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ABSTRACT

Temporary anchorage devices have revolutionized orthodontic biomechanics by providing reliable skeletal anchorage for complex tooth
movements. Among these, miniscrews have gained widespread popularity due to their simplicity, versatility, and minimal invasiveness. However,
their stability remains a concern, particularly when subjected to cyclic orthodontic forces that mimic real intraoral conditions. Repeated functional
loading may induce subtle displacement at the bone—implant interface, gradually compromising anchorage and leading to clinical failure.
Understanding this displacement under cyclic loading provides valuable insight into the biomechanical thresholds that distinguish physiological
adaptation from pathological loosening. This review explores the biomechanical principles governing miniscrew stability, with a focus on how
cyclic forces influence their displacement patterns and long-term performance. By consolidating evidence from experimental and computational
models, it highlights key factors such as insertion torque, bone quality, implant design, and loading magnitude. The synthesis aims to provide
clinicians with a clearer understanding of how miniscrews behave under functional forces and how this knowledge can optimize their clinical

application.
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INTRODUCTION play vital roles in stress dissipation. Studies demonstrate that

Temporary anchorage devices, especially orthodontic miniscrews-
have transformed orthodontic biomechanics by providing compliance-
independent skeletal anchorage for complex tooth movements [1].
Their success is well documented in short-term applications, but an
important question extends beyond primary stability at placement:
how do these devices behave when subjected to repeated functional
(cyclic) loading? Such cyclic forces, generated by mastication,
orthodontic activation, or elastics, can induce small displacements at
the bone—implant interface and gradually reduce anchorage quality
over time [2,3].

Clinical and preclinical studies have shown that miniscrews may
undergo secondary displacement, or migration, under orthodontic
forces, most often in the direction of the applied load [4,5].
Interestingly, this can occur even in devices that remain clinically
“stable,” suggesting that mobility does not always equate to failure but
may represent a spectrum of adaptive bone—implant responses. From a
biomechanical perspective, interfacial micromotion and the resulting
strain fields can influence early bone healing and remodeling around
screw threads. However, excessive interfacial strains may lead to
fibrous encapsulation and subsequent loosening [6].

Key biomechanical factors influencing stress transfer and
displacement under cyclic loading include insertion angle, bone
quality, screw design, and applied force magnitude and direction.
[7,8]. This review consolidates experimental, computational, and
clinical insights to clarify thresholds between physiological adaptation
and pathologic motion and to suggest strategies that can help preserve
anchorage reliability in long-term orthodontic treatment.

BIOMECHANICAL BASIS OF MINISCREW STABILITY

The stability of orthodontic miniscrews depends on the balance
between implant design, bone properties, and loading conditions.
Finite element analyses have shown that stresses concentrate at the
crestal cortical bone and the first few threads, especially under moment
loading, highlighting this region as critical for long-term anchorage
[9]. Screw head geometry also alters force transfer: different designs,
such as mushroom or cross slots, distribute stress differently across the
implant, which can influence displacement and deformation patterns
[10].

Beyond head configuration, thread design, pitch, and implant taper

inappropriate geometry can intensify stress concentrations in cortical
bone, whereas optimized design promotes more uniform load sharing
and improved resistance to micromotion [11]. Insertion angle is
another determinant; screws placed perpendicularly (90°) show
reduced stress peaks compared with oblique insertions, making angle
optimization essential for stability [12].

Material properties further modulate performance. Comparisons
between titanium and alternative materials such as
polyaryletheretherketone (PEEK) reveal that titanium maintains
higher anchorage under cyclic forces, although insertion angle remains
a decisive factor for both materials [13]. Collectively, these
biomechanical insights emphasize that miniscrew stability is not
determined by a single factor but by the interplay of implant design,
material, insertion strategy, and loading environment.

MICROMOTION OF MINISCREWS UNDER CYCLIC
LOADING

Orthodontic miniscrews, once inserted into alveolar bone, are not
entirely static devices. When subjected to repetitive intraoral forces
such as mastication, orthodontic elastics, and archwire activation, they
undergo subtle displacements at the bone—implant interface,
collectively termed micromotion. This micromotion is largely time-
dependent and results from the viscoelastic nature of bone tissue
combined with progressive fatigue-related stress accumulation.
Unlike single-load application, cyclic loading repeatedly challenges
the implant-bone interface, creating conditions where even low-
magnitude forces can, over time, contribute to measurable
displacement and eventual loss of stability [ 14].

Dynamic load simulations have highlighted this phenomenon,
demonstrating that removal torque decreases significantly after tens of
thousands of cycles, indicating that cyclic rather than static forces are
primarily responsible for progressive anchorage loss [14]. This aligns
with evidence from cadaveric and bench models, which reveal creep-
like, time-dependent displacement under continuous loading.
Importantly, these findings emphasize that even in the absence of overt
failure, sustained small forces can generate gradual interfacial motion
thatundermines anchorage efficiency [15].

