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Abstract

Background: Testicular biopsy is still considered the main dependable technique required for the assessment of azoospermic patients. 
Many studies have been done to explore the main changes that occurred in testicular tissue related to the status of azoospermia. Little 
has been written and published in our country, so this study has been conducted to look for how much the histopathological pattern 
plays a role in the assessment of azoospermic testicular biopsy. Objectives: To evaluate the most common histopathological patterns 
of testicular specimens from male patients in whom the chief  complaint is azoospermia and to categorize each case according to the 
Modified Johnson’s scoring system. Materials and Methods: A cross-sectional study, including a review of 180 male patients with a 
history of infertility with azoospermia or cryptorchidism, aged 18–60 years, submitted for histopathological examination, in Al-Najaf 
center for histopathology, during a period of 3 years (2020–2022). Results: A total of 180 cases of testicular biopsy from azoospermic 
patients were evaluated. The most frequent type is germ cell maturation arrest (84 cases) (46.67%) which is further categorized into 
early and late arrest with a spermatogenesis score 3–7 according to the Modified Johnson’s score. The second most frequent type is 
germ cell aplasia/sertoli cell-only syndrome (54 cases) (30%) with spermatogenesis scored as 2. Conclusion: This study has recognized 
four histopathological patterns of testicular biopsies in the case of azoospermia and identified that germ cell maturation arrest was 
the most frequent pattern in our population.
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Introduction
Infertility is a stressful problem affecting approximately 
48.5 million people all around the world.[1] For each 
infertile couples, husband and wife should be investigated 
at the same time. Since in our community, the male cause 
of infertility is often ignored due to social factors so many 
cases are misdiagnosed.[2]

Infertility is affecting an estimated 8%–12% of all couples 
worldwide, in which the male factor is the primary or 
contributing cause in 50% of these cases.[3,4]

Infertility in both sexes can be divided into primary and 
secondary cases. Primary infertility is defined as the 
inability to get conception after one year of coupling or 
marriage, whereas secondary infertility is the inability to 
conceive after one or more previous gestations without 
treatment (failure to conceive after 6 months to one year 
of trying).[5]

In male infertility, the histological study will provide 
information not only on the condition, in our subject, 
spermatogenesis, but also about the progression of the 
condition and its causes.[6]

To evaluate azoospermia in infertile men, we need history 
and physical examination with seminal fluid analysis 
and hormonal assay. We can use other useful tests such 
as ultrasonography, vasography, anti-sperm antibodies, 
chromosomal and genetic studies, along with testicular 
biopsy which can give valuable information about 
spermatogenesis in order to assess the treatment and the 
prognosis.[7,8]
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Testicular biopsy in infertility is used for the diagnostic 
assessment of the adequacy of spermatogenesis and 
also to exclude the obstructive type of azoospermia and 
to look for normal spermatozoa if  there is a chance 
for surgery. Also, the concern about germ cell tumors 
or germ cell neoplasia in situ in infertile patients with 
cryptorchidism.[9,10]

Also, testicular biopsy is used nowadays for therapeutic 
purposes in non-obstructive azoospermia to extract 
spermatozoa from men for in vitro fertilization (IVF).[9,10]

A good biopsy depends on the surgical technique, proper 
fixation of the biopsy, and the processing. The size of the 
biopsy should be not more than 3 mm and about 0.1% of 
the entire volume of the testis.[11]

Spermatogenesis is an extraordinarily complex process 
that produces male haploid germ cells from diploid 
spermatogonial stem cells, which occur in seminiferous 
tubules. This process starts at puberty and continues 
for life. The spermatogonial stem cells that are found 
close to the basement membrane of the seminiferous 
tubules undergo mitotic division to produce type A cells 
and type B cells. The B cells differentiate into primary 
spermatocytes, which in turn divide meiotically into two 
secondary spermatocytes (meiosis I), and each secondary 
spermatocyte divides into two haploid spermatids (meiosis 
II). By a process known as spermiogenesis, the spermatids 
transformed into spermatozoa which are found in the 
lumens of the tubules.[12]

Spermatogenesis in azoospermia can be normal 
spermatogenesis which means obstructive cause, or it may 
be abnormal which means a problem in the process itself  
(non-obstructive cause).[2]

Causes of infertility encountered in azoospermic patients 
were histologically classified according to the modified 
Johnson’s scoring system into:[13]

•	 Normal spermatogenesis: Normal progression of 
spermatogenesis from spermatogonia to spermatozoa 
with normal-looking seminiferous tubules with a thin 
basement membrane [Figure 1A].

