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Abstract

Background/Objectives: Orthodontically induced bone remodeling is a complex process, driven by
the interaction between osteoblasts, osteoclasts and various biochemical mediators, in response to
mechanical forces applied to the teeth. Monitoring this process can be achieved by identifying
biomarkers in gingival crevicular fluid (GCF), a dynamic and non-invasive method. Laser therapy,
widely used in other medical fields for bio stimulation and surgery, does not yet benefit from a
standardized protocol in orthodontics. The aim of this study was to evaluate the advantages of using
laser therapy during orthodontic treatment, by analyzing osteocalcin (OC) in gingival crevicular fluid
(GCF). Methods: Based on the inclusion and exclusion criteria, we selected 30 patients who presented
dentoalveolar disharmony with crowding, who benefited from fixed orthodontic treatment, using
edgewise brackets with the same slot size for all subjects. Laser therapy was performed randomly on
one hemiarch (HL), right or left, for each patient, randomly chosen at time TO, after activation of the
orthodontic appliance. On the other side, the control hemiarch (HC), the same protocol was followed,
but without active light. GCF was collected at baseline, before activation of the orthodontic appliance
(time T0) and 14 days after its activation (time T1) from the control hemiarch (HC) and laser hemiarch
(HL). Determination of OC levels, as a marker of bone apposition, was performed by the enzyme-
linked immunosorbent assay (ELISA) method. To evaluate laser therapy, OC levels were assessed
comparatively between HL and HC. Results: Comparing OC values at times T0O and T1 for HL, we
obtained a statistically significant difference (p < 0.0001). No statistically significant difference was
detected when comparing OC values in HC between T0O and T1 (p =0.2422). A statistically significant
difference was observed between HC and HL at T1 (p < 0.0001). Conclusions: The higher OC levels
observed in the hemiarches where laser therapy was applied, compared to the controls, demonstrates
its effectiveness as an adjuvant in bone remodeling during orthodontic treatment.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Orthodontically induced bone remodeling is a complex biological process, regulated by the
interaction between bone cells (osteoblasts and osteoclasts) and a series of local biochemical
mediators, in response to the controlled application of mechanical forces on the teeth [1]. Under the
action of these forces, bone resorption phenomena occur simultaneously on the pressure side and
bone formation on the tension side of the periodontal ligament, thus contributing to the controlled
movement of teeth during orthodontic treatment [2-6].

In the last decade, multiple research projects have focused on identifying biomarkers present in
gingival crevicular fluid (GCF), with the aim of monitoring these processes dynamically and non-
invasively. Gingival crevicular fluid is considered a fluid reflective of local tissue activity, and
changes in its composition can provide relevant information about the state of the periodontium and
bone remodeling processes [1].

Among the most commonly used biomarkers in this context is osteocalcin (OC), a marker of
bone formation. Osteocalcin is a non-collagenous protein secreted by osteoblasts and integrated into
the bone matrix, and its level in the gingival crevicular fluid is correlated with osteogenic activity [1].

In recent years, progress has been made in identifying adjuvant methods to accelerate tooth
movement. Low-level laser therapy (LLLT) has been widely used in dentistry due to its multiple
effects such as inflammation reduction, modulation of cellular response and biostimulator effects on
tissue regeneration [7]. In orthodontics, LLLT is proposed as a non-invasive method to stimulate
cellular activity in the periodontal ligament and alveolar bone. This effect is mediated by the
increased expression of key factors such as RANKL, IL-1p, osteocalcin and TRAP, which regulate the
activity of osteoclasts and osteoblasts [8-10]. The application of LLLT can lead to significant increase
in the levels of IL-13 and osteocalcin in gingival crevicular fluid, during the initial phases of
orthodontic treatment [8,9].

However, clinical data on the effectiveness of LLLT in orthodontics remain partly contradictory.
Some studies reported significant acceleration of tooth movement and correlation with biochemical
changes in GCF [11,12]. Other studies, however, have reported interindividual variation, lack of
protocol standardization, and clinically insignificant results in some cases [10].

More recently, experimental studies have revealed the molecular mechanisms through which
photobiomodulation influences osteogenesis, including activation of the BMP-2 pathway and the
mitochondrial pathway [13]. Studies also demonstrated that laser therapy stimulates osteogenic
differentiation of mesenchymal stem cells and increases Akt phosphorylation levels, thus supporting
its potential in bone remodeling [14]. Although laser therapy is increasingly used in various medical
branches, due to its two major applications: biostimulation and surgery, in orthodontics there is no
protocol for its widespread use. Therefore, in this study we aimed to evaluate the advantages and
limitations of using laser therapy on bone remodeling processes during orthodontic treatment, by
analyzing osteocalcin levels in the gingival crevicular fluid.

