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Purpose: Many physicians encounter confusion and difficulty in distinguishing testicular 

torsion (TT) from torsion of the appendix testis (TAT) in patients with acute scrotum because 

of the overlapping signs and symptoms. The objective of our study was to evaluate the clinical 

features and signs that can help distinguish TT from TAT.

Patients and methods: We performed a retrospective study of patients with surgically con-

firmed TT and TAT at our institute from January 1990 to December 2013. Clinical findings, 

physical examination findings, climatic conditions, laboratory data, and color Doppler ultrasound 

(CDUS) findings were compared between the TT and TAT groups.

Results: Seventy patients were included in this study (49 with TT and 21 with TAT). Patients 

with TT were significantly older than those with TAT (p < 0.001). The ambient temperature 

at onset was significantly lower in patients with TT than in patients with TAT (p = 0.038). 

Testicular swelling, high-riding testes, onset during sleep, high leukocyte counts, and high 

creatine phosphokinase levels were significantly more common in patients with TT than with 

TAT (p = 0.021, 0.032, 0.006, 0.003, and 0.043, respectively). Multivariate analysis showed 

that age and onset during sleep were significant independent factors for detection of TT. Eight 

patients (16.3%) underwent preoperative CDUS evaluation, and an absent or decreased blood 

signal in the involved testes was significantly correlated with the presence of TT (p = 0.018).

Conclusion: In clinical features, age and onset during sleep might be helpful to distinguish 

TT from TAT. When supported by findings, urgent surgical exploration is warranted in patients 

with suspected TT based on symptoms and CDUS features.
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Introduction
Acute scrotum is a urological emergency requiring prompt assessment. Differential 

diagnoses of acute scrotum include testicular torsion (TT), torsion of the appendix 

testis (TAT), epididymitis, and orchitis. The most common causes of acute scrotum, as 

seen in the emergency department, are TT, TAT, and epididymitis.1,2 TT and TAT are 

the most common causes for patients to undergo scrotal exploration for acute scrotum 

suspicious of TT.3–5 TT is an emergent medical condition, and restoration of blood 

supply in the involved testis must be achieved as soon as possible after onset of TT to 

salvage testicular tissue. TT initially obstructs venous return. Subsequent equalization 

of the venous and arterial pressures compromises arterial flow, resulting in testicular 

ischemia. The degree of ischemia depends on the duration of torsion and degree of 

rotation of the spermatic cord. In patients with TT, the spermatic cord shortens as it 

twists, whereby, the testis may appear to be situated higher within the affected scrotum. 
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Because of venous congestion, the affected testis may also 

appear larger than the unaffected testis. Several symptoms 

and physical examination findings are associated with TT, and 

color Doppler ultrasound (CDUS) has been widely proposed 

as a helpful examination to diagnose TT.6,7 Furthermore, a 

seasonal variation has been implicated as a contributor to 

the development of TT, with lower temperatures associated 

with increased incidence.8 The appendix testis is a Müllerian 

duct remnant on the superior aspect of the testicle. When the 

appendix testis undergoes torsion, a hard, tender nodule may 

be palpable on the upper pole of the testicle, and a blue dis-

coloration referred to as the “blue dot sign” may be visible in 

this area. However, scrotal edema develops rapidly and often 

obscures physical examination findings. TAT can be treated 

with analgesics, cooling, and reduced activity in almost all 

cases. Only a few boys will require surgical resection of the 

appendix testis for pain management.

Many physicians encounter confusion and difficulty in 

distinguishing TT from TAT in patients with acute scrotum 

because of overlapping signs and symptoms. The purpose 

of this study was to evaluate the clinical features and signs 

that can help distinguish TT from TAT in patients with acute 

scrotum.

Materials and methods
Patients who presented with acute scrotum and were sub-

sequently diagnosed with surgically confirmed TT and TAT 

at our unit from January 1990 to December 2013 were ret-

rospectively reviewed. Patients without TT or TAT, but with 

other surgically confirmed conditions, such as epididymitis 

and orchitis, were excluded. In all cases, clinical findings 

(age, duration of pain, onset during sleep, and fever), 

physical examination findings (side of the involved testis, 

testicular tenderness, testicular swelling, and high-riding 

testis), climatic conditions (ambient temperature, humidity, 

and barometric pressure), laboratory data [leukocyte count 

and creatine phosphokinase (CK) level], and CDUS findings 

were collected. CDUS was performed by senior radiologist 

to evaluate the acute scrotum in the daily clinical setting. 

Owing to the local policy during the study period, CDUS was 

not yet a part of the diagnostic workup of the acute scrotum. 

