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ABSTRACT
Aim: To determine the incidence rate and characteristics in patients with testicular torsion

in Taiwan using a nationwide insurance database.

Methods: This study utilizes a subset of national health insurance research database, which

contains the data of all paid medical benefit claims over the period 1997–2010 for in

1 000 000 beneficiaries in 2005. We analysed claims data for all male subjects younger

than 25 years with the diagnosis of testicular torsion.

Results: A total of 86 subjects younger than 25 years with the diagnosis of testicular torsion

were included. Among them, 22 (25.6%) underwent orchiectomies and 64 (74.4%)

underwent orchiopexies. The estimated incidence of testicular torsion was 3.5 per

100 000 person-years. There are two peaks in the age-specific incidence rates: the first in

boys aged 10–14 years (at 7.7 per 100 000 person-years) and the second in male infants

aged <1 year (at 7.6 per 100 000 person-years). There was significant difference between

orchiectomy and orchiopexy groups in the Insurance fee (p = 0.032).

Conclusion: The incidence of testicular torsion in Taiwan was similar with previous report in

the United States. It is important to improve the medical access to achieve better outcomes

of testicular torsion.

INTRODUCTION
Testicular torsion is a urologic emergency (1). The previous
studies on the frequency of testicular torsion were mainly
based on hospital-based databases (2). In a nationwide
study in the United States, the incidence of testicular
torsion has been reported in males aged 1 to 25 years to be
4.5 cases per 100 000 men per year (3). However, the
relevant report on Asian population is scarce.

Delayed treatment for testicular torsion would result in
orchiectomy and testicular loss (1). If the testicle can be
detorsed within 6 h, the probability of testicular salvage
will be as high as 90%, but the probability decreases to
<10% after 24 h (4). To salvage the testicle in patients with
testicular torsion, patients must recognize the symptoms of
torsion and access health care promptly. The healthcare
provider must make diagnosis and perform a timely
surgery (3). However, the initial presentations of testicular
torsion may be atypical. The delay of diagnosis or
treatment may occur in healthcare provider and lead to
legal problem. Besides, some male patients hesitate to seek
medical care for conditions involving their genitals.
Therefore, individual patient’s factors, including age,
insurance status and race as well as hospital’s factors such
as hospital transfer have been reported to be associated
with the risk orchiectomy (3,5–9).

In this study, we use a single-payer, nationwide and
population-based health insurance database to investigate
the incidence of testicular torsion in male population
younger than 25 year in Taiwan. Meanwhile, we sought to
compare the characteristics of patient, doctor and hospital
between subjects with orchiopexies and those with orchi-
ectomies.

PATIENTS AND METHODS
Data source
National Health Insurance Research Database (NHIRD)
The NHI Bureau of Taiwan has collected claims records
covering all inpatient and outpatient medical benefit claims

Key notes
� The nationwide study showed the estimated incidence

of testicular torsion was 3.5 per 100 000 person-years
male population younger than 25 years.

� There was significant difference between orchiectomy
and orchiopexy groups in the Insurance fee, an indica-
tor for socio-economic status.

� It is important to improve the medical access to achieve
better outcomes of testicular torsion.
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for nearly the entire population of Taiwan from the
inception of its single-payer NHI programme in 1995. By
2005, the NHI covered nearly 99% of the population in
Taiwan and the NHI registry of beneficiaries numbered
22.72 million. The entire data collection is known as the
NHIRD (10).

Longitudinal Health Insurance Database 2005
(LHID2005)
This study utilized a subset of the NHIRD known as the
LHID2005, which contains all inpatient and outpatient
medical benefit claims from 1997 through 2010 for a sample
of 1 million beneficiaries randomly drawn from the
22.72 million individuals in the NIH registry of beneficia-
ries at any part of calendar year 2005. The 1 million
de-identified individuals included in the LHID2005 provide
a good statistical representation of the entire population of
Taiwan (11).

Study sample
From the LHID2005, we first selected all men younger than
25 years whose claims records included a diagnosis of
testicular torsion as defined by the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes and surgery for testicular torsion (an
orchiectomy or orchiopexy). Concomitant birth defects
identified by codes 740–759 of the ICD-9-CM in the study
subjects were also considered in the analysis.

Key variables of interest
The following variables were included in the analyses.

Subject characteristics included the associated congenital
anomalies, comorbidities, geographic region of the resi-
dence, urbanization level of the residence, Charlson com-
orbidity index and household income.

