
A
cc

ep
te

d
 A

rt
ic

le

This article has been accepted for publication and undergone full peer review but has not 
been through the copyediting, typesetting, pagination and proofreading process, which may 
lead to differences between this version and the Version of Record. Please cite this article as 
doi: 10.1111/acem.13295-17-412 
This article is protected by copyright. All rights reserved. 

Article type      : Original Contribution 

 

Prospective Validation of a Clinical Score for Males  

Presenting with an Acute Scrotum 

 

Lillian C. Frohlich, MPH,1,2 Niloufar Paydar-Darian, MD, 2  

Bartley G. Cilento, Jr. MD, MPH, 3 Lois K. Lee, MD, MPH2 

 

1Bioverativ, Waltham, MA 

2Division of Emergency Medicine, Boston Children’s Hospital, Boston, MA 

3Department of Urology, Boston Children’s Hospital, Boston, MA 

 

Corresponding author: 
Lois K. Lee, MD, MPH 
Division of Emergency Medicine 
Boston Children’s Hospital 
300 Longwood Ave. 
Boston, MA   02115 
Phone: 617-355-5089 
Fax: 617-730-0335 
Email: lois.lee@childrens.harvard.edu 
 
LCF reports no conflict of interest. 
NPD reports no conflict of interest. 
BGC reports no conflict of interest. 
LKL reports no conflict of interest. 
No external funding was received for this research. 
 
LKL conceived the study and designed the trial.  LKL and BC supervised the conduct 
of the trial and the data collection. LCF undertook recruitment of the patients and 
managed the data, including quality control.  LCF and LKL analyzed the data.  LCF, 
NPD, BC, and LKL interpreted the data. LCF and LKL drafted the manuscript, and all 
authors critically reviewed the manuscript.  LKL takes responsibility for the paper as 
a whole. 
 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 
 

ABSTRACT 
 
Objective:  To validate the Testicular Workup for Ischemia and Suspected Torsion 

(TWIST) score among pediatric emergency medicine providers for the evaluation of 

pediatric males presenting with testicular pain and swelling (acute scrotum).  

Methods:  We conducted a prospective cohort study of males 3 months to 18 years 

old presenting with an acute scrotum.  History and physical examination findings, 

including components of the TWIST score (hard testicle, absent cremasteric reflex, 

nausea/vomiting, and high riding testicle) as well as diagnostic results (ultrasound, 

urine, sexually transmitted infection (STI) testing) were recorded. Testicular torsion 

was confirmed by surgical exploration.  Frequencies of patient characteristics, 

TWIST components, and tests were calculated.  We performed the kappa statistic for 

inter-rater reliability and calculated the test characteristics and receiver operator 

curves for the TWIST score (range 0-7). 

Results:  During the study period 258 males were enrolled in the study; 19 (7.4%) 

had testicular torsion.  The mean age was 9.8 years (+ 0.3 years). The high-risk 

TWIST score of 7 had 100% specificity (95% confidence interval (CI) 98%, 100%) 

with 100% positive predictive value (95% CI 40%, 100%) for testicular torsion.  The 

area under the curve was 0.82.  The kappa statistic for the overall TWIST score was 

fair at 0.39.   

Conclusions:  In this prospective validation of the TWIST score among pediatric 

emergency providers, the high-risk score demonstrated strong test characteristics for 

testicular torsion.  The TWIST score could be used as part of a standardized 

approach for evaluation of the pediatric acute scrotum to provide more efficient and 

effective care. 
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Abbreviations 

AUC: area under the curve 
CI:  confidence interval 
DUS:  Doppler Ultrasonography  
ED:  emergency department 
EMT:  emergency medical technicians 
Hpf:  high power field 
LR: likelihood ratio 
NAAT: nucleic acid amplification test 
NPV: negative predictive value 
PPV: positive predictive value 
OR:  odds ratio 
ROC:  receiver operator characteristic 
STI:  sexually transmitted infection 
TWIST:  Testicular Workup for Ischemia and Torsion 
UA:  urinalysis 
UTI:  urinary tract infection 
WBC:  white blood cell 
 

Introduction 

Males with testicular torsion most commonly present with acute scrotal/testicular 

pain and swelling (the acute scrotum), which can also be the presenting symptoms 

for epididymitis-orchitis, torsion of the appendix testis, and scrotal trauma.1–4 

Testicular torsion is caused by the twisting of the spermatic cord along with the 

vasculature of the testicle and requires prompt surgical intervention to prevent 

testicular loss from ischemia.5–8  This occurs in approximately 1 in 1,500 to 1 in 

