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Aim of research. To assess the state of spermatogenesis in men after an experience of testicle torsion in child-
hood and adolescence. Materials and methods. A semen analysis was performed involving 76 men, ages 18 to
29 years, who had testicle torsion in childhood and adolescence. Inclusion criteria in this study were an age of
18 years and an active sexual life. Analysis of the ejaculate was performed in accordance with the World Health
Organization Guidelines for the study of human ejaculate. Macroscopic and microscopic evaluation of ejacu-
late, as well as assessment of motility, viability, number, and morphology of sperm was performed. The control
group included 49 men who lacked potential risk factors for male infertility. Results and discussion. Changes
in the ejaculate depended on the patient’s age, as well as the duration and degree of testicular ischemia. When
the gonad was preserved after critical ischemia occurred, the spermogram indices were significantly worse than
when performing primary orchiectomy, which indicates functional failure of the gonad following its atrophy
and suggests that it is inadvisable to maintain the gonad with the expectation of improved long-term results.
Conclusions: 1. Changes in the spermogram after ischemia were observed in terms of sperm morphology and
mobility. 2. The most pronounced changes in the spermogram were noted in patients who had experienced third-
degree inversion of the testicle with preservation of gonads; the least pronounced changes were noted in patients
who had experience inversion with spontaneous generation and incomplete inversion, which involved minimal
ischemic damage. 3. The worst ischemia in puberty occurred in the context of mature sex glands. 4. There was
a direct dependence of spermogram changes on the duration of acute ischemia. 5. The most unfavorable com-
bination occurred in puberty, with disease lasting for more than 1 day, comprising complete inversion with
“critical” ischemia. 6. After critical ischemia with preservation of the gonad, the semen is less favorable than
after completion of orchiectomy, due to the failure of atrophied gonads; this finding casts doubt on the practice