Hospital characteristics included the hospital level and
ownership of hospital. The hospital level indicates whether
the hospital was a medical centre, regional hospital, district
hospital or private clinic. The hospital level served as a
proxy for clinical service capabilities. The hospital teaching
status was not included in the analyses because all medical
centres and regional hospitals in Taiwan are teaching
hospitals.

Doctor characteristics included the age, years since board
certification and specialty of the physician making the
diagnosis as well as surgeon performing the surgery.

Urbanization level
The 359 municipalities in Taiwan were stratified into eight
groups according to standards published by the National
Health Research Institutes, Taiwan, with one indicating
‘most urbanized’ and eight indicating ‘least urbanized’.
These standards include the population density, the pro-
portion of the population with a college education or above,
the proportion of the population over 65 years of age, the
proportion of agricultural workers in the population and
the number of physicians per 100 000 population
(10,12,13).

Charlson comorbidity index (CCI)
The Charlson comorbidity index (CCI) predicts mortality
for a patient who may have a range of 17 comorbid
conditions. Each condition is assigned with a score of 1.
Then, the scores are summed up and given a total score
which predicts mortality (14).

Statistical analysis
Statistical analyses were performed using the Statistical
Analysis System (SAS) software (version 9.1; SAS Institute,
Cary, NC, USA). Continuous data were expressed as the
mean (standard deviation; SD). Percentages were calcu-
lated for categorical variables. Chi-squared test or Fisher’s
exact test was used to analyse the categorical data. A 2-
tailed p value of 0.05 or less was considered to be
statistically significant.

RESULTS
There were 86 male subjects younger than 25 years old with
the diagnosis of testicular torsion who received surgical
treatment, forming the study sample. Table 1 shows the
estimated incidence rate of testicular torsion in male popu-
lation younger than 25 years. The estimated incidence of
testicular torsion is 3.5 cases per 100 000person-years. There
were two peaks of testicular torsion: <1 and 10–14 years.
Testicular torsions most commonly occur in male subjects
aged 10–14 years (7.7 per 100 000 person-years), followed
by those younger than one year (7.6 per 100 000 person-
years). There existed significant differences of incidence rates
between subjects in various age categories (p < 0.001).

Table 2 shows the variables of interest in 86 study
subjects categorized by surgical modalities. Among them,
64 subjects (74.4%) received orchiopexies (mean age,
11.92 � 6.55 years) and 22 (25.6%) underwent orchiecto-
mies (mean age, 12.04 � 5.22 years). The peak age strata of
testicular torsion in male subjects were 10–14 years
(44.2%), followed by 15–19 years (15.1%). There were no
differences in distributions of age, number of congenital
anomalies, geographic region of residence and CCI between
orchiectomy and orchiopexy groups. The most common
associated anomalies with testicular torsion were inguinal

Table 1 The estimated incidence of testicular torsion among subjects younger than
25 years during the 14-year period, 1997–2010

Age
Estimated incidence rate
(per 100 000 person-years) Patient no.

Estimated
population p-Value

Overall 3.5 86 2 440 586 <0.001

<1 7.6 4 52 729

1–4 2.8 8 283 549

5–9 2.6 12 469 734

10–14 7.7 38 493 862

15–19 2.6 13 499 779

20–25 1.7 11 640 933

The population number was calculated by the mean number of subjects who

had not passed their 25th birthday as of December 31 in each calendar year.
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Table 2 Characteristics of patient, doctor and hospital in 86 testicular torsions

Variable
Total n
(%)

Orchiectomy
n (%)

Orchiopexy
n (%) p-Value

n (%) 86 (100) 22 (25.6) 64 (74.4)

Subject characteristics

Mean

age �
SD

(years)

11.95 � 6.21 12.04 � 5.22 11.92 � 6.55 0.940

Age (years)

<1 4 (4.7) 2 (50.0) 2 (50.0) 0.041

1–4 8 (9.3) 0 (0) 8 (100)

5–9 12 (14.0) 1 (8.3) 11 (91.7)

10–14 38 (44.2) 15 (39.5) 23 (60.5)

15–19 13 (15.1) 3 (23.1) 10 (76.9)

20–25 11 (12.8) 1 (9.1) 10 (90.1)

Charlson

comorbidity

index

(CCI)

