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	 Background:	 Ultrasound (US) is the preferred imaging method for cryptorchidism, but most guidelines indicate that its val-
ue is questionable. The aim of this study was to evaluate the clinical value of ultrasonic mobility and testicu-
lar atrophy index (TAI) based on three‑dimensional US (3DUS) in preoperative and postoperative assessment 
of the undescended testis.

	 Material/Methods:	 Data from 158 children with unilateral extraperitoneal cryptorchidism were collected and their diagnoses were 
surgically confirmed. They were divided into different age groups and into 2 ultrasonic mobility groups: the 
mobile group (MG) and the restricted group (RG). Differences in sonographic characteristics between different 
groups were compared. Three-dimensional ultrasound performed with virtual organ computer-aided analysis 
(VOCAL) was used to determined preoperative and postoperative TAI and the reliability of TAI was analyzed.

	 Results:	 Measurement of testicular volume with the VOCAL method was significantly more reliable than that done with 
the two-dimensional Lambert method. In all age groups, preoperative testicular volumes were smaller than 
that in the contralateral scrotal testis and postoperatively, they increased steadily. Both preoperative and post-
operative TAI were higher in the RG than in the MG. In the MG, postoperative TAI decreased significantly in all 
age groups. In the RG, in contrast, effective volume growth was only achieved in patients who had undergone 
surgery before they reached age 1 year.

	 Conclusions:	 TAI values determined with 3DUS using the VOCAL technique objectively reflect recovery of testicular volume 
following surgery for undescended testicle. Ultrasonic mobility evaluation is beneficial for clinical management 
of the condition.
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Background

Undescended testis or cryptorchidism, in which one or both 
testes fail to descend from the retroperitoneum to the scro-
tum, is one of the most common genitourinary malforma-
tions in children. Approximately 80% of undescended testes 
are located at the neck of the scrotum or in the inguinal ca-
nal [1–3]. Spontaneous descent of a testis is uncommon after 
age 6 months. Persistent cryptorchidism may cause a series of 
physiological and pathological changes in the testicles, lead-
ing to impairment in fertility and increased incidence of tes-
ticular malignancy [3]. Therefore, both the American Urological 
Association (AUA) and the European Association of Urology 
(EAU) recommend that surgical intervention be completed 
within the first 18 months of life (corrected for gestational 
age) [2,3]. For visible cryptorchidism, the classic clinical oper-
ation is scrotal or inguinal orchiopexy [2].

Clinical decision-making and postoperative management of 
cryptorchidism is determined by its presence and location [4]. 
As the criterion standard for functional evaluation, histolog-
ical biopsy is rarely acceptable because of ethical issues [5]. 
Detection of levels in the serum of hormones such as folli-
cle-stimulating hormone and testosterone is of limited clin-
ical value due to the compensation of the contralateral tes-
tis. The preferred imaging method is ultrasound (US), which 
can be used to directly observe the structure and location of 
cryptorchidism, detect mobility in real time, and also visual-
ize surrounding tissues such as the processus vaginalis, sper-
matic cord, and inferior epigastric artery [6].

On US, 97% of visible extraperitoneal undescended testes can 
be detected [1]. The spermatogenic activity of the testis report-
edly has a good correlation with testis volume [7]. Ultrasonic 
volume measurement is one of the most important indexes 
used to evaluate testicular development and function. In the 
past, the most widely used formula for volume estimation was 
volume=0.71×length×width×height [8]. However, a recent study 
on intergroup and intragroup consistency of the testes mea-
sured with this method showed that even if the same testes 
were measured, the difference could reach 20% [9].The ad-
vent of three-dimensional US (3DUS) allows for more precise 
and reliable assessment of a developing organ [10].The virtu-
al organ computer-aided analysis (VOCAL) technique for 3DUS 
has been widely applied in recent years for assessment of fe-
tal growth, monitoring of benign and malignant tumors, and 
applications in reproductive medicine [11–13]. However, there 
are no reports in the literature about use of the VOCAL tech-
nique for measurement of testicular volume in postoperative 
follow-up of cryptorchidism.