•	 Germ cell maturation arrest: It means that germ cells fail to 
become mature spermatozoa. It could be early (complete) 
which occurs at the spermatocyte level so the sperm level 
is zero, or late (incomplete) which may rarely have few 
spermatids in a few seminiferous tubules [Figure 1B].

•	 Germ cell aplasia/sertoli cell-only syndrome: There are no 
germ cells in the tubules-only sertoli cells, which may show 
tubular basement membrane thickening [Figure 1C].

•	 Seminiferous tubule hyalinization/interstitial fibrosis: 
no germ cells, no sertoli cells could be found, with 
tubular basement membrane thickening and a smaller 
tube diameter [Figure 1D].

Materials and Methods
This is a cross-sectional  study of testicular specimens 
of 180 men with a history of infertility and their chief  

Figure 1: (A) Normal spermatogenesis.[14] (B) Maturation arrest. (C) Germ cell aplasia/sertoli cell-only syndrome. (D) Seminiferous tubule hyalinization
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complaint of azoospermia aged 18–60 years, where they 
attended for testicular biopsy evaluation in Al-Najaf 
center for histopathology during a period of 3  years 
(2020–2022). Clinical data regarding age and clinical 
presentation were obtained from histopathological reports 
from the archives for each patient.

As mentioned in the archived histopathological reports, 
all biopsies were preserved in 10% formalin, processed, 
sectioned, and stained with hematoxylin and eosin (H&E), 
and examined under a light microscope for scoring and 
categorization according to the modified Johnson’s system 
which is ranging from 1 to 10 as follows[2];

10	Complete spermatogenesis and perfect tubules
9	 Many spermatozoa present but disorganized 

spermatogenesis
8	 Only a few spermatozoa present
7	 No spermatozoa but many spermatids present
6	 Only a few spermatids present
5	 No spermatozoa or spermatids are present but many 

spermatocytes present
4	 Only a few spermatocytes present
3	 Only spermatogonia present
2	 No germ cells present
1	 No germ cells or sertoli cells are present.

Statistical analysis of the results of histopathological 
examination was done using the Pearson’s Chi square 
test and Fischer’s exact test at ≤ 0.05 level as a significant 
cut-off.

Ethical approval
The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki. It was carried out with patients verbal and 
analytical approval before sample was taken. The study 
protocol and the subject information and consent form 
were reviewed and approved by a local ethics committee 
according to the document number 701 (including the 
number and the date in November 15, 2021)  to get this 
approval.

Results
Total cases of 180 testicular biopsies from azoospermic 
men were evaluated and categorized according to the 
above-mentioned histopathological patterns as shown in 
Table 1 and Figure 1. In this study, germ cell maturation 
arrest was the most frequent histological pattern. It 
formed 46.67% of submitted cases. Germ cell aplasia/
sertoli cell-only syndrome has formed 30% and is 
considered the second most frequent histological pattern, 
whereas seminiferous tubule hyalinization/interstitial 
fibrosis has formed the least frequent pattern (10%). 
A  considerable proportion of cases were found to have 
normal spermatogenesis (13.33%) [Table 1].

There was a significant difference in the prevalence of 
these histopathological patterns of testicular biopsies (P 
value < 0.05).

Maturation arrest in the current study is further 
subdivided into early and late arrest. Early arrest is 
reported more frequently (85.7%) than late arrest (14.3%) 
with a significant difference between these two groups (P 
value < 0.05) as shown in Table 2.

The score of spermatogenesis in all submitted cases was 
also categorized according to the modified Johnson’s 
scoring system as shown in Table 3 and Figure 2. It has 
been found that score 1 formed 10% which represents 
seminiferous tubule hyalinization/interstitial fibrosis. 
Whereas score 2 formed (30%) which was given to germ 
cell aplasia/sertoli cell-only syndrome. Scores 3–7 formed 
the largest proportion collectively (46.67%), which 
represents germ cell maturation arrest (early and late). 

Table 1: Histopathological classification of testicular biopsies 
in azoospermic males (2020–2022)

Histopathological classification Number of 
cases 

% 

Normal spermatogenesis 24 13.33

Germ cell maturation arrest 84 46.67

Germ cell aplasia/sertoli cell-only syndrome 54 30

Seminiferous tubule hyalinization/interstitial 
fibrosis

18 10

Total 180 100
Significant P value ≤ 0.05

Table 2: Germ cell maturation arrest types

Types of maturation arrest Number of cases % 
Early maturation arrest 72 85.7

Late maturation arrest 12 14.3

Total 84 100
Significant P value ≤0.05

Table  3: Categorization of testicular biopsies according to 
the modified Johnson’s scoring system

Johnson’s scoring Number of cases % 
10 2 1.11

9 6 3.33

8 16 8.89

7 5 2.78

6 7 3.89

5 36 20

4 26 14.44

3 10 5.56

2 54 30

1 18 10

Total 180 100%
Significant P value ≤ 0.05
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Score 8 (8.89%), score 9 (3.33%), and score 10 (1.11%) 
have been given to normal spermatogenesis. There was a 
significant difference in comparison among these scores 
(P value < 0.05).

