OPUIT'MHANBHOE UCCNEOOBAHME

ORIGINAL STUDY DOI: 10.23888/PAVLOVJ2018262238-244

BO3PACTHAA TUHAMUKA YHPYIOCTH I’ JYBOKOU
AOPCAJIBHOU BEHBI ITOJIOBOI'O YJIEHA YEJOBEKA
IO JAHHBIM IPAMbBIX USMEPEHUH

© A.H. Cmpeﬂkoel, A.H. Yiumenro®

I'BY PO O6Gnacrras knuaudeckas 6onbHuIa, Pszanb, Poccust (1)
OI'bOY BO Pszanckuii rocy1apCTBEHHBIN PaAMOTEXHUYECKUIT YHUBEPCUTET,
Ps3anb, Poccus (2)

Oobocnosanue. BeHO3HOU cuCTEME IOJOBOTO 4Wi€HAa OTBOJAUTCS Ba)KkHas poJib B MeXa-
HU3ME Pa3BUTHUS M MOJACPKAHHUS dpEeKIUU. B TO ke BpeMs, TUArHOCTHKA U XUPYypTrHUecKas
KOpPEKIIHMS HApYLIEHHOI'0 BEHO3HOTO OTTOKA OKAa3bIBAE€TCS YCIIEIIHOM J1aJIeKO HE BO BCEX CIY-
yasx. YacTtoTa HapylleHHI >peKIUU CBS3aHa C Pa3IM4YHBIMU (aKTOpaMu, HO MPOTPECCHUBHO
pacter ¢ yBenuueHueM Bo3pacta. Iens. Onpenenutb B IPSMOM 3KCIIEPUMEHTE BO3PACTHYIO
JUHAMHUKY YIPYTOCTH OCHOBHOT'O MarucTpajibHOTO BEHO3HOTO COCY/a MOJIOBOrO YWieHa — Iiy-
O00KO# mopcaibHOUW BeHBI. Mamepuansl u memoost. ViccienoBanus MpoOBOIUINCHE HA 00pas-
1ax TiyooKoil TopcanbHON BEHBI, MOJYYEHHBIX MpHU ayTorncuu 30 JIull MYXCKOro Ioja, mo-
rUOIIMX BHE3AITHO OT TPAaBM WJIM OCTPBIX 3a0oiieBaHui B Bo3pacte oT 18 mo 83 sner. [mybokyro
JOpCAIbHYI0 BEHY IOJIOBOTO YJi€HA BBIACNSAINM OCTPHIM NYyTEM 0e€3 OKpYKAIoMIUX TKaHEH.
@®parMeHT BEHBI JUIMHON OKOJIO 2,5-3,5 ¢M BBIACIISUIN AUCTAIbHEE MOIIEPKUBAIOIICH CBSI3KH,
CIIY)KUBIIEH opueHTHpOM. B mpoiiecce 3KcriepuMeHTOB 00pa3lbl BEH MOJBEPrajiuch BO3JICH-
CTBUIO JIUCKPETHO BO3pACTAIOIIENH pacTATMBAIOIIEH CUIIBI B IPOJOJILHOM HAalpaBJIE€HUU C QPUK-
canueil COOTBETCTBYIOIIMX a0CONIOTHBIX MPHUPAIICHUN UX IIUHBI Ha CHEUHAIbHO CIPOEKTHU-
POBaHHOM YCTAHOBKE IO OPUTHMHAIBHOW METOAuKE. Pe3ynibmamel. MaTeMaTHYECKUN aHAIN3
pe3yJNbTATOB MPSIMBIX U3MEPEHUU YNPYTMX CBOMCTB MCCIENYEMON BEHBI, MO3BOJIUI BBISIBUTH
CylmiecTBeHHOEe — okoyio 20% — yMeHbIIIEHHE YIPYTOCTH BEHBI B HUCCIEAYEMOM BO3pPacTHOM
nmama3one 18 mer — 83 roga ot o = 6,2-10'8 m’/H JI0 O = 5,0-10'8 M*/H. C YBEJIMUEHUEM CHU-
JIOBOM Harpy3Ku cpeHee 3Hau€HHE YIPYroCTH BEHBI OBICTPO yOBIBAET, ACUMITOTHYECKH P H-
OJIM>KasICh K YCTAaHOBUBLIEMYCSI 3HAUECHUIO MOPSIKA O = 1,4:10® M%/H. IIpu 3TOM coxpaHsercs
BO3pacTHas TEHJCHIMS K CHI)KEHHUIO YIPYTOCTH MPH PA3NIUYHON CTeneHU (PyHKIIMOHATBHOM
Harpy3ku. 3axkarouenue. BoisiBieHHblE 3aKOHOMEPHOCTH CHUKEHHS YIIPYTOCTH OTPaXKaroT U3-
MEHEHHSI CTEHKH TIYOOKOW JOpcajdbHON BEHBI C BO3PACTOM M MOTYT UTpaTh pOJib B BO3pac-
THOM YBEJIWYEHHH YAaCTOTHI SPEKTUIbHOU AuCPyHKIUU. [IpuMEHEHHBIN METOJ OIpenesIeHUs
YIPYTOCTH MOET OBITh MCIOJIB30BAH JIJISl OMPEeNeHUs] YIPYTrOCTU COCYIOB APYroi JOKaIH-
3aIlUM, a TaKXKe pssla IPyrux OMOJIOTHYECKUX TKaHEH B HOPME U MPH MaT OJOTHH.