0.84 � 0.91 0.68 � 0.78 0.89 � 0.94 0.350

Charlson comorbidity index (CCI)

CCI = 0 35 (40.7) 11 (31.4) 24 (68.6) 0.370

CCI = 1 36 (41.9) 7 (19.4) 29 (80.6)

CCI = 2 11 (12.8) 4 (36.4) 7 (63.6)

CCI �3 4 (4.7) 0 (0) 4 (100)

Household income*

<23 000 26 (30.2) 10 (38.5) 16 (61.5) 0.032

23 000–

24 999

20 (23.3) 7 (35.0) 13 (65.0)

25 000–

27 499

23 (34.9) 5 (17.4) 25 (82.6)

�27 500 17 (11.6) 0 (5.9) 10 (94.1)

Season

Spring 23 (26.7) 8 (34.8) 15 (65.2) 0.04

Summer 17 (19.8) 3 (17.6) 14 (82.4)

Autumn 18 (20.9) 8 (44.4) 10 (55.6)

Winter 28 (32.6) 3 (10.7) 25 (89.3)

Other congenital anomalies

0 64 (74.4) 19 (29.7) 45 (70.3) 0.435

1 16 (18.6) 2 (12.5) 14 (87.5)

2 6 (7.0) 1 (16.7) 5 (83.3)

Inguinal hernia

No 73 (84.9) 20 (27.4) 53 (72.6) 0.501

Yes 13 (15.1) 2 (15.4) 11 (84.6)

Cryptorchidism

No 77 (89.5) 21 (27.3) 56 (72.7) 0.437

Yes 9 (10.5) 1 (11.1) 8 (88.9)

Geographic region of residence

Northern 38 (44.2) 5 (13.2) 33 (86.8) 0.340

Central 23 (26.7) 6 (26.1) 17 (73.9)

Southern 22 (25.6) 10 (45.5) 12 (54.6)

Eastern 3 (3.5) 1 (33.3) 2 (66.7)

Urbanization level of residence

Metropolitan 9 (10.4) 0 (0) 9 (100.0) 0.179

Urban 25 (29.1) 6 (24.0) 19 (76.0)

Suburban 34 (39.5) 9 (26.5) 25 (73.5)

Rural 18 (20.9) 7 (38.9) 11 (61.1)

Table 2 (Continued)

Variable
Total n
(%)

Orchiectomy
n (%)

Orchiopexy
n (%) p-Value

Characteristics of Hospital making the diagnosis

Level of hospital

Clinic 1 (1.2) 0 (0) 1 (100) 0.205

Local

hospital

10 (11.6) 1 (10.0) 9 (90.0)

Regional

hospital

25 (29.1) 10 (40.0) 15 (60.0)

Medical

centre

50 (58.1) 11 (22.0) 39 (78.0)

Owner of hospital

Public 16 (18.6) 4 (25.0) 12 (75.0) 0.483

Private for

nonprofit

59 (68.6) 17 (28.8) 42 (71.2)

Private for

profit

11 (12.8) 1 (9.1) 10 (90.9)

Characteristics of Hospital performing the surgery

Level of hospital

Local 9 (10.4) 1 (11.1) 8 (88.9) 0.101

Regional 24 (27.9) 10 (41.7) 14 (58.3)

Medical

centre

53 (61.6) 11 (20.8) 42 (79.3)

Owner of hospital

Public 17 (19.8) 4 (23.5) 13 (76.5) 0.849

Private for

nonprofit

61 (70.9) 17 (27.9) 44 (72.1)

Private for

profit

8 (9.3) 1 (12.5) 7 (87.5)

Characteristics of doctors making the initial diagnoses

Specialty

Urology 61 (70.9) 15 (24.6) 46 (75.4) 0.742

Nonurology 25 (29.1) 7 (28.0) 18 (72.0)

Age of physician

≦35 25 (29.1) 7 (28.0) 18 (72.0) 0.731

36–40 25 (29.1) 8 (32.0) 17 (68.0)

41–45 17 (19.7) 3 (17.7) 14 (82.4)

>45 19 (22.1) 4 (21.0) 15 (79.0)

Years since board certification

<7 40 (46.5) 10 (25.0) 30 (75.0) 0.411

7–13 31 (36.1) 10 (32.3) 21 (67.7)

�14 15 (17.4) 2 (13.3) 13 (86.7)

