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ABSTRACT

Background: Male infertility is a significant health issue in East Asia, affecting over 12 million men, primarily due 

to non-obstructive and obstructive azoospermia. Although scrotal color Doppler ultrasonography is widely used to 

assess male reproductive health, existing diagnostic standards derived from European populations remain unvali-

dated for Chinese men. This study aimed to establish population-specific reference values and evaluate the diag-

nostic utility of ultrasonographic parameters in differentiating azoospermia subtypes. 

Methods: We enrolled 424 men aged 20–45 years, including 245 normozoospermic controls, 135 with non- 

obstructive azoospermia, and 44 with obstructive azoospermia from Guangdong Province, China. All participants 

underwent scrotal ultrasound following standardized protocols to measure testicular volume, epididymal dimen-

sions, and hemodynamic parameters. Semen analysis and hormonal profiling were also performed. 

Results: Results showed that testicular volumes in fertile men from Guangdong Province, China were significantly 

smaller than European reference values. Testicular volume was inversely correlated with follicle-stimulating hor-

mone and luteinizing hormone levels and positively correlated with sperm count and concentration, but not with 
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motility or morphology. Men with non-obstructive azoospermia had significantly smaller testicular volumes, while 

those with obstructive azoospermia showed significant dilation of the epididymal caput. 

Conclusions: This study provides the first scrotal ultrasound reference standards for men from Guangdong Prov-

ince, China and suggests that a two-parameter approach based on testicular volume and epididymal caput diam-

eter may aid in non-invasive differentiation of azoospermia subtypes, potentially reducing the need for invasive 

biopsies.
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Background

Male infertility represents a growing global 
health challenge, affecting tens of millions world-
wide with rising prevalence rates. In the East Asian 
context, the condition impacts over 12 million men, 
reflecting a significant burden on couples' reproduc-
tive health (1), with Non-obstructive Azoospermia 
(NOA) and Obstructive Azoospermia (OA) being the 
primary contributing factors (2, 3). Color Doppler ul-
trasonography (CDUS) serves as a valuable diagnos-
tic tool by providing real-time visualization of scrotal 
structures and blood flow dynamics, which facilitates 
precise anatomical and hemodynamic assessments. 
This capability allows it to accurately differentiate 
pathological conditions, thereby reducing unneces-
sary surgical interventions and enhancing diagnostic 
reliability when physical or biochemical examinations 
yield inconclusive results (4). Furthermore, the recent 
EAA multicenter study established standardized refer-
ence baselines for fertile males, advancing CDUS into 
a quantifiable framework for evaluating male repro-
ductive health (5). However, these standards are pre-
dominantly derived from European cohorts, resulting 
in a persistent deficiency of testicular morphological 
benchmarks for Chinese. Furthermore, discriminatory 
CDUS features distinguishing OA from NOA remain 
incompletely characterized.

Our study established CDUS reference ranges 
for testicular and epididymal parameters in nor-
mozoospermic men from Guangdong Province of 
China, following standardized EAA protocols (5). We 

systematically investigated the correlations between 
CDUS-derived metrics and seminal parameters, as 
well as hypothalamic-pituitary-testicular (HPT) axis 
hormonal profiles. Furthermore, we conducted com-
parative CDUS analyses among normozoospermic, 
NOA, and OA cohorts to identify discriminative im-
aging features. These findings establish locally adapted, 
diagnostic standards for assessing male infertility in 
populations from Guangdong Province, China, dem-
onstrate the utility of scrotal CDUS as a non-invasive 
tool for differentiating between OA and NOA, and 
provide novel insights into the regulation of the tes-
ticular microenvironment.

Methods

Study design

This single center cross-sectional study consecu-
tively recruited 424 male participants aged 20-45 
years, who were categorized into three groups based 
on semen analysis and clinical diagnosis: Group 1 
consisted of 245 community-derived controls with 
proven fertility, defined by normal semen parameters 
according to the WHO 2021 criteria and a partner's 
time-to-pregnancy (TTP) of ≤12 months. Group 2 in-
cluded 135 patients with non-obstructive azoospermia 
(NOA), confirmed via testicular biopsy or open histo-
logical examination showing conditions such as Sertoli 
cell-only syndrome or spermatogenic maturation ar-
rest; Group 3 comprised 44 patients with obstructive 
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azoospermia (OA), diagnosed via surgical or imaging 
evidence of genital tract obstruction and confirmed 
normal spermatogenesis through testicular biopsy. The 
participant screening, grouping, and subsequent ana-
lytical pathways are summarized in Figure 1. Briefly, 
all eligible normozoospermic men constituted the fer-
tile reference cohort (n=245). This single cohort served 
a dual purpose: (i) to establish the population-specific 
reference intervals for scrotal CDUS parameters, and 
(ii) to serve as the control group for comparison with 
azoospermic patients. A total of 179 patients with azo-
ospermia were enrolled and further subclassified into 
non-obstructive (NOA, n=135) and obstructive (OA, 
n=44) groups. The CDUS parameters of the fertile ref-
erence cohort and the two azoospermia groups were 
then compared.

