
Effects of aging on RANKL and

OPG levels in gingival

crevicular fluid during

orthodontic tooth movement

K Kawasaki

T Takahashi

M Yamaguchi

K Kasai

Authors' affiliations:
K. Kawasaki, T. Takahashi, M. Yamaguchi,

K. Kasai, Department of Orthodontics,

Nihon University School of Dentistry at

Matsudo, Chiba, Japan

Correspondence to:

Masaru Yamaguchi

Department of Orthodontics

Nihon University School of Dentistry at

Matsudo

2-870-1 Sakaecho-Nishi

Matsudo City

Chiba 271-8587

Japan

Tel.: +81 47 360 9414

Fax: +81 47 364 6295

E-mail: yamaguchi.masaru@nihon-u.ac.jp

Structured Abstract

Authors – Kawasaki K, Takahashi T, Yamaguchi M, Kasai K

Objectives – To compare the levels of the receptor activator of

NFkB ligand (RANKL) and osteoprotegerin (OPG) in the

gingival crevicular fluid (GCF) during orthodontic tooth

movement in juvenile and adult patients.

Design – Fifteen juveniles and 15 adults served as subjects.

GCF was collected from the distal cervical margins of the

experimental and control teeth at 0, 1, 24, and 168 h after

application of a retracting force. Enzyme-linked immunosorbent

assay kits were used to determine RANKL and OPG levels in

the GCF samples.

Results – The amount of tooth movement for juveniles was

larger than for adults after 168 h. Further, after 24 h RANKL

levels were increased and those of OPG decreased in GCF

samples from the compression side during orthodontic tooth

movement in both juveniles and adults. The RANKL/OPG ratio

in GCF from adult patients was lower than that in the juvenile

patient samples.

Conclusion – Our results suggest that the age-related

decrease in amount of tooth movement may be related to a

decrease in RANKL/OPG ratio in GCF during the early stages

of orthodontic tooth movement.

Key words: aging; gingival crevicular fluid; osteoprotegerin;

receptor activator of NFkB ligand; tooth movement

Introduction

As the number of adult patients undergoing ortho-

dontic treatment continues to increase, the differences

in anatomic structure and response between young and

adult periodontium tissue must be considered before
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commencing treatment (1). Goz (2) reported that the

biological possibilities for tooth movement are de-

creased to about one-third in adults when compared

with children, while Bridges et al. (3) found that the

amount and rate of tooth movement were greater in

young rats. Further, the responsiveness of bone to

various stimuli seems to decrease with age (4) as active

bone-forming capacity also decreases with age (5).

The receptor activator of NFkB ligand (RANKL) was

recently identified as a member of the membrane-

associated tumor necrosis factor (TNF) ligand family

and shown to be an important regulatory molecule of

osteoclastogenesis (6). RANKL is a ligand of osteopro-

tegerin (OPG) and is expressed in the plasma mem-

branes of osteoblasts/stromal cells (7). Importantly, it

induces osteoclast differentiation from hemopoietic

precursors and stimulates their bone resorptive activity

(8). OPG, a secreted TNF receptor member that func-

tions as a decoy receptor for RANKL, is an inhibitory

factor of osteoclastogenesis in competition with the

receptor activator of NFkB (RANK) (9,10). Ogasawara

et al. (11) detected RANKL in osteoblasts and perio-

dontal ligament (PDL) cells during experimental tooth

movement. Thus, RANKL and OPG signaling as well as

regulation of their expression may play critical roles in

bone remodeling during orthodontic tooth movement.

The importance of the RANKL/OPG ratio is demon-

strated in patients suffering from severe osteolysis

where this ratio was significantly increased (12). Crotti

et al. (13) showed that higher levels of RANKL protein

were expressed in patients with periodontal disease,

while another study found that OPG protein levels were

significantly lower in periodontal tissues in patients

with periodontal disease than in healthy individuals

(14). In their study of gingival crevicular fluid (GCF),

Vernal et al. (15) demonstrated that the total amount of

RANKL in GCF is significantly increased in association

with periodontal disease and a recent in vivo study

found that the ratio of the concentration of RANKL to

that of OPG in the GCF was significantly higher in

periodontal disease patients than in healthy subjects

(16). These results indicate that an imbalance in the

RANKL/OPG system may play an important role in the

development of periodontal disease.