The findings on CDUS performed by a resident urologist on 

account of the absence of senior radiologist in the emergency 

department at night were excluded, because the sensitivity 

of CDUS for diagnosis of TT is highly dependent on the 

expertise and technique of the investigator.9 If causes of acute 

scrotum other than epididymitis and orchitis were diagnosed, 

immediate surgical exploration was performed. Duration of 

pain, patient age, ambient temperature, and leukocyte count 

were dichotomized as follows: duration of pain, <24 vs ≥24 

hours; age, ≤12 vs >12 years; ambient temperature, <15°C 

vs ≥15°C; and leukocyte count, ≤104 vs >104 per mm.3,2,5,8,10,11 

The cut off CK level was 167 IU/L, which is the upper limit 

of the reference range at our institution. Data on climatic 

conditions at the time of onset were obtained from the Japan 

Meteorological Agency.12

Variables in the two groups were compared using the 

Mann–Whitney U-test. The independence of fitness of the 

categorical data was estimated using the chi-squared test 

and Fisher’s exact test. Multivariate analysis was performed 

using logistic regression analysis. A p-value of <0.05 was 

considered statistically significant. All statistical analyses 

were performed using commercially available statistical 

software (PASW Statistics for Windows, version 18.0; SPSS 

Inc., Chicago, IL, USA). This study was approved by the 

Research Ethics Committee of the University of Kyorin, 

and the approving body deemed that patient consent was 

not necessary as this was a retrospective study without any 

intervention. To protect patient privacy, personal data were 

de-identified.

Results
Seventy patients, including 49 with TT (70.0%) and 21 with 

TAT (30.0%), were enrolled in the study. Table 1 summarizes 

patient characteristics including clinical findings, physical 

examination findings, climatic conditions, and laboratory 

data. Patients with TT were significantly older than those 

with TAT (p < 0.001). The ambient temperature at onset was 

significantly lower in patients with TT than in those with 

TAT (p = 0.038). There were no significant differences in 

the months or seasons of onset between patients with TT and 

those with TAT (p = 0.145 and 0.790, respectively). Testicular 

swelling, high-riding testis, onset during sleep, high leukocyte 

counts, and high CK levels were significantly more com-

mon in patients with TT than in those with TAT (p = 0.021, 

0.032, 0.006, 0.003, and 0.043, respectively). Multivariate 

analysis showed that age (p = 0.002) and onset during sleep 

(p = 0.026) were significant independent factors for detection 

of TT (Table 2). Thirty-three patients with TT (67.3%) had 

onset during sleep. The ambient temperature among these 

patients was significantly lower than that among patients 

without onset during sleep (p = 0.032; Table 3). Patients with 

TAT did not exhibit significant association between onset 

during sleep and ambient temperature (p = 0.266).

Eight patients (16.3%), including five with TT and 

three with TAT, underwent CDUS evaluation before 
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 surgical  exploration. All patients with TT showed absent 

or decreased blood signal in the involved testis, whereas 

none of the patients with TAT showed this finding. CDUS 

findings were significantly correlated with the presence of 

TT (p = 0.018).

Six patients with TT (12.2%) underwent orchiectomy 

because a nonviable testis was found during the surgi-

cal exploration. There was no significant difference in 

age between the orchiectomy and salvaged-testes groups 

(p = 0.080). The time to operation in the orchiectomy group 

Table 1 characteristics of patients with testicular torsion (TT) and torsion of appendix testis (TaT)

Variables TT group, n (%) TAT group n (%) p-value

Patients 49 21
Clinical findings
age (years) Mean ± sD 16.8 ± 6.2 11.2 ± 4.6

Median [range] 16 [4–46] 11 [1–21] <0.001
age ≤12 years 6 (12.3) 13 (61.9)

>12 years 43 (87.7)  8 (38.1) <0.001
Duration of pain <24 hours 43 (87.8) 18 (85.7)

≥24 hours 6 (12.2) 3 (14.3) 0.815
Onset during sleep Yes 33 (67.3) 7 (33.3)

no 15 (32.7) 14 (66.7) 0.006
climatic conditions
ambient temperature (°c) Mean ± sD 11.7 ± 7.8 16.4 ± 9.9

Median [range] 9.8 [−4.0–28.4] 15.9 [1.7–31.1] 0.038
ambient temperature <15°c 36 (73.5) 10 (47.6)

≥15°c 13 (26.5) 11 (52.4)  0.037
seasons spring (March to May) 15 (30.6)  5 (23.8)

summer (June to august) 7 (14.3) 4 (19.0)
autumn (september to november) 10 (20.4)  6 (28.6)
Winter (December to February) 17 (34.7)  6 (28.6) 0.790

humidity (%) Mean ± sD 58.6 ± 16.2 58.7 ± 17.0
Median [range] 63 [16–83] 60 [23–81] 0.901