4,000 males by the age of 25.9,10 It is important to quickly differentiate between the 

different testicular conditions associated with the acute scrotum to optimize the time 

to surgery in order to preserve testicular viability for those with testicular 

torsion.2,5,6,11  One study found that for males treated within six hours of the onset of 
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symptoms there is a 90-100% rate of testicular salvage.  For those treated within 6-

12 hours of symptom onset the reported rate of testicular salvage was 20-50% and 

for those treated within 12-24 hours, the rate of testicular salvage was 0-10%.12 

 

Certain presenting features including duration of pain less than 24 hours, age 11-21 

years, nausea or vomiting, absent cremasteric reflex, abnormal testicular lie, 

testicular swelling, and/or hard testicle are more highly associated with testicular 

torsion; however, these features are not specific only for testicular torsion, and may 

be associated with other common diagnoses associated with the acute scrotum.13–17 

In some cases, abdominal pain may be the only presenting symptom of testicular 

torsion; therefore, males patient presenting with lower abdominal pain should also be 

evaluated for possible torsion.18  High-resolution scrotal Doppler Ultrasonography 

(DUS) imaging is the gold standard for the evaluation of testicular complaints, with 

an estimated sensitivity ranging between 85-100% and specificity ranging between 

75-100% for testicular torsion.4,7,11,19,20  Nonetheless, the use of DUS may prolong 

the time in testicular ischemia and delay time to surgery for those with testicular 

torsion.5 In addition to DUS, laboratory testing with urinalysis, urine culture and for 

sexually transmitted infections (STIs) are used in the evaluation of testicular 

complaints to evaluate for other causes of the acute scrotum, including 

epididymitis.1,2,21 
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Importance 

Clinical decision tools may be useful in the evaluation of the patient with an acute 

scrotum to identify those at high risk for torsion to obviate the need for routine 

ultrasound imaging or laboratory testing.16,17 In addition, these tools may also be 

useful to identify those at low risk for testicular torsion, who may not require 

emergent ultrasound imaging or subspecialty urology consultation.  The Testicular 

Workup for Ischemia and Suspected Torsion (TWIST) score was previously 

developed to risk stratify for testicular torsion in males 3 months to 18 years old 

presenting with an acute scrotum. The TWIST score of 5 had the following test 

characteristics for torsion: sensitivity of 76% (95% confidence interval (CI) 

62%,87%); specificity of 100% (95% CI 98%, 100%); and a positive predictive value 

(PPV) of 100% (95% CI 89%,100%). 17  It has been previously validated by 

urologists17 and non-physician emergency department (ED) providers,22  but has not 

been evaluated exclusively in a population of pediatric emergency medicine 

providers.  Most pediatric males with an acute scrotum will be initially evaluated by 

an emergency physician or pediatrician; therefore, validation of the TWIST score for 

generalizability of use in the ED is important.  As the majority of pediatric males 

presenting with an acute scrotum do not have torsion, the use of clinical decision 

tools to aid in decision making around more judicious use of DUS imaging as well as 

laboratory testing for those at high risk for testicular torsion who may not require 

routine testing, may provide more efficient care, resulting in decreased ED length of 

stay and associated medical costs.  
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Goals of this Investigation 

The objective of this study was to validate the TWIST scoring system to risk stratify 

for testicular torsion in a pediatric population of males presenting to the ED with an 

acute scrotum.  A secondary objective of this study was to analyze laboratory 

evaluation with urinalysis, urine culture, and sexually transmitted infection (STI) 

testing in this same population.   

 

METHODS 

Study Design  

We conducted a prospective observational study validating the TWIST scoring 

system in pediatric males presenting to the ED with acute scrotum. Institutional 

review board approval was obtained.  As this was an observational study that did not 

impact management of the patient, the IRB waived consent from the study 

participants.  

 

Study Setting and Population 

This study was performed in the ED of a tertiary care children’s hospital. Eligible 

participants were males, ages 3 months to 18 years, presenting to the ED with a 

chief complaint of testicular pain and/or swelling. Patients were excluded if their pain 

was due to a trauma, symptoms were present for greater than one week, there was 

a previous diagnosis of testicular torsion, a known history of testicular disease and/or 

surgery, or if a diagnosis of testicular torsion had already been confirmed or 

excluded (e.g. imaging obtained at a referring institution).  Participants were enrolled 

from January 2013 through December 2015 between noon and midnight. Exceptions 

were during the months of April 2014 through June 2014 and September 2014 
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through October 2014, when there was no research coordinator support available to 

assist with subject recruitment and enrollment.  Before the results of the patient’s 

