Int ] Med Rev 2022 March;9(1): 241-243

INTERNATIONAL JOURNAL OF

d '} 10.30491/)MR.2021.280677.1200

MEDICAL
REVIEWS

Mini review

Biodegradable Magnesium Metal for Bone Regeneration: Mini

Review

Muhammad Nouman Haider ', Maryam Batool 2*, Tariq Javed 2*

' Department of Chemistry, Government College University Faisalabad, Pakistan
2 Department of Chemistry, University of Sahiwal, Sahiwal, Punjab, Pakistan

* Corresponding Authors: Maryam Batool & Tariq Javed, Department of Chemistry, University of Sahiwal, Sahiwal, Punjab, Pakistan.

E-mail: maryambatool6666@gmail.com; mtariq@uosahiwal.edu.pk

Received April 12, 2021; Accepted July 17, 2021; Online Published March 6, 2022

Abstract

Bone is the hardest tissue of the human body providing support to the skeleton. However, sometimes the bone undergoes some
injuries and fractures. Although bone can renew and rebuilt itself, however, bone renewal is one of the challenging fields of
today’s world. Various kinds/ varieties of materials such as polymers (both artificial and natural), ceramics, and metals, etc. are
used for bone renewal purposes. Some of them are natural while others are synthetic. Any material used for bone healing
purposes must be biocompatible with its degradation rate almost equal to the rate of new bone formation. Among various
metals used for bone rejuvenation and healing purposes, magnesium metal (Mg) is one of the most extensively used metals for
the reason of its non-toxic nature and easy elimination/ exclusion from the body. Some other advantages of Mg metal include its
biocompatibility and biodegradability. In addition, there is no need for extra surgery for its removal from the body. Surface
modification procedures aids in enlightening the quality of Mg metal and its alloys for use in bone revival. This paper represents
a mini review on the usage of Mg as a biodegradable metal for bone rejuvenation and healing.
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Introduction

Bone is a hard tissue which provides support to
vertebrate the body and is made up of three main kinds
of cells namely osteoblasts, osteoclast, and osteocytes.
However, due to some reasons such as fractures and
trauma, bone damage and defects occurs. Bone renewal
is a major challenge for orthopedic surgeons.' Various
kinds of biomaterials are used for bone renewal in several
forms such as whole prostheses, scaffolds, hydrogels,
and cells in addition to growth factors etc. Biomaterial
used for bone regeneration may be polymers, metals,
ceramics etc.>> Among various metals used for bone
regeneration, Mg metal is extensively used for bone renewal
processes owing to its biodegradability, bio-compatibility
and non-toxic nature.* This mini review emphasizes on
the use of Mg metal for bone rejuvenation purposes.

Biodegradable Magnesium-Based Materials

The bone regeneration technique involves a wide use
of Mg and its alloys owing to efficient biocompatibility,
mechanical potency, and biodegradability.® It is said
that Mg takes fourth place in the human body amongst

all cations in a human body.® Bio-mechanical characteristics
of Mg makes it a suitable material for bone renewal
and density of Mg-grounded metals and human cortical
bone are almost similar i.e. 1.7-1.9 gcm™® and 1.75
gcm ™ respectively.” Additionally, elastic modulus of
Mg-grounded metals is approximately 45 Gpa, almost
close to that of natural bone i.e. 3-20 Gpa. On the other
hand, elastic modulus of titanium alloy and stainless
steel is 110 and 200 Gpa.?

Mg metal shows a greater degree of biodegradability
as compared to other metals as produces Mg* as a
degradation product which is expelled out from the
body via urine.® Biocompatibility of Mg metal also aids
in its effectiveness for use in bone regeneration and
there are no such side or adverse effects of Mg*™ metal
10. Bio-degradation degree of a material should meet
with the regeneration degree of bone for its efficacy
and use in bone healing and renewal. Basically, bone
healing process consists of three stages: firstly,
inflammatory stage for 3-7 days. Secondly, repair stage
which lasts for 3-4 months and the third stage which is
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the continuous remodeling stage lasting from months
to years." However, several findings revealed that
owing to the quick degradation degree of Mg and its
alloys (affected by various kinds of in-vivo parameters
such as CI, Ca*, PO™, and proteins etc.), it’s mechanical
strength cannot be maintained for a longer period of
time."? Large amounts of hydrogen also released by
degradation of Mg ** which ultimately cause delayed
bone regeneration by parting of tissue and tissue layer
because of its buildup to form air packs in the vicinity
of implantation.** In addition, the pH of the environment
increases by Mg degradation which also adversely affects
bone renewal.*

