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Differences in the gingival crevicular fluid composition between adults and

adolescents undergoing orthodontic treatment

Wellington J. Rody, Jr?; Manjula Wijegunasinghe®; William A. Wiltshire°; Brenden Dufault®

ABSTRACT

Objectives: To investigate differences in the gingival crevicular fluid (GCF) composition between
adolescent and adult patients undergoing orthodontic treatment with fixed appliances.

Materials and Methods: Ten adolescents (14.4 = 1.43) and 10 adults (28.5 = 7.83) with Class |
malocclusions and minor upper incisor crowding were allocated to two different age groups.
Brackets were bonded only in the upper arch over the 20-week period of the experiment. Samples
of GCF were collected from the labial sides of the upper incisors (experimental sites) and lower
incisors (control sites) of each subject at five time points. Aliquots from diluted GCF were screened
for the presence of receptor activator of nuclear factor kappa B ligand (RANKL), osteoprotegerin
(OPG), interleukin-1 (IL-1), interleukin-1 receptor antagonist (IL-1RA), and metalloproteinase-9
(MMP-9) using a microarray technique. The values were statistically analyzed.

Results: In adults, the ratio of IL-1 to IL-1RA decreased significantly (P = .033) in experimental
sites 3 weeks after appliance placement and first archwire activation. In adolescents, the ratio of
RANKL to OPG peaked 6 weeks after the insertion of the first rectangular archwire. This ratio peak
found in adolescents was a consequence of a decrease in the mean concentration of OPG. No
significant changes over time were observed in the concentration of MMP-9.

Conclusion: This study demonstrates age trends in the GCF levels of IL-1, IL-1RA, RANKL, and
OPG that may be used to track differences in tissue response between adults and adolescents

undergoing orthodontic treatment. (Angle Orthod. 2014;84:120-126.)
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INTRODUCTION

As the number of adults seeking orthodontic
treatment continues to increase, the biological differ-
ences between young and adult periodontal tissues
need to be better understood. The literature supports
the idea that chronological age is a relevant risk factor
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for root resorption, bone loss, and periodontal prob-
lems because adults tend to have a more quiescent
periodontal ligament."? The mechanical stress from
orthodontic appliances induces cells in the periodon-
tium to form biologically active substances responsible
for connective tissue remodeling and osteoclast
activation. These substances can be monitored non-
invasively in humans by following changes in the
composition of the gingival crevicular fluid (GCF)
during tooth movement."34

Interleukins can be particularly important for conse-
quent tooth movement in that these cytokines stimu-
late osteoclast formation and bone-resorbing activities
of preformed osteoclasts.>® Interleukins act synergis-
tically or antagonistically on each other; thus, they are
classified as pro-inflammatory or anti-inflammatory,
respectively.® Pro-inflammatory interleukins are inter-
leukin-1 (IL-1), interleukin-2, interleukin-6, and inter-
leukin-8. Anti-inflammatory cytokines are interleukin-1
receptor antagonist (IL-1RA), interleukin-4, interleukin-
10, and interleukin-13. Tooth movement also requires
the binding of receptor activator of nuclear factor
kappa B ligand (RANKL), a protein produced by
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osteoblasts, to receptor activator of nuclear factor
kappa (RANK), a cell membrane protein found on
osteoclast precursor cells. On the other hand, osteo-
protegerin (OPG) acts as a decoy receptor that binds
to RANKL and blocks osteoclastogenesis.”

Several studies™™® have shown that the RANK-
RANKL-OPG system plays an important role in
osteoclast differentiation during orthodontic tooth
movement, where the levels of RANKL in GCF have
been observed to increase during tooth movement,
while the levels of OPG decreased. Finally, it is
important to emphasize that tooth movement also
demands extensive tissue changes within the peri-
odontal ligament. An in vitro study indicated that matrix
metalloproteinase-9 (MMP-9) is important for the
degradation of collagen matrices, facilitating the
migration of osteoclast precursors to sites of bone
resorption.® Bildt el al."* found higher MMP-9 expres-
sion in human GCF collected from pressure sites.
Therefore, crevicular MMP-9 may also serve as
biomarker to monitor remodeling of the periodontal
tissues during tooth movement.