For intraperitoneal cryptorchidism, mobility assessment is par-
ticularly important, as it can reflect spermatic cord length, guide 

selection of surgical methods, and predict prognosis [14], but 
mobility of extraperitoneal cryptorchidism has rarely been re-
ported. There is a strong correlation between the position of 
an undescended testis and persistence of the processus vag-
inalis [15]. US has significant value for evaluating the ingui-
nal canal and cryptorchidism [16,17], as well as motion in the 
spermatic cord [18]. Nevertheless, the relationship between 
sonographic mobility in cryptorchidism and persistence of the 
processus vaginalis and their associations with prognosis af-
ter orchiopexy remain unclear.

Therefore, the primary aim of this study was to determine the 
intraobserver and interobserver agreement of testicular vol-
ume measurements done using the 3DUS VOCAL technique. 
The secondary aim was to evaluate the clinical value of ultra-
sonic mobility and TAI value in management and postopera-
tive follow-up of the undescended testicle.

Material and Methods

Study site and device

This study was performed in Zhongshan Hospital of Xiamen 
University and Children’s Hospital of Fudan University Xiamen 
Branch (Xiamen Children’s Hospital) between September 2015 
and December 2019. The study protocol was approved by our 
institution’s Ethics Committee. Written informed consent was 
obtained from all the participants prior to the study.

Examinations were performed with a GE Voluson E8 Expert 
3DUS instrument equipped with an internal 3DUS VOCAL pro-
gram and a SP4-6-D high-frequency 3D probe (General Electric 
Healthcare, Milwaukee, Wisconsin, United States). To ensure 
safe use of US for medical diagnosis [19], the mechanical in-
dex and the heat index was controlled below 0.2 and the col-
or scale was set to 9 with a minimal detectable flow rate of 
0.2 cm/s with the lowest filter adopted.

Study population and design

This retrospective study included, 158 children (right, 86 cas-
es; left, 72 cases) with surgery-confirmed unilateral extraperi-
toneal cryptorchidism (in the inguinal canal or the roots of the 
scrotum) for whom complete preoperative and postoperative 
clinical and ultrasound information was available.

All the children underwent scrotal or inguinal orchiopexy at 
ages ranging from 6 mo to 9 years (corrected for gestation-
al age). Exclusion criteria included sliding testes, retractable 
testes, intraperitoneal cryptorchidism, testicular atrophy (in-
traoperatively, cystic dermoid tissue was found at the end 
of the spermatic cord vessels but no testicular parenchyma), 
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testicular ectopia, recurrent cryptorchidism (patients who had 
undergone cryptorchidopexy before this study, but were ad-
mitted to the hospital with postoperative recurrent cryptorchi-
dism within the time limit of this study), bilateral cryptorchi-
dism, and other systemic or severe systemic diseases. Earlier 
than normal sexual maturation has been reported in some pa-
tients with cryptorchidism [20]. Therefore, we reviewed pa-
tients’ drug history, detailed physical examination records, im-
aging results, and serum levels of thyroid and sex hormones 
(if available) to ensure that increased testicular volume due to 
drugs or precocious puberty was excluded. Participants were 
divided into 3 groups according to age at surgery: Group I (0 
to 1 year, n=45), Group II (>1 to <6 years, n=81), and Group 
III (6 to 9 years, n=32). For cryptorchidism, sonographic mo-
bility examination is often performed with the patient in the 
supine and frog-legged position, assisted by Valsalva maneu-
ver or cough to increase intraperitoneal pressure. The clinician 
then can ask the patient to stand up and repeat the manipula-
tion under ultrasound guidance. In addition, the clinician can 
flatten and fix the skin in the groin area with the right hand, 
palpate and locate the cryptorchidism with the left hand as-
sisted by US, and gently move it up and down to observe tes-
ticular mobility. For the cut-off values, based on experience, 
we used a 2-finger distance (increasing abdominal pressure 
[cough or Valsalva maneuver]) or postural change (from su-
pine to standing position or manipulative push) and divided 
the participants into 2 groups: a mobile group (MG) and a re-
stricted group (RG).

