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Clinical application of neodymium magnetic instruments

for the removal of foreign bodies in blind wounds
Viktor V. Shvediuk, Nikita E. Elin, Ilya I. Dzidzava, Evgeniy E. Fufayev, Oleg V. Barinov

Military Medical Academy, Saint Petersburg, Russia

A feature of modern military conflicts is the high frequency of shrapnel wounds. The search for foreign bodies, even under
X-ray navigation, can be technically difficult, lengthy, and not always successful. Most injuring objects have ferromagnetic
properties.

AIM: The purpose of the study: to evaluate the effectiveness of removing ferromagnetic foreign bodies from blind wounds
using neodymium magnetic instruments.

MATERIALS AND METHODS: Instruments based on a neodymium magnet for removing foreign bodies and a technique for
their use have been developed. An analysis was made of 45 operations where traditional instruments were used and 75 opera-
tions using original magnetic instruments. Of these, in 40 cases of blind wounds, foreign bodies were removed from the soft
tissues of various areas, and in 35 cases, foreign bodies were removed during videothoracoscopy operations for blind penetra-
ting chest wounds. The criteria for evaluating the effectiveness of the method were the duration of the operation, the duration
of work with the X-ray unit, and the number of detected and removed foreign bodies in a fixed period of time.

CONCLUSION: High efficiency, simplicity, accessibility, minimal invasiveness of the developed instruments have been
proven. Neodymium magnets made it possible to reduce the time of radiation exposure and the duration of the operation, to
increase the efficiency of removing ferromagnetic foreign bodies. The use of original instruments makes it possible to detect
80% of foreign bodies in 10 minutes, and within 30 minutes remove 90% of foreign bodies from the soft tissues of the wounded.
With videothoracoscopy, the time of fluoroscopy was halved, and the total duration of the surgical intervention was reduced
by 40%.

Keywords: blind wounds; explosive wounds; fluoroscopy; foreign body; neodymium magnet; surgical treatment of wounds;
videothoracoscopy.
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OnbiT npuMeéHeHna HeoAUMOBLIX MarHUTHbLIX
UHCTPYMEHTOB ANA yaaneHUsA UHOPOAHDbIX TeJl
npu cnenbiX paHeHUuax

B.B. Weeatok, H.E. Enun, W.W. [13nn3aBa, E.E. Oydaes, 0.B. bapuHos

BoeHHo-MeauunHcKas akapemus, CaHkT-letepbypr, Poccus

OcobeHHOCTbH COBPEMEHHBIX BOEHHBIX KOH(JIMKTOB SBNSETCA BbICOKAs YaCcTOTa OCKOJIOYHbIX paHeHUNA. [TOUCK MHOPOLHbIX
TeN, JAXe Moj, PeHTTeH-HaBuraumen, ObIBaeT TEXHUYECKM CIOXKHBIM, AJIMTENbHBIM U He BCErfa ycrnelwHbiM. bonbwnHCTBO
paHALLMX 00beKToB 061afaloT peppoMarHUTHBIMKU CBOACTBAMM.

Lleny uccnedosanus: oueHnTb 3GMEKTUBHOCTL YaaneHUs heppoMarHUTHbIX MHOPOLAHBIX TeN U3 CAenbiX paH ¢ UCMofb30-
BaHWEM HEO[MMOBbIX MarHUTHbIX MHCTPYMEHTOB.

