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[IpunuMasi BO BHUMaHHE OCOOCHHOCTH KPOBOCHA0)KEHUS MEUYEHU M CTPYKTYpy €€ MapeH-
XHUMBI, @ BCJIECTBUE 3TOI0 U 3HAYUTENbHbIE TPYJHOCTU B JJOCTUKEHUH HAJIEKHOIO reMocTasa 0e3
JOTIOTHUTEIIFHONW TpaBMaTH3alUU, XUPYPTy HEOOXOAMMO OBITH OCTOPOKHBIM INPHU MPOBEICHUH
orepaTUBHOrO nocodus. HecMoTpst Ha 6OJIBIIOE KOJIMYECTBO COBPEMEHHBIX METOIOB IOCTHKEHUS
OCTaHOBKM MapE€HXMMATO3HOTO KPOBOTEUYEHMS] MHOTHE MPAKTHKYIOIIME CIELUAIUCThl OTAAIOT
MPEIOYTEHUE KIIACCHYECKIM METO/IaM I'eéMOCTa3a, B T.4. JUTHUPOBAHUIO KPOBOTOYAIIUX COCY/I0B B
TOJILIE OpraHa Ipyu MOMOIIY CHELUAIN3UPOBAHHBIX MIBOB. OJHUM M3 TSHKEICHIINX OCIOXKHEHUH
IPUMEHEHHUS IOBHOT'O MaTepHalla sIBJIsIeTCs IPOpPE3bIBaHNE TKAHU OpraHa, YToO MPUBOAUT K yCuUJle-
HUIO KPOBOTEUYEHHSI U PACHIMPEHUIO0 00JACTH MOBPEXKIACHHs. B HACTOSIINI MOMEHT TaKTHKa BBI-
0opa 1LIOBHOIO0 MaTepuaa Jijlsl BhIIOJIHEHUS OIEPaTUBHOIO TOCOOMS HOCUT SMIIMPUUECKUN Xapak-
Tep. B CBS3M ¢ 3THM, 1I€7h JAHHOTO MCCIEIOBAHMUS 3aKII0YANIaCh B MPOBEICHUN OILICHKH (PH3UKO-
MEXaHUYECKUX CBOMCTB IIOBHOTO MaTepualia B 3aBUCHMOCTU OT €ro CTPYKTYpHI, a TakKe pa3pa-
00TKe KpHUTEpHUs BEIOOpA XUPYPIrUUECKUX HUTEH /ISl ONEepaTUBHOrO mocodus. Jis uccienoBanus
IIPOU3BOMIIOCH U3BATHE NIEUEHH TPYIIOB JIMI] MYXKCKOro nonia ot 35 no 40 siet, nocie 4ero u3 Hee
BBIIETISUINCH OT/AEIBHBIE YYaCTKH pazMmepamu 7,5%7x4 cM. 3aTeM HaHOCWIN paHy [UIMHOHN 3 cM,
riyouHOM 2 cM. PaHy ymmBaiy npocThIM Y3JI0BBIM IIBOM, KOTOPBIN HE 3aTSATUBAJIH, @ HAKJIaIbIBAIN
OJIMH IIPOCTOM NoJyy3ed. [[jis1 yimuBaHus IpUMEHSUIA KETTYT, KallPOH KPYUYEHBI U HUTH ITOJIUTJIN-
KonuHyro. OOpaiiany BHUMaHUE Ha MaKCUMaJIbHOE YCUIIME HA MOMEHT Ipope3biBanus (Fmax) u
CTETCHb BBITSHKCHUS HUTH Ha MOMEHT Ipope3biBanust (LU). AHaU3 MOTy4YeHHBIX JaHHBIX MTPOBO-
JIUJICS. HA OCHOBE CpaBHEHUs IMokazaTeneil Fmax u Lu. Mcnonb30BaHue 3TOro MeTojia mo3BoJsieT
0TKa3aThCs OT AIMIIMPUUECKOTO IMOAX0/1a K BEIOOPY IIOBHOT'O MaTepuasa Ipy ONepanusx Ha eYeHH,
a Takke pazpadoTaTh KpUTEpUil BBIOOpAa XUPYPIUUECKUX HUTEH.

Knioueewie cnosa: cemocmasz; neuens, wioHblli MAmepuan, PusUKo-mexaHuyeckue ceoucmed.