2. Materials and Methods
2.1. Study Design

The study was conducted as a randomized, placebo-controlled, double-blind trial.

2.2. Patient Selection

From the adult patients with fixed orthodontic treatment, that came to CMI dr. Lazar Luminita,
between March 2023 and December 2023, 30 patients who met the following inclusion criteria were
selected:

- Agebetween 20 and 50 years,
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- Presence of dentoalveolar disharmony (DAD) with mild crowding (3—7 mm).
The exclusion criteria were as follows:
- Systemic conditions that have an impact on periodontal tissues (diabetes, immunological
conditions, acute articular rheumatism, tuberculosis, etc.).
- Pregnancy or breastfeeding,
- Smoking,
- treatment with antibiotics, vitamin D or Ca supplements in the last 3 months,
- Prior use of anti-inflammatory drugs (NSAIDs).
The patients were informed about the protocol, the fact that they could leave the study at any
time and signed an informed consent.

2.3. Sample Size

For the primary comparison we used a paired design (treated vs control hemiarch). With a =
0.05, n = 30 pairs provide approximately 75% power to detect a medium effect size (Cohen’s d = 0.5).

2.4. Orthodontic Protocol

Patients presenting dentoalveolar disharmony with crowding were examined and received fixed
orthodontic treatment using edgewise brackets with the same slot size for all subjects (0.22)
(American Orthodontics, Sheboygan, WI, USA). The following sequence of arch wires was used: NiTi
size 0.12 at the time of application of the orthodontic appliance and sizes 0.16 for the first activation,
0.16 x 0.16 for the second and 0.16 x 0.22 for the third (BioForce, Dentsply Sirona, Charlotte, NC, USA).

All situations represented an average orthodontic activation force. For consistency, we
intentionally chose to test routine activation situations.

2.5. Laser Protocol

Another team member performed laser therapy on a hemiarch (HL), right or left, randomly
selected at time TO, for each patient, after activation of the orthodontic appliance. Laser therapy was
applied to a hemiarch at the level of the tooth selected for crevicular fluid collection and those located
mesial and distal to it (HL). On the other side, on the control hemiarch (HC), the same protocol was
followed, but without active light. During the irradiation, both the patient and the operator wore
protective glasses. This protocol was applied at time TO, after the fixed orthodontic appliance
activation session.

Laser therapy was performed with a dental laser (WISER3 —Doctor Smile, Lambda S.p.A.), with
a power of 12 Watt, in pulsed system and 808 nm operating wavelength, setting the periodontology
working mode.

Sites for laser application included the distobuccal gingival crest, the mesiobuccal gingival crest,
a central spot on the buccal surface concerning each of the other sites, and two sites at the apex of the
tooth parallel to points 1 and 2, respectively. The same spots were chosen for use on the palatal
surface.

2.6. Immunoenzymatic Analysis

GCF was collected from the tooth that will change its position, at baseline, before the activation
of the orthodontic appliance (time T0) and 14 days after its activation (time T1) from the control
hemiarch (HC) and laser hemiarch (HL), with special strips contained in the analysis kit. A strip for
the analysis of OC in GCF was inserted bucally, in the tension area determined by orthodontic
movement. Thus, for each patient we used three strips, one at T0 and two at T1 (one for HC and one
for HL).

Before collecting the GCF samples, the patients gently rinsed their oral cavity with water. Then
the sampling area was gently dried with air, and the teeth were isolated using a cotton roll. Gingival
fluid collection was performed using filter paper strips (Periopaper ProFlow Inc, Amityville, NY), by
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inserting them into the gingival sulcus, at a depth of 1 mm and maintaining them for 30 seconds or
until the apical third of them was completely impregnated. Crevicular fluid volume was measured
using a Periotron 800 device (Pro-Flow Inc., Amityville, New York, NY, USA) that measures the
change in capacitance on the filter paper.

The filter paper was inserted between the two plates of the device, and the device transmitted
this change to a digital screen. These scores were converted into microliters using specialized
software (mlconvert.exe—Ora Flow, Amityville, NY, USA). After each measurement, the Periotron
electrodes were cleaned with a sterile compress soaked in saline, to eliminate the risk of
contamination. Strips contaminated with blood were excluded from the study.

After reading the strips, they were placed in an Eppendorf safe lock cryotube containing 250
microliters (uL) of phosphate buffer solution. These samples were stored in waxed boxes and kept at
-80°C until the completion of the harvests and their processing in the laboratory.

Determination of the levels of osteocalcin (ABclonal, Woburn, MA, USA), the marker of bone
apposition, was performed by the enzyme-linked immunosorbent assay (ELISA) method, within the
immunology laboratory of the CAMPhR of G. E. Palade UMPhsT of Targu Mures (Figure 1).

