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Abstract

Aim: to perform a comparative evaluation of a newly developed device for
removing foreign bodies from soft tissues.

Material and methods. A minimally invasive endoscopic system has been
developed to facilitate the removal of foreign bodies from soft tissues
while decreasing the procedure duration and intervention-related injury.
An experimental study was performed using a comparative group design.
Blind gunshot wounds were simulated in porcine thigh specimens (pistol
shots from a distance of 25 meters). In the main study group (20 wounds)
extraction was performed using the developed device, in the comparison
group (20 wounds), using a standard Grasper’s clamp under ultrasound
guidance. The bullet extraction time was measured with a stopwatch, and
the extent of soft tissue damage was quantified by the volume of soft
tissue excised.

Results. The duration of bullet extraction in the study group MED [Q1;Q3]
178,5 [148,5; 223,7] s was shorter than in the control group: MED [Q1;Q3]
322,0 [248,5; 350,0] s (p=0.001). The number of muscle fragments extracted
along with bullets was higher in the control group (31 fragments) than in the
study group (9 fragments). The novel device reduced intervention-related
trauma in the study group compared to the control group.

Conclusion. The novel device for extraction of foreign bodies from soft tissues
demonstrated a significant reduction in tissue trauma and a shorter procedure
time in an experimental model. The combined use of endoscopic and ultrasound
guidance enhances targeting precision, facilitates secure grasping and stable
retention of the foreign body, and enables its minimally traumatic extraction.
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HoBoe ycTpoucTBO And yaaneHna MHOPOAHbIX Ten
U3 MATKMX TKaHeu (3KcnepuMeHTanbHOe uccriegoBaHue)

O.U. Bapdonomees!?, B.I. Camoaair?, B.M. KysHeuoBa?, A.J1. ToncTbix?

1IPIKY3 «[MaBHbIN BOEHHbIN KIIMHUYECKUA FOCUTanb BOMCK HaunoHaneHon reapauu Poccuitickon degepaunny
(Banawwuxa, Poccwuiickaa Pepnepaumns)
20I'bOY BO «BopoHexckunin rocynapCTBEHHbIN MeauUMHCKUIA yHuBepcuTeT nmenn H.H. BypaoeHko»
MuH3sgpaBa Poccun (BopoHex, Poccuitckas degepauus)

AHHOTauus

Ilesb: NpOBECTH CPAaBHUTEIBHYIO OLIeHKY 3¢ EeKTUBHOCTH pa3paboTaHHOTO
YCTPOWCTBA /ISl y/ja/IeH sl THOPOZHBIX TeJl U3 MSTKUX TKaHeH.

Marepuas 1 MeToabl. [{J1s1 YIIPOIIeHHUs yalleH|s HTHOPOIHbIX TeJl U3 Msir-
KUX TKaHeH, COKpaIlleHHs IPOJIOJDKUTENIbHOCTH ¥ TPABMAaTUYHOCTH BMella-
TeJIbCTBA OblIa pa3paboTaHa MaJIOMHBA3WBHAsI SHIOCKONMYECKas CUCTeMa.
BEINIONIHEHO 9KCIIepUMeHTalbHOe MCCIIe/[0BaHKe B IPYIIaX CPAaBHEHHUs.
I[poBopM MOIEIMPOBAHKE OTHECTPEJIbHBIX ITyJIeBbIX CIIelbIX PaHeHH Ha
¢pparmenTe cBuHOTrO G€1pa (BBICTPESIBI M3 ITUCTOJIETA C JUCTAHIMU 25 METPOB).
B ocnoBHot# rpymrie (20 1mT.) ynaneHye 1myib OCyIeCTBIISUTH C IPUMeHeHneM
Pa3paboTaHHOrO yCTPOMCTBA, B IpyIIe cpaBHeHus (20 LIT.) — C IpUMeHeHneM
3akrMa ['pacriepa 1oyt yibTpa3ByKOBBIM KOHTpOieM. OLieHUBAaIH POJOIDKHU-
TeJIbHOCTD YAAJIeHUs IYJIX C IPUMeHeHHeM CeKyHIoMepa U TPaBMaTHYHOCTh
MAaHHUIYJISIAH 110 KOJIMYECTBY JIOMOIHUTEIIBHO YIaleHHBIX MIATKUX TKaHeH.
Pesynbrarsl. [IpofomkuTesbHOCTD yAaleHus Myl B OCHOBHOM IpyIiiie
ME] [Q1;Q3] 178,5 [148,5; 223,7] c Gbuta MeHblIlle, 4eM B TPYIINe CpaBHe-
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uust — MEJT [Q1;Q3] 322,0 [248,5; 350,0] c (p=0,001). B ocHoBHO}1 rpymie
BMeCTe C IYJISIMH JIOTIOJTHUTEIbHO ObIJI0 M3BJIedeHO 9 ¢pparMeHTOB MBbIIIIII,
OKPY’KaIlOIMX IyJM, B IpyIIe cpaBHeHUs — 31 ¢pparmenT. TpaBMaTHYHOCTh
BMeIIIaTeNIbCTBa C UCIIOJIb30BaHHEM Pa3paboTaHHOTO YCTPONCTBA B OCHOBHOM
rpyIe 6bUIa HIDKe, YeM B IPYIIe CPaBHEeHHUSI.

