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Summary. A total of 91 postmortem fresh human autopsy testes were examined, using 
mieroangiography and histology. HistologicMly 70 of them were classified as normal. Incom- 
plete spermatogenie arrest was found in 5 testes; 10 testes showed progressive tubular fibrosis 
and 6 were completely hyalinized. In general, the microvascular architecture remained statio- 
nary during the whole adult life. The intratesticular end arteries had a peculiar spiralling course 
irrespective of the age of the subject. Focal hyalinization of tubules was seen in 56%of the 
normal testes, becoming more common with increasing age. These regions showed fewer 
capillaries both in microangiography and in histology. Thickening of the intratesticular arterial 
walls was found histologically in 59% of the normal testes, in 90% of the testes showing 
progressive tubular fibrosis and in all totally hyalinized testes. Testes with totally hyalinized 
tubules showed severe vascular changes in both mieroangiography and histology. It  is sug- 
gested that vascular alterations play a part in the pathogenesis of testicular fibrosis. 

Zusammen/assung. Insgesamt 91 postmortem Hoden wurden histologisch und mikro- 
angiographisch untersucht. 70 Itoden wurden als normal klassifiziert. Unvollst/~ndige Spermio- 
genese-Hemmung wurde in 5 Hoden gefunden, in 10 F~llen war eine progressive Fibrose der 
Tubuli zu linden und 6 Hoden waren total atrophisch. Hauptsi~chlich die mikrovasculgre 
Architektur bleibt das ganze postpubertale Leben hindurch konstant, und die Spiralisierung 
der intratesticularen End-Arterien ist unabh/~ngig vom Alter. Herdf6rmige hyaline Umwand- 
lungen u~urden in 56 % der normalen Hoden gefunden. Die Frequenz dieser Umwandlungen 
nimmt mit steigendem Alter zu. In diesen fibrosierten Harden waren weniger Capillaren 
sowohl histelogisch als mikroangiographisch erkennbar. Arterielle Wandvergnderungen 
wurden in 59% yon normalen, in 90% yon Hoden, die progressive Fibrose der Tubuli auf- 
wiesen, und in allen total atrophischen Hoden gefunden. Sowohl mikroangiographisch als 
histelogisch warcn die Arterienver~nderungen in der letztgenannten Gruppe erheblich. Die 
Befunde lassen darauf schlieBen, dal3 die vaseul/~ren Ver~nderungen eine besondere Rolle bei 
der Fibrosierung des Hodens spielen. 

Wi th  increasing age numerous  changes have been found to appear in  the h u m a n  
testis. The ac t iv i ty  of the spermatogenesis decreases; the tuniea  propria of the 
seminiferous tubules  thickens and  changes are also detectable in the interst i t ial  
tissue (Tillinger, 1957 ; Biirgi and I-Iedinger, 1959). I t  is a familiar observat ion tha t  
the histological picture of the postpuberal  h u m a n  testis is uneven  and  tha t  some 
abnormal  seminiferous tubules  can be detected in all testes (Kyrle, 1920). Extens ive  
al terat ions are found in  the "senile a t rophic"  testis, in which all the seminiferous 
tubules  are hyalinized (Btirgi and  Hedinger,  1959; I-Ieinke and Doepfmer, 1960). 

Some very brief comments in the earlier literature note that the testicular small arteries 
show arteriosclerotic changes (Koopmann, 1936; Tonutti et al., 1960). Heinke and Doepfmer, 
1960 suggested that most advanced degeneration of the seminiferous tubules is seen near the 
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sclerotic arteries. Very recently, Hatakeyama et al. (1966) observed that  arteriolar "hyalinosis" 
is a common feature in the arterioles of the human testis. The architectural organization of the 
microcirculation in the normal human testis was recently thoroughly investigated in this labo- 
ratory (Kormano and Suoranta, 1971 a). While the gross vascular pattern of the adult testicular 
arteries was found to show no age-related changes (Kormano and Suoranta, 1971b), the local 
degenerate areas, generally observed in the ageing testes, may in fact be more related to 
changes at the microeircular level. The present study was therefore carried out to reveal any 
age changes in the intratesticular microvasculature. Special attention was paid to a possible 
relation between histologically detectable degenerate areas and microangiographically ob- 
servable changes in the small intratesticular end-arteries. 