DUS were known, the ED research coordinator approached the ED treating 

physician, either attending physician or trainee (resident or pediatric emergency 

medicine fellow) of eligible participants to complete the TWIST score on a 

standardized electronic data collection form. ED physicians were also asked their 

most probable diagnosis based on history and physical exam findings. Electronic 

medical records of enrolled participants were reviewed to extract information on 

imaging results, urinalysis and urine culture results, STI testing results, and final 

diagnosis.  Records for any follow-up visits in the ED or in the urology clinic were 

also reviewed to determine the final diagnosis.  All the data were collected in a 

standardized form in REDCap (Research Electronic Data Capture), a secure, web-

based application designed to support data capture for research studies.  This 

electronic data capture tool was hosted at Boston Children’s Hospital for this study.  

 

Measurements and Key Outcome Measures 

Derivation and validation of the TWIST score has been previously published.17  The 

TWIST score is based on the sum (ranging from 0-7) of the following historical and 

physical examination findings:  testicular swelling (2 points), hard testicle (2 points), 

absent cremasteric reflex (1 point), nausea or vomiting (1 point), and high riding 

testicle (1 point). The risk stratifying scores for those at low risk for testicular torsion 

were 0-2 points, intermediate risk were 3-4 points, and high risk for testicular torsion 

were 5-7 points.17   
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The primary outcome was a diagnosis of testicular torsion, confirmed by surgical 

exploration as the final diagnosis. For the purposes of our analysis, participants who 

were ultimately diagnosed with intermittent testicular torsion were considered to have 

testicular torsion. Secondary outcomes were positive results of urinalysis, urine 

culture, and STI testing with the nucleic acid amplification test (NAAT).  

 

Data Analysis 

Frequencies were calculated for patient characteristics, results of diagnostic testing, 

and TWIST scores.  To compare patient characteristics and the total TWIST score 

between males with and without testicular torsion, risk differences with 95% CI were 

calculated.  Univariate logistic regression was performed to compare individual 

components of the TWIST score in those patients with and without testicular torsion 

to calculate the odds ratios (OR) with 95% confidence intervals (CI).  The kappa 

statistic was also calculated among a convenience sample of 54 males to evaluate 

the inter-rater reliability for each of the individual components of the TWIST score 

and the overall score.  

 

To evaluate test performance of the TWIST score to predict testicular torsion, test 

characteristics at three cut-points (scores 5, 6, and 7) were calculated to determine 

the sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), positive likelihood ratio (LR), and negative LR. A receiver-operator 

characteristic (ROC) curve was used to calculate the area under the curve (AUC) for 

the 8 possible points for the TWIST score for both the final surgical diagnosis and 

US diagnosis of torsion.  We also analyzed the test characteristics for the physician’s 
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clinical opinion and the final surgical diagnosis of torsion. We used STATA SE®, 

version 13.0 (StataCorp, College Station, TX) to conduct all statistical analyses.  

 

RESULTS 

Characteristics of Study Subjects 

During the study period 258 males were enrolled in the study, and 19 were 

diagnosed with testicular torsion (7.4%) (Figure 1). The mean age of the enrolled 

(9.8 + 0.3 years) and missed eligible patients (10.2 + 0.3 years) were similar 

(difference -0.35, 95% CI  

-1.2, 0.55).  Scrotal ultrasounds were obtained in all study subjects.  Sixteen patients 

were diagnosed with testicular torsion by ultrasound.  Three patients had ultrasounds 

that were abnormal, but did not demonstrate definitive torsion with lack of vascular 

flow.  The ultrasounds for these patients demonstrated either increased flow or an 

enlarged ipsilateral epididymis or had intermittent testicular flow.  These patients 

ultimately had surgical management (orchidopexy) that confirmed the diagnosis of 

testicular torsion; therefore, there were a total of 19 males with a final diagnosis of 

testicular torsion.  Race and ethnicity did not differ between those with testicular 

torsion and those with other testicular diagnoses, although those with torsion were 

slightly older (Table 1).  There were 22 operations performed in this study cohort. 