Biologically active substances, such as cytokines and

enzymes, are expressed by cells within the periodon-

tium in response to mechanical stress from orthodontic

appliances (17,18). The overall objective of many

investigations has been to better understand the

mechanisms for converting physical stress to cellular

responses that occur during tooth movement. Our

laboratory previously reported that the levels of RANKL

were significantly higher and those of OPG significantly

lower in GCF samples taken around experimental ca-

nines in juvenile subjects (19). However, little infor-

mation is available concerning the differences between

juvenile and adult patients in regards to the production

of these modulators during orthodontic tooth move-

ment (20). The present study extends our previous

study with data from adults.

In the present study, we compared the levels of

RANKL and OPG in GCF samples taken from juvenile

and adult patients during orthodontic tooth movement.

Materials and methods
Experimental subjects

Informed consent was obtained from all subjects and the

study protocol was reviewed by the ethic committee of

Nihon University School of Dentistry at Matsudo. Two

groups of orthodontic patients took part in this study.

One group consisted of 15 juvenile orthodontic patients

(seven males, eight females, mean age 15.1 ± 2.8 years)

and the other group comprised 15 adult orthodontic

patients (six males, nine females, mean age

31 ± 3.6 years). All subjects were in good general health

with healthy periodontal tissues; the probing depths

were £3 mm, and there was no radiographic evidence of

periodontal bone loss. Subjects were excluded if they had

had antibiotic therapy during the previous 6 months or if

they had taken anti-inflammatory drugs during the

month preceding the start of the study.

Experimental design

The upper first premolars in all subjects were extracted

and edgewise brackets (0.018 inch · 0.025 inch slot;

Tomy International Inc., Tokyo, Japan) were placed in

both arches. In each subject, one upper canine was

designated as the experimental tooth, while the con-

tralateral and opposing canines were used as control

teeth. Canine retraction was performed after leveling.

Therefore, the period between extraction and force

application was about 3 months. The experimental

canines were retracted along a 0.018-inch archwire
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using an elastomeric chain (Tomy International Inc.),

that delivered an initial force of 250 g.

Impressions for study models were also taken at 0, 1,

24 and 168 h after initiation of tooth movement, and

the distances between the distal contact point of the

experimental canines and the mesial contact point of

the second premolars were measured at those time

points with an electronic digital caliper (Max-Cal; Ja-

pan Micrometer Mfg. Co. Ltd, Tokyo, Japan) to the

nearest 0.01 mm. Each distance was measured 10 times

at each time point and the average used as the results.

GCF collection

At each time point, the color of the gingivae was

recorded, and the plaque was assessed using the Silness

and Loe index (21). To avoid contamination of the GCF

samples (22), small deposits of plaque were removed

with a periodontal probe. Previous studies of GCF have

also used samples collected at 0, 1, 24, and 168 h after

initiation of tooth movement.

Using the method of Offenbacher et al. (23), GCF

samples were collected from both the experimental and

control teeth at each time point. The experimental and

control teeth were first gently washed with water, then

the gingival area was isolated with cotton rolls (to min-

imize saliva contamination) and gently dried with an air

syringe. Paper strips (Periopaper; Harco, Tustin, CA,

USA) were carefully inserted 1 mm into the distal gin-

gival crevice around each experimental and control

tooth, and allowed to remain in situ for 1 min. After a

wait of a further minute, a second strip was placed at the

same site for the same length of time. Care was taken to

avoid mechanical injury to the gingivae. Following GCF

collection, the probing depths and attachment levels of

the experimental and control teeth were recorded. Any

bleeding following probing was also noted.