3akurouenue. PazpaboTaHHOe yCTPOMCTBO IS y/aleH|ss MTHOPOJIHBIX Tejl
13 MATKUX TKaHe#l [03BOJISeT CHU3UTh TPAaBMAaTUYHOCTb U COKPATHTh HPO-
JIOJKUTEIIbHOCTh KCTPAKIIMY IIPeIMETOB (B KcIiepuMeHTe). [IpriMeneHve B
€ro COCTaBe SHI0CKOIIMYECKON BU3YaJIM3aIii COBMECTHO C YJIbTPa3ByKOBOM
obecre4rBaeT MOBbIIIEHYe TOYHOCTH O3UIMOHUPOBAHMS KHOPOIHOTO TeJla B
MSITKUX TKaHSIX, @ TAK)Ke CIIOCOBCTBYET ero 3aXBaTy, HafleXKHOMY YIepyKaHUIO
Y MaJIOTPaBMAaTUYHOMY Y/aJIeHHUIO.

KitroueBrbIe cJ10Ba: MTHOPOZIHBIE TeJla, XUPypruyeckas 06paboTka paH, SHIO-
CKONUYeCKasi XUpyprusi.

KoHQuuKT MHTEpecoB: He 3asBJIeH.
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m INTRODUCTION
Traumatic injuries involving foreign bodies penetrating the
tissue are quite complicated for diagnostics and treatment.
Among the peacetime injuries, they account for approx.
50% of traumas and usually are household injuries [1]. The
foreign bodies are, as a rule, fragments of wood, glass, metal
cuttings, plastic, parts of components of high-speed household
appliances.

Most frequently, foreign objects penetrate the patients’
bodies during warfare. In the course of the Second World
War, shrapnel (56.8%) and bullet (43.2%) gunshot wounds
prevailed. In the warfare of the last decades, the most common
gunshot wounds are mine-blast and explosion wounds [2,
3]. According to V.V. Solosin et al., in the period of the
special military operation (SMO) the incidence of shrapnel
wounds was 79%, and bullet wounds, 10% [4]. In terms
of localization of most injuries, wounds of the extremities
account for 81.4% of all admitted wounded patients [5]. Such
injuries are accompanied with damage of various anatomic
areas with foreign bodies deeply penetrating the soft tissues
and causing various complications. An unremoved foreign
object is a source of infectious complications, it can cause
pain, and, in case of its migration, cause damage of various
structures, arrosion of vascular walls with formation of
hematomas and development of bleeding. In the event of
their migration in the vascular structure, urgent conditions
may develop [6]. In the event of penetration of chemically
active objects, intoxication of the surrounding soft tissues
occurs [7, 8]. Another thing to be considered is the certain
psychological discomfort that the patients feel when having
unremoved foreign objects.

The analysis of literature shows that currently there are
no clear indications for the removal of foreign bodies. The
problem is approached on a case-by-case basis and depends
on a variety of factors, such as position of the wound tract
and the foreign body, its size and shape, presence of nervous
and vascular branches in its vicinity. The surgeon always
faces the question of what would cause the greater harm,
the removal of the object or leaving it in the body. Standard
operations to remove foreign objects are quite complicated
and involve a great number of unsuccessful interventions,
from 50 to 80% [9].