Mamepuanel u Memodsl. Pa3paboTaHbl MHCTPYMEHTbI HA OCHOBE HEOAWMMOBOI0 MarHuTa A yAaneHusi MHOPOAHbIX Ten
1 MeTOAMKa UX NpuMeHeHus. MNpoBefieH aHanu3 45 onepaumii, rae UCMob30BanMCh TPAAULIMOHHBIE MHCTPYMEHTI, U 75 one-
pauuii C MPUMEHEHWNEM OPUTMHAMBHBIX MarHUTHBIX MHCTPYMeHTOB. Mpu 3ToM B 40 cnyyasix crenbix paHeHWI MHOPOAHbIe Tena
U3BJIEKANIUCh U3 MATKUX TKaHEN pa3nnyHbix obnacten, a B 35 HabMoAEHMAX MHOPOLHbIE TeNla YAANSAMCH B XOA€ BUAEOTOpa-
KOCKOMMYECKWX ornepauui No NoBOAY CrenbiX MPOHUKAIOLLMX paHeHun rpyau. Kputepusamu oueHku addeKTUBHOCTU MeToaa
ABNANMCH SJMTENBHOCTb OMepaLmu, MPOACIIKUTENBHOCTb PaboThbl C PEHTFEHOCKOMUYECKOI YCTAaHOBKY U KONIMYECTBO 0bHapy-
JKEHHBIX 1 yAaNeHHbIX UHOPOAHBIX TeN 338 QUKCMPOBaHHbIN NPOMEXYTOK BPEMEHM.

3arnoyenue. [loKasaHbl BbICOKas 3QQEKTUBHOCTb, NPOCTOTA, JOCTYMHOCTb M MalOMHBA3MBHOCTb pa3paboTaHHbIX MH-
CTPYMeHTOB. HeofMMoBbIE MarHUThl MO3BOJIMAIN COKPATUTL BPEMS JIYYEBOI Harpy3Ku U SJIMTENBHOCTL OMepaumuu, a TaKkKe
yBenMuUTL 3GPEKTUBHOCTb yaaneHns GpeppoMarHUTHLIX MHOPOAHLIX Tesl. Mcnofb30BaHWe OpUrMHANbHBIX MHCTPYMEHTOB Mo-
3sonisieT 06HapyuTb 3a 10 MuH 80 % mHoponHbIX Ten u B TedeHne 30 MuH yaamuTb 90 % MHOPOAHBIX TeN U3 MArKUX TKaHel
paHeHoro. py BMAEOTOPAKOCKONMM BLBOE COKPATUIOCh BPEMS PEHTTEHOCKONMM, @ 00LLias NPOAOMKUTENBHOCTL ONepaTuB-
Horo BMeLLaTenbcTBa — Ha 40 %.

KnioueBble cnoBa: B3pbiBHbIE PaHEHMs; BUAEOTOPAKOCKOMUSA; WHOPOLHOE Tesi0; HEOAMUMOBbIA MarHuT; OrHecTpesbHble
Cnenble paHeHWs; PEHTIeHOCKOMMS; XMpypriyeckas obpaboTka paH.
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BACKGROUND

The high frequency of shrapnel wounds is a special
characteristic of modern military conflicts [1]. In real life,
warfare tactics is based on the use of massive concen-
trated artillery strikes (high explosive fragmentation pro-
jectiles, shrapnel and cluster munitions, close combat an-
tipersonnel weapons, etc.) against enemy manpower [2].
The use of heavy weapons and remote means of fire
damage causes an increase in wounds in the limbs [3].
With such injuries, the probability of a soldier returning
to duty is high. For example, in closed multifragmen-
tary fractures of the lower leg, the period of tempo-
rary disability without complications should not exceed
5—6 months [4]. The presence of foreign bodies (FBs) in
soft tissues is accompanied by clinically significant in-
flammatory processes in 40% of cases [5]. They can sup-
port the infectious process, cause neuropathy and pain,
disrupt the functioning of active body segments, such
as the hand, foot, and joints, lead to cosmetic defects,
and cause delayed bleeding, bedsores, and other organ
damage [6]. FBs in soft tissues of the body can “escape”
from the instruments and be located in hard-to-reach and
blind places, which increases the duration of surgery.
FBs weighing 3.0-10.0 g are classified as large and
have the greatest clinical significance. Smaller FBs
rarely cause significant functional impairment, particu-
larly large ones (>10.0 g), and are easily identified and
removed during surgical treatment of wounds manually
and with conventional instruments [7]. FBs in the lungs
>10 mm must be removed [6]. Modern ammunition uses
Russian-made C60 steel or its equivalent made in the
USA, shell steel SAE1340, and other alloys containing up
to ~98% iron, which have ferromagnetic properties [8].
The search for FBs, even under X-ray control, can be
technically difficult, long-lasting, and not always suc-
cessful [1]. Surgical clamps, tweezers, and Volkmann's
spoon are usually used to remove injuring projectiles
in shrapnel wounds [9]. However, FBs in soft tissues
can “escape” from the instruments and be located in
hard-to-reach and blind places, increasing the duration
of surgery [8].