of gonad preservation.
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©® ITenp MccnemoBaHMs — OLIEHUTDb COCTOSHNUE CIIepMaToreHesa y MY)KUMH MTOC/Ie IepeHeCeHHOTo 3aBOpOTa SAMYKa
B JIETCKOM U IIOIPOCTKOBOM Bo3pacTe. MaTepuanbl 1 MeToAbl. IIpoBefieH ananus ssaKynATa 76 My>K4MH B BO3pacTe
oT 18 1o 29 neT, nepeHecIINX 3aBOPOT ANYKA B IETCKOM U TIOAPOCTKOBOM Bo3pacTe. Kputepuamu BKIOUeHNS B UC-
CllefloBaHMe CUMTANM BO3PACT 18 yleT M HajmuuMe IOIOBOI XU3HU. AHANMN3 AKY/ATA NPOBOAWIN B COOTBETCTBUM
¢ pekoMmeHpauyAMu Pykosoxctsa BO3 mo mccnefoBaHNMIo 9AKy/IATa 4YeOBEKA. BBINMOMHAMN MaKPOCKOIMYECKYIO
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U MUKPOCKOIIMYECKYI0 OLIEHKY 9AKY/IATA, OLEHKY IOABVDKHOCTY, >KM3HECIIOCOOHOCTH, KONMM4YecTBa, Mopdomornn
CIIEpMaTO301J0B. [pymIoil KOHTPOIA ABJIANUCH 49 NAlMEHTOB, Y KOTOPBIX OTCYTCTBOBA/IM IOTEHIMAIbHbIE (ak-
TOPBI My>XCKoro Oecropusa. Pe3ynbTaTel n o0cyxpeHue. V3MeHeHNs 9AKy/ATa 3aBUCENIM OT BO3pacTa IAl[MeHTa,
IAUTENbHOCTY M CTENEHM MuIeMuy Andka. IIpu coxpaHeHHOII TOHajie OC/Ie IIePEHEeCEHHON KPUTUIECKON MIIeMUI
MOKasaTe/y CepMOTpaMMBbI OBUIM JOCTOBEPHO XY’Ke, YeM IIPU BBIIIOTHEHUMU NEPBUYHOI OPX3KTOMMUU, YTO CBUJE-
TE/NbCTBYeT O (PYHKI[MOHATBHOI HECOCTOATENbHOCTY TOHAbI Ha POHE ee aTpoduM 1 IO3BOJISIET CIUTATD Hel[eIecoo-
OpasHbIM ee COXpaHEeHMUe C TOUYKM 3PEeHMsI OTJa/IeHHbIX pe3y/n1bTaToB. BRIBOABI. 1. VI3MeHeHNs B cliepMOrpaMMe HocTe
HepeHeCeHHOI NIeMN1 HabMOAA0TCs B 4acTH MOPQOIOruy CiepMaTo30MA0B U UX MOABIDKHOCTH. 2. Hanbonee BbI-
paXeHHbIe U3MEHEHMA CIIEpPMOTPaMMbl OTMEYAIOTCA NPy 3aBOpoTe AndKa III crenenu ¢ coxpaHeHueM roHajbl, Hal-
MeHblINEe — IIPU 3aBOPOTE CO CIIOHTAHHOM JI€TOPCUEN ¥ HENOJTHOM 3aBOPOTE, YTO COOTBETCTBYET MUHUMAIbHOMY
MIIEMWYECKOMY TOBpeXaenno. 3. Hauxypmue mokasaTeny 3aperucTpyupOoBaHbl IPY NTEPEHECEHHON MINEMUN B IIy-
6epTaTHOM Bo3pacTe Ha (pOHe 3peIbIX IIOJIOBBIX JKelle3. 4. VI3sMeHeHMs cliepMOrpaMMBl 3aBUCAT OT IPOJOJDKUTENb-
HOCTM ocTpoit nmemyn. 5. Hambomnee He6nmaronpmuATHOe codyeTaHue — IMyOepTaTHBIN BO3PAcT, CPOK 3ab0/MeBaHNMA
60J1ee CyTOK, IOJIHBIIL 3aBOPOT C KPUTUYECKOI nieMuell. 6. ITokasaTenu crepMorpaMMbl IIpy KPUTUIECKON UIIeMUN
TOHafbl C COXpaHeHMeM SAMYKa ABIAIOTCA HaMMeHee ONaronpMATHBIMU IO CPaBHEHMIO C IOKa3aTelsAMy IOCTe
OPX9KTOMMU, YTO TOBOPUT O GYHKIVMOHAIBHO HEOCTATOYHOCTY aTPpO(UpPOBAHHOI TOHA/BI U CTAaBUT ITOJ, COMHEHNE

BOIIPpOC €€ COXpaHEHMA.

@ Kntrouesvte cnosa: 3aBOPOT ANMYKA; CIIEPMATOI€HES; NIIEMNSA ANYIKaA.

INTRODUCTION

Impaired spermatogenesis in men after andro-
logic pathology in childhood is the most difficult
and at the same time the most important aspect
of assessing disease outcome [1]. This is exactly
true for acute testicular ischemia. Semen analysis
in adults is advisable. However, usually, there is a
long interval between the history of acute ischemia
and assessment of consequences; in some cases,
the interval can reach =15 years [2, 3]. Investiga-
tion early after an acute episode before adulthood is
not entirely accurate, since spermatogenesis is not
yet completely established in all cases. According to
some researchers, semen analysis at age 16-17 years,
and in some cases even earlier, is quite possible in
terms of the functional maturity of the gonads, but
collection of material for research is complex and
ambiguous from a legal and social viewpoint [4].
Despite the absence of legislative regulatory acts,
there is an unstated agreement among the profes-
sional community in Russia and abroad, accord-
ing to which semen analysis is not performed in
patients younger than 18 years. Even in the 1980s,
a more loyal period with respect to medical law,
semen analysis was performed only after reaching
stated maturity [5].

