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Description
This phosphorylation of Runt-associated transcription factor 2

(Runx2)7 promotes the synthesis of osteogenic precursor cells
and the transcription of mineralizable proteins. This process is
currently mediated by the TGF-, BMP, MAPK, Notch, Wnt,
Hedgehog, FGF, and Hippo signaling pathways. For well-
regulated tissue remodeling, force parameters (such as
magnitude, frequency, and duration) are essential. However,
numerous in vitro studies to date have demonstrated a
significant degree of heterogeneity in the parameters of tensile
force. The use of cyclic tension with magnitudes ranging from
1% to 24%, frequencies ranging from 0.1 Hz to 1.0 Hz, and
stimuli durations ranging from one hour to six days in various
studies hampered comparability. Understanding how various
tensile force parameters affect the osteogenic differentiation of
PDLSCs is especially important when developing strategies to
optimize tensile force parameters. The cells were stained with
Alizarin Red 14 days after osteogenic incubation and seven days
after osteogenic induction. Oil Red O was used to stain the cells
following 21 days of adipogenic incubation.

Patterns of Temporal Gene Expression
In some studies, the effects of varying tensile force

magnitudes and durations have been investigated. Among the
magnitudes, a magnitude of 12% was found to induce optimal
effects in both the proliferation and osteogenesis of PDLSCs and
to correlate well with strain conditions at the mid-root under
physiological loading conditions. In contrast, a magnitude of 10%
generally resulted in a lower level of inflammation and a higher
level of osteogenesis. After 3 hours of loading, cyclic tension
alone at 3000 strain significantly increased SATB Homeobox 2
and significantly increased Runx2 after 6 hours. BMP9 synthesis
increased when cyclic tension was applied continuously for 6
hours. Additionally, Runx2, alkaline phosphatase and osteocalcin
expression gradually increased with 12% cyclic tensile force over
force durations of 6 hours, 12 hours, and 24 hours, respectively.
After being exposed to tensile strain for three hours, six hours,
twelve hours, and twenty-four hours, the osterix protein level
gradually increased. Patterns of temporal gene expression were

recently identified. The tensile frequency varies significantly
between studies. PDLSCs' osteogenic differentiation was
triggered by cyclic tension and required the ROCK-TAZ pathway
and its interaction with Cbf1.PDLSC osteogenic differentiation
was sped up by activating the BMP2/Smad pathway and
inhibiting miR-129-5p expression under cyclic tension. PDLSC
LncRNA-miRNA-mRNA networks under cyclic tension were
depicted. When the cells reached 80 percent confluence, the
medium was replaced with an osteogenic or adipogenic
inductive medium.

Animal Studies on Long Bone Distraction
Osteogenesis

However, there have only been a few studies to date that
have looked at how different cyclic tensile frequencies affect
PDLSC osteogenesis and the expression of relevant genes.Due to
the fact that cyclic tension is used to simulate an orthodontic
force and the two methods of force application are completely
distinct, the low-magnitude high-frequency vibration approach
was left out. Loading frequency has been shown to have an
impact on the osteogenic response of bone tissue in previous
animal studies on long bone distraction osteogenesis. The
loading frequency affects the mechano-regulation of trabecular
bone adaptation in a logarithmic way. Therefore, we
hypothesized that PDLSC osteogenesis would be affected by
tensile frequency, and that tensile frequency-sensitive genes
might play a significant role in this process. High-throughput
sequencing was used to characterize the frequency-course
expression patterns of mRNA during the osteogenic
differentiation of PDLSCs, and human PDLSCs were subjected to
cyclic mechanical tension at various frequencies of 0.1–0.7 Hz to
examine the osteoblastic differentiation of PDLSCs. The purpose
of this study was to investigate the relevant molecular
mechanisms as well as the effects of tensile frequency on PDLSC
osteogenic differentiation. With informed consent, healthy
periodontal ligament tissues were scraped from the middle third
of the tooth roots that were extracted for orthodontic purposes.
All donors were between the ages of 14 and 16 and did not have
any oral or systemic illnesses. Collagenase I and dispase II were
used to enzymatically digest the periodontal ligament tissues
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after being cut into small pieces and digested at 37°C for 40
minutes. With -minimal essential medium and 25 cm2 flasks was
incubated in a humidified environment with antibiotics and 10%
fetal bovine serum from Gibco, Life Technologies Co., Grand
Island, NY, USA. Three times per day, the medium was changed.
Single-cell suspensions were cloned using the limiting-dilution
method to purify the stem cells after the cells reached 80%
confluence using 0.25 percent trypsin/EDTA.17 Cell clusters from
the colony were trypsinized and serially subcultured. Six-well
plates containing the subcultured third-passage PDLSCs were
used until confluence. After that, the culture medium was taken
out, and the cells were fixed for 20 minutes with 4%

formaldehyde (, permeabilized for 5 minutes with 0.3 percent
Triton X-100, and incubated with primary antibodies (anti-pan-
cytokeratin, 1:300, Abcam, Cambridge, MA, USA;anti-vimentin,
Abcam, 1:500;anti-STRO-1, Abcam, 1:100;anti-CD146 for an
overnight period at 4°C.After that, the cells were washed with
PBS, incubated for 30 minutes in darkness with CY3/FITC-
conjugated secondary antibodies, and then washed with PBS.
Finally, fluorescent images were taken with a fluorescence
microscope from Olympus, Japan, and the nuclei were
counterstained with 4, 6-diamidino-2-phenylindole.PDLSCs were
seeded into six-well plates at a density of 2105 cells per well for
osteogenic and adipogenic differentiation.
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