In 1624, in Bern, Wilhelm Fabry, the outstanding sur-
geon and founder of scientific German surgery, first used
a natural magnet to remove a metal fragment from the
cornea. The widespread use of magnets in medicine be-
gan after the invention of electromagnets in 1825 [10].

Neodymium magnets (NM) were invented in 1982.
Owing to their high strength, compactness, and low “de-
magnetization,” they have started to be widely used [11].
The first report on the application of NM for medical ma-
nipulations was in 2021. Patakhov et al. patented a mag-
netic probe, i.e., a device based on a magnet attached
to the end of a flexible endoscope, and proposed it for
extracting foreign ferromagnetic objects from wound
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tracts and cavities [12]. However, the device is complex
and large, and no studies have reported its use in mili-
tary field surgery, and to date, no papers have reported
other NMs. In clinic practice, a method for magnetic digi-
tal diagnostics and extraction of magnetic bodies and a
flexible magnetic extractor (FME) were developed, and
the high efficiency of their use in experiments has been
demonstrated [9, 10, 13]. Convenient, minimally invasive,
and effective methods of digital magnetic diagnostics
and extraction have been developed. Digital magnetic
diagnostics require magnets 12-15 mm in diameter and
3-5 mm thick and placed under the glove on the distal
phalanx of the surgeon’s finger. For minimally invasive
removal from complex, deep wounds, FME is conve-
nient in the form of a cylindrical NM inserted into the
drainage tube end, with a diameter of 5-7 mm and a
length of 10-15 mm for small wounds and a diameter
of 10 mm and a length of 15-30 mm for large wounds
[9, 10, 13].

The study aimed to evaluate the efficiency of remov-
ing ferromagnetic FBs (FFBs) from blind wounds using
NM instruments.

MATERIALS AND METHODS

Study design

To evaluate the clinical efficacy of magnetic instru-
ments, 65 patients with blind soft tissue injuries were
distributed into three groups depending on the method of
FB removal. In group 1, the search and removal of FBs
were performed by traditional methods, that is, manually
and with the use of general surgical instruments (probes,
clamps, tweezers, and Volkmann's spoon). In group 2,
FFBs were detected and removed using the proposed
digital diagnostic method along with conventional instru-
ments. In group 3, manipulations were performed with a
FME and conventional tools.

To determine the homogeneity of the groups, such
criteria as age, body mass index, average area of exist-
ing wounds, and duration from the time the wound was
incurred to the start of the surgery (rounded to the near-
est day) were used. The characteristics of the groups of
wounded individuals are presented in Table 1.

Table 1 indicates that the groups are not statisti-
cally different (p > 0.1). Fifty-five cases of treatment of
wounded individuals with blind penetrating chest wounds
were examined. An endoscopic magnetic extractor was
used in 35 patients. Table 2 presents the characteristics
of cases of penetrating chest wounds.

Eligibility criteria

Patients with blind wounds of soft tissues of all body
areas and patients with penetrating chest wounds were
studied. Patients with penetrating abdominal injuries
were not included in the study.
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Table 1. Comparative characteristics of wounded individuals with blind wounds of soft tissues

Number of Age, years M + SD BMI, kg/m?M + SD Sav. wounds, mm? Prescription of injury,
Group | wounded (Range) (Range) M+ SD (Range) days M+ SD (Range)
individuals 9 9 § 9 ys M= g
1 25 31375 228+1.0 1080.9 + 603.52 3+20
(19-47) (21.5-26.1) (78.5-2642.08) (1-9)
2 22 31.7+7.8 227 £1.0 1053.29 + 673.29 31+138
(20-45) (19.9-25.1) (200.96-2827.43) (1-8)
3 23 31.1+7.8 22110 1019.6 + 605.3 29+18
(18-5) (19.9-24.6) (314-2463.0) (1-7)
p-value 0.936 0.991 0.888 0.993