Discussion
Male infertility is a poorly studied problem due to social 
reasons.[2] Male infertility due to azoospermia has various 
causes such as genetic disorders, lifestyle habits, medical 
illnesses, and medications.[15] They have been divided 
into pretesticular, testicular, and post-testicular causes.[15] 
In about 28% of male infertility the cause is unknown 
(idiopathic).[16]

Pretesticular causes are non-obstructive causes that may be 
induced by hypothalamic or pituitary lesions (congenital 
or acquired), and both are characterized by the inability 
to produce GnRH and thus affects the production of 
sperm. These cases can get benefits and improvement as 
they respond well to hormonal replacement therapy.[17] 
Other pretesticular causes include some medication 
(Nitrofurantoin and Colchicine)[18] or radiation.[16]

Testicular causes or testicular failure are non-obstructive 
conditions that may be related to testicular agenesis, 
cryptorchidism, inflammation, radiation, or surgery.[2,16] 
One of the most important and preventable inflammatory 
lesions of the testis is mump.[19] Other causes are 
medications such as cyclophosphamide (which may cause 
testicular atrophy), diabetes, and tumor.[16,18]

The known post-testicular causes are absolute obstructive 
lesions. The obstruction may be due to the absence 
of one part or more of the testis such as epididymis or 
vas deferens that carry sperms away from the testis.[20] 
Congenital bilateral absence of vas deferens is a genetic 
disorder associated with carrying or having cystic 

fibrosis.[21] Another important cause of obstruction 
is varicocele which affects 15% of adults and only 
20% of those with varicocele will have some degree of 
infertility.[22,23] Varicocele is associated with a decrease 
in sperm number and motility and may cause testicular 
atrophy if  longstanding which indicated the need for 
surgery.[23]

In this study, 13.33% of cases showed normal 
spermatogenesis and scored as: score 10 (adequate and 
organized), 9 (adequate but disorganized), and 8 (normal 
spermatogenesis with a reduction in the number of 
spermatozoa). So hormonal profile and family history 
and other clinical data have been discarded; however, 
they remain essential complementary data for a full 
assessment of the etiological factors. So, a full evaluation 
of azoospermic patients is not so easy to say restricted to 
testicular pathology and remains enquiring answers for 
clinical and cytogenetic questions.

This necessitates introducing advice for these patients 
to complete their investigation with a genetic profile 
related to azoospermia and to recommend enquiring full 
family and medical history of each patient before doing a 
testicular biopsy.

In this study, 13.33% of cases showed normal 
spermatogenesis and scored as score 10 (adequate and 
organized), score 9 (adequate but disorganized), and 
score 8 (normal spermatogenesis with a reduction in the 
number of spermatozoa). This proportion is less frequent 
in comparison with other studies: Huma et al. (16.98%),[2] 
Layla et  al. (29.29%),[16] Ramadan et  al. (30%),[24] and 
Anita et al. (6.5%).[14] This means that obstructive lesions 
such as varicocele in our patients were less frequent; 
however, it formed a considerable problem and the patient 
needs to be fully investigated so the invasive testicular 
biopsy technique should be saved to the end. This group 

Figure 2: (A) Histopathological classification of testicular biopsies. (B) The modified Johnson’s scoring system
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of patients may get benefit from effective treatment such 
as the microsurgical reconstruction of the obstructed 
ducts.[25] Also, these patients may get benefit from isolating 
some viable intact spermatozoa for fertilization purposes 
(artificial insemination or IVF).[26,27]

The most prevalent histopathological pattern was germ 
cell maturation arrest, which comprised 46.67% and 
scored as 3–7 according to the modified Johanson’s 
scoring system. In comparison with other studies: Huma 
et  al. (15.09%),[2] Layla et  al. (12%),[16] Ramadan et  al. 
(38%),[24] and Anita et al. (25%).[14] This higher proportion 
of cases with maturation arrest is significantly different. 
This finding gives us the suggestion of the urgent need 
for introducing a screening tool for early detection of any 
testicular lesion and pick up those cases prone for the 
development of azoospermia. The size of such a problem 
is undetermined as many of these cases may have some 
genetic or chromosomal abnormality and nowadays a 
limited genetic test in our region has been introduced. 
Most of these patients were presented with early arrest 
(85.7%) in comparison with late arrest (14.3%), which 
means that there is a delay in clinical presentation and 
most patients are in real need of early consultation.