The specific aim of this study was to investigate
differences in the GCF composition between adults
and adolescents undergoing orthodontic treatment.
The ultimate goal would be to give clinicians a better
understanding of what biomarkers can be quantified
and how age may affect the response of the
periodontium to an applied force. In addition, the
determination of biomarker profiles may further en-
hance individual risk assessment and pharmacologic
modulation of tooth movement in a clinical setting.

MATERIALS AND METHODS

Twenty patients were recruited to participate in this
study. To be included, subjects needed to have good
general health, no evidence of periodontal disease,
Class | malocclusion, permanent dentition, incisor
irregularity index' between 3 and 6 mm in the upper
dental arch, and no extraction of any permanent teeth
included in the treatment plan. Smokers and drug
users were excluded from the study. Written informed
consent was obtained from the participants, and
ethical approval was granted from the Health Re-
search Ethics Board at the University of Manitoba
(reference number H2010:093).

Subjects were divided into two groups based on age.
The first group consisted of 10 adolescents (three boys
and seven girls) with an age range of 13 to 15 years
(14.4 = 1.43). The second group consisted of 10
adults (four men and six women) between the ages of
21 to 39 years old (28.5 * 7.83). Two weeks before
fixed appliance placement, the participants underwent
tooth-cleaning sessions and assessment of their
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Figure 1. Study design.

periodontal health to ensure that no disease-active
periodontal sites were present. The subjects received
treatment with a conventional fixed edgewise bracket
system (Mini Master Series, American Orthodontics,
Sheboygan, Wis) with an MBT 0.022-in slot prescrip-
tion. Brackets were bonded only in the upper arch over
the 20-week period of the experiment, whereas the
mandibular incisors, free from any orthodontic appli-
ance, were used as controls. The subjects were seen
every 6 weeks for archwire progression/appliance
activation. The archwire sequence during the align-
ment phase was standardized as follows: 0.014-in,
0.018-in, 0.016 X 0.022-in and 0.019 X 0.025-in
nickel-titanium.

A schematic of the experiment is shown in Figure 1.
Samples of GCF were collected from the labial sides of
the upper and lower incisors of each subject at five
time points. GCF sampling was performed according
to the following schedule: TO (baseline), immediately
before bonding; T1, 3 weeks after appliance placement
and insertion of the first aligning archwire (0.014-in
NiTi); T2, 6 weeks after insertion of the first archwire
(0.014-in NiTi); T3, 6 weeks after insertion of the third
archwire (0.016 X 0.022-in NiTi); and T4, 2 weeks
after the last aligning archwire (0.019 X 0.025-in NiTi)
was fully engaged into the brackets slots.
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GCF Sampling

Before GCF collection, each site was gently dried
and isolated from saliva with a cotton roll. GCF
collection was performed using paper strips (Periopa-
per, Oraflow Inc, Plainview, NY). One strip was
carefully inserted for 60 seconds into the gingival
sulcus at the distolabial side of each incisor. Paper
strips of upper incisors (experimental sites) and lower
incisors (control sites) were then pooled into separate
sealed tubes and immediately frozen at —80°C.

Microarray Assay

The paper strips in each tube were eluted with
100 uL of phosphate-buffered saline (Invitrogen,
Burlington, ON, Canada) and shaken at room tem-
perature for 15 minutes. Subsequently, the strips
were carefully removed from the Eppendorf tube and
the eluate was centrifuged (5 min, 3000 g) to remove
bacterial biofiims and cellular elements. Supernatant
samples were screened for the presence of IL-1, IL-
1RA, MMP-9, RANKL, and OPG with a customized
Quantibody Array kit (RayBiotech, Norcross, Ga). The
immunoassay was performed according to the man-
ufacturer’s instructions and is described in more detalil
elsewhere.”™ The concentration of biomarker levels
expressed in picograms per milliliter (pg/mL) was
calculated with Q Analyzer software V8.6.4 (Norcross,
Ga) against a standard curve set for each biomarker.