Table 2. Clinical characteristics of patients with penetrating chest wounds

Number of cases, n

Patient groups

Removal of foreign bodies with traditional
tools and videothoracoscopy

Removal of foreign bodies using
an endoscopic magnetic extractor

Foreign body localization

Intrapulmonary location 12 18
In the mediastinum 5
Subpleural 4 6
In the free pleural cavity 3
Total 20 35
Indications for surgery

Coagulated hemothorax 15 24
Purulent complications 5 9
Foreign body near a large vessel - 2
Total 20 35

Study conditions
The study was conducted at the Department of Hos-
pital Surgery of the S.M. Kirov Military Medical Academy.

Study duration
The study was conducted from April 1, 2020, to April 1,
2023.

Description of medical intervention (research)

All patients underwent surgery. Antibiotic prophy-
laxis and anticoagulant therapy were initiated according
to local protocols and clinical guidelines. Surgical in-
terventions were performed in compliance with aseptic
rules, the protection of surgical personnel, and safety
of the patient from X-ray radiation. General anesthesia
was mainly used, whereas local and conduction anes-
thesia was used in 8% of cases of superficial soft tissue
wounds.

The NM was placed under a glove on the anterior sur-
face of the distal phalanx of the second or third finger
to diagnose the FFB localization and quickly and easily
remove it from tissues (Fig. 1).

DO https://doiorg/ 10.17816/ rmmar346674

The diameter of the NM was comparable to that of
the finger of 10-15 mm, with a thickness of 3-7 mm.
The position on the palmar surface provided the best tac-
tile sensitivity (Fig. 1a and 2a). The finger that is rarely
inserted into the tool rings was used. When the NM was
not needed, it was removed to the dorsal surface of the
middle phalanx of the finger (Fig. 1b and 2b), where it
did not interfere with surgical manipulations (Fig. 1b).
If the NM was no longer needed, the gloves were
changed, and the magnet was placed on the operating
table.

The magnetic digital technique (MDT) for wound re-
vision and search for FFB was performed according to
the digital examination protocol. To clarify the localiza-
tion of the injuring projectile located at a depth of up to
15 mm and to plan the approach, a finger was passed
over the skin to search for magnetic traction. Wound re-
vision was performed under anesthesia. If necessary, the
wound tract was expanded to the diameter of a finger,
then a finger was inserted into the channel, and its walls
and pockets were palpated. The FB was identified by the
sensation of attraction and subsequent resistance when
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the finger was removed. In difficult cases, when magnetic
traction was not detected, fluoroscopic navigation was
employed.

The technique of placing an NM under a glove was
used both for diagnosis and extraction of FBs. Small non-
fixed fragments, when examining the wound with a finger
with a magnet, were easily attached and removed from
the wounds. Without a magnet, they were not visualized
or palpated. The manipulations were minimally invasive
and did not require general anesthesia.

The FME included a cylindrical NM, fixed in a PVC
drainage tube of appropriate diameter, and an aluminum
wire conductor was inserted into the tube from the other
end to impart rigidity and the necessary shape to the in-
strument, which was often not necessary (Fig. 3). The di-
ameter of the device could vary depending on the wound
size and operated body part. The larger the diameter
and mass of the NM, the stronger the extraction force.
NMs with a diameter of 10 and a length of 15-30 mm for
large wounds and those with a diameter of 6 or 7 mm and
a length of 10-20 mm for small wounds were most com-
monly used. An aluminum wire conductor enabled accu-
rate control of the device and was not magnetized, which
excluded the distortion and weakening of the magnetic
field in relation to an FB. All components of the device
tolerated modern sterilization methods well.

FMEs were used in primary, secondary, and often re-
peated surgical treatments of soft tissues.