Research subjects and inclusion criteria

This study enrolled three categories of partici-
pants: men with normal semen parameters, OA, and 
NOA. The inclusion criteria of normal semen param-
eters were: age 20-45 years, residence in the local area, 
meeting the WHO 2021 criteria for standard semen 
parameters, and most importantly, having a partner 
with a documented time-to-pregnancy (TTP) of ≤12 
months, confirming natural conception without medi-
cal assistance, while excluding those with clinical grade 
II or higher varicocele, genital tract infections, abnor-
mal karyotype or AZF microdeletions, or a history of 
cryptorchidism. To enhance the phenotypic specificity 
of the OA cohort while maintaining clinical relevance, 
we applied a conservative exclusion criterion of a 

Figure 1. Flowchart of study participant recruitment and analysis. Potentially eligible men were assessed 
based on the following key exclusion criteria: 1) age outside 20-45 years, 2) semen parameters not meeting 
WHO 2021 criteria, 3) partner’s time-to-pregnancy >12 months, 4) presence of clinical varicocele (grade II or 
higher), 5) history of cryptorchidism or genital tract infection, and 6) declined to participate. Men who met 
all criteria formed the normozoospermic control / fertile reference cohort (n=245). This cohort was used to 
calculate reference intervals (5th-95th percentiles) for scrotal CDUS parameters, establishing the population-
specific reference ranges. The same cohort also served as the control group for comparative analysis against 
patients with azoospermia (n=179), who were subclassified into non-obstructive (NOA, n=135) and obstruc-
tive (OA, n=44) groups. The final comparative analysis evaluated CDUS parameters across these three groups.
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testicular volume <7 mL in either testis. This threshold 
lies within the established normal reference interval 
(5.4–12.3 mL) for our population but helps minimize 
the inclusion of cases with probable severe concomi-
tant spermatogenic impairment. The NOA group was 
diagnosed based on the absence of sperm in at least two 
semen analyses and testicular pathology showing sper-
matogenic failure such as Sertoli cell-only syndrome 
or maturation arrest, while excluding any evidence of 
obstruction or prior androgen or gonadotropin therapy.

Data acquisition and ultrasound imaging 
protocol

Scrotal color Doppler ultrasound (CDUS) was 
performed using a GE Voluson E8 system equipped 
with a 4-16 MHz linear transducer, following standard-
ized protocols aligned with the European Academy of 
Andrology (EAA) recommendations. All examinations 
were conducted with participants in the supine position 
after even application of coupling gel to the scrotal skin; 
the probe was placed gently to avoid tissue deformation.

The imaging protocol included comprehensive as-
sessment of testicular and epididymal parameters. Tes-
ticular measurements encompassed three orthogonal 
dimensions: length (L), width (W), and height (H), 
all recorded in centimeters (cm). Testicular volume  
(V, in milliliters) was calculated using the following 
formulas: The Ellipsoid formula: V = L × W × H × 
0.52; The Lambert formula: V = L × W × H × 0.71; The 
Hansen formula: V = L × W × H × 0.52 (The Hansen 
formula, as implemented in our study, used the maxi-
mal dimensions and a constant of 0.52). Epididymal 
evaluation followed a segmental measurement proto-
col: the caput was assessed by measuring the head-
to-base distance in the maximal longitudinal section, 
while the corpus and cauda were evaluated on the same 
longitudinal plane by recording their anteroposterior 
diameters. Hemodynamic parameters, including peak 
systolic velocity and resistive index, were also system-
atically recorded. To ensure measurement consist-
ency and diagnostic reliability, all examinations were 
conducted by two experienced sonographers blinded 
to group assignment. Prior to study commencement, 
both operators underwent joint training sessions on 
standardized EAA operating procedures. Throughout 

the data collection period, they performed periodic 
simultaneous scans and measurement comparisons on 
initial cases to calibrate techniques and establish con-
sensus on anatomical landmarks. All images were in-
dependently analyzed, with any discrepancies resolved 
through consensus review or consultation with a senior 
andrologist.

Complementary assessments included semen 
analysis performed according to WHO 2021 guide-
lines (evaluating volume, pH, concentration, motility, 
and morphology) and serum hormone measurements 
(FSH, LH, and testosterone) via electrochemilumi-
nescence immunoassay, ensuring comprehensive mul-
timodal evaluation of reproductive parameters.

Statistical analysis

Normative reference ranges were defined as the 
5th and 95th percentiles according to CLSI guide-
lines. The distribution of all key parameters was visu-
ally assessed using violin diagram. The uncertainty of 
the percentile estimates was quantified by calculating 
their 95% confidence intervals (CIs) using the boot-
strap method with 1,000 resamples. No pre-specified 
outliers were excluded from the reference range calcu-
lation to ensure the results represent the natural vari-
ation within the defined fertile population, as per the 
principle of establishing reference intervals. Correla-
tions between CDUS features and both seminal and 
hormonal parameters were evaluated using Pearson 
or Spearman tests based on data distribution. Group 
comparisons (normozoospermic vs. NOA vs. OA) for 
continuous variables were performed using one-way 
ANOVA with Tukey’s post-hoc test. All analyses were 
conducted using SPSS version 26.0, with a two-sided 
p<0.05 considered statistically significant.