Ultrasonic data acquisition and measurement

The morphology and structure of the testes were observed and 
measured using US while the children were anesthetized prior 
to surgery. A child was placed in the supine position with the 
probe on the scrotal skin to determine the condition of the 
testicle inside the scrotum. If no testicles were found, scan-
ning was done with the probe placed in the inguinal area, the 
root of the scrotum, the inner ring, and other areas. After un-
descended testicles were found, their morphology, size, bound-
ary, internal echo, and mobility were observed with convention-
al 2-dimensional US (2DUS). Testicular volume was calculated 
according to the formula of Lambert [21]: testicular volume 
(TV)=L (length)×W (width)×D (depth)×0.71. Then, distribution 
of testicular blood flow was detected with Doppler US. Finally, 
3DUS was activated to view the maximum longitudinal sec-
tion of testis. After sampling, 3D images were reconstructed 
and postprocessed using the VOCAL method. With 3 orthog-
onal slices simultaneously displayed, the maximum diameter 
plane was selected as A plane. While rotating at a 30° angle 
around plane A, 6 slices were obtained to manually trace the 
contours of the testicle. Information on testicular volume and 
a 3D rendering were generated automatically (Figure 1D). An 
average value was obtained based on 3 measurements.

The testicular atrophy index (TAI) [22] was defined as the ra-
tio of the volume difference (contralateral scrotal testis–un-
descended testis) to contralateral scrotal testis volume in the 
same child. As suggested, a TAI in excess of 20% to 25% is 
clinically significant.

Characteristics of different groups observed by ultrasound

Testicular location, morphology, volume, boundary, internal 
echo, blood distribution, and processus vaginalis in the MG and 
RG groups as detected with 2DUS and 3DUS were observed 
and compared. Classification of gray-scale US characteristics 
was based on previous studies [17]. Doppler US assessment 
of superficial tissue perfusion with a semi-quantitative meth-
od has been proven feasible by Adler et al. [23]. They suggest-
ed dividing vascularity into 4 grades: absent, minimal, mod-
erate, and marked. With the semi-quantitative method, we 
divided blood distribution in cryptorchidism into well-filled 
and sparse. Well-filled blood flow corresponded to Adler clas-
sification of moderate and marked vascularity. Sparse blood 
flow corresponded to Adler classification of absent and min-
imal vascularity.

Reliability analysis of volume measurement

For reliability analysis using the Lambert formula and the 
VOCAL method, 50 cases were collected by systematic sam-
pling. Each of the observers collected 2 sets of consecutive 
images per subject within a 10-min interval. The images were 
saved for blind analysis offline. The method of measurement 
was as previously described.

Testicular volume follow-up after orchiopexy

Testicular volume and TAI of different age groups were record-
ed preoperatively and postoperatively at 3, 6, and 12 months. 
Clinical follow-up included a 2DUS/3DUS scan and a thorough 
physical examination. Recovery of testicular volume in differ-
ent age groups and different ultrasonic mobility groups was 
compared and analyzed.

Statistical analysis

Statistical analysis was performed using the SPSS 21.0 software 
package (SPSS, Chicago, Illinois, United States). Measurement 
data were expressed as the mean±standard deviations and 
compared by single-factor analysis of variance. Contingency 
tables were constructed for comparison of categorical data us-
ing Fisher’s exact test. The repeatability and consistency with-
in and between observers were evaluated with intraclass cor-
relation coefficient (ICC) and Bland-Altman plots. P<0.05 was 
set as the threshold for statistical significance.
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Results

General condition

This retrospective study included 158 patients with unilateral 
cryptorchidism (inguinal, 128 cases; scrotal root,25 cases). In 
all the children, cryptorchidism was successfully resolved after 
scrotal or inguinal orchiopexy. No obvious testicular or epidid-
ymal damage was observed intraoperatively and no testicular 
atrophy or re-ascended testes were observed postoperatively.

