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Abstract

Introduction: One of the primary challenges encountered by orthodontic patients is
the prolonged duration of treatment. Consequently, the development of methods to
accelerate tooth movement and promote bone remodeling has become a critical area

of focus, attracting significant attention in contemporary research.

Aims: The purpose of this research is to evaluate the influence of pulsed
electromagnetic fields (PEMF), static magnetic fields (SMF), or low-level laser
therapy (LLLT) on the amount of tooth movement and alveolar bone remodeling.
Specifically, the study aims to assess the area of new bone formation, blood vessel
count, and the counts and activity of osteoblasts as indicated by levels of bone
alkaline phosphatase (BALP) in addition to counts and activity of osteoclasts as

indicated by levels of tartrate-resistant acid phosphatase 5b (TRAP 5b).

Materials and Methods: Sixty adult male albino local rabbits were randomly
assigned to four groups (15 rabbits per group): control group, PEMF group, SMF
group, and LLLT group. All groups were subdivided into three subgroups (5 rabbits
each) depending on euthanization (1, 2, and 3 weeks). All sample animals received
an orthodontic appliance attached to the mandibular incisors, applying 50 grams of
force initially, and persisting for three weeks. During this period the PEMF group
was exposed to a pulsed electromagnetic field at parameters of square waveform,
120 Gauss intensity, 9.6 Hz frequency, and 1 hour of daily exposure, while the SMF
group was subjected to a static magnetic field at 120 Gauss intensity and 1 hour of
daily exposure, and the LLLT group received low-level laser treatment three times
a week, using a wavelength of 976 + 10 nm, an energy of 8 joules, a power output
of 100 mW, and an energy density of 15.9 J/cm?, administered in continuous mode.

The amount of orthodontic tooth movement was measured at ten time points
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throughout the three weeks of orthodontic force application, at the end of every

week; five animals from each group were sacrificed for analysis.

Results: The amount of orthodontic movement was significantly greater in the
PEMF group, followed by the LLLT group, and then the SMF group, when
compared to the control group. The most notable acceleration in tooth movement
occurred between day 3 and day 16 after the application of orthodontic force.
Histologically, the PEMF group showed significantly the highest levels of the new
bone area, osteoblast count, osteoclast count, and blood vessel count, followed by
the LLLT and SMF groups. These differences showed varying degrees of
significance in comparison to the control group, with the most significant differences
observed at the 2- and 3-week marks rather than at the 1-week mark. In
immunohistochemistry analysis, the PEMF group demonstrated significantly higher
bone alkaline phosphatase and tartrate-resistant acid phosphatase 5b activities than
the control group. Both the LLLT and SMF groups also showed some significant
increases in these activities compared to the control group, particularly during the 1

and 3-week time points.

Conclusion: Based on the parameters used for the PEMF, SMF, and LLLT groups
in this study, the PEMF group showed the most significant effects in accelerating
tooth movement and promoting alveolar bone remodeling. The LLLT group also
demonstrated stimulatory effects, although to a lesser degree. In comparison, the
SMF group had the least impact on both tooth movement and bone remodeling in

comparison with the control group.
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