Kntroueswie cnoea: 2nyookas oopcanvHas 6eHa, npsamoe usmepeHue ynpy2ocmu, mamemanmu-
YyecKull aHaiu3, I3peKmuibHas OUCEHYHKYUSL.
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Background. An important role in the mechanism of the development and support of
erection is assigned to the venous system of penis. At the same time, diacrisis and surgical
correction of the disordered venous drainage is not successful in all cases. The rate of erection
disorders is associated with various factors, but progressively grows with the age. Aim. To
define the age-related dynamics of flexibility of the major venous vessel of penis — a deep
dorsal vein — in a direct experiment. Materials and Methods. Research was conducted on
samples of a deep dorsal vein of penis obtained in autopsy of 30 males who have died sudden-
ly from injuries or acute diseases at the age from 18 to 83 years. A deep dorsal vein of penis
was isolated by an acute method without surrounding tissues. A fragment of the vein 2.5-3.5
cm in length was isolated distally the retaining ligament used as a reference point. In the
course of experiments samples of veins were exposed to discretely increasing stretching force
in the longitudinal direction with fixation of the corresponding absolute increments in the
length on a specially designed installation using the original technique. Results. The mathe-
matical analysis of the results of direct measurements of elastic properties of the studied vein
permitted to reveal a considerable — about 20% — reduction in the elasticity of the vein in the
studied age range 18 years — 83 years from oo = 6,2:10% m?/N to oo = 5,0:10° m*N. With in-
crease in the force of load, the average value of vein elasticity rapidly declined, and asymptot-
ically approached the established value of the order of a = 1,4-10® m%N. Here, the age-related
tendency to reduction in the elasticity with different degree of the functional load persists.
Conclusion. The identified regularities of decline in the elasticity reflect changes in the wall
of a deep dorsal vein with age that may play a role in the age-related increase in the rate of
erectile dysfunction. The applied method of determination of elasticity can be used for deter-
mination of elasticity of vessels of other localizations and also of some other biological tis-
sues in norm and pathology.

Keywords: deep dorsal vein, direct measurement of flexibility, mathematical analysis, erec-
tile dysfunction.

The venous system of penis is assigned publications concerning direct measurements
an important role in the mechanisms of de- of the elasticity of veins with quantitative
velopment of and supporting erection [1]. The evaluation of this parameter [5].
diagnostics and surgical correction of patho- In works [6,7] the authors propose a
logical venous outflow is not always success- physical model of a biological tissue and a
ful [2]. The rate of erectile disorders is asso- method of its mathematical description per-
ciated with different factors, but it progres- mitting to determine reduction in the elastici-
sively grows with age. Changes in the venous ty of the fibrous tunic and cavernous arteries
vessels of different localization in norm and of penis with age. The aim of our research is
in pathology were studied in several works experimental study of age-related dynamics
[3,4]. However, among numerous research of elasticity of the major venous vessel of pe-

works in the field of phlebology there are no nis — the deep dorsal vein (DDV).
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Materials and Methods