The nature of the loading mode further influences micromotion. Finite
element comparisons of continuous versus intermittent mechanics

I International Journal of Scientific Research |—| 15 |



Volume - 14 | Issue - 11 | November - 2025

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

during canine retraction have shown that dynamic cyclic protocols
generate higher crestal stress concentrations than static loads. This
amplifies the potential for localized bone strain and displacement,
particularly around the cortical crest where miniscrews derive much of
their primary stability [16].

In addition to loading mode, determinants of micromotion include
screw geometry, thread pitch, insertion angle, and material properties.
Thread design influences how forces are transmitted and dissipated
into cortical and trabecular bone, while mechanical parameters such as
static and dynamic stiffness or energy dissipation govern how cyclic
stresses are accommodated. When these determinants are suboptimal,
micromotion can exceed physiological thresholds and progress toward
clinical instability [17].

CLINICALIMPLICATIONS

Understanding micromotion under cyclic loading helps clinicians
anticipate when miniscrews can provide reliable anchorage and when
failure risk is elevated. Stable miniscrews ensure predictable
mechanics for en-masse retraction, intrusion, or complex
multidirectional movements. Awareness of displacement thresholds
guides selection of screw design, insertion angle, and placement site to
minimize micromotion and enhance long-term success. Clinicians
should also plan for possible secondary migration, adjusting
biomechanics and force vectors accordingly [18].

LIMITATIONS

Evidence on miniscrew micromotion under cyclic loading is
constrained by heterogeneous study designs, short follow-ups, and
variable definitions of “success” versus “migration.” Reported adverse
events-root contact, soft-tissue inflammation, mucosal overgrowth,
screw fracture, and sinus/nasal floor perforation-underscore the need
for standardized outcomes and longer prospective trials focused on
displacement thresholds and long-term stability [19].

Future Directions

Future research should focus on defining micromotion thresholds that
distinguish physiological adaptation from pathological loosening.
Advances in 3D finite element modeling, coupled with in vivo
validation, may help standardize protocols for screw design, insertion
strategies, and loading regimens. Emerging materials with enhanced
fatigue resistance and novel surface modifications could further
improve performance, paving the way for safer and longer-lasting
miniscrew anchorage [20].

CONCLUSION

Orthodontic miniscrews provide valuable skeletal anchorage, yet their
long-term stability is challenged by micromotion under cyclic loading.
Displacement depends on factors such as bone quality, screw design,
insertion angle, and force application. Recognizing these determinants
allows clinicians to optimize placement and minimize failure risk. By
integrating biomechanical understanding with careful case selection,
miniscrews can remain a predictable tool for modern orthodontic
practice.

REFERENCES

[1] Chen, Y., Kyung, H. M., Zhao, W. T., & Yu, W. J. (2009). Critical factors for the success
of orthodontic mini-implants: A systematic review. American Journal of Orthodontics
and Dentofacial Orthopedics, 135(3), 284-291. https://doi.org/10.1016/j.ajodo.2007.
08.017

[2] Maino, B. G., DiBlasio, A., Spadoni, D., Ravanetti, F., Galli, C., Cacchioli, A., Katsaros,
C., & Gandolfini, M. (2017). The integration of orthodontic miniscrews under
mechanical loading: A pre-clinical study in rabbit. European Journal of Orthodontics,
39(5),519-527. https://doi.org/10.1093/ejo/cjw069

[3] Geshay, D., Campbell, P., Tadlock, L., & Buschang, P. H. (2021). Stability of
immediately loaded 3-mm long miniscrew implants: A feasibility study. Dental Press
Journal of Orthodontics, 26(1), e2119155. https://doi.org/10.1590/2177-
6709.26.1.e2119155

[4] Nienkemper, M., Handschel, J., & Drescher, D. (2014). Systematic review of mini-
implant displacement under orthodontic loading. International Journal of Oral Science,
6(1), 1-6. https://doi.org/10.1038/ij0s.2013.92

[5] Kerberger, R., Brunello, G., Drescher, D., van Rietbergen, B., & Becker, K. (2023).
Micro finite element analysis of continuously loaded mini-implants: A micro-CT rat tail
model. Bone, 177,116912. https://pubmed.ncbi.nlm.nih.gov/37739299/

[6] Wazen, R. M., Currey, J. A., Guo, H., Brunski, J. B., Helms, J. A., & Nanci, A. (2013).
Micromotion-induced strain fields influence early stages of repair at bone—implant
interfaces. Acta Biomaterialia, 9(5), 6663-6674. https://doi.org/10.1016/j.actbio.2013.
01.014