Testicular torsion is a common uroandrolog-
ic disorder requiring immediate intervention [6].
Relatively few studies exist of the functional viabil-
ity of the gonads after testicular torsion in child-
hood and adolescence. Bychkov et al. [1] reported

a decrease in sperm motility on semen analysis in
12 men above 18 years old with a history of testicular
torsion. Voronyuk et al. [7] analyzed seminograms
in 12 patients with a history of torsion at the age
of 18-25 years and found a decreased sperm count
and decreased number of morphologically normal
sperm. However, this and other studies were con-
ducted on small groups and did not consider the
features of disorders depending on the duration of
ischemia, form of torsion, and other factors. The de-
creased number and motility of sperm cells is pos-
sibly due to oxidative stress in testicular tissue [8].
Hadziselimovic et al. [9] found gross changes in the
sperm structure and a decreased sperm count on tes-
ticular biopsies.

When the gonad was preserved after testicular
torsion and orchiectomy, the semen analysis pa-
rameters decreased almost equally, which indicated
a gross spermatogenesis failure after ischemia with
morphologically moderate atrophy [10].

Bychkova et al. [1] demonstrated a decreased
sperm count to <20 million/mL, <50% sperm with
normal morphology mainly for ischemia >48 h,and a
significantly decreased number of motile spermato-
zoa of <50%. Terms of ischemia for the development
of these changes were not specified, and changes in
the ejaculate for the removal of one testicle were not
studied. Snodgrass [11] showed similar data on the
changes in semen, but did not provide a correlation
between changes in the semen and the clinical situa-
tion during the acute episode.
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In total, the literature data on the subject are lim-
ited by few studies with small samples and do not
expose all issues, leaving our research objectives to
be topical.

MATERIAL AND METHODS

We observed 298 patients with different types
of testicular torsion who underwent surgical treat-
ment at Yaroslavl Regional Children’s Clinical
Hospital (medical director, M.V. Pisareva). Semen
analysis was performed in 76 patients who were
18-29 years old at 1.5-15 years after testicular tor-
sion. Criteria for performing semen analysis were
the attainment of age 18 years and sexual life before
investigation.

Semen samples were obtained via masturbation in
the laboratory in a sterile glass container nontoxic for
spermatozoa, after not less than 3 days of sexual ab-
stinence. Sperm were prepared via a simple washing
method. Biggers—Whitten-Whittinghams (BWW),
Earle’s, and Ham’s F-10 solutions, supplemented pref-
erably with human serum albumin (HSA) or serum,
were used. HSA supplementation was performed in the
following manner: 300 mg HSA, 1.5 mg sodium pyru-
vate, 0.18 mL sodium lactate (60% v/v syrup), and 100
mg sodium bicarbonate were added to 50 mL medium.

The quality of semen analysis was assured by adherence
to the World Health Organization (WHO) 2012 Labo-
ratory Manual for the examination and processing of
human semen. Macroscopic and microscopic examina-
tions of ejaculate with the assessment of sperm motility,
vitality, and count were performed. Sperm morpholo-
gy was evaluated using Shorr stain. White blood cell le-
vel and immature germ cell count and antibodies on
spermatozoa cells were determined.

The control group included 49 patients who un-
derwent examination for marital infertility with ex-
cluded male infertility factors in the Reproductology
Department of Yaroslavl Regional Prenatal Centre
(medical director, D.L. Gurev, PhD). Semen collec-
tion was the same for both groups.

Statistical data were analyzed by XL Statistics 4.
The Mann-Whitney U test was used to evalu-
ate quantitative value differences between the two
groups. The level of significance was defined as
p < 0.05.