In this study, germ cell aplasia/sertoli cell-only syndrome 
has formed a large proportion of cases (30%), with 
spermatogenesis of score 2, which is almost close to other 
studies: Huma et al. (30.18%),[2] Ramadan et al. (32%),[24] 
and higher than other: Layla et al. (16%),[16] Anita et al. 
(18.75%).[14] This histological pattern is not specific, and 
may be related to or associated with many etiologies such 
as chromosomal abnormalities, orchitis, cryptorchidism, 
radiotherapy or may be due to embryological failure of 
germ cell migration to gonadal ridges.[28,29]

Seminiferous tubules hyalinization with interstitial fibrosis 
(score 1) was the least frequent histological pattern, yet it 
formed about 10% of cases. This percentage considered 
low when compared to other studies, Huma et al. (7.54%),[2] 
Layla et  al. (16%),[16] and Anita et  al. (34.375%)[14] with 
significant difference (P value < 0.05). This means that 
primary testicular lesion in our region is less frequent, 
and most of them were presented in late stage. Another 
contributory evidence for this low prevalence is most 
patients usually did not undergo testicular biopsy since 
the testis is small in size and can be diagnosed by clinical, 
hormonal, or cytogenetic data. This pattern may be seen 
in Klinefilter’s syndrome, cryptorchidism, inflammation, 
endocrine, or in obstructive causes of azoospermia.[13]

Also, many cases of azoospermic testicular biopsies 
have shown some proportion of intermixing different 
histological patterns and spermatogenesis scores in same 
patient. However we have depended on the predominant 
histological pattern and spermatogenesis score for 
classification and finalization of results. In contrast, these 

results mean that there were some intermixed etiological 
factors playing a role in the pathogenesis of azoospermia, 
in that some of them were related primarily to hormonal 
factors, others to inflammatory lesions and in part to 
some genetic etiology. So histological pattern remains 
not specific and not pathognomonic for reflecting the 
etiological factors of azoospermia.

Conclusion

We can conclude that germ cell maturation arrest is the 
most frequent pattern of azoospermic patients in our study, 
followed by germ cell aplasia/sertoli cell-only syndrome. 
Seminiferous tubule hyalinization/interstitial fibrosis was 
the least frequent change, whereas normal and adequate 
spermatogenesis formed a considerable proportion that 
needs to be further investigated. Histological pattern 
remains not specific and not pathognomonic in reflecting 
the etiologic factors of azoospermia. So, full evaluation 
of azoospermic patients for clinical and cytogenetic 
aspect which are complementary to histopathological 
examination for the final diagnosis.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Agarwal A, Mulgund A, Hamada A, Chyatte MR. A unique view 

on male infertility around the globe. Reprod Biol Endocrinol 
2015;13:1-9.

2.	 Mushtaq  H, Alam  S, Ahmed  M. Histopathological patterns of 
testicular biopsies in male infertility. J Islamabad Med Dental 
College 2013;2:81-6.

3.	 Agarwal A, Baskaran S, Parekh N, Cho CL, Henkel R, Vij S, et al. 
Male infertility. Lancet 2021;397:319-33.

4.	 Olesen  IA, Andersson  AM, Aksglaede  L, Skakkebaek  NE, 
Rajpert-de  Meyts  E, Joergensen  N, et  al. Clinical, genetic, 
biochemical, and testicular biopsy findings among 1,213 men 
evaluated for infertility. Fertil Steril 2017;107:74-82.e7.

5.	 Abdulmohsin MA. Assessment of psychosocial status and spiritual 
beliefs of a sample of infertile men in Baghdad City, Iraq. Med J 
Babylon 2018;15:139-44.

6.	 Caroppo  E, Colpi  EM, Gazzano  G, Vaccalluzzo  L, Scroppo  FI, 
D’Amato  G, et  al. Testicular histology may predict the successful 
sperm retrieval in patients with non-obstructive azoospermia 
undergoing conventional TESE: A  diagnostic accuracy study. J 
Assist Reprod Genet 2017;34:149-54.

7.	 Robin G, Boitrelle F, Leroy X, Peers M-C, Marcelli F, Rigot J-M, 
et  al. Assessment of azoospermia and histological evaluation of 
spermatogenesis. Ann Pathol 2010;30:3-15.