Statistical Analysis

Basic statistics were calculated with means, medi-
ans, and standard deviations. When analyzing the
data longitudinally, all outcomes and their ratios were
analyzed with mixed-effects repeated measures mod-
els, which were necessary to account for the
correlation between measurements on the same
subject over time. Each model imposed covariance
structures that accounted for the repeated measures
on a given tooth as well as the correlation between
experimental and control teeth within the same
subject. The specific form of the covariance structure
was allowed to vary between outcomes and was
motivated by the behavior of the data. Group
membership, measurement occasion (time), and their
interaction were the only covariates used. The
interaction term is of chief interest because when
significant, it indicates that groups have different
trajectories over the course of the measurement
period. Outcomes were log-transformed to achieve
conditional normality whenever deemed necessary
after inspecting histograms of residuals. The ratio of
RANLK to OPG was analyzed on the original scale
(not log transformed).
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Biomarker concentration ratios were compared
using a modified ratio given by the equations IL-1/
(IL-1 + IL-1RA) and RANKL/(RANKL + OPG). This is
in contrast to the simpler ratios usually seen in the
literature, given by IL-1/IL-1RA and RANKL/OPG.
Although these ratios are intuitive, they are plagued
by the problem that they are mathematically undefined
whenever the denominator is zero, which may occur as a
result of a lack of biomarker expression or detection
limits. Thus, the modified ratio proposed in this study may
be more robust in this regard. By adding both biomarkers
to the denominator, the interpretation changes from a
multiplicative scale without measurement to a percent of
total expression. For instance, if the RANKL/(RANKL +
OPGQG) ratio happens to equal 0.75, we would conclude
that RANKL was responsible for 75% of the overall
expression within the individual. All analyses were
performed with SAS version 9.2 (SAS Institute, Cary,
NC). The repeated measures models were calculated
with the proc mixed subroutine. Differences less than .05
(P < .05) were regarded as significant.

RESULTS

The mean (SD) and the log-transformed mean (SD)
of each biomarker and ratio at the different time points
are given in Table 1. Interaction P-values are cited
throughout the results when comparing group trends
over time.

When IL-1 concentrations were compared between
experimental and control teeth at various time points,
there were no statistically significant differences (P >
.05) in adults or adolescents. On the other hand, the
ratio of IL-1 to IL-1RA (IL-1/[IL-1 + IL-1RA]) was
significantly decreased (P = .033) in the GCF collected
from experimental sites in adult patients at T1, that is,
3 weeks after appliance placement and the first
archwire activation (Figure 2A). This seems to be a
direct consequence of an increase of IL-1RA values in
GCF collected from the upper incisors (experimental
sites) of adult patients at the same time point. Indeed,
the concentration of IL-1RA in adults’ experimental sites
suddenly increased and became higher than control
sites at T1, although this difference was not statistically
significant (Figure 2B). The same trend between
experimental and control teeth was not noticeable in
the adolescent group, where the IL-1RA log mean
values were very close to each other at any time point.

A statistically significant increase (P < .05) in the
ratio of RANKL to OPG (RANKL/[RANKL + OPG])
coincident with the commencement of orthodontic
treatment was observed in this study (Figure 3A).
The mean ratios at T1 were significantly higher than
the mean ratios at baseline (TO) for both adolescents
and adults (P < .05). In adolescents, a peak in the ratio



Table 1.

GCF COMPOSITION DURING ORTHODONTIC TREATMENT

Mean and Log-Transformed Mean (SD) of Each Biomarker and Ratio at the Different Time Points®
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IL-1, pg/mL IL-1RA, pg/mL RANKL, pg/mL
Adolescents Adults Adolescents Adults Adolescents Adults
Experimental sites

TO

Mean 181.63 150.06 5438.25 4229.75 276.05 324.02

Log Mean (SD) 4.78 (0.93) 4.44 (1.33) 8.59 (0.13) 8.25 (0.51) 4.06 (2.86) 4.25 (2.95)
T1