Only three patients, all of whom had DUS findings consistent with torsion, underwent 

an orchiectomy for an unviable testicle; all three of these patients presented after a 

history of testicular pain for 18-72 hours. One of these patients was developmentally 

delayed and nonverbal.  
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Main Results--TWIST Score 

Males with testicular torsion had higher mean TWIST scores than those with other 

testicular diagnoses (risk difference 2.60, 95% CI 1.84, 3.26) (Table 2).  There were 

higher odds for the presence of all the individual TWIST score components with a 

diagnosis of testicular torsion.  The components of history of nausea, presence of 

scrotal swelling, and presence of high-riding testicle demonstrated substantial 

agreement between providers; however, the other two components (hard testicle, 

absence of cremasteric reflex), demonstrated less inter-rater reliability (Table 2).  For 

the overall TWIST score, there was only fair agreement (ĸ 0.39, 95% CI 0.22, 0.46) 

between providers.23  

 

Two males with TWIST scores of 0 and 1 with testicular torsion had abnormal scrotal 

ultrasounds that demonstrated increased size and/or blood flow to the ipsilateral 

epididymis, but did not definitively demonstrate testicular torsion with lack of blood 

flow (Table 3).  Also the male with a TWIST score of 0 and testicular torsion, did 

have a physical examination finding of ipsilateral scrotal swelling on review of the ED 

medical record, which would have given the child a TWIST score of 2, had this been 

documented as such.  The ROC curve for the final surgical diagnosis of testicular 

torsion had an area under the curve (AUC) of 0.82 (95% CI 0.71, 0.94) and for the 

US diagnosis the AUC was 0.89 (95% CI 0.81, 0.97) (Figure 2). The TWIST score of 

seven had a sensitivity of 21% (95% CI 6%, 45%), a specificity of 100% (95% CI 

98%, 100%), and a PPV of 100% (95% CI 40%, 100%) (Table 4).  This was superior 

to a clinical opinion of testicular torsion, which had a sensitivity of 34% (95% CI 19%, 

52%), specificity of 97% (95% CI 94%, 99%), and PPV of 63% (95% CI 38%, 84%). 
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Diagnostic evaluation 

The findings on scrotal ultrasound for males presenting with an acute scrotum were: 

hydrocele (29%), epididymitis/orchitis (28%), normal testicle (23%), torsion of the 

appendix testis or epididymis (14%), and testicular torsion (6%) (Table 5).  

Urinalyses were performed on 224/258 (87%) of males presenting with an acute 

scrotum.  Of those with urinalyses, one child had only a urine dipstick sent with no 

microscopic urinalysis or culture. He was a 10 year old male with trisomy 21 and one 

previous UTI who was treated presumptively with oral antibiotics for a UTI. Only two 

boys with urinalyses had greater than 10 WBC/hpf, but neither grew bacteria in urine 

culture.  One of these males was a 10 year old who presented with testicular pain 

and fever. His UA was positive for 116 WBC and nitrites. His urine culture was sent 

after antibiotics were given, and he was admitted to the hospital for IV antibiotics for 

treatment of bacterial epididymitis/orchitis.  A sexually active teenage patient had a 

urinalysis with large leukocyte esterase on dipstick and 7 WBC/hpf.  He was treated 

presumptively for STI with oral and intramuscular antibiotics; however, final NAAT 

STI testing was negative.  Urine cultures were sent on 123/258 (48%) males.  Only 

one urine culture was positive for 50,000> CFU/mL Corynebactrium, but the UA for 

this patient was negative for leukocyte esterase/WBC, blood/RBC, or nitrites. This 

uncircumcised patient was treated with oral antibiotics for presumed infectious 

epididymitis. STI testing with NAAT for gonorrhea and chlamydia were uncommonly 

sent, 21/258 (8.1%).  Only one patient had a positive result, which was for chlamydia 

only (negative for gonorrhea), and this patient’s urinalysis was also negative.   
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DISCUSSION 

We conducted a prospective validation study among physicians in a tertiary care 

pediatric ED of the TWIST score for males 3 months to 18 years old presenting with 

an acute scrotum.  Overall, the TWIST score performed well for the final surgical 

diagnosis of testicular torsion with an AUC of 0.82 and with an AUC of 0.88 for the 

ultrasound diagnosis.  When considering the final surgical diagnosis of testicular 

torsion, the TWIST score of 7 had 100% specificity and 100% PPV for torsion, which 

is superior to clinical opinion.  Urinalyses were frequently performed, while urine 

cultures and STI testing were much less commonly done, with rare positive results.   