The reagents were brought to room temperature and prepared according to the working
protocol. The gingival crevicular fluid samples were thawed, then vortexed (Vortex ZX4, Velp
Scientifica, Usmate (MB), Italy) for 1 minute and centrifuged (MiniSpin Centrifuge Eppendorf,
Hamburg, Germany) for 2 minutes at 10,000 rpm.

Figure 1. Determination of the levels of osteocalcin by ELISA method.

According to the protocol, the wells of the plate underwent a washing step with a washing
buffer.

In the first step, the standards and samples were added to the wells coated with a specific
antibody for osteocalcin. During incubation, the OC present in the standard or sample bound to the
immobilized antibody, forming an antibody-antigen complex. After the incubation period, the OC
present in the standard or sample not bound to the fixed antibody was removed by washing with a
washing buffer.

During the second step, a detection antibody specific for OC labeled with biotin was added,
followed by an incubation period during which the detection antibody bound to the OC present in
the standard and sample captured by the antibody fixed in the well, forming the antibody-antigen-
antibody complex (the “sandwich” principle). After incubation, the unbound specific detection
antibody was removed by washing.

In the third step of the method, the conjugate (streptavidin-HRP: streptavidin is a protein labeled
with an enzyme—horseradish root peroxidase) was added, and during incubation, it bound to the
specific detection antibody labeled with biotin. After the incubation period, the washing process
followed again, removing the unbound streptavidin.

Subsequently, the substrate (a solution containing a chromogenic compound—
tetramethylbenzidine) was added —followed by an incubation period—which reacted with the
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conjugate, producing a color reaction (blue), depending on the amount of OC bound in the standard
or sample.
After adding an acidic solution to stop the color reaction, the color turned from blue to yellow.
The absorbance of each well was read spectrophotometrically by the Dynex DSX automated
ELISA analyzer (DYNEX Technologies, Chantilly, VA, USA), the analyzer software creating a
standard curve by plotting absorbance versus concentration for each standard. The OC concentration
in the sample was determined by reading the absorbances for each well and interpolating onto the
calibration curve, the protein concentration being directly proportional to the color intensity in the
well.
Performance characteristics:
e  Kkit sensitivity: the detection limit for osteocalcin is 0.1 ng/ml.
e kit precision: intra-assay precision has a coefficient of variation below 10%; inter-assay precision
has a coefficient of variation below 15%.

2.7. Laser Therapy Evaluation

To assess the effects of laser therapy, osteocalcin levels were assessed comparatively between
HC and HL.

2.8. Statistical Analysis

All data were collected in Microsoft Excel spreadsheets (Microsoft Corporation, 2018). Statistical
analysis was performed in GraphPad Prism version 8.0.0 for Windows (GraphPad Software, San
Diego, California USA). For each data group, descriptive statistics such as mean, standard deviation,
median, minimum and maximum value were determined. Data normality was determined using the
Kolmogorov-Smirnov test. The difference regarding the values of clinical indices recorded at TO and
T1 was determined using the Wilcoxon test. Pairwise post hoc analyses were performed using the
Dunn test to determine which specific groups differed significantly from each other. The chosen
significance level was set at 0.05.

3. Results
The following formula was used to determine the OC values in the crevicular fluid:

Amount of identified protein(ng/ml)x Dilution volume (0.25 ml)
Crevicular fluid volume (ml)

Total protein amount (ng/ml) =

Mean values of osteocalcin (ng/ml) at baseline and T1(for HC and HL) are included in Table 1.

Table 1. Osteocalcin levels measured at baseline and T1 for HC and HL.

Mean value and standard Mean value and standard Mean value and standard
deviation for identified protein deviation for identified protein deviation for identified protein
(ng/ml) (ng/ml) (ng/m1l)

TO T1—HC T1—HL
0.8507 + 0.3237 0.8707 + 0.1955 0.2489 + 0.0454

Comparing OC values at TO and T1 for HL, we obtained a statistically significant difference (p <
0.0001). No statistically significant difference was detected when comparing osteocalcin values in HC
between baseline and T1 (p = 0.2422). A statistically significant difference was observed between HC
and HL at T1 (p < 0.0001). Comparing OC values at TO and T1 for HL, we obtained a statistically
significant difference (p <0.0001). No statistically significant difference was detected when comparing
osteocalcin values in HC between baseline and T1 (p = 0.2422). A statistically significant difference
was observed between HC and HL at T1 (p < 0.0001) (Figure 2).
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Figure 2. Distribution of osteocalcin level (ng/ml) at T0O and T1 for HC and HL.

Friedman’s test showed significant differences between the three groups (p < 0.0001). Post-hoc
analysis (Dunn’s multiple comparisons) showed that osteocalcin levels were significantly higher in
the lasered hemiarch compared to both baseline (p < 0.0001) and non-lasered hemiarch (p < 0.0001).
The difference between baseline and non-lasered hemiarch was not significant (p = 0.59) (Figure 3).