Degradable magnesium alloy ZEK100 and tricalcium
phosphate layered Mg alloy AZ31proved to be bio-

compatible for bone renewal processes by recent
experiments.”® By means of surface modification
procedures, biocompatibility of Mg can be upgraded
leading to decresed degradation degree.’® These surface
amendment procedures involve Plasma Electrolytic
Oxidation (PEO), HA coating, solgel coating, organic
coating, electrodeposition, chemical deposition, besides
biomimetic treatment.!” Wu et al., have applied ion
electrolytic oxidation besides the hydrothermal treatment
technology for surface adjustment of Mg in order to
decline its degradation rate and is used for rat skull
repair processes where its degradation rate slows down.®
Lie et al., worked to upgrade the biocompatibility of Mg
by applying sandwiched biocompatible coating strategy
for improving its resistance and biocompatibility.™
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Figure 1. An Illustration of Various Orthopaedic Graft Geometries Made of Magnesium Alloys. (a) MgCa0.8 screw (b) ZEK100-plate

(c) intramedullary LAE442-nail.?

Conclusion

Bone renewal poses a serious issue for orthopedic
surgeons and for this purpose a variety of materials are
in use today. Some of them are natural while others are
synthetic. These materials include metals, polymers,
ceramics etc. Any material used for bone healing purposes
must be biocompatible. Mg metal finds extensive
applications in bone healing due to many reasons such
as biocompatibility, non-toxicity, and degradation degree
almost equal to bone formation rate.

References

1. Armiento AR, Hatt LP, Sanchez Rosenberg G, Thompson K,
Stoddart MJ. Functional biomaterials for bone regeneration: a
lesson in complex biology. Adv Funct Mater. 2020;30(44):
1909874. doi:10.1002/adfm.201909874

2. Ramesh N, Moratti SC, Dias GJ. Hydroxyapatite—polymer
biocomposites for bone regeneration: A review of current
trends. ) Biomed Mater Res B Appl Biomater. 2018;106(5):
2046-57. doi:10.1002/jbm.b.33950

3. Gkioni K, Leeuwenburgh SC, Douglas TE, Mikos AG, Jansen
JA. Mineralization of hydrogels for bone regeneration. Tissue

Eng Part B Rev. 2010;16(6):577-85. doi:10.1089/ten.teb.
2010.0462

4. Ng WF, Chiu KY, Cheng FT. Effect of pH on the in vitro
corrosion rate of magnesium degradable implant material.
Mater Sci Eng C. 2010;30(6):898-903. doi:10.1016/j.msec.201
0.04.003

5. Shadanbaz S, Dias GJ. Calcium phosphate coatings on
magnesium alloys for biomedical applications: a review. Acta
Biomater. 2012;8(1):20-30. doi:10.1016/j.actbio.2011.10.016

6. Sheikh Z, Zhang YL, Grover L, Merle GE, Tamimi F, Barralet J.
In vitro degradation and in vivo resorption of dicalcium
phosphate cement based grafts. Acta biomater. 2015;26:338-
46. doi:10.1016/j.acthio.2015.08.031

7. Tan L, Yu X, Wan P, Yang K. Biodegradable materials for bone
repairs: a review. ) Mater Sci Technol. 2013;29(6):503-13.
doi:10.1016/j.jmst.2013.03.002

8. Kubota K, Mabuchi M, Higashi K. Review processing and
mechanical properties of fine-grained magnesium alloys. |
Mater Sci. 1999;34(10):2255-62. doi:10.1023/A:100456120
5627