Mate r i a l  and Methods  

103 scrotal testes were extirpated from 54 fresh cadavers. The age distribution of the 
material is seen in Table 1. The testes of 32 cadavers were obtained postmortem following 
accidents, suicides or some acute illness, usually before autopsy (in the Department of Forensic 
Medicine, University of Helsinki). The rest of the material was taken from hospital patients 
who had suffered a more or less chronic illness before death (mainly from II  Department of 
Pathology, University of Helsinki). The subjects were selected only on the basis of the freshness 
of the cadavers (time between death and preparation of the specimens varied from 2 hours to 
3 days). 

Table 1. Distribution o/the material 

Age Number of l~umber of Acute 
group death 

normal/ testes/autopsies 
all testes 

20-29 14/16 16/9 8 
( - - 1  deep frozen) 

30-39 4/4 4/3 3 
40-49 11/15 15/9 6 
50-59 12/15 15/9 4 

( + 2 d e e p  frozen) 
60-69 13/15 15/8 5 
70-79 15/20 20/10 5 
Over 80 1/6 6/3 1 

Total 70/91 91/51 32 
( +  3 deep frozen) 

The testis, epididymis and whole spermatie cord were extirpated together. The testicular 
artery was cannulated and 10% suspension of fine-grain barium sulphate (Mieropaque, 
Damancy & Co.) in saline was injected under a controlled pressure of 120-150 mm Hg for 
2-3 hours. Some additional testes were also filled from the venous side. Three testes were 
deep-frozen after injecting contrast material and frozen 2 mm sections were microangiographed 
according to the method of Kormano (1969) to reveal any aberrations of microvascular 
architecture due to fixation. The injected specimens were radiographed in contact with a fine- 
grain X-ray film (Microtex, Kodak). In 91 testes satisfactory filling of the vessels was obtained 
and accepted for further analysis. The testes were fixed in Bouin's solution for 5 days and 
embedded in paraffin wax. 

F o r  h igh - r e so lu t ion  m i c r o a n g i o g r a p h y  0.5 m m  to  2 m m  t r a n s v e r s e  sect ions,  
u sua l ly  4 sect ions  f r o m  each  tes t is ,  were  cut .  These  were  r a d i o g r a p h e d  in  c o n t a c t  

w i t h  a h igh- re so lu t ion  emul s ion  ( M a x i m u m  R e s o l u t i o n  P l a t e ,  K o d a k ) .  A S iemens  
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AG Cn 3 6 X-ray tube, equipped with a copper target and beryllium window, 
was used for microangiography. The X-ray tube was run at 35 kV and 10 mA, the 
focus-to-film distance being 120 cm, and the exposure time was 3.5 hours. The 
high-resolution plates were developed in Gevaert 209 A developer for 7 min. 
l0 ~z sections were cut between each microangiographed section and stained by 
the PAS-hematoxylin and Weigert-van Gieson methods for histologic examination. 
Serial sections were cut from selected microangiographed sections and stained by 
the same methods. 

Results 

Histological Findings and their Classi/ication 
The general appearance of the testis was studied using the histological sections, 

usually six from each testis. Special attention was paid to the local degenerative 
areas. The evaluation of the seminiferons tubules was carried out according to 
previous authors (I{eller etal., 1952 ; Tillinger, 1957 ; Tonutti  etal., 1960 ; Heinke and 
Doepfmer, 1960; Girgis etal., 1969). No at tempt  was made to determine the 
stages of the cycle of the seminiferous epithelium (Clermont, 1966). Activity of 
the germinal epithelium was determined mainly according to Tillinger (1957), and 
it was evaluated as normal when at least 3/4 of the tubules exhibited what the 
examiner considered to be, both quantitatively and qualitatively, a normal 
spermatogenesis for a given age. 

Only a marked decrease or increase in the number of Leydig cells was regarded 
as pathological. The cytological appearance of Leydig cells was examined only 
cursorily. 