Wound revisions and search for FFB using FME were
performed in patients with deep wounds and large pock-
ets. Under general or local anesthesia, the tract was in-
spected with a probe or clamp to determine its direction
and diameter. If the FME diameter did not correspond to
the tract diameter, the latter was expanded in a sharp
or blunt method. An extractor was inserted into the tract
to search for magnetic traction. In technically difficult
cases, intraoperative fluoroscopy was performed. Tra-
ditional instruments were only used with fluoroscopic
navigation. Search efficiency was assessed by the ratio
of the number of foreign objects found in the wound per
10-min interval to the total number of FBs diagnosed be-
fore the surgery.

The technique for FFB removal using an FME involved
the formation of a channel of sufficient width for the in-
sertion of an FME and unhindered traction of an irregu-
larly shaped FB. An FME was inserted into the wound
tract, and if necessary, it was guided with the help of
a conductor. When a connection with the FFB was
achieved, it was extracted from the wound. In the case of
an FB tightly fixed in the wound tract, it must be mobilized
using Volkmann's spoon and clamps, and sometimes the
tract is further expanded with a clamp. An example of
FFB removal using an FME is illustrated in Fig. 4.

An FME has been successfully applied in video-as-
sisted thoracoscopic surgeries. The use of an aluminum
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a

Fig. 1. Use of magnets in the glove: a, working position;
b, idle position

|\

b
Fig. 2. Working with a magnet: a, a foreign body removed from
the wound tract, which was attracted to magnet placed inside the

glove; b, working with a surgical instrument (the magnet is moved
to the rear surface of the middle phalanx)

Neodymium magnet
PVC tube
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Aluminum conductor ]
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\\\\ \
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i
Fig. 3. Flexible magnetic extractor: a, structure of the device;
b, flexible magnetic extractor in sterile packaging

wire rod to stiffen the instrument limited manipulations
in complex anatomical areas and did not allow significant
forces during manipulations to displace organs. An inno-
vative solution was the use of an endoscopic instrument
such as a guidewire. This NM-based device for thora-
coscopic surgeries was called an endoscopic magnetic
extractor (EME).

Figure 5 presents the scheme of the device. The de-
vice includes a cylindrical NM fixed in a drainage PVC
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c | d

Fig. 4. Intraoperative radiographs: a, foreign body located in the gluteal muscles of a wounded individual; b, connection of the magnetic
extractor, introduced through the wound tract, with a foreign body; c, d, extraction of a foreign body

T e

Fig. 5. Device for an endoscopic magnetic extractor based on a 5-mm clamp

tube with inner and outer diameters of 6-8 mm and
10 mm, respectively, and an endoscopic 5-mm grasp-
type clamp (or a Roticulator bendable clamp) was in-
serted into the tube as a guide wire at the other end.
The diameter of the magnet used was 10 mm, and the
EME was 20 mm long. The tube was 22-25 cm long.
All device components were available. Advantages over
FME include a comfortable grip and the ability of the
distal end to bend in the case of bendable Roticulator
clamps.

In the X-ray operating room, surgery was performed
under general anesthesia with artificial lung ventilation.
Under video control, the device was inserted into the
installed 10-mm trocar, and the organs were examined
according to a carefully elaborated plan in accordance
with the chest cavity anatomy and previous computed to-
mography data. The site of the most probable localization
of FFB was touched with a magnetic instrument. It was

Mediastinum

Fig. 6. Use of an endoscopic magnetic extractor in videothora-
coscopy
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determined by the felt or visualized attraction of the tool
to the organ or directly to the FB (Fig. 6). Then, the FFB
was extracted.

Outcome registration methods

Chronometry is the main method of recording results.
Time was rounded to the nearest minute. The diagnostics
efficiency was determined by the ratio of the number of
FBs found intraoperatively per 10-min interval to the to-
tal number of radiopaque bodies scheduled for removal.
To examine the speed of detecting FBs in the wound, the
number of detected FBs in a group of wounded individu-
als was summed up and divided by the total time spent
on finding the body. Similarly, the efficiency of FB re-
moval was determined in 30 min.