Barometric pressure (mmhg) Mean ± sD 1011.5 ± 8.5 1009.4 ± 7.5
Median [range] 1011.5 [986.0–1024.7] 1009.2 [994.0–1023.0] 0.265

Physical examination
Body temperature (°c) Mean ± sD 36.9 ± 0.7 36.8 ± 0.5

Median [range] 36.8 [35.5–39.8] 37.0 [35.8–37.7] 0.756
Body temperature ≤37.5°c 44 (89.8) 20 (95.2)

>37.5°c 5 (10.2) 1 (4.8) 0.456
laterality left 35 (71.4) 12 (57.1)

Right 14 (28.6)  9 (42.9) 0.243
Diffuse tenderness Yes 43 (87.8) 18 (85.7)

no  6 (12.2)  3 (14.3) 0.815
Testicular swelling Yes 39 (79.6) 11 (52.4)

no 10 (20.4) 10 (47.6) 0.021
high-riding testis Yes 30 (61.2)  7 (33.3)

no 19 (38.8) 14 (66.7) 0.032
laboratory data
leukocyte counts (mm3) Mean ± sD 11944 ± 3702 9223 ± 2648

Median [range] 11300 [5300–21900] 8800 [5600–14900] 0.003
leukocyte counts ≤104/mm3 16 (32.7) 15 (71.4)

>104/mm3 33 (67.3) 6 (28.6) 0.003
creatine phosphokinase (iU/l) Mean ± sD 849 ± 4418 134 ± 81

Median [range] 149 [57–31107] 124 [2–408] 0.106
creatine phosphokinase ≤167 iU/l 30 (61.2) 18 (85.7)

>167 iU/l 19 (38.8)  3 (14.3) 0.043
color Doppler ultrasound
absent or decreased Yes 5 (100) 0 (0)
Blood signal no 0 (0) 3 (100) 0.018
Missing 44 18
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was significantly longer than that in the salvaged-testes group 

(p = 0.002). There was no significant difference in the degree 

of torsion between the orchiectomy and salvaged-testes 

groups (p = 0.483). The testes were salvaged in all patients 

who underwent an operation within 8 hours, with no relation-

ship to the degree of torsion (Table 4).

Discussion
The incidence of TT exhibits two peaks: a small peak during 

the newborn period and a much larger peak around puberty 

(accounting for 65% of all torsions). The rapidly increasing 

testicular mass in the peripubertal male increases the chance 

of testis rotation.3,13 With respect to TAT, several studies have 

reported that the age for peak incidence of TAT is significantly 

younger than that of peripubertal TT.13–15 Molokwu et al 

reported a significant difference in age between patients with 

TT and those with TAT (15 years vs 11 years, respectively; 

p < 0.001) and found that age ≤12 years is a useful predic-

tor of TAT.5 The multivariate analysis in the present study 

showed that age is one factor that is useful for detection of 

TT (p = 0.002).

Physical examination and clinical findings are helpful in 

distinguishing TT from TAT. In the present study, multivariate 

analysis revealed that onset during sleep was another factor 

useful for detecting TT on multivariate analysis (p = 0.026). 

A previous study reported that the sexual response cycle 

(excitement, plateau, orgasm, and resolution) in young males 

is associated with cremasteric contraction during sleep, 

which could result in TT.16 In the present study, the ambient 

temperature was significantly lower in patients with – than 

without – onset during sleep (p = 0.032), indicating that 

onset during sleep may be causally related to a low ambient 

temperature. Previous studies have reported that testicular 

tenderness, testicular swelling, a high-riding testis, pain 

duration <24 hours, and onset during sleep are positively 

associated with TT.2,13–15,17 Barbosa et al reported that nausea/

vomiting, testicular swelling, a high-riding testis, transverse-

oriented testis, hard testis, and absent cremasteric reflex are 

independent factors for detection of TT.6 These discordant 

results might have been affected by interobserver variability, 

the small study population, and the retrospective nature of 

the study.

A low ambient temperature may cause contraction of the 

cremasteric muscle, resulting in TT.18 Several studies have 

shown that TT is associated with a low ambient temperature 

(<2°C in Ireland, <5°C in the UK, and <15°C in the US and 

Japan) and low humidity.5,7,8,10 Hoshino et al reported that 

>75% of cases of TT occurred when the ambient temperature 

was <15°C in Japan;8 this is similar to the rate found in the 

present study (73.5% of cases of TT occurred at <15°C). 