Mean 232.44 194.25 3083.12 9477.51 1151.73 510.50

Log Mean (SD) 4.83 (1.37) 4.16 (2.61) 8.01 (0.18) 8.72 (0.88) 6.92 (0.54) 4.01 (3.0)
T2

Mean 138.78 67.37 2499.30 3005.40 33.75 616.74

Log Mean (SD) 4.25 (1.37) 4 (0.71) 7.78 (0.28) 7.96 (0.31) 0.58 (1.84) 3.10 (3.46)
T3

Mean 86.35 209.86 3003.08 2784.26 508.21 643.48

Log Mean (SD) 4.27 (0.66) 4.53 (1.32) 7.95 (0.36) 7.83 (0.43) 4.29 (3.11) 4.38 (3.21)
T4

Mean 575.59 310.72 23929.58 8239.94 127.17 62.31

Log Mean (SD) 5.99 (0.94) 4.81 (1.74) 9.39 (1.46) 8.26 (1.09) 1.63 (2.70) 1.80 (2.5)

Control sites

TO

Mean 264.85 320.91 5065.28 9274.95 13.17 195.85

Log Mean (SD) 4.92 (1.18) 4.49 (1.99) 8.51 (0.19) 8.75 (0.77) 0.48 (1.54) 2.90 (3.08)
T1

Mean 265.80 92.32 3767.34 8285.75 469.59 239.72

Log Mean (SD) 5.19 (1.05) 3.19 (2.06) 8.19 (0.3) 8.68 (0.73) 5.25 (1.29) 2.91 (3.14)
T2

Mean 217.78 209.27 2990.38 3701.63 87.29 577.96

Log Mean (SD) 4.95 (1.07) 4.86 (1.45) 7.98 (0.2) 8.18 (0.25) 1.57 (2.6) 4.53 (3.20)
T3

Mean 107.13 221.31 3151.38 3371.15 548.65 870.42

Log Mean (SD) 419 (1) 4.85 (1.35) 7.93 (0.48) 7.98 (0.55) 3.55 (3.36) 3.06 (3.96)
T4

Mean 349.60 303.23 19089.64 8333.85 368.56 234.76

Log Mean (SD) 4.94 (1.91) 3.95 (3.38) 9.23 (1.33) 8.37 (1.09) 4.85 (1.56) 3.88 (2.41)

2 The RANLK-OPG ratio has been analyzed on the original scale; thus, log-transformed values are not reported.

of RANKL to OPG was observed at T3, that is, 6 weeks
after the insertion of the 0.016 X 0.022-in nickel-
titanium archwire. Thereafter, the ratio returned to a
baseline level. The same trend over time was not
observed in the adult group, where the ratio of RANKL
to OPG was significantly higher than baseline values at
T1 only (Figure 2A). The ratio peak found in adoles-
cents at T3 was a consequence of a decrease in the
mean concentration of OPG in experimental sites,
which remained below adult values at T2 and T3 (P =
.017) (Table 1). When OPG concentrations were
compared between experimental and control teeth at
corresponding time points, there was no statistically
significant difference in adult patients. In adolescents,
OPG concentration levels in experimental teeth proved
to be significantly lower than those of control teeth at
T2 (P = .029) (Figure 3B).

There were no statistically significant changes over
time in the concentration of MMP-9 between experi-
mental and control teeth (P > .05). Also, there were no
statistically significant differences in the concentration
of MMP-9 collected from experimental teeth between
adults and adolescents.

DISCUSSION

The present research was designed to evaluate age-
related changes in GCF during the leveling and
alignment phase of orthodontic treatment. Time points
in our experiment were chosen in an attempt to
capture different biological mechanisms underlying
tooth movement, as demonstrated in previous animal
studies.''® Ideally, the relationship between biomarker
expression in GCF and histologic changes of the