Results

Scrotal CDUS and Morphometric Reference 
Ranges in Fertile Men from Guangdong 
Province, China

Our study established testicular color Doppler 
ultrasound (CDUS) reference ranges for 245 fertile 
men from Guangdong Province, China using three 
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volumetric formulas, revealing significantly lower val-
ues than European counterparts. The mean testicular 
volume, calculated using the ellipsoid formula, was 8.4 
± 2.3 mL, with 5th and 95th percentiles (reference in-
terval) of 5.4 mL (95% CI: 4.9–5.6) and 12.3 mL (95% 
CI: 11.9–13.5), respectively. Corresponding values de-
rived from the Lambert formula were 7.4 mL (95% CI: 
6.8–7.6) and 16.8 mL (95% CI: 15.9–18.4) for the 5th 
and 95th percentiles, respectively, and from the Hansen 
formula were 6.2 mL (95% CI: 5.1–6.0) and 14.3 mL 
(95% CI: 14.6–15.9), respectively. All these population-
specific reference values are substantially lower than 
those reported in the European Academy of Andrology 
(EAA) standards​ (mean volumes: 17.2 ± 4.1 mL, 23.5 
± 5.6 mL, and 20.4 ± 5.0 mL for the ellipsoid, Lambert, 
and Hansen formulas, respectively; P < 0.001). The dis-
tributions of testicular volume (ellipsoid formula) and 
epididymal head diameter in the reference cohort are 
visually summarized in Figure S1. Testicular dimen-
sions similarly demonstrated reduced metrics: left/right 
testicular lengths measured 37.2 ± 3.5 mm/37.8 ± 3.5 
mm, widths 19.0 ± 2.0 mm/19.0 ± 2.3 mm, and heights 
22.0 ± 2.4 mm/22.2 ± 2.7 mm. In addition, standard-
ized ultrasonographic assessment of the epididymis was 
performed. The normal epididymal caput exhibited a 
characteristic triangular shape in longitudinal scans, 
while both the corpus and cauda appeared homoge-
neous. Morphometric evaluation included the longi-
tudinal diameter (length), anterior-posterior diameter 
(height), and transverse diameter (width) obtained in 
orthogonal planes (Figure 2). Our study also provides 
the first comprehensive dataset on accessory gland di-
mensions in Asian populations, including seminal vesi-
cle diameters (left: 9.5±2.4 mm; right: 9.8±2.3 mm) and 
prostatic urethral parameters (length: 41.7±3.0 mm; 
height: 21.0±1.8 mm; width: 30.8±1.9 mm) (Table 1 
and Table S1). This comprehensive dataset establishes 
the first population-specific CDUS reference standards 
for testicular development and epididymal morphology 
assessment in Chinese fertility evaluations.

Correlation between CDUS-derived testicular 
volume and hormonal levels

Building upon established CDUS reference 
ranges for testicular volume (TV) in fertile men from 

Guangdong Province, China, we investigated the re-
lationship between ultrasonographic parameters and  
hypothalamic-pituitary-testicular (HPT) axis function. 
Testicular volume demonstrated significant inverse 
correlations with gonadotropin levels—specifically  
with follicle-stimulating hormone (Figure 3A) and 
luteinizing hormone (Figure 3B). These associations 
indicate progressively elevated gonadotropin secretion 
at smaller testicular volumes, consistent with compen-
satory HPT axis activation. Conversely, TV showed no 
statistically significant relationship with testosterone 
levels (Figure 3C). This evidence supports the utility 
of CDUS-measured testicular volume as an indirect 
biomarker for evaluating functional integrity of the re-
productive endocrine axis.

Predictive utility of sonographic testicular 
volume for semen characteristics

We further evaluated the clinical relevance of 
CDUS parameters to seminal quality, identifying sig-
nificant associations between testicular volume and 
sperm production metrics. Mean testicular volume 
demonstrated statistically significant positive corre-
lations with both total sperm count (Figure 4A) and 
sperm concentration (Figure 4B), indicating enhanced 
spermatogenesis efficiency with larger testicular dimen-
sions. Conversely, no statistically significant relation-
ships were observed between TV and sperm kinematic 
quality, including progressive motility (Figure 4C)  
or normal morphology rate (Figure 4D). These find-
ings establish CDUS-derived testicular volume as a 
predictor of sperm production capacity, while dem-
onstrating its limited predictive utility for functional 
sperm parameters related to motility and morphologi-
cal integrity.