According to the Guidelines for Military Field Surgery,
removal of foreign bodies (projectiles, their elements,
secondary shrapnel, pieces of clothing) is one of the stages
of primary surgical treatment of gunshot wounds. In the
course of provision of qualified surgical treatment, only
those foreign objects are removed that are located along the
path of the wound tract. At this stage of medical evacuation,
the foreign objects that are located near large vessels, deep
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inside vital organs, and the foreign objects requiring complex
additional access are not subject to removal [10].

Different methods of identification of location of foreign
bodies have been developed. Usually, these methods involve
X-ray irradiation of the patient, e.g. with the use of an
electronic-optical image converter. It is to be noted that this
method enables identification of the location of the foreign
object and the surgical tool bit involves considerable radiation
exposure of the patient and the medical staff. The use of an
electronic-optical image converter enables visualization of
the object to be removed only in one plane, which does not
give the surgeon any information about the location of the
object in three dimensions during the operation. Moreover,
this method cannot be used in extraction of X-ray negative
objects [11].

Ultrasonic-controlled removal of foreign objects via
wound tract facilitates the work of the surgeons. At the same
time, such manipulations necessitate respective highly precise
manual skills on part of ultrasonic diagnosticians [12].

Currently, there are numerous surgical tools and operations
for the extraction of different objects, yet they all come
with certain shortcomings, restrictions in use, and are not
universal. Traditional surgical access may not always be used
to remove foreign objects, especially if they are positioned
deeply, close to the passage of nervous and vascular bundles.
In the event of a large number of foreign objects, e.g., in
mine-blast injuries, their extraction with the use of traditional
surgical intervention also does not look possible.

Thus, at the moment, it is necessary to develop low-
invasive surgical tools incorporating components for
navigation ensuring low-trauma removal of foreign objects
from the soft tissues.

m AIM
To perform a comparative evaluation of a newly developed
device for removing foreign bodies from soft tissues.

m MATERIAL AND METHODS

In order to simplify the removal of foreign objects from
soft tissues, to reduce duration and trauma of the intervention,
a special device was developed: “Device for foreign object
removal from soft tissues” (patent of the Russian Federation
for the invention No0.2844631 dated 17.12.2024). The
appearance of the working specimen in its carrying case is
shown in Fig. 1.

The device is an endoscopic system that is inserted into the
wound tract until contact with the foreign object. The process
is controlled visually (on a monitor screen) and ultrasonically.
In the wall of the casing there are channels for the water pump
tubes, a tube for the removal of washing fluid, and clamps

www.innoscience.ru
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Figure 1. Functional prototype of the device: 1 — Wi-Fi transmitter,
2 — irrigation pump, 3 — main body of the device, 4 — flexible
endoscope, 5 — fixation mechanism controls, 6 — storage case.

PucyHok 1. leticmyrowuli o6pasey ycmpoticmaa: 1 — wi-fi
nepedamyuk, 2 — BoOsiHasi nomMna, 3 — kopnyc ycmpoticmasa,
4 — 2ubkull aHOocKon, 5 — opaaHbl ynpasfieHust BHympeHHUMuU
¢uxkcamopamu, 6 — kelc.

to hold the foreign object. Wound washing is performed by
a water pump, through which antiseptic solution or normal
saline is fed. The removal of the foreign object is controlled
endoscopically, once it is held in clamps (Fig. 2).

The L-shaped clamps are concealed in the channels of the
casing and the grooves of its frontal surface. This ensures
atraumatic insertion of the surgical tool in the wound tract
until contact with the foreign body. Next, under visual
control, the clamps are extended along and beyond the
foreign body. The clamps are then rotated 90 degrees and
closed beyond the object (Fig. 2). Once the foreign object
is held with all clamps, the tool with the foreign object is
retracted through the wound tract. Throughout the procedure
of object extraction, the wound is washed with normal saline
or antiseptic solution. The washing fluid is removed through
the channel in the wall of the tool.

Once the foreign object is removed, the wound may be
drained using the same tool. For that purpose, it is inserted in
the wound tract under endoscopic control to reach the position
of the removed object. The endoscope is then retrieved, and a
perforated polyvinyl chloride tube is inserted in the channel

of the tool to the entire length of the wound tract. After that,
the surgical tool is removed from the wound tract.