RESEARCH OF PHYSICAL AND MECHANICAL CHARACTERISTICS
OF SUTURE MATERIAL IN EXPERIMENT IN OPERATIONS ON LIVER

V.A. Lipatov, D.A. Severinov, A.A. Denisov, N.N. Grigoryev, S.V. Lazarenko
Kursk State Medical University, Kursk, Russia

Taking into account the peculiarities of the blood supply to the liver and the structure of its
parenchyma, and, as a result, considerable difficulties in providing reliable hemostasis without ad-
ditional traumatization, a surgeon needs to be careful when performing a surgical manipulation.
Despite a large number of modern methods for stopping parenchymal bleeding, many practitioners
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give preference to classic methods of hemostasis, including ligation of bleeding vessels in the bulk
of the organ using specialized sutures. One of the most serious complications of the use of suture
material is cutting of organ tissue, which leads to enhanced bleeding and expansion of the area of
damage. At the moment, the tactics of choosing suture material for surgical procedures is empirical.
In this context, the aim of this study was to assess the physico-mechanical properties of suture
material regarding its structure, and to develop a criterion for choosing surgical sutures for surgical
procedures. For the study, the liver was removed out of corpses of males of 35 to 40 years of age,
after which separate sections of 7.5%7x4 c¢m in size were obtained from it. Then a wound 3 cm long
and 2 cm deep was made. The wound was sutured with a simple interrupted suture without tighten-
ing, but with application of one simple half-node. For suturing, catgut, twisted capron and polygly-
colide thread were used. Attention was paid to the maximal force applied at the moment of cutting
(Fmax) and the degree of pulling the thread at the moment of cutting (Lu). The analysis of the data
was based on comparison of Fmax and Lu parameters. This method permits to refuse from the
empirical approach to the choice of suture material for operations on the liver, and to develop a
criterion for choosing surgical sutures.
Keywords: hemostasis; liver; suture material; physical and mechanical properties.

Organ-saving operations present an im- There exist two large groups of sutures
portant problem in modern abdominal surgery differing in the texture: monofilament and
[1]. For example, trauma of the liver is one of polyfilament. The latter includes twisted and
most severe in the course and most difficult in braided suture material. Of no less importance
the diagnosis abdominal damages that makes are such properties of surgical sutures as elas-
30% of traumas of the abdominal organs. Taking ticity and biological inactivity [6-9].
into account peculiarities of the blood supply to However, in Russian and international
the liver, its wounds are associated with massive scientific literature there is no information
parenchymal bleeding [2-3]. To evaluate the ex- about investigation of physico-mechanical
tent of traumatization of the organ, different characteristics of suture material for use on the
scales are used. Members of the Department of biological objects, and tightening of the node
Operative Surgery and Topographic Anatomy of is evaluated only subjectively [10-11].

Kursk State Medical University proposed their The aim of the study is evaluation of
own classification of liver damages: physico-mechanical characteristics of suture

I. Without breakage of integrity of the material of different structure and elaboration
capsule; of the criterion for selection of surgical sutures

I1. With breakage of integrity of the cap- for surgical treatment.
sule; Materials and Methods

I11. Damage to the ligamentous apparatus; The base for the given study was labora-

IV. Damage to extrahepatic vessels [4]. tory of experimental surgery and oncology of

In treatment of trauma of the liver both Research Institute of Experimental Medicine
conservative and surgical methods are used. Sur- (LESO RIEM) of Kursk State Medical Univer-
gical manipulations include ligation of the large sity of Healthcare Ministry of Russia.
hepatic vessels, resection of the damaged part of The object of study was portions of the
parenchyma, application of a hemostatic sponge, diaphragmal surface of the right lobe of the
etc. However, all the described methods imply liver of corpses of males 35-40 years old taken
use of surgical sutures. Among several classifi- in the Office of the Chief Medical Examiner of
cation categories of suture materials of highest Kursk. Taking out and use of the biological
scientific interest is the structure of threads [5]. material were permitted by Regional Ethic
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Committee within the frames of the RF
Government Decree of 21.07.2012 Ne750 (ed.
of 17.12.2016) «On approval of regulations of
transfer of non-claimed body, organs and tis-
sues of a dead person for use for medical,
scientific and educational purposes and also of
use of non-claimed body, organs and tissues of
a dead person for the mentioned purposesy.

One of the main criteria for selection of
the biological material was the absence of any
macroscopic pathological alterations, and also
the absence of hepatic diseases in history. The
time interval between taking out of the organ
and its use was not more than 4 hours to mini-
mize the negative influence of autolysis on the
reliability of the obtained results.