CDUS-based differentiation of  
non-obstructive vs. obstructive azoospermia

We conducted a tripartite CDUS comparison 
among men with normal semen parameters, non-
obstructive azoospermia (NOA), and obstructive 
azoospermia (OA) cohorts to identify the key mor-
phological differences. NOA patients exhibited signif-
icantly reduced testicular volumes compared to fertile 
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Figure 2. Ultrasonographic visualization and anatomical landmarks of the testis and epididymis. (A) longitu-
dinal diameter (length [L]) in longitudinal scan. (B) anterior-posterior diameter (height [H]) and transverse 
diameter (width [W]) in transverse scan. (C) Normal epididymal head with triangular shape in a longitudinal 
scan. (D) Homogeneous epididymal body in a longitudinal scan. (E) Homogeneous epididymal tail in a lon-
gitudinal scan.

controls, with ellipsoid formula measurements declin-
ing from 8.4 ± 2.3 mL to 4.7 ± 2.8 mL (P< 0.001). 
Lambert formula volumes similarly decreased from 
11.4 ± 3.2 mL to 6.4 ± 3.8 mL (P< 0.001). Conversely, 
OA patients maintained testicular volumes comparable 
to fertile men (ellipsoid: 8.3 ± 2.3 mL, Lambert: 11.4 
± 3.2 mL; P> 0.05 for both). Epididymal architecture 
demonstrated diagnostic divergence: while NOA sub-
jects showed caput diameters similar to controls (8.0 
± 1.6 mm vs. 7.8 ± 1.9 mm; P = NS), OA patients 
exhibited significant cephalic dilation (9.2 ± 1.9 mm; 
P< 0.001 vs. both groups) (Table 2). These results es-
tablish CDUS-defined testicular volume reduction as 

a primary discriminator for NOA diagnosis, whereas 
epididymal head dilation serves as a key sonographic 
marker​for OA. Collectively, sonographic metrics pro-
vide clinically actionable morphological criteria for 
non-invasive differentiation of azoospermia subtypes.

Diagnostic performance of ultrasound 
parameters

To quantify the discriminative ability of CDUS 
parameters between OA and NOA, receiver operat-
ing characteristic (ROC) curve analysis was performed 
for individual parameters (Figure 5A). Testicular 
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Table 1. Reference range and mean values of the testicular color Doppler ultrasound (CDUS) parameters in fertile men.

Our study EAA study

Testis US parameters Mean±SD Reference range Mean±SD Reference range

Testicular volume (ml)

“Ellipsoid” formula

Left 8.2±2.3 5.4-12.6 16.5 ± 4.1 11.0-24.1

Right 8.5±2.4 5.4-12.9 17.9 ± 4.4 12.0-25.7

Mean 8.4±2.3 5.4-12.3 17.2 ± 4.1 11.8-24.4

“Lambert” formula

Left 11.2±3.1 7.4-17.1 22.6 ± 5.6 15.1-32.9

Right 11.6±3.3 7.3-17.7 24.4 ± 6.0 16.4-35.1

Mean 11.4±3.2 7.4-16.8 23.5 ± 5.6 16.0-33.0

“Hansen” formula

Left 10.0±2.9 6.0-14.6 19.7 ± 5.2 12.5-28.6

Right 10.4±3.1 6.2-15.3 21.2 ± 5.5 13.2-30.6

Mean 10.2±2.8 6.2-14.3 20.4 ± 5.0 13.5-29.4

Testicular diameters (mm)

Left testis length 37.2±3.5 32.5-44.0 44.7 ± 4.5 37.0-52.0

Left testis width 19.0±2.0 19.0-26.0 28.8 ± 2.8 24.0-34.0

Left testis height 22.0±2.4 15.5-23.0 24.4 ± 2.8 20.0-29.0

Right testis length 37.8±3.5 32.8-43.0 45.7 ± 4.3 38.5-52.0

Right testis width 19±2.3 18.1-27.0 29.6 ± 2.8 25.0-34.0

Right testis height 22.2±2.7 16.0-22.9 25.1 ± 2.9 20.0-30.0

Epididymal

Left epididymal head diameter 8.1±1.5 6.2-9.8

Left epididymal body diameter 2.5±0.4 1.9-3.0

Left epididymal tail diameter 5.5±1.2 4.0-7.1

Right epididymal head diameter 7.9±1.7 6.0-9.7

Right epididymal body diameter 2.4±0.5 1.8-2.9

Right epididymal tail diameter 5.3±1.0 3.7-7.0

Mean epididymal head diameter 8.0±1.6 6.3-9.7 9.0 ± 1.5 7.0-11.5

Mean epididymal body diameter 2.5±0.5 2.0-2.9 3.8 ± 0.8 2.5-5.0

Mean epididymal tail diameter 5.4±1.1 4.0-6.5 4.8 ± 0.7 4.0-6.0

volume demonstrated excellent discriminatory ability 
with an area under the curve (AUC) of 0.844 (95% 
CI: 0.787–0.902). The AUC for epididymal head di-
ameter was 0.760 (95% CI: 0.685–0.835), indicating 
fair discrimination, which was significantly lower than 

that of testicular volume (DeLong test, p = 0.048). Pa-
tient age showed no significant discriminatory value 
(AUC: 0.539, 95% CI: 0.431–0.647). To integrate the 
two key sonographic parameters into a composite di-
agnostic tool, a multivariable logistic regression model 
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Figure 3. Correlation analysis between mean testicular volume 
and serum hormone levels. (A) Significant negative correlation be-
tween mean testicular volume and FSH (r = −0.392, P = 0.002). (B) 
Negative correlation between mean testicular volume and LH (r = 
−0.266, P = 0.037). (C) No significant correlation between mean 
testicular volume and testosterone (r = 0.129, P = 0.314) (n=245).