8.	 Cerilli LA, Kuang W, Rogers D. A practical approach to testicular 
biopsy interpretation for male infertility. Arch Pathol Lab Med 
2010;134:1197-204.

9.	 Dohle GR, Elzanaty S, van Casteren NJ. Testicular biopsy: Clinical 
practice and interpretation. Asian J Androl 2012;14:88-93.

10.	 Puhse  G, Hense  J, Bergmann  M, Kliesch  S. Bilateral histological 
evaluation of exocrine testicular function in men with obstructive 

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 05/20/2024



Allebawi and Al-Janabi: Evaluation of histopathological patterns of testicular biopsies in azoospermic patients

         84� 84    Medical Journal of Babylon  ¦ Volume 21 ¦ Issue 1 ¦ January-March 2024

azoospermia: condition of spermatogenesis and andrological 
implications? Hum Reprod 2011;26:2606-12.

11.	 Gert  RD, Saad  E, van  Casteren  NJ. Testicular biopsy: Clinical 
practice and interpretation. Asian J Androl 2017;27:R988-R994.

12.	 Nishimura  H, L’Hernault  SW. Spermatogenesis. Curr Biol 
2017;27:R988-R994.

13.	 Cerilli LA, Kuang W, Rogers D. A practical approach to testicular 
biopsy interpretation for male infertility. Arch Pathol Lab Med 
2010;134:1197-204.

14.	 Gune AR, Patil AD, Gune RP, Patil RS. Histopathological patterns 
of testicular biopsies in azoospermic infertile males. Int J Health Sci 
Res 2019;9:22-7.

15.	 Esteves  SC, Ricardo  M, Ashok  A. An update on the clinical 
assessment of the infertile male. Clinics (Sao Paulo) 2011;66:691-700.

16.	 Abdullah  L, Nabeel  B. Histopathological patterns of testicular 
biopsy in male infertility: A  retrospective study from a tertiary 
care center in the western part of Saudi Arabia. Urol Ann 2011;3: 
19-23.

17.	 Joshua DR, Aye AL, Tobias SK. Current medical management of 
endocrine-related male infertility. Asian J Androl 2016;18:357-63.

18.	 Ding  J, Shang  X, Zhang  Z, Jing  H, Shao  J, Fei  Q, et  al. FDA-
approved medications that impair human spermatogenesis. 
Oncotarget 2017;8:10714-25.

19.	 Wu H, Wang F, Tang D, Han D. Mumps orchitis: Clinical aspects 
and mechanisms. Front Immunol 2021;12:582946.

20.	  Olooto W. Infertility in male: risk factors, causes and management: 
A review. J Microbiol Biotech Res 2012;2:641-5.

21.	 Bieniek  JM, Lapin  CD, Jarvi  KA. Genetics of CFTR and male 
infertility. Transl Androl Urol 2021;10:1391-400.

22.	 Musalam  AO, Eid  RA, Al-Assiri  M, Abdelwahed  Hussein  MR. 
Morphological changes in varicocele veins: Ultrastructural study. 
Ultrastruct Pathol 2010;34:260-8.

23.	 Chiba  K, Ramasamy  R, Lamb  DJ, Lipshultz  LI. The varicocele: 
Diagnostic dilemmas, therapeutic challenges and future perspectives. 
Asian J Androl 2016;18:276-81.

24.	 Saleh  R, Mahfou  RZ, Agarwal  A, Farouk  H. Histopathologic 
patterns of testicular biopsies in infertile azoospermic men with 
varicocele. Fertil Steril 2010;94:2482-5.

25.	 Sahay SC, Iyer VK, Kumar R. Discordant clinical and histological 
findings predict failure of reconstruction in suspected obstructive 
azoospermia. Indian J Urol 2012;28:43-6.

26.	 Merchant  R, Gandhi  G, Allahbadia  GN. In vitro fertilization/
intracytoplasmic sperm injection for male infertility. Indian J Urol 
2010;34:260-8.

27.	 Hameed  BL, Ahmeid  MS. Serum follistatin and its role in 
intracytoplasmic sperm injection outcomes. Med J Babylon 
2019;16:302-6.

28.	 Lan  KC, Wang  HJ, Wang  TJ, Lin  HJ, Chang  YC, Kang  HY. 
Y-chromosome genes associated with sertoli cell-only syndrome 
identified by array comparative genome hybridization. Biomed J 
2023;46:100524.

29.	 Xu H-Y, Hong-Xian Z, Zhen X, Jie Q. Regulation of anti-Müllerian 
hormone (AMH) in males and the associations of serum AMH with 
the disorders of male fertility. Asian J Androl 2019;21:109-14.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 05/20/2024


