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The physical and mechanical parameters of the biological materials have been
studied more intensively since the 60s — 70s of the last century. Nowadays, are being
made attempts to determine the areas of the weakness of the hollow organs walls.
The demand for this kind of research is associated with the increasing frequency of
polytrauma, including the involvement of the abdominal cavity organs. The purpose
of our research was to determine the location of the lesions of the duodenum wall
after the experimentally induced baroresistance test. The studied material was tested
with a system for establishing the baroresistance of the hollow organs. The study
was conducted on 25 people aged of 21-87 years, 19 male and 6 females. The areas
of the duodenal wall with a low level of baroresistance were identified, taking into
account their number and length of the wall ruptures. In 8 cases there were
registered macroscopically visible ruptures of the wall of the lower horizontal
duodenum (DIII) with a mean value of 32,0+8,52%. In 6 cases, ruptures of the
duodenal wall in parts DIl — DIII with a mean value of 24,0+7,79% were detected.
Similar lesions of the DIII and DIV occurred in 5 cases, with a mean value of
20,0+7,30%. Isolated lesions of the wall of the descending duodenum were found in
3 cases, which mean was 12,0£5,93%. In 2 cases (8,0+4,95%), under the action of
high pressure in the lumen DI, the continuous passage of solution occurred. An
isolated duodenal rupture at the level of the duodenojejunal flexure was registered
in one case (4,0+3,58%,). The resistance of the human duodenum wall, to a certain
extent, tends to reduce in the distal direction from DI to DIV. It also, depended on
the direction on which the mechanical stress was applied to the examined samples
— longitudinal or transverse. As a result of the experiment an increased resistance
limit to tensions in longitudinal direction was established.
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Duzuko-mexaHuveckue napamempsvl OUOLOSUYECKUX Mamepuaios Ccmaiu
oonee unmencusHo usyuamecsi ¢ 60-x — 70-x 20006 npowinoeo cmonemus. B
Hacmosawee 68pems  NPeoOnpuHUMAlOmcs NONLIMKU — ONpedelums  Y4acmKu
HeNnpoYHOCMU CMEHOK NOJbIX O0peanos. Bocmpebosannocms maxkoeo pooa
UCCNIe008aHULL CBA3AHA C HApacmarouel Yacmomor noaumpagmsl, 8 mom 4ucie ¢
808lIeueHUeM op2aros oOprowHou norocmu. Llenvio Hawezo uccnedosanusi OvlLIO
onpeoeieHue JOKAIU3ayuy 04azo8 NOPAdX}CeHUs CMEeHKU O08eHaA0Yamunepcmuou
KUWKU NOCle NPo6edeHUs. IKCNEePUMEHMAIbHO UHOYYUPOBAHHO20 MeCmMUpOo8aHus
oapopezucmenmnocmu. Hccnedyemvlii mamepuan UCHbIMBIBAIU C HNOMOWBIO
cucmembl onpeoenenus bapopezucmenmHocmu noJbIX 0p2amnos.
IKCcnepumeHmanvHoe ucciedo8anue npogedeHo Ha 25 uenosek 8 gospacme om 21
0o 87 nem, 19 myxcuun u 6 oceHwuH. Boiiu onpeoenenvl yuacmku CMeEHKU
08eHa0yamunepCcmHol KUWKU ¢ HUSKUM YPOSHEM O6apope3ucmeHmuoCcmu, ¢ y4emom
UX KOIuUYecmea u NpOMANCEHHOCMU pa3pbléos cmenku. B 8 cayuasax oOviiu
3ape2ucmpuposansvl MAKPOCKONUYECKU GUOUMbIE pPA3pPblebl CMEHKU HUNCHEl
2opu3oHmanbHol ogenaoyamunepcmuou kuwku (DIII) co cpeonum 3nHaueHuem
32,0£8,52%. B 6 cayuaax Ovliu  YCMAHOBNEHbL  PA3Pblébl  CMEHKU
osenaoyamunepcmuotl Kuwku 6 omoenax DIl — DIIl co cpednum 3nauenuem
24,0+7,79%. Ananoeuunvie nopascenuss DIII u DIV ecmpeuanuce 6 5 cayyasax co
cpeonum  3Hauenuem  20,0€7,30%. H3onupoeanHoe nopadceHue  CMeHKU
HUcxooaujel 08eHAOYamunepCmHoL KUWKY 8bIA61EHO 8 3 CYUAsX, YUMo 8 CPeOHeM
cocmasuno 12,0+£5,93%. B 2 cayuasx npu cpeonem suavenuu 8,0+4,95% noo
Oelicmeuem NoGvluleHHO20 OaesneHusi 8 npoceeme DI npoucxoouno nenpepwviHoe
npoxodicoeHue pacmeopa. M3onuposannsiii paspulé 08eHAOYAMUNepCmHol KUWKY
Ha YpoeHe 08eHAOUAmunepcmHoO-moujeKUedHo20 u3euba 3apecucmpuposan 6
00HOM clyyae, e2o cpedHee 3Hauenue cocmasuno 4,0+3,58%. Conpomuenenue
CMeHKU 08eHa0YamunepCmuoll KUUKU 4el08eKd 8 ONpeoeNeHHOl CIeneHu umeem
MeHOeHYUIO K CHUdICeHUto 8 oucmanvrhom Hanpaesienuu om DI k DIV. Omo maxkoice
3agucum om moeo, 8 KAKOM HaANpasieHuu NPUI0HCEHO MEXAHUYECKOe HaNPI*CeHUue
K ucciedyemviM o0pasyam — HNpOoOOIbHOM UMU HonepeuHoMm. B pesynromame
9KCNEpUMEeHmMa YCMaHo81eH NOBbIULEHHbIL Npedel NPOUYHOCMU HA PACMANCEHUE 8
NPOOOTLHOM HANPAGTIEHUU.