Characteristics of surgeon performing the surgery

Age

�35 24 (27.9) 6 (25.0) 18 (75.0) 0.885

36–40 26 (30.2) 8 (30.8) 18 (69.2)

41–45 15 (17.4) 3 (20.0) 12 (80.0)

>45 21 (24.4) 5 (23.8) 16 (76.2)

Years since board certification

<7 38 (44.2) 8 (21.1) 30 (78.9) 0.120

7–13 32 (37.2) 12 (37.5) 20 (62.5)

�14 16 (18.6) 2 (12.5) 14 (87.5)

Specialty of surgeon

Urology 71 (82.6) 17 (23.9) 54 (76.1) 0.518

Nonurology 15 (17.4) 5 (33.3) 10 (66.7)

*NTD, New Taiwan Dollar.
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hernia in 13 subjects (15.1%) and cryptorchidism in nine
(10.5%). There were significant differences between orchi-
ectomy and orchiopexy groups in terms of household
income (p = 0.032). Subjects lived at less urbanized area
were more likely to undergo orchiectomy although it was
not statistically significant (p = 0.179).

As for the season when testicular torsion occurred, we
found the testicular torsion is most likely to occur in winter
(32.6%), followed by spring (26.7%), autumn (20.9%) and
summer (19.8%) despite the differences were not statisti-
cally significant (p = 0.31). However, it is noteworthy that
the likelihood of orchiectomy was significantly different
between all four seasons (p = 0.04).

When we compared the hospital characteristics between
orchiopexy and orchiectomy group, there were no differ-
ences in the level of hospital and owner of hospital where
the diagnoses were made as well as surgeries were per-
formed. Approximately 53 of the 86 patients (61.6%)
received the surgery for testicular torsion at medical centre.

As for the facilities where the initial diagnoses of testicular
torsion were made, one patient was diagnosed at private
clinic, 59 at clinics of hospitals and 26 at emergency rooms.
The facilities where the initial diagnoses weremade were not
associatedwith the outcomes of testicular torsion.Moreover,
the specialties, age and years of board certifications for
doctorsmaking the initial diagnosis of testicular torsionwere
not significantly correlated with the risk of orchiectomy.
There were no significant differences in the risk of orchiec-
tomy with regard to specialties, age and years after board
certification for surgeons performing the surgeries.

DISCUSSION
The incidence of testicular torsion has been reported in
males aged 1–25 years to be 4.5 cases per 100 000 male
subjects per year in the United States (3). Another study
conducted by Zhao LC indicated that the estimated yearly
incidence of testicular torsion for males younger than
18 years old was 3.8 per 100 000 (9). In our population-
based, nationwide study, the estimated incidence of testic-
ular torsion in male population younger than 25 years is 3.5
cases per 100 000 person-years.

Testicular torsion can be encountered at any age.
Cummings et al. demonstrated that nearly 61% of the
patients were <21 years of age (8). Previous reports showed
the age distribution is bimodal with two peaks, one in the
neonatal period and the other around 12–18 years of age
(15,16). Our results show that there were two peaks of
testicular torsion. The incidence of testicular torsion was
highest in boys aged 10–14 years and followed in those
aged <1 year.

Previous studies have indicated that orchiectomy or
testicular loss was related to some factors such as age, race,
hospital transfer and insurance status (3,5–9). However,
these results were inconsistent and controversial. Cost NG
et al. reported a 7-year retrospective cohort study in 2876
children aged 1–17 years who underwent surgery for
testicular torsion. The results showed 918 (31.9%) under-

went orchiectomy at a mean age of 10.7 years and 1958
(68.1%) underwent orchiopexy at a mean age of 12.6 years.
There were significant correlations of age, race and insur-
ance status with an increased risk of orchiectomy in
subjects with testicular torsion. The higher orchiectomy
rate was observed at age 1–9 versus 10 years, in black
versus white patients (37.6% vs. 28.1%) and in patients
without versus with private insurance (36.7% vs. 27.0%).
Similarly, Zhao LC also reported the risk of orchiectomy is
higher in younger patients (9). In contrast, another
nationwide study including 436 patients between 1 and
25 years old indicated increasing risk of testicular loss and
orchiectomy starting at age 10 years. Increasing age is the
sole identifiable risk factor for orchiectomy instead of race,
incomes and insurance status. The authors concluded that
it is important that healthcare providers educate prepuber-
tal male about testicular torsion and the necessity of
seeking timely care to reduce the risk of orchiectomy (3).
In the current study, we also found insurance fee and age
were significantly associated with the likelihood of orchi-
ectomy.