[7]1 Perillo, L., Jamilian, A., Shafieyoon, A., Karimi, H., & Cozzani, M. (2015). Finite
element analysis of miniscrew placement in mandibular alveolar bone with varied
angulations. European Journal of Orthodontics, 37(1), 56-59. https://doi.org/10.1093/
¢jo/cju006

[8] Xin, Y., Wu, Y., Chen, C., Wang, C., & Zhao, L. (2022). Miniscrews for orthodontic
anchorage: Analysis of risk factors correlated with the progressive susceptibility to
failure. American Journal of Orthodontics and Dentofacial Orthopedics, 162(4),
€192-¢202. https://doi.org/10.1016/j.ajod0.2022.07.013

|

[9]

[10]

[11]

[12

(3

(4

[15]

[16]

[17]

[18]

[19]

[20]

Ajami, S., Mina, A., & Nabavizadeh, S. A. (2016). Stress distributions of a bracket type
orthodontic miniscrew and the surrounding bone under moment loadings: Three-
dimensional finite element analysis. Journal of orthodontic science, 5(2), 64-69.
https://doi.org/10.4103/2278-0203.179416

Ciklagandir, S., Kara, G. G., & Isler, Y. (2024). Investigation of Different Miniscrew
Head Designs by Finite Element Analysis. Turkish journal of orthodontics,
37(2),98-103. https://doi.org/10.4274/Turk]Orthod.2023.2022.189

Liu, T. C,, Chang, C. H., Wong, T. Y., & Liu, J. K. (2012). Finite element analysis of
miniscrew implants used for orthodontic anchorage. American journal of orthodontics
and dentofacial orthopedics: official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of Orthodontics,
141(4),468-476. https://doi.org/10.1016/j.ajod0.2011.11.012

Akbulut, Y., & Ozdemir, S. (2025). Optimizing Miniscrew Stability: A Finite Element
Study of Titanium Screw Insertion Angles. Biomimetics, 10(10),650. https://doi.org/10.
3390/biomimetics 10100650

Ardani, I. G. A. W., Hariati, I. V. D., Nugraha, A. P.,, Narmada, I. B., Syaifudin, A.,
Perkasa, I. B. A., Gunung, G. P., Deshmukh, S., & Hassan, R. (2024). Comparison of
biomechanical performance of titanium and polyaryletheretherketone miniscrews at
different insertion angles: A finite element analysis. Journal of orthodontic science, 13,
13. https://doi.org/10.4103/jos.jos_102_23

Fernandes, D. J., Rached, R.N., Acunha, T., Postigo, R. C., & Henriques, G. E. P. (2017).
Primary stability of temporary screws after dentary and orthopedic forces under static
and dynamic load cycles. Metals, 7(3), 80. https://www.mdpi.com/2075-4701/7/3/80
Lee, J., Jeong, Y. H., Pittman, J., Deguchi, T., Johnston, W. M., Fields, H. W., & Kim, D.
G. (2017). Primary stability and viscoelastic displacement of mini-implant system under
loading. Clinical biomechanics (Bristol, Avon), 41, 28-33. https://doi.org/10.1016/j.
clinbiomech.2016.11.004

Ghorab, H., Hassan, S., Ashour, A., & Ghorab, A. (2023). Finite element study to
evaluate the stress around mini-implant during dynamic canine retraction utilizing
continuous and intermittent orthodontic loading. Open Access Macedonian Journal of
Medical Sciences, 11,1102-1109.

‘Watanabe, K., Mitchell, B., Sakamaki, T., Hirai, Y., Kim, D. G., Deguchi, T., Suzuki, M.,
Ueda, K., & Tanaka, E. (2022). Mechanical stability of orthodontic miniscrew depends
on a thread shape. Journal of Dental Sciences, 17(3), 1244-1252. https://doi.org/10.
1016/j.jds.2021.11.010

Motoyoshi, M., Hirabayashi, M., Uemura, M., & Shimizu, N. (2006). Recommended
placement torque when tightening an orthodontic mini-implant. Clinical oral implants
research, 17(1),109-114.https://doi.org/10.1111/1.16000501.2005.01211.x

Lo Giudice, A., Rustico, L., Longo, M., Oteri, G., Papadopoulos, M. A., & Nucera, R.
(2021). Complications reported with the use of orthodontic miniscrews: A systematic
review. Korean Journal of Orthodontics,51(3), 199216.https://doi.org/10.4041/
kjod.2021.51.3.199

Sousa-Santos, P., Sousa-Santos, S., Oliveira, A. C., Queirds, C., Mendes, J., Aroso, C., &
Mendes, J. M. (2025). Evaluation of Orthodontic Mini-Implants' Stability Based on
Insertion and Removal Torques: An Experimental Study. Bioengineering, 12(5), 549.
https://doi.org/10.3390/bioengineering 12050549

| 16 |—| International Journal of Scientific Research |