Unavoidably, division of the material into qualitative subgroups is somewhat 
arbitrary, and depends on the experience of the examiner, but in this study the 
criteria were constant following a second examination period six months later. 
The pathological changes in the testes were classified in the present study into 
the following categories (Table 4): 1) Mainly epithelial damage, including sper- 
matogenic arrest; 2) progressive tubular fibrosis (Engle, 1947) with focal epithelial 
damage and tubular hyalinization involving more than 1/4 of the histological sec- 
tions examined; 3) total or almost total tubular hyalinization. 

The number of testes studied in each age group is shown in Table 1. Altogether 
70 testes were histologically normal. Incomplete spermatogenic arrest, mainly at 
primary spermatocyte level, was observed in five testes (Fig, 3). 10 testes showed 
progressive tubular fibrosis. Focal hyalinized areas and variable amounts of epi- 
thelial damage were found in all of them, although every testis in this group also 
had normal looking areas (Fig. 19). Six testes were completely hyalinized. 

Age Changes in the Histology and Vascularization o/the Normal Testes 

General Histological Features. The spermatogenic activity and the height of the 
epithelium decreased with increasing age (Fig. 10). The wall of the seminiferous 
tubules was thickened and the tubular diameters were often decreased. Capillaries 
were occasionally found in the tunica propria, as described earlier (Kormano and 
Suoranta, 1971 a). This was unrelated to the thickening of the tubular wall. In all 
testes local degenerations were found in some degree, varying from slight lowering 
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Fig. 1. Focal Leydig cell cluster with rich capillary supply. The whole testis shows incomplete 
spermatogenic arrest (c capillary, v vein) (56 y.). I)AS-hematoxylin-stained 10 ix section. 

× 130 
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Table 2. Changes observed in normal testes 
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Age Number Focal Leydig Inflam- Hernia Vascular Glomerular Tbtal 
group of hyalin- cell matory like changes loop forma- number 

testes ization clusters cell pro- in histo- tions in of testes 
infiltra- trusions logy microangio- with 
tions graphy changes 

20-29 14 3 3 1 - -  2 - -  6 
30-39 4 2 - -  3 1 3 1 3 
40-49 11 8 4 1 3 6 - -  7 
50-59 12 5 8 4 1 8 - -  9 
60-69 13 8 9 8 4 10 l 12 
70-79 15 12 5 4 3 l l  5 15 
over 80 1 1 1 1 - -  1 - -  1 

Total 70 39 30 22 12 41 7 53 

of the spermatogenic ac t iv i ty  to complete hyal in iza t ion of the tubules.  The 
degenerative areas were more clearly observed at  the periphery of the testes. 

Relation Between Focal Degenerated Areas and Capillary Supply. I n  39 testes, 
classified as normal ,  areas of to ta l ly  hyal inized seminfferous tubules  (5 to 20 tu- 
bules in  each area) were found, increasing in frequency with age (Table 2). No 
special features were found by  microangiography in  the end arteries supplying the 
degenerate areas (Fig. 6). However,  in hyal inized areas the te rmina l  arterioles and  
capillaries were not  filled and  distended as completely as elsewhere in the same 
testis. The in t e r tubu la r  and  per i tubular  capillary networks were poorly organized 
and  the capillary bed was sparse (Figs. 6 and  7). These features were bet ter  visible 
in microangiography t h a n  in  histology. 

Most of the clusters of Leydig cells found in  a to ta l  of 30 normal  testes usual ly 
had a rich capillary supply (Fig. 1). Some poorly vascularized nodules contained 
5-10 Leydig cells in  clumps, which were surrounded by  connective tissue (Fig. 2). 

Focal  i n f l ammato ry  cell inf i l t rat ions were found in  22 normal  testes (Table 2). 
This k ind of react ion was usual ly  a round degenerat ing tubules  (Fig. 4). Only a few 
spermatogenic cells and  sometimes mul t inuelea te  giant  cells and  in f l ammatory  

Fig. 2. Poorly vaseularized Leydig cell cluster, cells in small clumps surrounded by connective 
tissue. In general the testis is normal, although spermatogenesis is locally arrested and shows 

sloughing (a artery, c capillary) (64 y.). Weigert v. Gieson-stained 10 [z section. × 80 

Fig. 3. Incomplete spermatogenic arrest mainly at primary spermatocyte stage. Tubular walls 
slightly thickned (v small vein) (62 y.). Weigert v. Gieson-stained 10 ~z section. × 170 