Statistical analysis

To compare the groups and results of the study, cal-
culations were made according to the Levine criterion
and one-way analysis of variance. Fisher's F-criterion
was evaluated using an Excel 2016 spreadsheet.

RESULTS AND DISCUSSION

Main results of the study

To examine the rate of FFB detection in the wound,
the number of detected FBs was summed up and divided
by the total time spent on manipulation in patients, de-
pending on the search methods.

To assess the rate of FB detection in the wounds, cas-
es with their shallow location were investigated. The time
from the start of the manipulation to detection (groping




ORIGINAL ARTICLES

Vol.£2(2)2023

Russian Military Medical
Academy Reports

Table 3. Characteristics of the digital magnetic method for diagnosing FFBs based on their surface localization

Total number of FFBs Total time spent for Speed of detection,
Methods Group L . )
detected manipulations, min body/min
Traditional 1 4 45 0.1
MDT 2 7 1.2
MDT + fluoroscopy 2 8 4 2.0

Table 4. Efficiency of methods for detecting ferromagnetic foreign bodies in wounds

Total number of foreign Number of bodies detected in the wound per
Methods, ; ; 10 mi
; . Group bodies for removal in all min
number of manipulations .
patients before surgery n %
Tra(_iitio_nal + )S—ray 1 27 7 318
navigation (n = 19)
MDT (n=12) 2 15 9 66.7
MD_T + X-ray navigation 9 12 10 750
(n=10)

Table 5. Comparative clinical characteristics of the efficiency of using traditional methods for searching for ferromagnetic foreign

bodies and FME
Methods Group Number of FFBs Removal eff_iciency
before surgery removed per 10 min, %
Cl* + Rg™ ! 15 5 333
FME*** 3 8 5 62.5
FME + R 3 15 13 80.0

Note. * Conventional method (clamps, tweezers, Volkmann’s sharp spoon, etc.); ** X-ray navigation; *** FME.

with a finger or other instruments or magnetization of the
FFB) was considered. Comparative characteristics of the
methods in terms of the time spent on manipulation are
presented in Table 3.

Thus, MDT alone can rapidly diagnose FFB, one FB per
minute. In simple clinical cases with surficial localization,
the use of the method in combination with X-ray naviga-
tion helped increase the speed of finding FFB by up to
two FBs per minute.

The diagnostic efficiency was determined by the ra-
tio of the number of FBs revealed per 10-min interval
to the total number of radiopaque bodies scheduled for
removal. If the search time exceeded 10 min, it was con-
ditionally considered that the body was not present in
the wound. Comparative characteristics of the efficiency
of methods for detecting FBs in wounds are presented
in Table 4.

Thus, MDT alone showed high efficiency in diagnos-
ing FFB (66.7%). In combination with X-ray navigation,
it can detect 75.0% per 10 min, which is much better than
conventional methods (31.8%).

Table 5 presents the results of the efficiency of de-
tecting FFB using an FME in comparison with conven-
tional methods.

DO https://doiorg/ 10.17816/ rmmar346674

Thus, the use of an FME alone showed a higher ef-
ficiency in diagnosing deeply located FFBs (62.5%) than
conventional methods with X-ray navigation (33.3%).
The efficiency of an FME in combination with fluoroscopy
increases up to 80%.

Focusing on time costs, the FME greatly simplified
and accelerated the diagnostics process. The elementary
force of attraction allowed the surgeon to feel literally
the FFB with his/her hands, because the instrument “was
attracted” toward the FB.

In deep wounds, FB removal was performed with
X-ray navigation. The efficiency of the extraction of FFBs
using FME in comparison with the conventional method
for a 30-min interval is presented in Table 6.

Thus, the use of an FME for FFB extraction showed
a high efficiency of 75% even without fluoroscopy.
In combination with fluoroscopy, the effectiveness of the
technique increased to 93%.