Knrouesvie cnosa: 6apopezucmeHmuocmyv;, CmeHKa 08eHAOYAMUNEPCMHOU
KUWIKU.

Introduction. The interest to physical and mechanical parameters of the
biological materials have been increased since the 60s — 70s of the last century.
Different ways to set the values of the basic indexes of the biomechanical features
of materials, especially of the soft tissues were worked out and verified. Presently
practiced tensometric methods became classical in this area with a basis of specific
methods and well-defined formulas. The main features of BPD complex — walls of
the duodenal segments (DI — DIV) and the ones of the choledocus have been studied.
At this point are taken efforts to set the areas with lower strength of the hollow
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organs. These types of researches are necessary because of the increased rate of
polytrauma, including the involvement of organs of the abdominal cavity.

The specialty literature also provides tensometric studies of other anatomical
structures. Thus, Catereniuc I. (2010) [1] determined the values of the tensometric
indicators of the ligamentary apparatus of the liver; Belic O. (2005) [2] conducted a
similar study related to the ligamentary apparatus of uterus. An experimental study,
which also includes tensometric examinations of injuries’ sutural materials —
arahnopiafilum and catgut standard — was carried out by Turchin R. (2010) [3]. Due
to the researchers conducted by Kuznetsov N. N. (1958) [4], the practical medicine
enriched with a lot of new plastic materials at that time, made of bovine visceral
peritoneum. The author also studied the physical and mechanical properties of the
peritoneum, strips of which (with an area of 1 mm? in transverse section) supported
a force equal to 6 — 7 kg/f. The cranium’s biomechanical properties, as well as the
Achilles tendons were investigated [5].

Taking into consideration that the physical and mechanical properties of the
gastrointestinal tract, biliary and pancreatic ducts, as well as those of the other
components of the biliopancreaticoduodenal complex are not so well elucidated in
the specialty literature, we decided to set up our experiment and to study those
properties.

Aim of study. To study the baroresistance of the human duodenum walls at
artificially increased intraduodenal pressure.

Materials and methods. The studied material was tested with a system for
establishing baroresistance of tubular organs developed by Suman S. From this
viewpoint, an experimental study was conducted on 25 corpses aged between 21 and
87, 19 men and 6 women. In the necropsy room, the material was collected from the
cadavers (as soon as possible after death) and it was placed into physiological
solution (NaCl 0,9%). Then the material underwent experimentation within a limited
time (few hours).