Angle Orthodontist, Vol 84, No 1, 2014
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Table 1. Extended
OPG, pg/mL MMP-9, pg/mL IL-1/(IL-1 + IL-1RA) RANKL/(RANKL+OPG) *
Adolescents Adults Adolescents Adults Adolescents Adults Adolescents  Adults
2221.14 1712.33 21776.37 16011.85 0.0296 0.0302 0.1110 0.1331
7.46 (0.76) 6.88 (1.38) 9.97 (0.14) 9.33 (1.12) —3.84 (0.8) —3.84 (1.0) 0.11 0.13
3349.15 978.40 17743.50 22533.03 0.0672 0.0268 0.3453 0.3232
7.23 (2.6) 4.85 (3.44) 9.76 (0.18) 9.95 (0.4) -3.25(1.2) —4.67 (2.9) 0.25 0.31
139.64 1032.25 16996.99 15036.30 0.0490 0.0247 0.3333 0.3242
1.22 (2.62) 4.79 (3.4) 9.66 (0.43) 9.54 (0.42) -3.57 (1.2) -3.97 (0.7) 0.57 0.34
1994.61 2993.89 11204.74 15165.36 0.0288 0.0769 0.4814 0.2575
4.84 (3.04) 6.63 (2.11) 9.26 (0.34) 9.48 (0.56) —3.70 (0.6) —-3.39 (1.2) 0.41 0.39
3844.52 608.63 37517.29 27389.70 0.0773 0.0894 0.0626 0.0641
6.74 (2.64) 4.29 (3.14) 10.3 (0.63) 10.03 (0.6) —3.48 (1.5) —3.40 (1.7) 0.15 0.08
3719.29 1463.63 19888.31 17119.32 0.0467 0.0298 0.0037 0.1270
8.01 (0.69) 6.78 (1.09) 9.88 (0.16) 9.34 (1.32) —3.64 (1.1) —4.28 (1.5) 0.01 0.17
2361.19 437.37 20236.99 20523.87 0.0609 0.0192 0.2054 0.4320
6.77 (2.51) 3.27 (3.48) 9.88 (0.27) 9.84 (0.38) —3.05 (0.8) —5.51 (2.5) 0.29 0.43
631.16 1372.87 18207.45 22490.57 0.0638 0.0541 0.1341 0.3552
4.32 (3.16) 5.24 (3.08) 9.76 (0.31) 9.87 (0.62) -3.09 (0.9) -3.37 (1.3) 0.28 0.31
4127.41 2828.29 13908.71 17618.26 0.0271 0.0696 0.1720 0.2222
6.22 (2.08) 5.40 (3.61) 9.39 (0.53) 9.62 (0.62) —3.76 (0.6) -3.21 (1.2) 0.23 0.34
3080.10 649.70 29576.15 25187.37 0.0585 0.0818 0.1837 0.2929
6.55 (2.68) 5.07 (2.32) 10.2 (0.42) 9.93 (0.68) —4.35 (2.2) —4.51 (3.7) 0.29 0.29

periodontium should have been confirmed to substan-
tiate the discussion; however, the invasive nature of
histomorphometric techniques limits their use in
human beings.

The bone resorptive portion of the human remodel-
ing cycle lasts about 28—40 days, whereas in the rats
this seems to last 7-10 days.''s Although it is difficult
to extrapolate from a rodent model of bone remodeling
directly to humans, it seems reasonable to speculate
that the timeframe for humans would be at least four
times longer. Thus, T1 may represent the transition
between the lag phase and the linear phase of tooth
movement, a time point where a dramatic increase in
osteoclast activity is observed within the periodontal
ligament.' Indeed, our results showed an elevation of
the ratio of RANKL to OPG in experimental sites
compared with baseline levels (Figure 3A). On the
other hand, it was intriguing to discover the higher
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concentration of IL-1RA and subsequent decrease of
the ratio of IL-1 to IL-1RA in adult patients at T1, that
is, 3 weeks after appliance activation (Figure 2A).
Human and animal studies'®'” indicate that the ratio of
IL-1 to IL-1RA ratio plays an important role in the
speed and amount of tooth movement. In this context,
our findings suggest that the distinctive behavior of IL-
1RA expression in experimental sites may explain the
slower speed of tooth movement observed in some
adult patients during the alignment phase.