Fig. 4. Degenerating tubules (t) are surrounded by inflammatory ceils and many blood vessels. 
Tubules are slightly shrunk and progressive tubular fibrosis is seen in other parts of the testis 

(c capillary) (58 y.). PAS-hematoxylin-stained 10 V section. × 80 

Fig. 5. Adjacent area of the same section as in Fig. 4. Two degenerated tubules with thickened 
walls, penetrated by some capillaries (c). Round cells surround the tubules, cell debris, but 

no blood vessels, are seen in their lumina. × 270 



Figs. 6 and 7 
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Table 3. Spiralization o/the intratesticular arteries 

Age Average Number Intensity of spiralization 
group number of of straight (loops/mm) 

arteries arteries 
studied 

20-29 630 51 centripetal 155/58 = 2.67 
centrifugal 83/53 = 1.56 

30-39 240 3 centripetal 47/25 -- 1.88 
centrifugal 17/9 ~ 1.88 

40-49 600 0 centripetal 127/59 ~ 2.11 
centrifugal 89/40 = 2.23 

50-59 780 7 centripetal 294/168 ~ 1.75 
centrifugal 216/134 ~ 1.61 

60-69 540 5 centripetal 274/150 ~ 1.83 
centrifugal 158/95 ~ 1.66 

70-79 600 3 centripetal 138/62 ~ 2.29 
centrifugal 111/55 ~ 2.02 

cells were seen in  the i r  lumina.  These areas  had  an increased and  more d i s tended  
capi l la ry  supp ly  (Fig. 5). Hern ia- l ike  pro t rus ions  as descr ibed by  H a t a k e y a m a  et al. 
(1962) were observed  in 12 no rma l  testes,  wi th  no re la t ion  to blood vessels. 

Arterial Supply o/ the Testicular Parenchyma. E a r l y  subendothe l ia l  lesions of 
the  a r te r ia l  walls were no t  found,  p a r t l y  due to dis tension of the  blood vessels 
a f te r  con t ras t  infusion. Thickening of the  vessel walls was de tec ted  in 41 normal  
tes tes  increas ing wi th  age in bo th  smal l  ( luminal  d iamete r  12-50 ~, vascular  wall  
th ickness  12-50 ~) and  larger  ( luminal  d iamete r  50-250 ~) ar ter ies  (Table 2). Bo th  
cen t r ipe ta l  and  centr i fugal  branches  of tes t icu la r  ar ter ies  were invo lved  and  the  
th ickening  was composed of cel lular  e lements  and/or  " h y a l i n e "  deposi ts  (Figs. l0  
to  ]2). ~Not all  a r ter ies  in the  same tes t is  were involved.  

Coiling was de tec ted  most  ex tens ive ly  in the  cen t r ipe ta l  and  centr i fugal  bu t  
also in  the  ma in  a r te r ia l  branches  (Figs. 8 and  9). I could no t  f ind any  corre la t ion 
be tween the  i n t ens i ty  (measured as loops/ram) of the  coiling and  age  (Table 3). 
Ac tua l ly ,  i t  is ve ry  diff icult  to de te rmine  the  character is t ics  of the  ar te r ia l  spiral-  
ling, as also observed  b y  Hass le r  (1965). The most  extens ive  form of spiral izat ion,  
in which the  loops of the  spiral  a r t e r y  are  in contac t  wi th  each other,  the  "glo- 
merular  loop f o r m a t i o n "  (Figs. 17 and  18; t tass ler ,  1969), was seen only  ex- 
cep t iona l ly  in  the  tes t i cu la r  p a r e n e h y m a  (7 t imes ;  Table  2), bu t  more often in  
ar ter ies  outs ide  the  testis ,  especial ly  in the  ep id idymis  and  in the  tun iea  vaginal is  