Research was conducted on samples of
DDV received in autopsy of 30 male individu-
als who suddenly died from traumas or acute
diseases at the age of 18 to 83 years. The DDV
of penis was isolated by acute method without
surrounding tissues from a standard incision
used in autopsy. A fragment of vein 2.5-3.5 cm
in length was isolated distally to the retaining
ligament served as a landmark. The obtained
material was transported with strict observance
of the temperature and humidity requirements.
The period from the moment of death to the
study did not exceed 18 hours.

In the experiment the samples of veins
were subject to discretely increasing stretch-
ing force F in the longitudinal direction with
record of the corresponding absolute incre-
ments of the length Al on a specially designed
setup [6,7].

Subsequent mathematical processing of
experimental results consisted in transfor-
mation of the mass of discrete data into ana-
Iytical dependences of the kind:

Al (Fj

= =f|
where | and S — initial length and cross-
sectional area of the samples.

Transformation was carried out using
the general approximating function [6]:

1 F

b+ cE S

S )
where a, b and ¢ — constant coefficients char-
acterizing the properties of a specific sample.
Coefficients a and b have dimension of
Young’s module (N/m?), coefficient ¢ is a
dimensionless value.

According to the definition of elasticity
a, its numeric value equals the slope of the
curve to dependence (2) and, consequently, is
determined by the expression:

o A(AI/T) d(Alfl)
A(F/$)>0A(F/S)  d(F/S)

1
=+
a

Thus, after differentiation of the Equa-
tion (2), we receive:

1 b
a=—+

b
4 (b + ch
S 4)

As it is seen, the value of elasticity is
not a constant since it considerably depends
on force load F/S. Therefore, it is possible to
speak only about its initial value ap as some
limit to which o tends at F —0.

Results and Discussion

Processing of experimental data was
performed using the extension package Curve
Fitting Toolbox of the computational envi-
ronment Matlab, and consisted in determina-
tion of coefficients a, b and c in equation (2).
The results of approximation, with indication
of the age are given in Table 1. The values of
reliability of approximation R-square given
in the Table, evidence practically ideal coin-
cidence of experimental results with their
presentation in the analytical form using ap-
proximating function (2). This also confirms
the correctness of the ratio following from it
(4) that considerably extends possibilities of
the analysis of the experimental results.

Thus, use of coefficients a and b permits
to calculate the initial (maximal) value of the
elasticity of the samples ag and to determine its
dependence on age. The results of calculations
by formula (4) are given in Figure 1.

No less informative is the parameter of
dependence of the average value of elasticity
ap on the force load F/S (Fig. 2) calculated by
formula (4) on the basis of the average values
of coefficients @, band C:

N

a- Zi; ~815010" N/m%;

i=1

N

b= ZE: 2413-10" N/m?;
i=1
N

c= Zci ~12,691,
N

(3)

where N=30 — the number of studied samples.
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Table 1