On the basis of the mobility of cryptorchidism monitored by 
real-time US, there were 113 cases in the MG and 45 cases 
in the RG.

Characteristics of different groups observed by US

As shown in Figure 1, the morphology, volume, boundary, inter-
nal echo, blood distribution, and processus vaginalis of cryptor-
chidism was effectively observed by US. Testes in the RG tended 

to have blurrier borders, smaller volumes, sparser perfusion, and 
more uneven echoes than that in the MG (all P<0.05). There was 
no difference in the morphology between the MG and RG. Details 
of ultrasonic characteristics in the MG and RG are listed in Table 1.

Moreover, testicle location differed according to mobility. 
Cryptorchidism in the RG was always in a higher position, 
which was closer to the inner inguinal ring. Persistent proces-
sus vaginalis was more common in cryptorchidism in the MG 
(P=0.00) compared with that in the RG.

Reliability of volume measurement

Bland-Altman plots demonstrated that the difference be-
tween 2 measurements taken using the VOCAL method was 
very close to 0, and most of the points fell within the consis-
tent range in analysis of both intraobserver and interobserver 
consistency and repeatability. As shown in Figure 2, the mean 
differences and limits of agreement were 2.31×10–3 mL and 
– 31.25×10–3 to 35.86×10–3 mL for intraobserver reliability and 

A

C

B

D

Figure 1. �Ultrasonography of undescended testicle and volume measurement by VOCAL technique. (A) Inguinal clear boundary and 
reduced volume; (B) Prescrotal cryptorchidism with uneven echo and sparse perfusion; (C) Cryptorchidism with patent 
processus vaginalis (D) Testicular volume measured by 3‑dimensional ultrasound VOCAL technique.
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2.88×10–3 mL and – 83.11×10–3 to 88.87×10–3 mL for interob-
server reliability, respectively.

Intraobserver and interobserver measurements of volume made 
using the VOCAL method were found to be strongly reliable. The 
intraobserver ICC was0.996 and the interobserver ICC was 0.993, 
with 95%confidence intervals (CIs) from 0.994 to 0.998 and 
0.988 to 0.996, respectively. With the 2DUS Lambert method, 
the intraobserver ICC was 0.981 and the interobserver ICC was 
0.962, with 95% CIs from 0.943 to 0.995 and 0.917 to 0.984, 
respectively. The results showed that the VOCAL method had 
good consistency and repeatability in volume measurement 

of an undescended testis, both of which were superior to the 
2DUS Lambert method.

Testicular volume changes after orchiopexy in different 
age groups

Testicular volume increased steadily with time after operation 
in all age groups (Figure 3A). Testicular volumes in Groups I 
and II increased significantly at 6 and 12 months after surgery 
compared with preoperatively (all P<0.05). In Group III, a sig-
nificant increase in testicular volume was found at 12 months 
after surgery (P=0.049).

MG (n=113) RG (n=45) P value

Location
Scrotal root 65 3

P=0.000
Inguinal region 48 42

Boundary
Clear 87 27

P=0.047
Unclear 26 18

Morphology
Regular 93 32

p=0.132
Irregular 20 13

Internal echo
Uniform 77 21

p=0.0177
Uneven 36 24

TAI
<25% 30 0

P=0.000
>25% 83 45

Blood distribution
Well filled 66 12

P=0.000
Sparse 47 33

Processus vaginalis
Patent 67 34

P=0.000
Occluded 46 11

Table 1. Characteristics of different groups observed by ultrasound.