RESULTS AND DISCUSSION

Parameter values in patients with a history of
testicular torsion in the study and healthy control
groups were compared with WHO 2010 reference
levels (Table 1). No semen indicators were found

Table 1

Indices of the spermogram in the study and control groups

Tabnuya 1

IIokasaTenu ciepMOrpaMMbl B OCHOBHOI ¥ KOHTPOJIBHONM IPyIIax

- Study group Control group WHO reference

WHO criteria 2010 (n = 76) (n = 49) value 2010
Sperm volume, mL 3.7+04 41+06 > 15
Sperm concentration, M/mL 21.3 £ 3.5 245+ 0.5 > 15
Kinesiogram
1. Progressive motility (PR)
a) fast linear movement, % 5 6 a) = 20%
b) slow linear movement, % 31 45 a+Db)>32%
2. Nonlinear motility (NP)
¢) swimming in circle and/or twitching, % 22 17 c) <20%
3. Immotile sperms (d), % 42 32 d) < 40%
Sperm vitality, % 60 67 > 58
Normal forms, % 3 4 >4
Abnormal heads, % 95 94
Abnormal midpieces, % 22 18
Abnormal principal pieces, % 24 20
Sperm cells with cytoplasmic vacuole, % 1.1 1.1

Note. For values of ejaculate volume and amount of spermatozoa, p < 0.05.

IIpumeuanue. [l 3Ha4eHUt 0O'beMa 9AKy/IATa, KONMUYECTBA CIIepMaTo30uoB p < 0,05.
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characterizing the inflammatory process in the uro-
genital tract in all cases. Changes in semen analysis
were detected mainly in terms of sperm morphology
and kinesiograms. In the semen analyses, no param-
eters typical for inflammation in the urogenital tract
were found. Changes in semen analysis were mainly
observed in sperm morphology and kinesiograms.

Sperm motility was significantly lower in patients
with a history of testicular torsion than in healthy
controls (Table 1). There was also a significant dif-
ference in terms of sperm morphology.

Changes in semen were compared between pa-
tients with different types of testicular torsion and
the control group (Table 2). There was no correlation
between semen volume and concentration of sper-

matozoa with the type of torsion, whereas morphol-
ogy and motility had certain features. The greatest
number of morphologic defects and lowest sperm
motility were identified for testicular torsion with
severe grades II-IIT ischemia, whereas minimal isch-
emia (torsion with spontaneous detorsion or inter-
mittent testicular torsion) showed the most optimal
values on semen analysis.

Changes in semen depending on the duration of
ischemia in the acute period were compared (Table 3).
There were increased changes in sperm motility and
morphology depending on the duration of ischemia.
There was a progressive decrease in the number of
live sperm. Regarding sperm morphology, the most
pronounced changes were in the sperm head. There

Table 2
Changes in the spermogram due to various forms of torsion
Tabnuya 2
VI3sMeHeHUsA cliepMOTrpaMMBI IPH pa3NIMIHBIX (OpPMax 3aBOPOTa
Type of torsion
WHO criteria 2010 Ir}’)clgfel Grade I | Grade Il | Grade III SD RT IT Cg‘;gggl
(1 = 10) (n=11) (n=11) (n=13) (n=10) (n=7) (n=13) (1 = 49)
Sperm volume, mL 3506 | 39+0.5 3.6 0.8 3.7+07 | 39+0.8 34406 | 35206 | 3.7+04
i};f;? concentration, 231416 | 222417 197 +21 [ 147+ 1.9 | 241+ 1.5 | 237+ 1.7 | 23.6 £ 1.8 | 24.5 + 1.4
a) fast linear movement, % 6 6 5 4 6 5 6 6
b) slow linear movement, % 44 41 35 29 42 38 43 45
¢) swimming in circle and/or 17 19 23 25 18 19 18 17
twitching, %
d) immotile sperms, % 33 32 37 42 34 38 33 32
Sperm vitality, % 66 59 59 57 66 62 64 67
Normal forms, % 4 4 4 3 4 4 4 4
Abnormal heads, % 90 93 95 98 92 94 91 94
Abnormal midpieces, % 17 18 17 18 17 18 18 18
Abnormal principal pieces, % 18 19 21 24 19 19 19 20

Note. For values of ejaculate volume and amount of spermatozoa, p < 0.05. IT - incomplete torsion, SD - torsion with spontaneous
detorsion, RT - recurrent torsion, IM - intermittent torsion, OE - orchiectomy, CG - control group.