Osteocalcin
1.5 p< 0.0001

0.5

ng/ml

«Q 9] g
&'\\2\ «\Q\

Figure 3. Comparison of osteocalcin values at baseline (T0) and T1 for HC and HL. Results are expressed as
median and interquartile range; p-value was calculated using the Friedman test.

4. Discussion

In the present study, in order to assess the effects of laser therapy during orthodontic treatment
in adult patients, we comparatively evaluated the changes in osteocalcin (OC) levels in the gingival
crevicular fluid in the laser-treated (HL) and control (HC) dental hemiarches.

Osteocalcin, synthesized by osteoblasts and released into the gingival crevicular fluid, is
considered a marker of bone formation. This led us to collect samples for its evaluation from the
tension zone of periodontal structures, secondary to orthodontic movements.

Previous studies have shown an increase in osteocalcin levels between days 7 and 14 after
activation of the orthodontic appliance, with a peak around day 14, correlated with intense
osteoblastic activity [1,15]. In a randomized split-mouth study, Yildirim et al. observed that
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osteocalcin levels in GCF, in the tension zone, are higher on day 14 (p < 0.05), during canine
distalization with and without piezocision acceleration [16].

Based on these observations, we chose to collect samples 14 days after activation of the
orthodontic appliance, at which time the levels of this marker would be higher in GCF.

Consistent with previous studies, our findings indicate that, 14 days after the start of orthodontic
treatment (T1), osteocalcin levels increased in most patients compared to T0, in both control (HC) and
laser-treated (HL) hemiarches.

However, there are also studies according to which the level of osteocalcin in GCF does not
change during orthodontic treatment. In a study by Alnazeh et al., osteocalcin levels in GCF were not
significantly different at baseline and after 4 weeks (p > 0.05) in both fixed orthodontic and Invisalign
patients [17].

Determination of bone markers in gingival crevicular fluid may be an objective method for
monitoring the progress of orthodontic treatment and the effects of adjuvant therapies, such as laser
therapy. However, it is important to emphasize that the levels of these biomarkers may also be
influenced by factors such as gingival inflammation, poor oral hygiene, type or stage of orthodontic
treatment.

In our study, the minimum value recorded for OC was 0.38(ng/ml), at time T0, and the maximum
was 1.37(ng/ml), at time T1, in HL.

Some studies have reported that OC levels in GCF in periodontally affected areas are higher
than in healthy areas [18,19]. When small orthodontic forces are applied, inflammatory mediators are
released similar to what occurs during periodontal diseases. Several studies support the fact that
orthodontic forces trigger the release of inflammatory mediators and signaling molecules involved
in periodontal tissue remodeling. Thus, IL-1p, TNF-«, and PGE2 increase significantly in the gingival
crevicular fluid in the first 24 hours after orthodontic activation [20,21]. These mediators activate
osteoclasts, facilitating alveolar bone resorption on the pressure side. At the same time, in the tension
zone, osteoblasts are activated, expressed by increased osteocalcin and alkaline phosphatase [22,23].

Nassrawin observed that OC levels in GCF vary among the 330 samples collected, which can be
explained by the variation in the duration of treatment and the type of appliances used, which lead
to the variation in the degree of bone remodeling [24].

The use of laser therapy during orthodontic treatment has been shown to be beneficial, through
a series of clinical studies, regarding the acceleration of tooth movement, the reduction of pain and
the maintenance of a healthy periodontal status [25-27]. The determination of markers in the
crevicular fluid has been the subject of numerous studies aimed at evaluating the changes that occur
in the periodontal structures during orthodontic treatment [28-31].

In our research, comparing the values obtained for OC at T1, we observed that the application
of laser therapy leads to higher values of this marker, in HL. compared to HC, the difference being
statistically significant (p < 0.0001), a sign of the acceleration of bone remodeling phenomena.

Limitations of this Study

The limitations of this study are related to the inclusion of a small number of patients, the
collection of GCF samples at different stages of orthodontic treatment and the rather wide age range.
Even though a wide age range (20-50) can be considered a weak point, we think that it is an
advantage in order to be able to generally apply our results to further treatment guidelines.
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5. Conclusions

Despite the limitations of this study, it has been proven that osteocalcin levels in the GCF can be
used to monitor the effectiveness of orthodontic treatment and to better understand the phenomena
that occur in the periodontal structures during fixed appliance treatments.

The fact that osteocalcin levels were higher in the hemiarches where laser therapy was applied
than in the control ones demonstrates its effectiveness as an adjuvant in bone remodeling, during
orthodontic treatment.
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