was constructed, with OA as the outcome and age 
as a covariate. The model was statistically significant 
(Likelihood Ratio test: p < 0.001; Pseudo R² = 0.262). 
As detailed in Table 3, both sonographic parameters 
were independent predictors after adjusting for age: 
testicular volume was the strongest predictor (adjusted 
Odds Ratio [aOR] = 1.54, 95% CI: 1.29–1.83; p < 
0.001), and epididymal head diameter was also signifi-
cant (aOR = 1.30, 95% CI: 1.03–1.63; p = 0.025). Age 
was not a significant predictor (aOR = 1.04, 95% CI: 
0.96–1.12; p = 0.313). The combined predicted proba-
bility generated by this model effectively discriminated 
between the groups, with a significantly higher mean 
probability in the OA group (0.465 ± 0.233) than in 
the NOA group (0.174 ± 0.186; p < 0.001, t-test). The 
ROC curve for this combined probability is presented 
in Figure 5B, showing high overall diagnostic accu-
racy (AUC: 0.866, 95% CI: 0.808–0.917). The model’s 
performance at the optimal probability cutoff of 0.210 
(determined by Youden’s index) is summarized in  
Table 4, yielding a sensitivity of 86.36%, specificity of 
74.81%, a positive predictive value of 52.78%, and a 
negative predictive value of 94.39%.

Discussion

Validation of population differences  
and consideration of potential biases

The notably smaller testicular volumes observed 
in our community-based cohort of proven fertile 
men from Guangdong Province, China, compared 
to European standards, raise the crucial question 
of whether this reflects a genuine biological differ-
ence or methodological artifacts. Firstly, regarding 
selection bias, our control group was specifically re-
cruited from the community​with a stringent crite-
rion of proven fertility (partner's time-to-pregnancy 
≤12 months), ensuring they represent a true fertile 
reference population​rather than a clinically selected 
group. This design effectively minimizes the risk of 
selection bias associated with hospital-based infer-
tility studies. Secondly, concerning measurement 
bias, our strict adherence to standardized EAA ultra-
sound protocols, using a single ultrasound platform 
and implemented by sonographers who underwent 
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Figure 4. Correlation Analysis Between Mean Testicular Volume and Seminal Parameters​. (A) Pronounced 
positive correlation between testicular volume and total sperm count (r= 0.323, P< 0.001). (B) Significant posi-
tive association with sperm concentration (r= 0.267, P< 0.001). (C) No statistically significant correlation with 
progressive motility (r= -0.052, P= 0.426). (D) Absence of significant association with normal morphology rate 
(r= 0.078, P= 0.228) (n=245).

joint training, robustly minimizes inter-observer 
and inter-machine variability. Lastly, to address the 
potential confounding effect of anthropometrics, al-
though detailed data on height and BMI were not 
available for direct adjustment, the magnitude of 
the observed difference (~50% smaller) is dispro-
portionately large compared to known variations in 
body habitus. Although a significant height differ-
ence exists between Chinese and European males 
(6), the study revealed only a weak positive corre-
lation between stature and testicular volume, with 
correlation coefficients of r = 0.162 for the left tes-
tis and r = 0.276 for the right testis (7). Thus, body 
size alone seems insufficient​ to plausibly explain the 
substantial disparity in testicular volume. Therefore, 
we propose that the observed difference is likely an 
authentic population-level characteristic.

Establishment of population-specific 
reference ranges and hypotheses for 
observed disparities

The European Academy of Andrology (EAA) US 
study is the first to systematically evaluate the entire 
human male genital tract (MGT) using standard-
ized operating procedures (SOPs) and color Doppler 
ultrasound (CDUS). Based on a reference cohort of 
healthy and fertile men, this study established refer-
ence ranges, echotexture features, and vascular char-
acteristics for organs within the scrotal, prostatic, and 
seminal vesicular regions (5, 8, 9). In China, CDUS 
has been clinically applied in the diagnosis of breast 
cancer (10), bone tumors (11), focal nodular hyper-
plasia (12), hepatocellular adenoma (12), and erectile 
dysfunction (13), as well as in the detection of deep 
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Table 2. Compare of the testicular color Doppler ultrasound (CDUS) parameters in fertile men, NOA and OA.