MG – mobile group; RG – restricted group; TAI – testicular atrophy index.
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Figure 2. �Difference in intraobserver and interobserver volume measurements plotted against their means. (A) Intraobserver volume 
measurements; (B) Interobserver volume measurements.
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Preoperatively, volumes in the affected testes were smaller than 
that in the contralateral scrotal testes, with TAI ranging from 
32.77±6.54% in Group I to 46.56±6.27% in Group III (Figure 3B). 
Degree of postoperative TAI decline varied with age at time of 
surgery. Among all age groups, TAI decreased more significantly 
in the 12 months postoperatively in Group I than it did preop-
eratively (20.35±5.65% vs. 32.77±6.54%, P=0.01). In Group II, 
postoperative (12-min) TAI was 39.41±5.99%, showing a ten-
dency for decline compared to the preoperative measurement 
(P=0.08). No difference between preoperative and postoper-
ative TAI measurements was observed in Group III (P>0.05).

The results showed that when cryptorchidism was extraperi-
toneal, as long as surgical indications were followed, orchido-
pexy at any age was conducive to recovery of testicular volume. 
However, testicular growth was more vigorous when orchio-
pexy was done before a child reached age 1 year.

Preoperative and postoperative TAI in different mobility 
classifications

In all age groups, the preoperative TAI in the RG was always sig-
nificantly higher than in the MG (all P<0.05, Figure 4). Clinical 
outcomes after orchiopexy of undescended testicles differed 
between the 2 groups. Compared to preoperative values, post-
operative TAI significantly declined in the MG in all age groups. 
The youngest patients with postoperative TAI of 11.76±3.65% 
recovered the most volume. In the RG, the difference between 
postoperative and preoperative TAI in Group I (age <1 year) was 
statistically significant (61.22± 4.40% vs. 50.42±5.15%; P<0.05).

The results showed that for the MG, performing surgery at 
any age is beneficial, whereas for the RG, surgery can improve 
testicular development only if it is performed before a patient 
reaches age 1 year.

Discussion

In this study, 158 patients with unilateral cryptorchidism were 
evaluated preoperatively and postoperatively using 3DUS with 
the VOCAL technique. Reliability was excellent with narrow lim-
its of agreement for intraobserver and interobserver volume 
measurements, and superior to using the 2D Lambert method. 
TAI values can objectively reflect the degree of testicular vol-
ume damage and postoperative volume recovery. Ultrasonic 
mobility evaluation is beneficial for preoperative and postop-
erative management of cryptorchidism.

Our results showed that the VOCAL method had good con-
sistency and repeatability in volume measurement of unde-
scended testes. Compared to the reliability rating list raised 
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Figure 3. �Testicular volume changes after orchiopexy in different age groups. (A) Line chart of testicular volume plotted against testing 
time; (B) Histogram of testicular atrophy index at different periods. * Compared with before operation, P<0.05.
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by Martins and Nastri [24], our intraobserver and interobserv-
er ICCs were 0.996 and 0.993, respectively, which both rank 
as good. As shown in Table 2, the VOCAL method was superi-
or to the 2DUS Lambert method (intraobserver ICC ranked as 
moderate; interobserver ICC ranked as poor). In a recent study 
of pediatric testicular volume measurement [9], the authors 
found that even if the same testes were measured, a 20% dif-
ference in ultrasonic volumes was seen in 25% of intraobserv-
er measurements and in 35% of interobserver measurements. 
In that study, testicular volume was calculated by the ellip-
soid formula: volume=0.71×length×width×height. Usually, 2 as-
pects of volume measurements can be captured in one image: 
length and height. However, the probe must then be rotated 
to obtain the width. Because the testis is mobile in the scro-
tum, finding the appropriate location to make the third mea-
surement is prone to error caused by failure to line up along 
one of the previously measured axes. The compressibility of 
the testis can also lead to variation in measurements. Thus, 
small differences may be magnified when multiplied in 3 di-
mensions [9]. Given the mobility and compressibility of tes-
ticles, and the presence of irregularities in cryptorchidism, it 
may be impossible to accurately obtain 2 maximum vertical 
planes. However, these deficiencies can be avoided when vol-
ume is measured using the VOCAL technique. VOCAL is well 
recognized and widely used in many fields, especially for eval-
uation of irregularly shaped objects [10]. We believe that 3DUS 
with the VOCAL technique is clinically useful and very suitable 
for preoperative and postoperative evaluation of cryptorchi-
dism, given its reliability and the testicular volume measure-
ments and TAI values demonstrated in this study.