The volume of GCF on the paper strip was measured

with a Periotron 8000 (Harco) that had been calibrated

with human serum. GCF collection was standardized so

that the experimental and control sites and different

subjects could be compared. After collection the paper

strips were stored at )30�C.

RANKL and OPG determination

RANKL and OPG were measured using commercially

available enzyme-linked immunosorbent assay kits

(R&D Systems, Minneapolis, MN, USA). All samples

and standards were assayed twice. Data are shown as

the concentrations of cytokine in GCF (pg/ll).

Statistical methods

Values were calculated as the mean ± standard devi-

ation, and statistical analysis was performed using the

SAS software system (version 8.2; SAS Institute Japan,

Tokyo, Japan). A three-way repeated measures analysis

of variance was used in each case to capture the main

effects of time, orthodontic tooth movement, and age.

Tukey’s honest significant difference test was used for

multiple comparison.

Results
Clinical parameters

In all subjects, plaque accumulation was minimal

throughout the study and gingival health was excellent.

Further, probing depths remained less than 2 mm at all

times throughout the experimental period and there

was no gingival bleeding on probing.

The average amount of tooth movement for juveniles

(1.23 ± 0.15 mm) was larger than for adults

(0.82 ± 0.22 mm) after 168 h (p < 0.01), whereas no

movement of the control teeth was detected in any of

the subjects at any time point.

GCF volume

GCF volume has been shown to be correlated with

inflammatory state, thus we compared the mean vol-

umes of GCF taken from both paper strips used at each

time point (24). The mean volume of GCF collected

from the adult group was significantly lower than that

from the juvenile group for both the experimental and

control sites (p < 0.01) (Table 1).

GCF levels of RANKL and OPG

RANKL was stable over time and comparable with the

controls at the experimental sites, except for 24 h,

showing significantly elevated levels, both in juveniles

and adults (juveniles: control sites, 9.7 ± 2.3 pg/ll;

experimental sites, 210.3 ± 27.6 pg/ll; adults: con-

trol sites, 8.2 ± 2.6 pg/ll; experimental sites, 140.5 ±
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25.5 pg/ll). Further, the level of RANKL in the adult

group was lower than in the juvenile group (p < 0.001),

whereas there were no significant differences between

the control sites in both juveniles and adults (Fig. 1a).

OPG was stable over time and comparable with the

controls, except for 24 h, showing significantly de-

creased levels at the experimental sites, both in juve-

niles and adults (juveniles: control sites, 279.8 ±

32.4 pg/ll; experimental sites, 181.2 ± 37.1 pg/ll;

adults: control sites, 278.2 ± 22.1 pg/ll; experimental

sites, 235.5 ± 39.5 pg/ll). Further, the level of OPG in

the adult group was less than that in the juvenile group

(p < 0.01), whereas there were no significant differ-

ences between the experimental and control sites at 0,

1, and 168 h in both groups (Fig. 1b).

RANKL/OPG ratio

The RANKL/OPG ratio for the experimental teeth was

significantly higher when compared with the control

sites after 24 h in both groups (juveniles: control sites

0.02 ± 0.01; experimental sites 1.17 ± 0.58; adults:

control sites 0.03 ± 0.01; experimental sites

0.62 ± 0.034) (p < 0.001). Further, the RANKL/OPG

ratio for the adult experimental sites was lower than

that for the juvenile experimental sites (p < 0.01).

Discussion

Some orthodontic procedures require more time

when treating adults when compared with juvenile

patients, and there are clinical reports of lower an-

atomic resistance and increased tooth migration in

juveniles (25,26). Further, although few experimental

studies on the effects of age in regard to orthodontic

tooth movement have been performed in rodents,

some have indicated that tooth movement occurs at

higher rates and over a greater distance in younger

rats when compared with adults (1,3,27). However,

there is no clinical evidence that adults are less

responsive to the mechanical orthodontic stimuli

than juveniles.