Fertile men (n=245) NOA (n=135) OA (n=44)

Testis US parameters Mean±SD Mean±SD Mean±SD

Testicular volume(ml)

“Ellipsoid” formula

Left 8.2 ± 2.3 4.6 ± 2.8** 8.1 ± 2.6

Right 8.5 ± 2.4 4.7 ± 2.8** 8.6 ± 2.0

Mean 8.4 ± 2.3 4.7 ± 2.8** 8.3 ± 2.3

“Lambert” formula

Left 11.2 ± 3.1 6.3 ± 3.8** 11.0 ± 3.5

Right 11.6 ± 3.3 6.4 ± 3.8** 11.8 ± 2.7

Mean 11.4 ± 3.2 6.4 ± 3.8** 11.4 ± 3.2

Epididymal

Left epididymal head diameter 8.1 ± 1.5 8.0 ± 1.9 9.0 ± 1.9**

Right epididymal head diameter 7.9 ± 1.7 7.7 ± 1.9 9.3 ± 1.9**

Mean epididymal head diameter 8.0 ± 1.6 7.8 ± 1.9 9.2 ± 1.9**

NOA and OA compared with fertile men group separately;
**: P<0.001; #: P>0.05

Figure 5. Diagnostic performance of individual parameters and the combined model for differentiating azoo-
spermia subtypes. (A)​ Receiver operating characteristic (ROC) curves for the univariate analysis of testicular 
volume (TV), epididymal head diameter (EHD), and patient age. (B)​ ROC curves for the multivariate logistic 
regression model combining TV and EHD (TV+ED Probability) compared to age alone. The diagonal dashed 
line represents the line of no discrimination (AUC = 0.5). Areas under the curve (AUC) with 95% confidence 
intervals are displayed in the legends. The combined TV+ED model demonstrated superior diagnostic perfor-
mance compared to any single parameter or age.

vein thrombosis in patients with acute intracerebral 
hemorrhage (14). It also serves as an auxiliary tool 
for the differential diagnosis of benign and malignant 
pelvic tumors in women of childbearing age (15) and 

for predicting sentinel lymph node metastasis in breast 
cancer (16). However, standardized systematic assess-
ment of the male reproductive system based on CDUS 
remains lacking in China. To address this gap, this 
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Table 4. Diagnostic performance and predicted probability distribution of the combined two-parameter model  
for differentiating obstructive azoospermia.

Diagnostic Metric / Group Value (95% CI)​ Clinical Interpretation

Diagnostic Performance at Optimal Cut-off (0.210)

Sensitivity 86.36% (73.29 – 93.60) Correctly identified 86.36% of OA patients.

Specificity 74.81% (66.88 – 81.38) Correctly excluded 74.81% of NOA patients.

Positive Predictive Value (PPV) 52.78% (41.40 – 63.87) 52.78% of predicted OA cases were true OA.

Negative Predictive Value (NPV) 94.39% (88.30 – 97.40) 94.39% of predicted NOA cases were true 
NOA.

Area Under the Curve (AUC) 0.866 (0.808 – 0.917)* Overall discriminatory accuracy.

Distribution of Predicted Probability Sample Size (n) MeanW ± SD

NOA Group 135 0.174 ± 0.186

OA Group 44 0.465 ± 0.233

Note: The optimal cut-off probability of 0.210 was determined by maximizing Youden's index. The confusion matrix at this threshold was: True  
Positive = 38, False Negative = 6, False Positive = 34, True Negative = 101.
Abbreviations: OA: obstructive azoospermia; NOA: non-obstructive azoospermia; CI: confidence interval; SD: standard deviation.
**The AUC value is presented as a summary metric from Figure 5B for reader convenience. A detailed breakdown is available in the main text.

Table 3. Results of the multivariable logistic regression analysis for predicting obstructive azoospermia.

Variant RC
standard 

error Wald χ² p value OR value OR 95%CI Significance

Y-intercept -7.277 1.700 18.32 <0.001 0.001 [0.000, 0.019] **

Average testicular volume 0.431 0.089 23.14 <0.001 1.538 [1.291, 1.833] **

Average epididymal head 
diameter

0.262 0.117 4.99 0.025 1.299 [1.033, 1.634] *

Age 0.040 0.039 1.02 0.313 1.041 [0.963, 1.124] n.s.

**P<0.001; * P<0.05
Abbreviations: n.s. non-significant; RC: Regression coefficient

study established CDUS reference ranges for the testes 
in 245 fertile men from Guangdong Province, China. 
The present study reports ultrasound-derived testicu-
lar volume (TV) reference ranges based on the most 
commonly used mathematical formulas (the Ellipsoid, 
Lambert, and Hansen formulas) (8, 17). The results 
demonstrated significantly smaller measurements 
compared to European data: the mean testicular vol-
ume in fertile men from Guangdong Province, China 
(8.6 mL) was only 50% of that reported in European 
populations (17.2 mL), and the epididymal caput di-
ameter (7.9 mm) was 12% smaller than the European 
reference (9.0 mm). These findings indicate a signifi-
cant difference in testicular volume between males 
from Guangdong, China, and European populations. 