TAI was first proposed for use in patients with varicocele. In 
that application, studies suggest that a 20% volume differ-
ential is physiologically significant and it serves as an indica-
tion for surgical correction [25]. In this study, we found that 
in patients of any age, the preoperative volume of an unde-
scended testis was always less than that of the contralater-
al scrotal testis, with TAI values ranging from 32.77% in the 
youngest (0 to 1 year) to 46.56% in the oldest (6 to 9 years). 
The findings are consistent with those from a study reported 

by Niedzielski et al. [26]. They found that the volume differen-
tial at initial diagnosis ranged from 27.1% to 52.8%. The big-
gest loss in volume was in boys aged 4 to 10 years (35.4% to 
52.8%). In similar follow-up studies of cryptorchidism, a pre-
operative reduction >50% of testicular volume or a postoper-
ative testicular volume <25% of volume of the contralateral 
testis was defined as testicular atrophy [27]. From this perspec-
tive, does traditional orchidopexy still make sense for patients 
who have a loss of volume >50% at their initial diagnosis? We 
found that after surgery, testicular volume increased to vary-
ing degrees in patients of all ages, regardless of their preop-
erative index TAI value and even if their preoperative volume 
lost was approximately 50%. Testicular growth was more vig-
orous when orchiopexy was done before age 1 year. This result 
is consistent with previous studies [26]. In short, our recom-
mendation is that, once cryptorchidism is diagnosed, orchio-
pexy should be performed as soon as possible, and preferably 
before the patient reaches age 1 year, as long as indications 
for surgery are satisfied. In children aged >1 year, more or 
less volume recovery can be achieved with aggressive surgery.

In our study, mobility induced by position changes, Valsalva 
movements, and manipulation of extraperitoneal cryptorchi-
dism was detected with US. We found that cryptorchidism in 
the RG was located closer to the inner inguinal ring and tend-
ed to have blurrier borders, smaller volumes, sparser perfusion, 
and more uneven echo. Cryptorchidism in the MG was better 
developed than that in the RG at initial diagnosis, and, most 
importantly, the prognosis for undescended testicles differed 
between the 2 groups. In MG, the postoperative TAI fell sig-
nificantly in each age group, indicating that even if the prime 
time for orchiopexy (within 18 months suggested by AUA [3]) 
has passed, aggressive surgery can still lead to volume recov-
ery. In the RG, in contrast, only surgery before age 1 year re-
sults in a significant improvement in testicular volume. For 
boys older than age 1 year with a restricted undescended tes-
tis, no significant volume catch-up growth was observed during 
our 12-month postoperative follow-up. We continue to recom-
mend that these children undergo early orchiopexy to prevent 
testicular pathology. In this group, additional data and longer 

Suggested cutoff value [23] 2D ultrasound Lambert method 3D VOCAL method IC

Reliability ICC Intraobserver ICC Interobserver ICC Intraobserver ICC Interobserver ICC

Very poor <0.95

Poor 0.95–0.98 0.962

Moderate 0.98–0.99 0.981

Good 0.99–0.998 0.996 0.993

Very good >0.998

Table 2. Comparison of reliability of volume measurement by 2DUS Lambert method and 3D VOCAL method.

2DUS – two-dimensional ultrasound; ICC – interclass correlation coefficient.
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follow-up may be needed to evaluate postoperative increases 
in testicular volume. In particular, it should be noted that in 
addition to performing conventional US imaging in initial di-
agnosis of cryptorchidism, information on testis mobility also 
should be obtained. Once restricted cryptorchidism is found, 
orchidopexy should be performed before a child reaches age 
1 year to ensure a better postoperative outcome, which is im-
portant in these individuals. In general, US evaluation of ex-
traperitoneal cryptorchidism mobility is of great significance 
in determining timing of surgery.