Results. Thus, it followed to establish the areas of the duodenal walls with
lower strength, taking into account the duodenum portions, direction, number and
length of the duodenal wall’s ruptures.

The strength of the duodenum walls showed to be lower compared to that of
the common bile duct. The duodenal walls strength was calculated in mm Hg, and it
did not exceed 300 mm Hg.

Therefore, macroscopically accessible ruptures of the duodenal walls were
mainly recorded (32,0+8,52% — 8 observations) at the level of the lower horizontal
part of the duodenum (DIII). Ruptures within the limits DIl — DIII occurred in 6
(24,0£7,79%) cases. Similar injuries at the level DIII and DIV happened in 5
(20,0£7,30%) subjects. Single injuries of the walls of the descending duodenum
were discovered in 3 (12,0+£5,93%) cases. Under the action of the increased pressure
in the DI lumen, continuous passage of the solution occurred in two (8,0+4,95%)
cases. Single ruptures at the level of the duodenojejunal flexure happened in one
case (4,0+3,58%).
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As to establishing the areas with lower strength of the human duodenal walls,
the analysis of the own data, demonstrated that DIII has a lower resistance of the
duodenal lumen under experimentally increased pressure. In this segment, the quota
of ruptures of the duodenal wall was of 32,0+£8,52% (n=25). Related mechanic
injuries, with involvement of DIl — DIII and DIl — DIV, were noted in 20,0+7,30%
of cases in the mentioned segments apart. Ruptures of the DIl wall were established
in 12,0£5,93% — 3 observations and those of the DI were noticed in 2 (84+4,95%)
corpses. The ruptures of the duodenal wall in both cases were on the lower part of
DI.

The case when injury of the duodenal wall was at the level of the
duodenojejunal flexure displayed by the presence of two parallel ruptures of 0,6, and
respectively 0,7 cm, they partially affected the concave surface of the duodenal
segments DIl and DIII. Therefore, those injuries of the duodenal wall may be
analysed with the other 6 cases, in which the walls of the segments DIl and DIII
were injured concomitantly. Even without this case, the highest rate of ruptures
(32,0%) of the duodenal wall was on the segment DII|I.

Thus, we may conclude that, under the action of the increased intraduodenal
pressure, the most injuries 64,0+8,76% of cases, occurred within the limits of the
segments DIl and DIII, and they were located mainly on the concave surface of the
duodenum, or near the anterosuperior and posterosuperior margins of the DIII.

As regards the values of the intraduodenal pressure, which may cause
mechanical injuries (ruptures) of the duodenal wall, they vary between 190- and 296-
mm Hg. In order to be clearer as to the pressure’s values, the cases were divided into
two subgroups: up to 250 mm Hg and beyond 250 mm Hg. The first subgroup got
32,0+8,52% of the total sub-lot (n=25), whereas the second subgroup — 68+8,52%
of cases — 17 observations (251 — 296 mm Hg). Most data referring to the strength
of the duodenal wall to mechanic factors in man were obtained by traditionally-type
tensometric researches.

Regarding the length of continuous solutions passage, it worth to be
mentioned that they varied a lot from one case to the other— from 0,3 — 0,4 cm up to
2,4 cm. Double, parallel, same level ruptures were found in 8 (32,0+£8,52%) of cases.

Conclusions. The tensometric studies were supplemented by experimental
examinations on non-fixed cadaveric material. By the devices developed by one of
the co-authors, there were established the areas of the duodenal wall with low
strength to artificially created intra-lumen bar-pressure. Referring to the walls of the
duodenum it was noticed that DIII has lower resistance to the bar-pressure.
Mechanical, macroscopically accessible injuries of DIIl walls were observed in
32,0% of cases (n=25). Injuries of DI wall was noticed only in 8,0% of cases. The
most susceptible area to mechanical injuries at increased bar pressure is the concave
surface of the duodenal segments DI — DIII.
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