Fig. 6. Microangiogram of a 1 mm section of a normal testis showing spiralled course of centri- 
petal (a) and -fugal (b) arteries. Disorganized and poorly filled capillaries are seen in the upper 

part of the picture (A a main branch of testicular artery). X 15 

Fig. 7. Adjacent section of the same testis as in Fig. 6. An area of degenerating tubules (t) is 
found under tunica albuginea, corresponding the area with pathological vasculature seen in 
Fig. 6. Two normal spiral arteries (a) in the middle of the picture (A the same main branch 

as in Fig. 6) (39 y.). Weigert v. Gieson-stained i0 i~ section. × 15 
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Figs. 8 and 9. Microangiograms of testes from 25-year old (Fig. 8) and 52-year old (Fig. 9) 
subjects prepared using the frozen section technique. Many straight arteries running either 
centripetally (a) or -fugally (b) near the rete (r) testis of the younger subject. Almost all arteries 
in testis of the older subject have spiralled course, In  the latter photomicrograph the rete 

testis (r) occupies the right side of this picture. × 4 
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testis. Table 3 shows the number  of s traight  centripetal and centrifugal arteries 
in each age group. The frequency of these arteries decreased from 8 % in the age 
group 20-29 to about  1.0 % in all older persons. No relation was observed between 
the spiralization of the arteries as seen in microangiography,  and the arteriolar 
"hya l inos i s"  as seen in histology. The arterial branches running either in the 
connective tissue septae or in the looser testicular pa renchyma were identically 
spiralled. 

Microvaseular Supply o] the Pathological Testes 
Brief au topsy  diagnosis and observations of the pathological testes are given in 

Table 4. 
Mainly Epithelial Damage. Incomplete  spcrmatogenie arrest at  spermatozyte  

stage was found in each of the 5 testes (Table 4; Fig. 3). Microangiography did 
not  show any  special feature in these testes as compared with those of the normal  
group. 

Progressive Tubular Fibrosis. This group consisted of l0 testes. A common 
feature was fibrosis of the seminiferous tubules, which included more than  one 
four th  of the histological examined area. Variable histological changes of the 
arteries were found in 90% of these testes. The microvaseular supply showed 
features similar to the smaller hyMinized areas of the normal  testes, e.g. less dense 
and irregular terminal arteriolar and capillary beds (Figs. 18 and 19). Occasionally, 
the diameters of the arteries supplying the degenerating areas were also smaller 
(Fig. 18), but  the gross vascular pa t te rn  of testicular arteries was normal  (Fig. 16). 

Hyalinized Testes. Only in two of the six hyalinized testes some tubules had 
lumina with few Sertoli and spermatogenic cells (Table 4). All six testes showed 
arterial changes; in five testes this was graded as severe and involved almost  all 
branches (Fig. 13). The gross vascular pa t te rn  of total ly  hyalinized testes was 
completely different f rom the normal  testicular vessels (Figs. 14 and ]5). The main  
branches of testieular a r te ry  were thinner and irregular, and it was even impossible 
to differentiate between centripetal and centrifugal branches. Further ,  the coiled 
course of the arteries was irregular or even absent. The filling of smaller vessels 
and the organization of the mierovascular bed was very  poor (Fig. 13). 

Fig. 10. Endothelial cell proliferation in a small thickened testicular artery of a 64-year old sub- 
ject. The testis shows normal spermatogenesis for the age apart from some sloughing. Weigert 

v. Gieson-stained 10 ~z section, x 260 

Fig. 11. Normal testis with homogeneously thickened arterioles (a). Leydig cells are situated 
in small clumps. Tunica propria is slightly thickened and tubules shrunk (age 47). Weigert 

v. Gieson-stained i0 ~ section. × 260 

Fig. 12. More PAS-positive material than usual is seen subendothelially in a thickened arterial 
(a) wall. The testis shows normal spermatogenesis for the age (62), except some sloughing 

(artifactious ?) (c capillary). PAS-hematoxylin-stained 10 ~z section. × 80 

Fig. 13. A thickened main branch of testicular artery (A) is seen under tuniea albuginea. The 
testis is completely hyalinized. PAS-positive capillaries (c) are scanty. The gross vascular 
pattern of the same testis is shown in Fig. 15 (age 93). PAS-hematoxylin-stained 10 ~z section. 