Factors important to determining mobility in cases of cryptor-
chidism include testis location, spermatic cord development, 
and condition of the processus vaginalis (persistence or oc-
clusion) [14,27]. The processus vaginalis is usually occluded 
during the first year of life [28]. When it is partially degener-
ated, it leaves behind fibrous and inelastic tissue. This resid-
ual structure blocks the spermatic cord’s response to somatic 
cell growth, anchoring the testicles at a higher position [29]. 
In this study, we found that incidence of widely patent proces-
sus vaginalis was lower in the RG. Meanwhile, testes in the RG 
were located higher in the retroperitoneum and the TAI value 
was increased. The strong correlation between TAI in cryptor-
chid testes and their location in various age groups was not-
ed by Zvizdic et al. [22]. In addition, there was no significant 
decrease in TAI after orchiopexy in the older patients in the 
RG, despite the success of surgery. The key factor for testis 
survival after orchidopexy is to retain as much blood supply 
to them as possible. The testicular artery and vas deferens ar-
tery running through the spermatic cord are the primary source 
of blood supply to the testes. The postoperative blood supply 
may be reduced if the spermatic cord is twisted and pulled 
too tightly, it is injured when being dissociated or fixed, or fi-
brous scars are compressed or adhesions develop [18,27,29]. 
We suspect that these scenarios may be related to the poor 
postoperative volume recovery in the RG. In a paper discuss-
ing possible causes of chronic pain after inguinal herniorrha-
phy, scholars explained how US can be used to identify the 
angle at which the spermatic cord is bent and to assess ad-
herence of the spermatic cord to the deep inguinal ring [18]. 
Therefore, we believe that assessment of cryptorchidism mo-
bility may be helpful for clinical management. Unfortunately, 
we did not assess postoperative testicular mobility and sper-
matic cord bending angle in the follow-up of this study. The 
focus of our next work will be to reveal the underlying rea-
sons for poor postoperative recovery from cryptorchidism, es-
pecially in the group with limited activity.

Our study has some limitations. First, it was a retrospective 
analysis and only subjects who had undergone successful or-
chiopexy and for whom complete clinical and ultrasonic data 
were available were included. That may have caused bias in 
the research. Second, no age-specific nomogram for contra-
lateral scrotal testis and undescended testis has been pub-
lished. Whether the TAI value is exaggerated to some extent 
because of asymmetric growth (contralateral scrotal testis/un-
descended testis) in patients close to puberty remains to be 
determined. Follow-up in our study ended at 12 months af-
ter surgery. A survey of cryptorchidism with average follow-up 
of 34 months showed that most testicular atrophy occurred 
within the first 2 years after orchiopexy, with a median time 
of 13 months [27]. Therefore, studies with longer follow-up 
may be confirm our results. Last but not least, although tes-
ticle volume may reflect development of convoluted fine tu-
bules in the testes and spermatogenic function, it cannot re-
place a histopathological examination. Fortunately, in recent 
years, scholars have devoted time to studying the role of new 
ultrasonic techniques such as shear wave elastography, 3D 
energy Doppler, and application of artificial intelligence in fol-
low-up of surgery for cryptorchidism.

Conclusions

Undescended testis is one of the most common genitouri-
nary malformations in children. Clinical decision-making about 
treatment of the condition depends on accurate preoperative 
assessment. With preoperative and postoperative evaluation 
using the VOCAL technique for 3DUS, we found that charac-
teristics of an undescended testis can be observed effective-
ly. The VOCAL technique for 3DUS is superior to the 2DUS 
Lambert method and produces measurements of volume of 
an undescended testis that are highly reliable. Measurement 
of TAI value and evaluation of ultrasonic mobility are benefi-
cial for management of an undescended testis.
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