The reasons for this disparity are likely multifactorial 
and warrant further investigation. Several hypotheses 
can be proposed based on existing literature. Genetic 
factors​ are one plausible avenue. Differences in the AR 
gene CAG repeat length, which has been correlated 
with testicular size in some studies (18) and shown to 
vary between European and Asian populations (19), 
could represent one contributing factor. Environmen-
tal influences, such as the hot and humid climate of 
Guangdong, might also play a role.​Experimental data  
from other mammalian species suggest that sustained 
heat exposure can adversely affect testicular size (20-23);  
however, direct evidence in human populations is lim-
ited. Similarly, regional variations in nutrition and 
dietary patterns​are known to influence reproductive 



The Ultrasound Journal 2026; Vol. 18:18307  doi: 10.5826/tuj.2026.1830712

physiology (24, 25) and could potentially contribute 
to​the observed morphological differences. Therefore, 
establishing a CDUS-based standardized system-
atic evaluation for the male reproductive system in 
Guangdong populations is imperative, as the direct 
application of European standards may lead to the 
misdiagnosis of testicular underdevelopment in men 
from this region.

Clinical significance of testicular volume  
in reproductive assessment

The EAA Multicenter Consortium has estab-
lished SOPs for the assessment of qualitative and quan-
titative parameters in scrotal color Doppler ultrasound 
(9). These protocols have been described in detail on 
the EAA website (http://www.andrologyacademy.net/
studies12) (8). Testicular volume is a crucial parameter 
in clinical practice, as it reflects not only an individual's 
semen quality and hormonal status but also indicates 
the potential presence of congenital or acquired, previ-
ous or current testicular and systemic disorders (17, 26).  
Previous studies have demonstrated that testicular vol-
ume can serve as a predictor in patients with varico-
cele (27-29). A study in the Guangdong population 
showed that testicular volume was negatively corre-
lated with FSH and LH levels, which aligns with pre-
vious reports (30, 31). Furthermore, studies involving 
infertile Japanese males revealed a significant positive 
correlation between testicular volume and semen qual-
ity parameters, particularly sperm density (32). Our 
findings also indicate a positive correlation between 
testicular volume and sperm concentration, but no sig-
nificant association with sperm morphology or motil-
ity, suggesting that testicular volume primarily reflects 
the number of spermatogenic cells rather than sperm 
function.

Development and clinical implication of the 
CDUS two-parameter diagnostic model

More importantly, this study systematically evalu-
ated the discriminatory value of CDUS parameters in 
the etiological classification of azoospermia. Our anal-
ysis demonstrated that a significantly reduced testicu-
lar volume is a characteristic feature of NOA, which 

is consistent with the findings reported by Luca Boeri 
et al. in an infertile population (33), reflecting severe 
impairment of spermatogenic function. In contrast, 
OA patients maintained testicular volumes compa-
rable to those of the fertile control group, a finding 
that aligns with the descriptions in the EAA standards 
(5). Notably, this study is the first to reveal, through 
standardized measurements, that a significantly en-
larged epididymal caput diameter is a valuable indica-
tor for identifying OA, with an AUC of 0.760. This 
observation is consistent with the pathophysiological 
understanding that obstruction leads to passive dila-
tation of the epididymal tubules (34), and our study 
provides objective quantitative evidence for this phe-
nomenon. It is important to note that while epididy-
mal head dilation is a predictor of OA in our model, 
it is not entirely specific. Other conditions such as 
epididymitis (35) or spermatocele (36) can also present 
with epididymal enlargement, necessitating integra-
tion with clinical context and other sonographic fea-
tures for accurate differential diagnosis. The strength 
of our approach lies in combining this parameter with 
testicular volume, which significantly improves diag-
nostic specificity and overall accuracy (AUC 0.866), as 
demonstrated by our multivariable model. These two 
parameters form complementary diagnostic markers: 
testicular volume reflects the spermatogenic functional 
reserve, while epididymal caput diameter indicates the 
patency of the seminal tract. Our quantitative analy-
sis substantiates this complementary relationship. The 
multivariable logistic regression model confirmed that 
both parameters are independent predictors for OA. 
The integration of these two parameters into a com-
bined model yielded a superior discriminative ability, 
as evidenced by an area under the receiver operating 
characteristic curve (AUC) of 0.866 (95% CI: 0.808–
0.917), which was significantly higher than that of 
testicular volume (AUC: 0.844) or epididymal head 
diameter (AUC: 0.760) alone. At the optimal prob-
ability cut-off of 0.210, the model demonstrated a 
sensitivity of 86.36% and a negative predictive value 
(NPV) of 94.39%. This high NPV is clinically crucial, 
as it implies that a patient classified as “low probabil-
ity” for OA by the model has a very high likelihood of 
being a true NOA case, potentially avoiding unneces-
sary surgical exploration for obstruction. Conversely, 
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the model’s specificity (74.81%) and positive predictive 
value (52.78%) indicate that a “positive” result should 
be interpreted as identifying a high-risk group war-
ranting further confirmatory tests (e.g., vasography or 
diagnostic surgery), rather than providing a definitive 
diagnosis. Traditional diagnosis of azoospermia relies 
on invasive procedures such as testicular biopsy (37, 38),  
whereas the CDUS two-parameter model offers a 
reliable non-invasive alternative. Particularly for OA 
patients, it can avoid unnecessary testicular biopsies; 
for NOA patients, it can provide an early indication 
of the degree of spermatogenic dysfunction. Therefore, 
initial diagnostic workup could begin with CDUS 
evaluation, using testicular volume and epididymal 
caput diameter for preliminary classification, followed 
by targeted selection of subsequent examination pro-
tocols. This optimized workflow not only reduces the 
risks and costs associated with invasive procedures but 
also offers patients a more comfortable and convenient 
diagnostic experience.