Results of Mathematical Processing of Experimental Data
| Coefficients @ Coefficient
2§ S 2|8 5
| > a, b, > | & > a, b, >
S g-;v N/m? N/m? ¢ o S ;t? N/m? N/m? ¢ o
2 2
1| 44 | 7,942:10" [2,373-107 [10,891|0,9999| 16 | 48 | 8,132:10" | 2,308-10" |11,274]0,9998
2 |50 | 811310 [2,391-10"[12,063(0,9999| 17 | 52 | 7,655:10" | 2,380-10" |11,846|0,9997
3|48 | 7,845-10" [2,550-10"[11,812/0,9999| 18 | 80 | 8,968-10" | 2,568-10" |15,074|0,9998
4179 | 8,711-10" |2,672:10"(15,121]0,9996| 19 | 76 | 8,891-10" | 2,581-10" |14,353[0,9997
5| 43 | 7,824-10" |2,252-107[10,731/0,9998| 20 | 43 | 7,673-10" | 2,312-10" [10,986|0,9993
6 | 53 | 8,216-10" [2,442-10"]12,345(0,9992| 21| 39 | 7,424-10" | 2,278-10" [10,763|0,9994
7181 ] 9,053-10" |2,680-10"[15,447|1,0000( 22 | 41 | 7,846-10" | 2,231-10" [10,954|0,9998
8 | 81 | 8,600-10" [2,420-10"14,981(0,9998| 23| 45 | 7,653:10" | 2,274-10" |11,428]0,9999
9 | 66 | 8,350-10" [2,280-10"[13,322(0,9995|24 | 65 | 8,521-10" | 2,455-10" |13,427/0,9999
10| 75 | 8,841-10" |2,615-107(14,915/0,9998| 25 | 49 | 7,623-10" | 2,269-10" [11,711|0,9997
11| 83 | 8,632-10" [2,640-10"[15,552(0,9998| 26 | 77 | 8,210-107 | 2,450-10" |14,583(0,9998
12| 36 | 7,621-10" [2,278-107(10,514(0,9998| 27 | 76 | 8,411-10" | 2,548-10" |15,017|0,9999
13| 56 | 7,830-10" [2,310-10"[12,315/0,9985|28 | 76 | 8,773-107 | 2,663-10" |14,871(0,9998
14| 61 | 8,415-10" |2,420-107(12,942(0,9997|29 | 26 | 7,156-10" | 2,135-10" | 9,377 |0,9987
15| 67 | 8,621-10" [2,519-107[13,907(0,9984 |30 | 18 | 6,952:10" | 2,097-10" | 8,195 |0,9994
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Fig. 1. Dependence of initial elasticity of DDV on age

As it follows from the given data, the
initial (maximal) value of the average elas-
ticity ap at F —0 is of the order of 5.4-10°

m2/N.

With increase in the force load the ave-

rage value of the elasticity rapidly declines
and asymptotically approaches the stabilized
parameter of the order of 1.4-10®% m?/N. Here,
the most considerable change is seen with
force loads less than 3-10° N/m?.
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Fig. 2. Dependence of the average value of elasticity of DDV on force load

It should be noticed that the results of
the calculations well agree with the results of
the direct experiments. In particular, they
demonstrate a rather rapid transition of rela-
tive increments of length Al/l at low force
loads and their subsequent decline with a
smooth transition to practically linear de-
pendence on the mechanical tension F/S.

Veins are referred to capacitance ves-
sels that accommodate the most part of circu-
lating blood and provide its return to the
heart. This explains a high elasticity of a ve-
nous vessel at the beginning of its filling and
smooth reduction in the elasticity with in-
crease in the load. Nevertheless, with high
loads, a vein can withstand high pressure in it
[3,4]. The data obtained by us also confirm
this regularity.

Mathematical analysis of the results of
direct measurements of the elastic properties
of DDV revealed a considerable — about 20%
— reduction in the elasticity of vein in the
studied age range 18-83 years from
ap=6,2:10"° m?/N to 0p = 5,0-10° m%/N. With
increase in the functional load on the vein the
elasticity rapidly decreases at the initial stage
and then practically does not change having
achieved a certain level of saturation. With
this, the age-related tendency to reduction in

the elasticity with different extent of func-
tional load is preserved.

The revealed regularities of reduction in
the elasticity reflect changes in the venous
walls with age that may play a certain role in
age-related increase in erectile dysfunction.
The obtained data enrich our knowledge
about peculiarities of elastic properties of
veins, and also about age-related changes in
their functional properties.

The used method of quantitative evalua-
tion of the elasticity of vein can be used in
study of other problems of scientific and clin-
ical medicine.

Conclusion

1. A direct measurement of the elastici-
ty of the deep dorsal vein of human penis
(elasticity with low force loads) revealed a
decline of the initial elasticity of the vein in
the age range of 18-83 years from oo = 6,2:10
& m2/N to ag=5,0-10® m?/N. With increase in
the functional load on the vein elasticity rap-
idly decreases in the initial stage, then it
reaches a certain level and after that practical-
ly does not change.

2. The proposed method can be used
for determination of elasticity of vessels of
other localization, and of other biological tis-
sues in norm and pathology.
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