Moreover, two single-centre studies that retrospectively
compared variations in the rate of orchiectomy for torsion
in children versus adults also showed inconsistent results.
Barada et al. (5) reviewed the records of 30 patients and
noted that children (age <18 years) were more likely to
undergo orchiectomy than adults (age >18 years) (44% vs.
8%). Adults had significantly shorter time to presentation
than children (4.3 vs. 20.3 h, p = 0.001). The author
addressed that younger patients delay reporting symptoms
to parents, thus decreased window of opportunity for
testicular salvage (5). In contrast, Cummings et al. (8)
reviewed the records of 44 patients with testicular torsion
and showed that adults (age �21 years) were more likely to
undergo orchiectomy than children (age <21 years) (59%
vs. 29.7%) while there was no difference in time to
presentation between the two groups. The author attributed
increased testicular loss in the adult group to more severe
torsion in a higher percentage with an increased degree of
spermatic cord twisting. In our study, we found the
proportion of orchiectomy were higher in subjects aged
<1 years and between 10–14 years.

Delayed hospital transfer has also been reported to be
associated with the risk of orchiectomy. A study including
670 patients with testicular torsion in Bristol between 1960
and 1984 showed the annual incidence of torsion increased
fourfold from 1960s to 1980s (15). The testicular salvage rate
has steadily improved from 45% to 67% during the same
period of time. The author concluded that increased inci-
dence of testicular torsion and improvement in testicular
salvage were likely to reflect a greater awareness and earlier
referral of general practitioners (15). In another studies,
Bayne AP retrospectively reviewed the records of 97 boys
with acute testicular torsion from emergency department
from 2003 to 2008 also showed that symptom duration and
distance from the hospital were the strongest predictors of
orchiectomy (6). In our study, most of the surgeries for
testicular torsion were performed in the same hospital and
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doctors making the initial diagnoses due to the good
accessibility and freedom of choice for medical care and
freedom of our National Health Insurance Program, and we
could not identify the referred between specialties and
hospitals as the risk factors of orchiectomy.

The present study is based on records generated by
Taiwan’s very accessible and well-used NHI system (10).
The NHIRD offers some advantages in this study. First, the
NHIRD is a nationwide population-based database, which
includes all medical claims for over 22 million Taiwanese
enrollees, representing over 99% of the island’s population.
Second, the database contains original claim records which
is not designed for academic study, thereby attenuates bias
in patient selection. Third, the NHIRD database included
all inpatient and outpatient data; as we know, testicular
torsion is sometimes performed on an outpatient basis;
thus, we removed the bias underestimating the quantity in
previous studies which includes only inpatient data. Most
important of all, the current study was based on a popu-
lation-based cohort from a single-payer insurance database,
thereby minimizing the effects of medical access and
insurance factors.

The study also had some limitations. First, the study
comprises smaller number of patients with testicular torsion;
moreover, it is a retrospective observation study. Through
this study, we address the two doctor’s characteristics are
associated with the likelihood of orchiectomy; however, the
evidence is insufficient to deduce the relationship of cause
and effect. Second, theNHIRD lacks some important clinical
data such as timing of presentation, initial complaints, timing
for consultations and transferral, radiographic studies and
operation findings. Third, the insurance claims data inevita-
bly include some diagnostic errors. However, all claims
records of the NHI system are subjected to a quality-control
process in which the actual medical charts are spot-checked
by qualified record review teams. Finally, as the NHI
program comprehensively covers all prescription, diagnostic
and therapeutic cost in outpatient, inpatient, ambulatory and
emergent care, the programme also allows patients the
freedom to choose their own healthcare providers for both
primary and specialty care. Above all, apart from private
clinic, nearly all hospitals in various levels (local, regional
and medical centres) had hired surgeons or urologists. The
proportions of referral between specialties and hospitals
were as low as 4.7% and 9.3%. It may explain why we did not
identify the referral between specialties or hospitals as
significant risk factors of orchiectomy.

In conclusion, this nationwide study addresses an impor-
tant clinical issue. Approximately 25.6% patients with
testicular torsion finally received orchiectomy in Taiwan.
To minimize the possibility of orchiectomy for testicular
torsion, it is important to improve the medical access for
patients and efficiency of medical referral between physi-
cians and surgeons.
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