ITpumeuanue. [Ina 3HaueHUin o6beMa 3IAKY/IATA, KOMMYECTBA crepmaTosonpos p < 0,05. HII — nemonnebiil 3aBopor, C[I — 3aBo-
pOT co croHTaHHOI #eTtopcueit, PIIJI — penuausupytomuit 3aBopot, VIM — MHTepMUTTUPYIOLMIA 3aBOPOT, O — OpXaKTOMMA,

'K — rpynma KoHTposs.
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Table 3

Changes in the spermogram depending on the duration of ischemia in the acute period
Tabnuya 3

N3meHenusn CIIEpPMOIrpaMMbl B 3aBUCUMOCTHU OT JINTEIbHOCTHI HepeHeCCHHOI?I numeMuml B OCTpoM nmepmuojae

Duration of acute ischemia, hours
WHO criteria 2010 <6 6-12 12-24 24-48 Over 48 Control group

(n=17) (n =28) (n=14) (n=11) (n=7) (n = 49)
ISIE’Lerm volume, 3403 3402 3.7+ 03 3.7+ 02 3.7+ 04 3.7+ 04
Sperm concentration, 223+ 1.1 221+ 14 19.7 £ 1.7 19.1 £ 1.6 192+ 1.8 245 + 1.4
M/mL
Kinesiogram
1. Progressive
motility (PR)
a) fast linear movement, % 9 7 5 4 3 6
b) slow linear movement, % 44 43 36 30 23 45
2. Nonlinear motility (NP) 16 19 22 22 26 17
¢) swimming in circle and/or
twitching, %
3. Immotile sperms (d), % 31 33 37 44 48 32
Sperm vitality, % 63 63 60 56 54 67
Normal forms, % 4 4 3 3 2 4
Abnormal heads, % 94 95 95 99 99 94
Abnormal midpieces, % 18 18 18 19 19 18
Abnormal principal pieces, % 20 20 21 21 21 20

Note. For values of ejaculate volume and amount of spermatozoa, p < 0.05.
IIpumeuanue. Jins sHadeHUiT 06beMa ISIKY/IATA, KOMIECTBA CIEPMATO30MA0B p < 0,05.

was no significant correlation between semen vo-
lume and duration of ischemia. The same was noted
for decreased sperm count.

Changes in semen analysis and patient age at
acute testicular ischemia were correlated (Table 4).
There was an inverse dependence: the greater the
patient’s age at ischemia, the worse the semen val-
ues. The lowest semen values were documented in
patients with a history of testicular ischemia at age
>14 years on the background of almost established
reproductive function. Values of semen volume were
consistent for ischemia at any age. Decreased sperm
number of 1 mL was observed only for ischemia at

older ages with lower correlation than that for motil-
ity and morphology.

Semen values and severity of ischemia were cor-
related. Patients were divided into three groups: go-
nad viability is beyond doubt, critical gonad isch-
emia, and orchiectomy was performed (Table 5).
Semen analysis showed that the worst semen values
were noted for critical gonad ischemia with its pres-
ervation, which was equivalent to severe atrophy
(>50% of the volume). Semen analysis values after
orchiectomy corresponded to those for torsion with
preservation of viable gonad, indicating a high com-
pensatory ability of the reproductive system.
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Table 4

Changes in the spermogram depending on the age of patients during the period of acute testicular ischemia

Tabnuua 4

3menenns CIIEPMOTpPAMMBbI B 3aBUCHMOCTH OT BO3paCTa MALMIEHTOB Ha IIEPUOJ 0CTp0]7[ TeCTI/IKyIIHPHOﬁ nimeMmun