In the present study, the average amount of tooth

movement for juveniles was greater than for adults

after 168 h. Ren et al. (28) also reported greater initial

tooth movement in juvenile rats. With increasing age,

there is a decrease in proliferation of PDL cells, or-

ganic matrix production, the relative amount of sol-

uble collagen, and alkaline phosphatase activity

(29,30). Further, the bone-formative activity of oste-

oblasts and bone-resorptive activity of osteoclasts

decrease with age (31,32). The mean volume of GCF

Table 1. Total volumes in the GCF in juveniles and adult groups

during orthodontic tooth movement

Time (h)

Control Experimental

Juvenile Adult Juvenile Adult

0 0.47 ± 0.05 0.39 ± 0.06* 0.47 ± 0.08 0.38 ± 0.06*

1 0.47 ± 0.06 0.4 ± 0.04* 0.50 ± 0.10 0.39 ± 0.03*

24 0.42 ± 0.05 0.37 ± 0.05* 0.44 ± 0.05 0.38 ± 0.04*

168 0.45 ± 0.07 0.4 ± 0.03* 0.43 ± 0.08 0.39 ± 0.04*

Significant difference from corresponding group in Juvenile (*p < 0.01).

Fig. 1. (a) RANKL and (b) OPG concentrations in the GCF samples

from juveniles and adults during orthodontic tooth movement.

Contr., contralateral control teeth; Exp., experimental teeth. Signifi-

cant differences in concentrations between 0 and 24 h are indicated

with * (p < 0.001), between Contr. and Exp. with � (p < 0.001), and

between juveniles and adult with # (p < 0.001).
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collected from the adult group was significant lower

than that from the juvenile group for both the

experimental and control teeth (Table 1), which

agrees with the results of Ren et al. (20), who also

reported that GCF volumes in adults were lower than

that in juveniles during orthodontic tooth movement.

In the present study, the mean RANKL values for the

experimental teeth were significantly higher than

those for the control sites after 24 h in both groups,

although the increase was greater in the juveniles. In

addition, the mean OPG values for the experimental

teeth were significantly lower than those for the

control sites after 24 h in both juveniles and adults,

although the decrease was greater in the juvenile

group. Also, the ratio of RANKL/OPG was greater in

the juvenile group than in the adult group, whereas

there was no significant difference between the con-

trols in both juveniles and adult groups.

Periodontal ligament cells may regulate osteoclasto-

genesis by opposing mechanisms with stimulation of

resorptive activity by RANKL and inhibition by OPG

(33). RANKL mRNA expression was found to be

induced in compressed human PDL cells in a force-

dependent manner up to 2.0 g/cm2, and in a time-

dependent manner for up to 48 h (34). Our laboratory

also reported that compressive force increased the

production of RANKL, and decreased that of OPG in

human PDL cells in vitro (19). Kanzaki et al. (35)

reported that OPG gene transfer to periodontal tissue

inhibited RANKL-mediated osteoclastogenesis and

inhibited experimental tooth movement. Thus, the

signaling and regulation of the expression of RANKL

and OPG in PDL may play critical roles in bone

remodeling during orthodontic tooth movement. Ren

et al. (22) reported that the concentrations of inter-

leukin-6 and granulocyte macrophage-colony stimula-

ting factor in GCF at 24 h were significantly elevated

only in juveniles during orthodontic tooth movement,

and suggested that the levels of those mediators are

more responsive in juveniles than in adults during the

early stage of tooth movement. They also reported a

faster initial tooth movement in juvenile than in adult

rats (33).

Taken together, these findings and our present

results suggest that the decrease in amount of tooth

movement seen with age may be associated with a

decrease in the RANKL/OPG ratio in GCF during the

early stages of orthodontic tooth movement.

Conclusions

1. The average amount of tooth movement for juveniles

was larger than for adults after 168 h.

2. After 24 h the levels of RANKL were increased and

those of OPG decreased in the GCF samples taken

from the compression side during orthodontic tooth

movement in both juveniles and adults.

3. The RANKL/OPG ratio in the GCF samples from adult

patients was lower than that in juvenile patients.
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