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Figure 1 (Color online) Magnetic compression anastomosis for colorectal ™. (a) Three magnetic colorectal anastomosis methods. (b) Colorectal
magnetic anastomosis steps: (b1) Localize the position of the proximal magnetic ring; (b2) delivery of the proximal magnetic ring; (b3) transanal control
of the proximal magnetic ring; (b4) transanal delivery of the distal magnetic ring; (b5) attract the proximal magnetic ring with the distal magnetic ring;

(b6) check for anastomosis patency
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Table 1 Magnetic stapler structure and ejection time
f# mRE R REILAR WA ORI
KanshinZ A\ 1978 VRN N/A B+ mvs N/A N/A
JansenZ§ A" 1981 i [ E4%: 25, 28, 30 mm HE4 11.8N 7~12d
StepanovaE A 1992 PR3 N/A FRY A N/A N/A
SavelievZ A7 1993 N/A N/A R WA N/A N/A
Cope™ 1995 Elikmioksh K B % 6.4~12.7 mm B2 & N/A 7~13d
Chopita® A 2005 N/A I EE: 12 mm (R 1) 71 e N/A N/A
AkitaZg A1 2008 AKH &;}‘;éﬁﬁﬁﬁgﬁiﬁ?% &iri;mm; i3V N/A N/A
BH Y 2008 R B SME: 7 mm; PEE: 3.8, 4.4 mm IR 2 i & 64N N/A
JamidarZE A" 2009 Rl N/A -l & N/A 7~14d
JangZs A1) 2010 KB BALIE EA%: 5, 4 mm IR A A S5 IR Bl N/A 14~181 d
Ttoi % A1 2010 2 FIFE 4% 4~5 mm FFRS A B e N/A N/A
DianaZ A" 2011 Bk BHEEAME: 21 mm; NFE: 12 mm H-Z=S W, e N/A 3~10d
BEBEFABY 2011 Rk HIESME: 16, 18 mm; H4%: 13, 15 mm WG N/A 6~7d
RyouZg A" 2011 N/A K 2.25 cmx2.25 cm H-=ava N/A 12d
GonzalesZ A" 2012 R HIHAME: 23 mm; AF2: 12 mm RS N/A N/A
WallZs A 2013 Bl P EA%: 23 mm EaEN 71k 4N N/A
BRI 2013 Rl FIEAME: 18~22 mm; FE: 15~19 mm MAEW 4 N/A N/A
EHAIA:
DianaZ% A 2014 N/A BFEEAR: 4 mm, JEFFER: 25em SEBYE, =HWE (;%(;ZZ:N; 5d
(12.88+1.34) N
BB HT 2014 Bk WIESME: 7 mm; NAZ: 3.8, 4.4 mm RB-Ta Wy N/A N/A
HEETE A 2015 R HIEHME: 21 mm; P42 11 mm Mg & N/A N/A
XUSAE 2015 ki LI 20,26, 2o AU N/A 6-9d
EEETEEA 2015 R FIAME: 30~32 mm; P75 28~30 mm BB A N/A if%()) d
Ryou$ A 2016 IASHlK PG BTN T =t e N/A 12d
ErsozZ3 AP 2016 Elkim [FIFETE HA%: 2.4 mm R HA S5 A B N/A N/A
GravesZ: \7 2017 R BEHEAME: 23 mm; NAE: 9.6 mm INAYIE N/A 18d
ParlakZs \ > 2017 Hekm PIHIE A% 2.4 mm IR - MW A N/A N/A
PO 2017 R SRISME: 8 mm; B 4 mm A N/A Soid
BEBFAEY 2017 R SRR 51 mm; FEHEE: 10 mm T M- PR N/A N/A
BREHEEAT 2018 Rl HI4ME: 6 mm; PIFE: 4 mm JIB-H & N/A 6~10d
HBBIRAEBT 2018 Hegeam WIEAME: 8~15 mm; PIF%: 4 mm N N/A 28~43 d
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Figure 2 Demagnetization curve. (a) Demagnetization curve of the permanent magnetm]; (b) demagnetization curve of the soft magnetW]
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Figure 3 Electropermanent magnet™ . (a) Schematic diagram of the principleofthe electropermanent magnet. In the demagnetized state, the magnetic
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Since the first magnetic surgical instrument appeared in the 1970s, magnetic surgical instruments have made great progress
in the following 50 years. They solved a series of complex clinical problems, and optimized traditional surgical methods.
The master works of magnetic surgical instruments, such as Levita and LINX, were published in the top journals, and made
a profound impact on the surgical and scientific communities. After the magnetic surgery theories and its application
systems raised by experts in surgical and engineering fields, magnetic surgery gradually becomes an important branch of
surgery. In recent years, under the guidance of the magnetic surgery theory system, magnetic surgery has achieved vigorous
development. A variety of highly innovative magnetic surgical instruments have emerged endlessly. However, it cannot be
ignored that with the development of magnetic surgery, there will still be many obstacles in the future. Because magnetic
surgery is an interdisciplinary discipline, it requires a deep integration of surgery and engineering. The most representative
problem is how to make reasonable and effective structural planning of magnetic instruments. This is the most basic
problem of magnetic surgery. Therefore, this article will discuss the principles of magnetic surgical instrument structure
planning, summarize the problems encountered in the past, and propose potential solutions to the corresponding problems.
In the early stage of the development of magnetic surgery, due to lack of experience and theoretical guidance, the irrational
design of magnetic surgical instruments was common. The following four principles of structural design of magnetic
surgical instruments could not be followed: Magnetic force to meet the function, safety without damage, minimum volume,
and optimized shape. As a result, some magnetic surgical instruments failed to fully utilize their unique advantages, and
even caused damage to patients, which greatly limits the promotion of magnetic surgery. The author concluded that there
were four problems in the design of the magnetic surgical mechanical structure in the past: The magnetic force of the
magnet was uncontrollable, the magnetic force of the magnet was irreversible, the magnetic force of the magnet was
unknown, and the shape of the magnet was immutable. In response to the above problems, global surgical and scientific
experts are also actively responding. At present, preliminary solutions have been proposed for this purpose, and success in
experimental verification has been achieved. The authors put forward some solutions for peer reference and verification.
Magnetic surgical instruments are mostly made of permanent magnet materials. The permanent magnet has the defect of
uncontrollable magnetic force, and electromagnetic and electronically controlled permanent magnets can completely solve
this problem. The characteristics of a soft magnetic material determine that it can be rapidly saturated and magnetized, and
it can be quickly demagnetized after the magnetic field is removed. With this feature, hard magnet and soft magnet can be
used together during magnetic surgery. In addition, if a miniature distance sensor can be loaded on both ends of the
magnetic rings, and the distance is converted into a signal through wireless transmission technology, and interpreted by an
external receiver, the distance between the magnetic staplers can be finally obtained, so as to achieve an intelligent
magnetic anastomosis. In addition, the magnetic structure can be deformed through fluid magnetism or self-assembly
magnetism to meet clinical needs.

magnetic surgery, permanent magnet, soft magnetism, electromagnet, electropermanent magnet
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