In order to test the proposed tool, experiments were
performed on a fragment of a porcine ham on the base
of the Department of Traumatology and Orthopedics of
the Voronezh State Medical University named after N.N.
Burdenko. At the outset, bullet gunshot wounds were
modeled in the “Bunker-M” shooting gallery (Voronezh).
The fragment of the porcine ham was shot at from a distance
of 25 meters from a rifled-bore firearm: Chiappa 1911 pistol
with .22LR (5.6 mm) cartridges, and Makarov pistol with
9x19 Luger cartridges. The result was the fragment of the
ham with 20 blind-ended bullet wounds containing foreign
objects, i.e. bullets (Fig. 3).

Two comparison groups were formed (20 manipulations in
each). In the main group, the removal of the foreign objects
from the fragment of the porcine ham was performed with
the proposed tool. In the comparison group, the removal
was performed with a Grasper clamp under ultrasonic
control (Mindray DC-4, China). The comparison groups
were comparable, for the bullets were removed from one
fragment of the porcine ham. Since the majority of wounds
were perforating, the bullets were implanted in the wound
tracts to model the blind-ended wounds.

The study involved assessment of duration of foreign
object removal. To that end, a SOPpr-2a-3-000 stopwatch was
used. Another object of assessment was the trauma intensity
of intervention judging by the presence of additionally
removed fragments of soft tissue that were extracted together
with the foreign object or apart from it.

Statistical analysis was performed using SPSS Statistics
software suite, version 26. The distribution in both groups
deviated from normality. The Shapiro—Wilk test was used
to assess the normality of the distribution. Intergroup
comparisons were made using the nonparametric Mann-
Whitney U test.

m RESULTS

The duration of the foreign object (bullet) removal in
the main group was lower than in the comparison group
(p=0.001). The data follows in Table 1.

In the comparison group, the duration of the foreign body
extraction was greater: the removal process was complicated

Figure 2. Foreign body grasping sequence: a — initial position, b — extension of clamps, c — rotation and grasping; 1 — mane body of the

device, 2 — clamps, 3 — endoscope, 4 — foreign body (pellet).

PucyHok 2. CxemMa 3axBama UHOPOOHO20 mena: a — Ha4allbHoe nNoJsioXkeHue, b — BbIOBWKeHUe pukcamopoB, C — NOBOPOM ¢bukcamopos u
3axBam UHOPOOHO20 mena; 1 — kopnyc ycmpoticmsa, 2 — pukcamopsi, 3 — 3HOOCKON, 4 — UHOPOOHOEe mero (0pobb).
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Figure 3. The appearance of the porcine thigh specimen (a) and its
corresponding radiograph (b) during the experimental procedure.

PucyHok 3. BHewHull Bud ¢ppaemeHma cBuHozo 6edpa (a)
u coomaemcmsytowasi eMy peHmzeHozpamma (b) Bo Bpems
3aKcnepumeHma.

with technical difficulties on the stage of bullet grasping
and with bullet slipping out in the course of movement in
the wound tract. This necessitated repeated grasping of the
foreign body extending the time of the manipulation. In the
main group, in all cases the bullets were removed after the
initial grasping with clamps of the proposed tool (Fig. 4).

One of the reasons of increased duration of bullet removal
in the comparison group was the necessity of ultrasonic
visualization of the foreign object and the Grasper clamp.
In some cases, it was further complicated by the presence
of air in the wound tract which rendered the process of
foreign object removal more difficult. In the main group, the
ultrasonic visualization of the bullet and the wound tract had
a secondary role to identify the course of the wound tract and

60

MED [Q1;Q3], s 178.5 [148.5; 223.7], 322.0 [248.5; 350.0]
Min; Max, s 92; 280 125; 403
MED+SD, s 183.7 £ 55.7 294.3 +88.1

Table 1. Results of foreign body removal in the comparison groups
Ta6nuuya 1. Peaynbmamsl ydaneHusi UHOPOOHbLIX men B gpynnax
cpaBHeHus

the position of the foreign object. All major manipulations to
grasp the object were done under endoscopic control.

In the main group, 9 fragments of muscles surrounding
the bullets were extracted together with the bullets, whereas
in the comparison group the number of fragments was 31.
Thus, the trauma intensity of the developed tool in the main
group was lower than that in the comparison group.