×40 
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14 15 

16 

Figs. 14 and 15. The gross vascular pat terns  of two totally hyalinized testes showing irregular 
course of the main branches of the  testicular ar tery  (A). The testicular vasculature is scanty 

(Fig. 14, age 75; Fig. 15, age 93). ×1,3 

Fig. 16. A normal looking gross vascular pa t te rn  in a case of a progressive tubular  fibrosis of 
the testis. The testieular ar tery divides into the main branches (A) normally. Caput epi- 
didymidis (E) is located on the r ight  side and cauda on the  left side of the picture. See also 

the following Figs. (transverse line = section line) (49 y.). x 1,3 

Fig. 17. A transverse microangiographed 1 mm section of the same testis as in Fig. 16. 
Glomerular loop formation .(g).is seen in the  upper pole. In  the areas of defective micro- 
vascular filling (t) the tubules were hyalinized. The luminal shadows of two centripetal arteries 

(a) have an  irregular contour. × 3,3 
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Fig. 18. A higher magnification of the same microangiogram as in Fig. 17 shows poor filling 
and  organization of the microvascular bed on left and right  sides of the photomicrograph. 
The tubules in these areas (t) are degenerated (compare following Fig.) and the luminal 
shadows of the supplying centrifugal arteries (b) are narrower than  in the middle of Che picture. 

×13  

Fig. 19. Most of the tubules are hyalinized in a histological section of the same area (t) as in 
Fig. 18. PAS-hematoxylin-stained 10 Ez section. × 13 
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Discussion 

Many factors are known to influence the filling of a vascular bed by micro- 
angiography, such as viscosity and quality of the contrast medium, pressure and 
length of the injection and time after death (l~ubin, 1964; Wendclin and Lindgren, 
1970). For these reasons technique must be standardized. Care must be taken in 
drawing conclusions from vascular changes seen in microangiography, and the 
histological control sections are necessary. Due to distension of blood vessels light 
microscopical observation of minimal changes in vascular walls is difficult. Still, the 
microangiographieal picture may be related to the true physiological vascular 
channel system, although the open functional channels or actual luminal diameters 
are not distinguishable. In  addition, microangiography has the advantage of 
obtaining a good overall delineation of the vaseulature in large tissue blocks and 
the same preparation is still there for other types of study (Sannders, 1964). 

The testis is known to be highly sensitive to the adequacy of blood supply. 
Physiologically, an isehaemic period of a few minutes is known to produce a 
decrease in both spermatogenic (Linzell and Setchell, 1968) and androgenic (Eik- 
Ncs, 1964) activities. I t  is noteworthy that  although blood vessels are confined to 
the interstitial tissue only, seminiferous tubules are the first to show morphological 
damage (Oettl6 and Harrison, 1952 ; Steinberger and Tjioe, 1969). The dominance 
of tubular over interstitial damage is also apparent  in the human testis, as shown 
in the present study. However, since seminiferous tubules are in general more 
sensitive to various harmful effects, the causal relationship is not at  all clear-cut. 

The mieroangiographicaliy and histologically observed changes occurring in 
the vascular pat tern of the human postpuberal testis can be roughly divided into 
less prominent general changes which are mainly confined to the arterial vessels 
and into local changes at microvascular level. The most prominent feature, 
spiralization of the testicular end arteries, was seen in almost all centripetal and 
centrifugal branches at  an early age even in deep-frozen microangiographed testes. 
Similar changes have been detected in aged and hypertensive human kidney 
(Ljungqvist, 1963) and in senile brain (tIassler, 1969) as a pathological pheno- 
menon. The spiralization of arteries can also be a normal feature, as in the human 
endometrium and ovaries (gammersen  and Staubesand, 1961). In  the testis the 
spiralling course of the small arteries was unrelated to histological changes in their 
walls or to the surroundings of these vessels. Likewise, no relation to age was seen 
beyond the age of 30. I t  seems that  spiralization of the testicular arteries is a 
physiological phenomenon, unrelated to the early degenerative changes found in 
electron microscopy (Hatakeyama et al . ,  1966). The basic capillary organization 
remains stationary after puber ty  in all those areas of the testis which remain 
functionally active, while distinct changes are visible in the microvaseular bed of 
the degenerated areas. The interstitial tissue of these areas also seems to be 
inactive, since usually few Leydig cells &rid blood vessels were found around 
degenerate tubules. On the other hand, true Leydig cell clusters commonly had a 
very dense capillary bed. 