Age at the time of acute testicular ischemia, years

WHO criteria 2010 <1 1-3 3-7 7-10 10-14 15-18 Control
- _ ~ _ ~ ~ group
(n=23) (n=4) (n=13) (n=16) (n=22) (n=18) (1 = 49)
ill’irm volume, 34+06 | 34+04 | 37+04 | 33+06 | 37+05 | 33£05 | 37+04
Sperm concentration, 232411 | 222414 | 241416 | 234+15 | 215415 | 203+ 15 | 245+0.5
M/mL
Kinesiogram
1. Progressive motility (PR)
a) fast linear movement, % 13 15 14 7 6 5 6
b) slow linear movement, % 39 36 37 28 25 22 45
2. Nonlinear motility (NP)
¢) swimming in circle and/or 16 19 20 24 29 29 17
twitching, %
3. Immotile sperms (d), % 33 30 29 41 40 44 32
Sperm vitality, % 72 73 70 66 59 57 67
Normal forms, % 4 4 4 3 3 3 4
Abnormal heads, % 94 94 94 95 94 98 94
Abnormal midpieces, % 15 15 18 17 18 19 18
Abnormal principal pieces, % 20 18 18 19 19 21 20

Note. For values of ejaculate volume and amount of spermatozoa, p < 0.05; CG - control group.
IIpumeuanue. JIis1 sHa4eHNIT 06beMa dAKY/IATA, KOMMYIECTBA CliepMaTo3onioB p < 0,05. 'K — rpymma KoHTporIsL.

CONCLUSION

Summarizing the analysis of semen changes when
the testicle is inverted, we formulated the following
points:

« Changes in semen after ischemia are observed in
sperm morphology and motility.

o The most evident changes in semen occur for
grade III testicular torsion with gonad preserva-
tion and the least ones for torsion with sponta-
neous detorsion and for incomplete torsion that
corresponds to minimal ischemia and minimal
duration of ischemia.

o The greater the patient’s age at ischemia, the
worse the semen values. The worst values were
documented in patients with a history of isch-

emia at puberty against the background of ana-
tomically and functionally formed gonads.
Changes in semen are directly dependent on the
duration of the acute ischemic period.

The combination of puberty, disease duration
>24 h, and complete torsion with critical isch-
emia with controversial viability, noted during
the initial intraoperative assessment, is the most
unfavorable for semen quality.

Semen values in cases of critical ischemia of the
gonad with testicular preservation are the least
favorable compared with those after orchiectomy,
which indicates functional failure of the atro-
phied preserved gonad and discredits the appro-
priateness of its preservation in critical ischemia.
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Table 5
Changes in the spermogram depending on ischemic severity
Tabnuya 5
3MeHeHNA ciepMOrpaMMbl B 3aBUCUMOCTH OT BBIPAXKEHHOCTH MIIEeMUN
Group of patients (n = 76)
WHO criteria 2010 . Critical gonadal OE due to necrosis of Control group
Viable gonad (1 = 36) ischemia (n = 9) gonad (n=31) (n =49)
Sperm volume, mL 3.3+0.7 3.0+0.9 3.1+0.8 3.7+0.4
Sperm concentration, M/mL 20.1+1.6 14.8 + 1.5 15.7 £ 1.7 245+ 0.5
Kinesiogram
1. Progressive motility (PR)
a) fast linear movement, % 14 3 14 6
b) slow linear movement, % 22 21 21 45
2. Nonlinear motility (NP)
¢) swimming in circle and/or 21 24 20 17
twitching, %
3. Immotile sperms (d), % 43 52 45 32
Sperm vitality, % 71 56 70 67
Normal forms, % 4 2 4 4
Abnormal heads, % 93 98 93 94
Abnormal midpieces, % 17 24 18 18
Abnormal principal pieces, % 20 26 23 20

Note. For values of ejaculate volume and amount of spermatozoa, p < 0.05; OE - orchiectomy, CG - control group.

ITpumeuanue. JIna 3sHa4eHMiT 06beMa IAKY/IATA, KOMMIECTBA CIIepMaTo30MaoB p < 0,05. 0D — opxaskromusd, 'K — rpynma koHTpOIA.
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