In our study, when the foreign object was grasped with the
jaws of the Grasper clamp, the tissues of muscles surrounding
the foreign object would get between the jaws resulting in
their further trauma. In the comparison group, when the bullet
slipped out of the clamp in the course of its transportation
in the wound tract, it had to be grasped again. Soft tissues
would regularly get between the jaws of the Grasper clamp,
and they were extracted with the bullet.

m DISCUSSION

Foreign objects may penetrate the patients’ body due to
occupational or household trauma, blasts of mines or other
ammunition and due to iatrogenic injury. Such objects are
removed in two major stages: exact identification of the
foreign body and its extraction.

Currently, there are different methods and tools for the
extraction of objects from the patients’ bodies. Traditional
technologies (surgeries) are relatively traumatic, involve loss
of blood and, in some cases, involve large incisions.

One of the methods of extraction of foreign bodies is
their removal under ultrasonic control using various clamps:
Mosquito, Crocodile, Grasper clamps. Ultrasonic navigation
ensures precise visualization of foreign objects and their
extraction. At the same time, this method requires good
manual skills of the ultrasonic diagnostician. When using
the above mentioned clamps, additional trauma of the soft
tissues around the foreign object is possible since they may
get between the jaws of the clamp. In the event the foreign
object is located inside a bone or in the marrowy canal, this
method may not be used due to limitations of the ultrasound.
Another shortcoming of these clamps is the insufficient
fixation of the foreign object between the jaws of the tool.
In the process of extraction of foreign bodies, they might slip
out necessitating repeated grasping [13, 14].

N.V. Momot et al. Suggest using angiographic tools in
the course of the operation to speed up the procedure and to
improve their efficacy and safety [15]. Without doubt, such
intraoperative radiographic navigation ensures simplification
and optimization of shrapnel removal technique from soft
tissue; however, it requires costly radiographic equipment.

There are methods of removal of foreign object with the
aid of magnets inserted in the wound tract. While the magnets
are effective in the removal of ferromagnetic foreign objects
[16], they cannot be used to remove paramagnetic objects.

One of the methods of extraction of foreign bodies is the
use of endoscopic technologies. U. Haramoto et al. suggest

www.innoscience.ru
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Figure 4. Endoscopic view of bullet extraction from the wound channel (a) and extracted bullets (b): 1 — retainer, 2 — bullet, 3 — muscle tissue.
PucyHok 4. 3HOocKonu4eckasl KapmuHa yoaneHusl nyfiu u3 paHeBo2o KaHana (a) u yoaneHHsie nynu (b): 1 — pukcamop, 2 — nyns,

3 — MblWweYyHasi mMKaHb.

using the endoscope to wash the wound tract and remove
foreign objects from it [17]. V.I. Egorov et al. recommend
usinf videoendoscopic equipment combined with navigational
systems [18].

The tool for the removal of foreign objects developed by
us combines two types of navigation: ultrasonic and visual.
The proposed tool has a system for grasping the foreign object
that ensures secure fixation of the object and prevents its
migration in the course of extraction. When removing sharp-
edged fragments of ammunition via the wound tract, this
system ensures protection of soft tissues. It is to be noted that
the designed tool ensures fixation of foreign objects of any
geometry. The availability of the endoscopic system ensures
all manipulations are visually controlled, which contributes
to decreased trauma during the procedure.

The tool is transported in a small-sized carrying case, which
ensures easy transportation and use in any operating or dressing

room. The ultrasonic tools used can be portable ultrasonic
devices. Their use assists identification of the position of the
foreign object, vascular and nervous bundles nearby, and allows
for control of the tool insertion in the wound tract.

m CONCLUSION

The designed tool allows for reduced trauma and decreased
duration of foreign object removal (experimentally). The use
of endoscopic and ultrasonic visualization ensures increased
precision in the positioning of the foreign objects in the
soft tissue, and assists grasping, holding and low-trauma
removal of foreign objects. The proposed tool may be used
for removal of all types of objects that penetrated organs
and tissues, magnetic and non-magnetic, radiographically
positive and negative. The tool may become an auxiliary tool
for orthopedic traumatologists in the treatment of patients
with foreign objects in the soft tissues. #=
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