Table 3 characteristics of onset during sleep and without onset during sleep groups in patients with testicular torsion

Variables Onset during sleep group Onset during waking group p-value

n % n %

Patients 33 15
age (years) Mean ± sD 15.8 ± 4.9 18.6 ± 8.2

Median [range] 16 [4–31] 18 [11–46] 0.296 
ambient temperature Mean ± sD 9.3 ± 8.5 14.2 ± 6.6

Median [range] 8.7 [−4.0–28.0] 12.4 [6.2–28.4] 0.032 
humidity (%) Mean ± sD 58.4 ± 16.2 59.2 ± 16.8

Median [range] 59 [23–83] 64 [16–79] 0.841 
Barometric pressure (mmhg) Mean ± sD 1010.8 ± 8.0 1012.9 ± 9.5

Median [range] 1010.3 [996.7–1024.0] 1014.5 [986.0–1024.7] 0.234 
Body temperature (°c) Mean ± sD 36.8 ± 0.5 36.9 ± 0.9

Median [range] 36.8 [35.5–37.7] 36.8 [36.0–39.8] 0.682 
laterality left 23 69.7 11 73.3 

Right 10 30.3 4 26.7 0.797 

Table 2 Odds ratio for testicular torsion in relation to various 
factors by multivariate logistic regression analysis

Factor OR 95% CI p-value

age ≤12 years Ref

>12 years 12.30 (2.39–63.28) 0.002 
ambient temperature <15°c Ref

≥15°c 1.95 (0.43–8.74) 0.383 
Onset during sleep no Ref

Yes 6.13 (1.24–30.27) 0.026 
Testicular swelling no Ref

Yes 2.23 (0.39–12.85) 0.369 
high-riding testis no Ref

Yes 1.17 (0.24–5.60) 0.843 
leukocyte counts ≤104/mm3 Ref

>104/mm3 4.85 (0.90–25.96) 0.065 
creatine phosphokinase ≤167 iU/l Ref

>167 iU/l 2.29 (0.38–13.70) 0.365 

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference.
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These discordant results might have been affected by the dif-

ferences in geography and location of occurrence (ie, indoor 

vs outdoor air temperature).

Furthermore, CDUS has been widely proposed as a help-

ful examination for diagnosis of TT. Several studies have 

shown that CDUS is 96%–100% sensitive and 75%–95% 

specific in diagnosing TT.7,19,20 In contrast, false-negative 

results might also occur with CDUS.7,9,19–21 There are several 

possible reasons for false-negative CDUS results. First, less 

experience on the part of the user and/or inadequate technical 

equipment may be contributing factors.9 Second, the mainte-

nance of testicular perfusion in patients with an incomplete 

or nascent spermatic cord torsion may be associated with 

CDUS findings.20,21 Experimental studies have shown that 

spermatic cord torsion of <360° may not compromise tes-

ticular blood flow.22–24 To increase the diagnostic yield for 

CDUS, Karmazyn et al reported that the presence of a coiled 

spermatic cord is an independent predictor of TT, and al Mufti 

et al reported that the cord-compression test is a useful tool 

for the diagnosis of TT.17,25 Further studies involving CDUS 

examination are necessary.

The duration of torsion symptoms and degree of tor-

sion are correlated with the orchiectomy rate. Bartsch et al 

reported that irreversible ischemic injury to the testicular 

parenchyma may begin as early as 4 hours after occlusion 

of the cord.26 Tryfonas et al reported that torsion of >360° 

and >24-h duration could result in testicular loss or severe 

atrophy.27 In the present study, all patients in the orchiectomy 

group had a >8-h time to operation. When TT is suspected, 

prompt surgical exploration is warranted.

Our study has some limitations. First, this study evaluated 

a small population and was retrospective in nature. Second, 

some of the variables (tenderness, swelling, and high-riding 

testis) are subject to interobserver variability. Third, CDUS 

data were quite limited in consequence of the local policy 

during the study period. More recently, CDUS was performed 

Table 4 characteristics of orchiectomy group and salvaged testis group

Variables Orchiectomy group Salvaged-testis group p-value

n % n %
Patients 6 43
age (years) Mean ± sD 19.2 ± 3.1 16.5 ± 6.5

Median [range] 18 [16–24] 15 [4–46] 0.080 
Body temperature (°c) Mean ± sD 36.8 ± 0.7 37.1 ± 0.3

Median [range] 37.2 [36.6–37.3] 36.8 [35.5–39.8] 0.311 
Time to operation (hours) Median [range] 19.7 [9.25–198] 5.4 [1–22.2] 0.002 
Degrees of torsion (°) Median [range] 360 [180–360] 270 [90–720] 0.483 
laterality left 5 83.3 30 69.8 

Right 1 16.7 13 30.2 0.490 

by trained urologist in the emergency department at night, 

and was included in diagnostic workup for acute scrotum as 

well. Prospective studies involving larger numbers of patients 

are needed to confirm these findings.

Conclusion
In clinical features, age and onset during sleep might be 

helpful for distinguishing TT from TAT in patients with 

acute scrotum. This supports the premise that urgent surgical 

exploration is warranted in patients suspected of TT on the 

basis of symptoms and CDUS findings.
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