Conclusion

Our study established standardized scrotal CDUS 
reference ranges for testicular and epididymal param-
eters in a well-defined cohort of fertile Chinese men 
from Guangdong Province. The results revealed sig-
nificantly smaller testicular volumes and epididymal 
dimensions in this population compared to existing 
European standards, underscoring the necessity of 
developing population-specific diagnostic criteria to 
prevent misclassification. The significant inverse cor-
relation between testicular volume and serum FSH/
LH levels further supports its role as a reliable, non-
invasive biomarker for assessing seminiferous tubular 
function and hypothalamic-pituitary-testicular axis 
integrity. Moreover, this study identified an associa-
tion between testicular volume and epididymal caput 
diameter in differentiating azoospermia subtypes, with 
notably reduced testicular volume in NOA and signifi-
cant epididymal caput dilation in OA. These CDUS-
based findings may help reduce the reliance on invasive 
diagnostic procedures such as testicular biopsy, offering 
potential clinical value particularly in avoiding unneces-
sary interventions for OA patients. This work provides 

valuable population-specific benchmarks for refining 
the assessment of male infertility in Chinese popula-
tions from Guangdong Province and demonstrates the 
evolving utility of CDUS in andrological practice.

Research limitations and prospects

Several methodological considerations regard-
ing sample size warrant discussion. First, concerning 
the establishment of reference intervals, our cohort of 
fertile men comprised 245 individuals with confirmed 
fertility. While this sample size is comparable to some 
published multicenter studies (5, 39), we ensured the 
robustness of the reference interval estimates by cal-
culating 95% confidence intervals for the percentiles 
using the bootstrap resampling method. We must ac-
knowledge the limitations of this study. The relatively 
modest sample size of the obstructive azoospermia 
(OA) subgroup (n=44) may affect the stability of the 
derived diagnostic thresholds. Compared to the large-
sample study by Boeri et al. (33), the confidence in-
tervals for our diagnostic indices are wider, suggesting 
that these cut-off values should be applied with caution 
when extrapolating to different populations. Therefore, 
we explicitly recommend that these diagnostic thresh-
olds be considered preliminary and require further val-
idation in larger-scale, multicenter prospective studies.

Several methodological considerations and limi-
tations warrant discussion. First, a potential selection 
bias must be acknowledged.​To refine the OA cohort 
phenotypically, we excluded patients with a testicular 
volume <7 mL. While clinically reasoned, this crite-
rion may enrich the group with OA patients having 
better-preserved testicular size, potentially amplifying 
the contrast with the NOA group and leading to an 
overestimation of the diagnostic performance of tes-
ticular volume as a standalone parameter.​The strength 
of our approach lies in the combined two-parameter 
model, which likely offers greater robustness against 
this form of spectrum bias. Future validation in con-
secutive, unselected patient series is needed to con-
firm the generalizability of the proposed sonographic 
thresholds. Second, regarding sample size,​our cohort 
of fertile men (n=245) is substantial for a single-center 
study, and we ensured the robustness of reference in-
tervals by reporting bootstrap confidence intervals. 
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However, the sample size of the OA subgroup re-
mains modest. Compared to large-sample studies, 
the confidence intervals for our diagnostic indices are 
wider, suggesting that these cut-off values should be 
applied with caution. Therefore, we explicitly recom-
mend that these diagnostic thresholds be considered 
preliminary and require validation in larger, multi-
center cohorts. In terms of diagnostic performance,​
while epididymal head dilation is a valuable indicator 
for OA, its use alone carries a non-negligible risk of 
misclassification. Notably, epididymal enlargement is 
not pathognomonic and can also occur in conditions 
such as epididymitis, necessitating integration with 
other clinical and sonographic features. Although our 
single-center design ensured exceptional measurement 
consistency, it may limit the immediate generalizabil-
ity of the results. Future studies should aim to expand 
sample sizes through multicenter collaborations, par-
ticularly for rarer subtypes, to establish more univer-
sally applicable diagnostic criteria. The development 
of models that incorporate additional sonographic fea-
tures and clinical variables holds promise for improv-
ing diagnostic accuracy. Furthermore, as noted above, 
validation of the current model in less selected, con-
secutive patient populations is essential.
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