For examination a part of parenchyma
7.5%7x4 cm in size was separated from the or-
gan. The next step was making a wound on the
isolated part of the organ 3 cm long, 2 cm deep.
The wound was sutured with simple inter-
rupted stitches without tightening, with appli-
cation of one simple half-node. For ligation, a
piece of suture material was used 50 cm in
length. Such length of thread is optimal for fur-
ther work on the test bed. Monofilament (cat-
gut), twisted (twisted capron) and braided (pol-
yglycolide) suture materials of the same thick-
ness (3/0 by USP) were used. After modeling
and ligation of the wound the studied part of
the organ was placed on the device for exami-

nation of the physico-mechanical characteris-
tics of the sutures and suture material, of the
extent of deformation of the parenchyma of the
organs (patent Ne184617). The device was de-
signed on the base of LESO RIEM of Kursk
State Medical University [12].

An additional equipment was universal
testing electromechanical machine POM-0,2-
1 (OO0 Metrotrest, Neftekamsk, Republic of
Bashkortostan) equipped with a dynamometer
and a display showing changes in the pulling
of the suture material in the graphic form.
Maximal effort (Fmax) applied before cutting
of the organ parenchyma and/or rupture of su-
ture material was analyzed, and also the extent
of pulling of the thread (Lu). For the study 3
groups of 60 samples in each were formed with
different structure of the used suture material.
The obtained results were interpreted using
methods of statistical processing (calculation
of the arithmetic mean, the average error of
mean, of 25" and 75" percentiles). Statistical
significance of comparisons was determined
using Mann-Whitney test with p<0.05 admis-
sible for biomedical studies. As software for
statistical processing, license versions of Sta-
tistica programs were used (version 10.0, Stat
Soft Inc., USA) and Excel 2013 spreadsheet
program (Microsoft Office, USA).

Results and Discussion
According to the results of study (Tables 1,

Table 1
Fmax (H) Parameters of Studied Groups
Parameter Suture Material

monofilament twisted braided
M 65.20 88.68 78.01
m 0.059 0.64 0.083
Me 65.21 81.24 78.02
25™ percentile 65.23 81.34 78.9
75™ percentile 65.31 89.93 79.56
p *kk< (.05 **>0.05 *<0.05

Note: * — comparison of the mean Fmax values of samples sutured with braided suture
material with samples sutured with monofilament threads; ** — comparison of the mean Fmax
values of samples sutured with twisted material with samples sutured with braided surgical threads;
*** _ comparison of mean Fmax values sutured with monofilament material with samples sutures
with twisted threads
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Table 2
Lu Parameters (mm) of Studied Groups
Parameter Suture Material
monofilament twisted braided
M 54.31 72.75 63.64
m 0.057 0.68 0.1
Me 54.41 72.54 63.77
25™ percentile 54.4 71.11 64.36
75™ percentile 54.43 74.26 64.83
p ***<0.05 **>0.05 *<0.05

Note: * — comparison of the mean Lu values of samples sutured with braided material with
samples sutured with monofilament threads; ** — comparison of mean Lu values of samples sutured
with twisted material with samples sutured with braided surgical threads; *** — comparison of mean
Lu values of samples sutured with monofilament material with samples sutured with twisted threads

2), the mean Fmax in use of monofilament su-
ture material at which cutting of parenchyma
took place, was 65.20 H, with the medium
pulling of thread 54.31 mm, that was the low-
est value in three groups.

The obtained results permit to state that
the least preferable suture material in opera-
tions on the liver is monofilament. However,
there exists practical necessity in the introduc-
tion and evaluation of the coefficient that can
help standardize and scientifically substantiate
selection of suture material for certain kinds of
surgical manipulations.

The authors propose to introduce cutting
coefficient (Cc) calculated as the ratio of Fmax
to Lu (the value that should be >7). This is as-
sociated with the fact that during tightening of

the node the Lu parameter increases while the
cross section area of the thread and the area of
its contact with the bulk of parenchyma
decreases which increases the risk of cutting.
Therefore, in operations on the liver the suture
material should be used that can withstand
high axial load with insignificant stretch.
Conclusion

Thus, the conducted study permitted to
identify statistically significant differences be-
tween monofilament and twisted/braided su-
ture material and put into a question the rea-
sonability of using monofibers in operations
on the liver.

The proposed cutting coefficient will
permit to gradually refuse from the empiric ap-
proach to selection of suture material.
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