In some microscopic studies arteriosclerosis of the human testis is briefly referred to be 
common (Koopmann, 1936; Tillinger, 1957; Biirgi and ttedinger, 1959; ~einke and Dopfmer, 
1960; Tonutti et al., 1960). Hatakeyama et al. (1966) investigated the pathogenesis of arteriolar 
hyalinosis in human testis and found that almost all adult testes were more or less involved. 
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Surprisingly, they did not correlate vascular changes to the surrounding structures. In the 
present study, small arterial and arteriolar thickening was observed in 59 % of normal testes, 
increasing in frequency with age. This agrees with the results of Koopmann (50%, 1936), but 
not with Fraley and Torten (14 %, 1968). The difficulties in light microscopical estimation of 
changes in small arteries may partly account for the discrepancy. 

A few earlier studies (Koopmann, 1936; Bfirgi and Hedinger, 1959; Heinke and 
Doepfmer, 1960) suggest that  most advanced vascular changes are seen near the 
degenerated areas of the testis, although focal tubular hyalinization is not con- 
sidered an essential feature of the normal human testis (Koopmann, 1936). I t  could 
well be a transition stage of total testicnlar hyalinization. This is supported by 
the facts that  the frequency of focal hyalinotic areas (in 56%) of the normal 
testes increases with age, and that  progressive testicnlar fibrosis appears more 
often at an advanced age (Bfirgi and gedinger, 1959). In spite of lacking of histo- 
logical changes in the blood vessels microangiograms suggested more sparse 
vascular supply at the capillary level in the hyalinized areas. The most advanced 
tubular changes were found in the parenehyma under tunica Mbuginea. These 
parts of the testis are vascularized by the recurrent centrifugal arterial branches 
and are situated at the most distal end of arterial supply. Sasano and Ichijo (1969) 
suggested that  the upper pole and the posterior part  of the testis are situated at 
the periphery of arterial supply, and that  these parts show advanced senile 
changes in general. The present results do not agree with the results ~0t Sasano and 
Ichijo (1969) as regards the localization of testicular damage in relation ~o vascular 
supply. Our earlier study of the gross vasculature of the human testis (Kormano 
and Suoranta, 1971 b) does not support their hypothesis either, because one main 
trunk occurs only in minority of the testis. 

Local damage to the end arteries of the testis in the past may have produced 
tubular degenerations, and it may no longer be possible to find this change by 
microangiography, because of reparative phenomena like recanahzation of the 
arterial lumina (Br~nemark et al., 1968), or washing out the luminal material of 
the arteries during the infusion. I t  is thus impossible to draw definite eonchisions 
on the causal relationship between histological alterations of the degenerated 
tubules and vascular changes seen in mieroangiography. I t  seems probable that  
focal tubular degeneration is at least in part due to microvascular damage. Auto- 
immune mechanisms could also influence the pathogenesis of the focal lesions 
(Waksman, 1959; Federlin, 1969). This is supported by the fact that  round cell 
infiltrations were mainly seen around degenerating tubules and more often (80%) 
in the progressive tubular fibrosis group than in normal testes (31%). 

Primary damage in the tubular wall has been considered to play a role in many 
tubular disorders (Heinke and Doepfmer, 1960), leading to partial or total testicu- 
lar hyalinization like in orchitis and in hormonal disturbances (Tonutti et al., 1960). 
Liver diseases can also produce the same histological picture in the testis via 
altered estrogen metabolism (Albert, 1964). Connection between vascular changes 
and decreasing androgen production in old age has been likewise suggested (I-Ieinke 
and Doepfmer, 1960) as an etiological factor in testieular hyalinization. The in- 
creasing frequency of vascular changes observable in the present study, with 
defective mierovaseular supply of the tubules in the focal degenerative areas of 
normal testes, frequent arteriolar and small arterial changes in progressive tubular 
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f ibrosis  a n d  m a r k e d  vascu la r  a l t e r a t ions  in  t o t a l  h y a l i n i z a t i o n  suggests ,  however ,  
t h a t  the  b lood  vessels are i n v o l v e d  in  these  progress ive  pa tho log ica l  changes,  
i r respec t ive  of the  o f t en  u n k n o w n  p r i m a r y  et iological  factor .  
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