two pre-dominant

polypeptides at 54 and 66 kDa and several smaller

peptides were detected in the study group samples.

Osteopontin is a major glycosylated protein in the bone

and dentin matrix and is produced by osteoblasts,

odontoblasts, osteoclasts, and macrophages. Presence

of OPN in GCF is likely to be derived from the neigh-

boring tissues such as alveolar bone, cementum, den-

tin, macrophages in periodontal tissues, blood, and

salivary glands. The degraded fragments of OPN in GCF

of the study groups may be derived from enzymatic

activity during bone resorption. Cysteine proteases

produced by osteoclasts, macrophages and fibroblasts

are detected in GCF and this and other proteases

released during degradation of the extracellular matrix

of bone and dentin might be responsible for proteolytic

cleavage of OPN (13). These results are in agreement

with the study of Nakamura et al. (14) on markers of

alveolar bone resorption in periodontal disease.

Odontoclasts which are multinucleated cells resorb

three dental hard tissues namely; cementum, dentin

and enamel (15). These cells have morphological and

functional characteristics similar to those of bone

resorbing osteoclasts. Osteoclasts and odontoclasts

precursors originate from hematopoietic cells in the

bone marrow. Osteoclast formation from hemato-

poietic precursors is induced by cytokines such as

macrophage colony-stimulating factor and Receptor

activator of nuclear factor kappa B (RANK), a mem-

brane-bound ligand expressed by bone marrow stromal

cells. RANK and its ligand RANKL have been localized

in odontoblasts, pulp fibroblasts, periodontal ligament

fibroblasts and in single odontoclasts, the latter finding

suggesting an autocrine ⁄ paracrine role. Osteoclasto-

genesis is modulated by an inhibitor, OPG. OPG is a

A

B 

C 

Fig. 3. (A) shows enzyme-linked immunosorbent assay (ELISA) chart

demonstrating the concentration (ng ⁄ ll) of osteoprotegerin (OPG) in

the gingival crevicular fluid of control, severe and mild root resorp-

tion group subjects. Data are expressed as the mean ± SEM, p < 0.05.

(B) shows ELISA chart demonstrating the concentration (ng ⁄ ll) of

receptor activator of nuclear factor kappa B ligand (RANKL) in the

gingival crevicular fluid of control, mild and severe root resorption

group subjects. Data are expressed as the mean ± SEM, p < 0.05. (C)

shows ELISA chart demonstrating the ratio between RANKL ⁄ OPG in

the gingival crevicular fluid of control, mild and severe root resorp-

tion groups.
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soluble (decoy) receptor for RANKL and a member of

tumor necrosis factor receptor superfamily that inhibits

osteoclastogenesis by competing with the binding of

RANKL to RANKL receptor. Both RANKL and OPG act

as positive and negative regulators of osteoclasto-

genesis, respectively, thus controlling the bone

remodeling process. In certain resorptive bone diseases

the RANKL ⁄ OPG mRNA ratio increased resorptive

processes (16).

In the current study the mean OPG concentration

value was higher in the subjects undergoing ortho-

dontic treatment (0.36 ng ⁄ ll) than in the controls

(0.25 ng ⁄ ll). ANOVA analysis did not show any statisti-

cally significant difference among the groups and this

could be due to the insufficient number of samples

used (observed power = 0.416). These results suggest

that more bone remodeling with bone turnover is

occurring during orthodontic tooth movement.

Concentrations of RANKL in GCF were significantly

higher in subjects with mild and severe root resorption

than in the controls. The ratio RANKL ⁄ OPG showed

that RANKL concentration is higher than OPG con-

centration in the study groups but lower in the control

group. Since OPG inhibits osteoclast differentiation by

competing with the binding of RANKL to the RANKL

receptor, the alteration of RANKL and OPG in the GCF

may reflect the comprehensive biological responses

that occur during orthodontic tooth movement. Our

results suggest that OPG is locally present in excess

amounts over RANKL under physiologic conditions and

an increased RANKL ⁄ OPG ratio in the study groups

could be correlated with an increased bone resorption

activity during orthodontic tooth movement (17).

Further studies are required to evaluate RANKL ⁄ OPG

ratio during orthodontic tooth movement and root

resorption with an increase in number of subjects for

statistical analysis.

Clinical relevance

Orthodontic root resorption is generally thought of as

a side effect to the cellular activity involved in the

removal of necrotic tissue in the periodontal ligament

space. Upon initial force application, the tooth moves a

small distance until the periodontal ligament fibers are

compressed. Compression of the fibers results in the

tooth standing still until undermining resorption from

the marrow space removes the hyalinized tissue. Early

detection of small root resorptions is essential for

identifying teeth at risk of severe resorption. Identifying

biological markers for developing a screen test would

be highly valuable to monitor root resorption.
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