The FME did not require wide incisions and allowed
quick extraction of FFBs. The average manipulation time
to remove an FB with a combination of magnetic instru-
ments and X-ray navigation was 8 min per FB.

The efficiency of EME in video-assisted thoracoscopic
removal of FBs is presented in Table 7.
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Table 6. Comparative clinical characteristics of the efficiency of traditional and magnetic methods of FFB extraction

Number of FFBs Removal efficiency
Methods Group ele
before surgery removed per 30 min, %
Cl* + Rg** 1 15 9 60.0
FME*** 3 8 6 75.0
FME + Rg 3 15 14 93.3

Note. * Conventional method (clamps, tweezers, Volkmann's sharp spoon, etc.); ** X-ray navigation; *** FME.

Table 7. Comparative characteristics of the results of using traditional tools and EME

Comparison criterion | Traditional tools, n = 20 EME, n=35
Average duration of surgery, min 149 + 64 98.6 + 50
Use of intraoperative fluoroscopy, n (%) 19 (95 %) 17 (48.6 %)
Average duration of fluoroscopy, min 20.1+6.3 10.4 £5.3

A clear advantage of using EME is the speed and sim-
plicity of diagnosing FFBs. The average manipulation time
required to detect the FB location was 9 + 2 min. Of 35 pa-
tients, 18 (48.6%) did not require intraoperative X-ray diag-
nostics. The average duration of fluoroscopy with the use
of a magnetic instrument was significantly less than that
in surgeries performed with the use of traditional tools
(10.4 versus 20.1 min). In seven patients, the time of using
the electro-optical converter did not exceed 5 min.

Good immediate results have been obtained using
video-assisted thoracoscopic magnetic extraction with
EME. No complications were recorded.

When working with NM, magnetization to standard
surgical instruments arose, which required avoiding such
contacts and complicated bimanual manipulations. In the
absence of bendable endoscopic instruments, magnet con-
trol was difficult. Difficulties arose during the interposition
and clamping of lung tissue between an FB and a magnet,
which could potentially lead to tissue ruptures and re-
quired delicate separation of objects attracted, which, in
turn, required additional efforts and insertion of additional
instruments. Magnets, if used carelessly outside the sur-
gical field, could magnetize ferromagnetic surfaces and to
each other. In this case, the magnet protective cover was
damaged, which made it unsuitable for chemical steriliza-
tion, and could weaken the magnetic strength.

Discussion of the main result of the study

For successful search and extraction of FBs from soft
tissue wounds, the combination of a digital magnet and a
magnetic extractor under fluoroscopic navigation is most
effective.

The instruments are easy to create, portable, and af-
fordable, and they can be sterilized using any method.
The technique demonstrated minimal invasiveness and
did not require wide incisions for visualization, and an
instrumental revision of existing wound tracts in soft tis-
sues was often sufficient.

DO https://doiorg/ 10.17816/ rmmar346674

The inclusion in clinical practice of diagnostic and
extraction methods based on the use of NM increased
the efficiency of FB detection and removal from the soft
tissues of wounded individuals by two times and re-
duced the duration of the surgery and radiation exposure.
The proposed methods were minimally invasive and did
not have specific complications, which jointly reveals
their high diagnostic and manipulation potential and en-
titles them to extensive clinical application.

EME designed for thoracoscopic and laparoscop-
ic manipulations can reduce the duration of surgery,
show high efficiency in video-assisted thoracoscopic
removal of FBs, and reduce the duration of radia-
tion exposure, which makes its clinical use promising.
Further experience in the use and analysis of the ef-
ficiency of NM in surgery, particularly in laparoscopy,
is required.

CONCLUSION

The use of NM in the surgical treatment of gunshot
wounds is simple and safe and increases the rate of suc-
cessful detection of FFBs in soft tissues from 33% to
80% in a 10-min interval, and the number of successful
extractions within 30 min increased from 60% to 93%, re-
ducing the time of intraoperative fluoroscopy. The use of
a neodymium endoscopic extractor shows high efficiency
in videothoracoscopic removal of FBs and reduces the
duration of surgery and radiation exposure.
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