9. Waizy H, Seitz JM, Reifenrath ), Weizbauer A, Bach FW,
Meyer-Lindenberg A, et al. Biodegradable magnesium
implants for orthopedic applications. ] Mater Sci. 2013;48(1):
39-50. doi:10.1007/s10853-012-6572-2

10. Li L, Gao J, Wang Y. Evaluation of cyto-toxicity and corrosion
behavior of alkali-heat-treated magnesium in simulated body
fluid. Surf Coat Technol. 2004;185(1):92-8. doi:10.1016/j.surf
c0at.2004.01.004

11. Gu XN, Zheng W, Cheng Y, Zheng YF. A study on alkaline
heat treated Mg—Ca alloy for the control of the biocorrosion

International Journal of Medical Reviews. 2022;9(1):241-243 | 242


https://doi.org/10.1002/adfm.201909874
https://doi.org/10.1002/jbm.b.33950
https://doi.org/10.1089/ten.teb.2010.0462
https://doi.org/10.1089/ten.teb.2010.0462
https://doi.org/10.1016/j.msec.2010.04.003
https://doi.org/10.1016/j.msec.2010.04.003
https://doi.org/10.1016/j.actbio.2011.10.016
https://doi.org/10.1016/j.actbio.2015.08.031
https://doi.org/10.1016/j.jmst.2013.03.002
https://doi.org/10.1016/j.surfcoat.2004.01.004
https://doi.org/10.1016/j.surfcoat.2004.01.004

Haider et al

rate. Acta biomater. 2009;5(7):2790-9. doi:10.1016/j.actbio.
2009.01.048

Singh Raman RK, Choudhary L. Cracking of magnesium-based
biodegradable implant alloys under the combined action of
stress and corrosive body fluid: a review. Emerg Mater Res.
2013;2(5):219-28. doi:10.1680/emr.13.00033

Liu LJ, Schlesinger M. Corrosion of magnesium and its alloys.
Corros Sci. 2009;51(8):1733-7. doi:10.1016/j.corsci.2009.04.025
Seal CK, Vince K, Hodgson MA. Biodegradable surgical
implants based on magnesium alloys—A review of current
research. In IOP conference series: materials science and
engineering 2009. IOP Publishing.

Wei S, Ma JX, Xu L, Gu XS, Ma XL. Biodegradable materials for
bone defect repair. Mil Med Res. 2020;7:54. doi:10.1186/
s40779-020-00280-6

Dziuba D, Meyer-Lindenberg A, Seitz JM, Waizy H, Angrisani

N, Reifenrath J. Long-term in vivo degradation behaviour and
biocompatibility of the magnesium alloy ZEK100 for use as a
biodegradable bone implant. Acta biomater. 2013;9(10):8548-
60. doi:10.1016/j.actbio.2012.08.028

Rojaee R, Fathi M, Raeissi K. Controlling the degradation rate
of AZ91 magnesium alloy via sol-gel derived nanostructured
hydroxyapatite coating. Mater Sci Eng C. 2013;33(7):3817-25.
doi:10.1016/j.msec.2013.05.014

Wu S, Jang YS, Kim YK, Kim SY, Ko SO, Lee MH. Surface
Modification of pure magnesium mesh for guided bone
regeneration: in vivo evaluation of rat calvarial defect.
Materials. 2019;12(17):2684. doi:10.3390/ma12172684

Li Y, Zhao S, Li S, Ge Y, Wang R, Zheng L, et al. Surface
engineering of biodegradable magnesium alloys for enhanced
orthopedic implants. Small. 2019;15(51):1904486. doi:10.100
2/smll.201904486

243 | International Journal of Medical Reviews. 2022;9(1):241-243


https://doi.org/10.1016/j.actbio.2009.01.048
https://doi.org/10.1016/j.actbio.2009.01.048
https://doi.org/10.1680/emr.13.00033
https://doi.org/10.1016/j.corsci.2009.04.025
https://doi.org/10.1016/j.actbio.2012.08.028
https://doi.org/10.1016/j.msec.2013.05.014
https://doi.org/10.3390/ma12172684
https://doi.org/10.1002/smll.201904486
https://doi.org/10.1002/smll.201904486