Forces generated by the fixed appliance should
have decayed significantly 6 weeks after the insertion
of the 0.014 nickel-titanium archwire; thus, little
compression of the periodontal ligament (PDL) is
observed at T2. Osteoclast activity should be steady
and concentrated in the PDL because the alveolar
bone is undergoing the process of frontal resorption.
Although OPG levels decreased significantly in
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adolescents at T2, significant differences in the ratio of
RANKL to OPG could not be detected in experimental
sites at the same time point for both age groups
(Figure 3). Indeed, the ratio of RANKL to OPG
remained at the same level observed at T1. The ratio
of IL-1 to IL-1RA ratio returned to baseline levels, and
a significant difference between adults and adoles-
cents was no longer detectable.

In the present study, the ratio of RANKL to OPG
peaked in adolescents at T3, that is, 6 weeks after the
first rectangular archwire was tied in. The significant
elevation of the ratio of RANKL to OPG at T3 may
reflect a higher rate of alveolar bone turnover in the
periodontium of adolescents compared with adults.

Two weeks after a heavy rectangular archwire is fully
engaged into the bracket slot may reflect a time point of

maximal hyalinization production in periodontal tissues;
therefore, minimal tooth movement is expected at T4.
Perhaps at this stage of tooth movement it is not
possible to detect more subtle alterations in GCF
mediator levels because the PDL is necrotic and
osteoclast activity is primarily occurring in adjacent
alveolar bone marrow spaces."® Indeed, both the ratio of
RANKL to OPG and the ratio of IL-1 to IL-1RA returned
to a baseline level in experimental sites at this point.
Recent work' has reported that MMP-9 levels in
GCF fluctuated with an 80-day cycle when a contin-
uous orthodontic force was applied; however, a
significant decrease compared with baseline values
was observed during the first 24 hours after appliance
activation. In our study, MMP-9 levels in GCF did not
show a consistent behavior in adults or adolescents as

RANKL-OPG Ratio Measurements in Experimental Sites
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Figure 3. (A) RANKL-OPG ratio [RANKL/(RANKL + OPG)] fluctuation in experimental sites throughout the study in adolescents and adults; (B)
OPG concentration in experimental and control sites at different time points of the orthodontic treatment in adolescents. * Statistically significant

difference (P < .05).
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the values fall and rise in the experimental and control
sites in a time-dependent manner.

Although promising, human GCF studies have not
provided conclusive answers. It is becoming increas-
ingly clear that the development of accurate diagnostic
assays will be dependent on the identification of a panel
of biomarkers that together can discriminate between
physiological and pathological tissue-remodeling pro-
cesses. The physical hurdles of component complexity,
the tremendous range in individual protein concentration,
and the dynamic nature of the proteome are still major
barriers to overcome. Perinetti et al.’® asserted that the
low repeatability found in GCF studies can result from
individual variability or collection procedures. The authors
reported method errors in biomarker activity ranging from
40% to 58%, a level that can have an unequivocal impact
on data interpretation. Thus, optimal threshold values for
each biomarker need to be determined in order for a
variation in activity to be considered indicative of tissue
changes during tooth movement.

Among the limitations of this study, the lack of
control of biomechanics and the absence of clinical
measurements need to be stressed. For this reason,
more research in this area is needed to confirm the
predictive value of those biomarkers. Additionally, the
sample size was not very large given the complexity of
the study design. Future studies should seek to gather
more information by recruiting more subjects or
increasing the number of measurement occasions.

CONCLUSIONS

« There are age trends in the levels of GCF biomarker
during orthodontic treatment, which invite further
investigation.

« There was an upregulation of IL-1RA, and consequently,
a decrease in the ration of IL-1 to IL-1RA in adult samples
taken 3 weeks after the initial archwire was placed.

« In adolescents, a peak in the RANKL-OPG ratio was
observed in GCF samples taken 6 weeks after the
first rectangular archwire was placed.

« The confirmation of these results in a larger cohort of
patients may reveal the RANKL-OPG and IL1-IL1RA
pathways as suitable targets for monitoring tooth
movement.
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