 

Two decision tools created to risk stratify patients presenting with an acute scrotum 

for testicular torsion have been recently published.16,17 This current study of pediatric 

ED physicians is a prospective validation of the TWIST score, which risk stratifies 

patients presenting with an acute scrotum for testicular torsion.17 On the 

retrospective and prospective validation cohorts of the original study, using data 

collected by urologists, the low (0-1 point) and high risk (6-7 points) cutoffs were 

found to have negative and positive predictive values of 100%. The authors of the 

TWIST score concluded using the low and high risk score categories could 

potentially decrease DUS use in up to 80% of cases.17  In this current study cohort 

using data collected by attending and trainee physicians in a pediatric ED, the 

TWIST score did not perform as well, with an AUC for ultrasound diagnosis of 

testicular torsion of 0.82, compared to the original study where the AUC was 0.98 for 

the prospective cohort and 0.996 for the retrospective cohort.17  It is possible this is 

due to the different specialties represented in the two studies.  This may also be due 

to the fact that no specific training was conducted in use of the TWIST score for the 
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ED physicians, which is the way it would be commonly implemented in the ED 

setting.  Broadening the DUS findings diagnostic for testicular torsion would have 

also better captured all the males with the final surgical diagnosis of torsion.  The 

prospective validation set of the original TWIST study included no patients with 

torsion (0/51) in the low risk category (score 0-2) and 100% of patients with torsion 

(22/22) in the high risk category (score 5-7).17  

 

Another prospective validation study of the TWIST score using emergency medical 

technicians (EMTs) specifically trained to use the TWIST score had a similarly high 

AUC of 0.95 (95% CI 0.91, 0.98).22 They defined slightly different risk categories as 

low (0 points), intermediate (1-5 points), and high (6-7) points.  There were also no 

patients with torsion 0/44 in the low risk category, and again, 100% of patients in the 

high risk category had torsion (15/15). In the current study a low risk score of 0-1 

predicted no torsion by ultrasound, and a high risk score of 7 predicted testicular 

torsion in four out of  

four males.  For males with a score of 7, consultation with a urologist before 

obtaining an ultrasound could be considered to potentially expedite surgical 

management of testicular torsion.  The two patients with the low risk score of 0 and 1 

who did have testicular torsion determined during surgical exploration, did have 

abnormal DUS findings of the epididymis with increased flow to the epididymis,11 

which led to their ultimate surgical management and diagnosis of torsion.  Based on 

this limited sample size, we would still recommend obtaining a DUS even in this low 

risk group for the potential of missing an intermittent torsion or torsion without the 

typical DUS findings of lack of testicular blood flow.  
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Another prospective study derived a low-risk clinical decision rule for testicular 

torsion using recursive portioning.  This rule consists of three variables: horizontal or 

inguinal testicular lie, nausea or vomiting, and age 11-21 years.  The test 

characteristics of this rule for testicular torsion in a prospective validation set 

included a sensitivity 100% (95% CI 98%, 100%) and a NPV of 100% (95% CI 98%, 

100%).  The authors concluded that patients with normal testicular lie, lack of nausea 

or vomiting, and age 0-10 years old were associated with no risk of testicular torsion.  

The authors recommended that patients who do not meet all three criteria undergo 

emergent evaluation for possible torsion.  This decision rule may be easier for 

clinicians to use as fewer factors are included; however, it has not been externally 

validated.16   

 

Urinalysis in the setting of an acute scrotum is for the identification of pyuria as a 

potential marker for infectious epididymitis,2 which may occur secondary to 

retrograde flow of infected urine from the urethra through the ejaculatory ducts and 

vas deferens into the epididymis.2,4   Previous studies have demonstrated most 

pediatric males with epididymitis do not have pyuria on urinalysis or a positive urine 

culture;24,25 and therefore, do not require routine antibiotic treatment.24–26 As there 

are no clear predictors for males with a bacterial etiology of epididymitis the general 

recommendation is for a urine culture to be performed on males with epididymitis, 

21,24,25  while the utility of a screening urinalysis for pyuria is less clear.  In our study 

cohort urinalysis was performed in 86% of males without testicular torsion and 0% in 

males with torsion. Urine cultures were sent for 52% of males, and only one urine 

culture was considered positive for bacterial epididymitis with > 50,000 CFU/mL 

Corynebacterium.  This patient’s urinalysis was negative for all components.  Some 
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authors recommend that males with epididymitis be managed conservatively with 

NSAIDS and scrotal elevation without empiric antibiotics, and also recommend urine 

cultures be sent and antibiotic therapy determined from these results.2 Based on our 

results, it may be reasonable to consider this approach in males with no past 

urologic history, who are at low risk for infection. 

 

In sexually active adult males, STIs are a common cause of epididymitis/orchitis;13,24 

however, STI testing was uncommonly performed in this study cohort, who were 

evaluated in a pediatric ED.  Only 21 (3.1%) of males had STI testing performed, and 

only one STI test was positive. Testing for C. trachomatis and N. gonorrhea by 

culture or NAAT with appropriate antibiotic treatment is the recommendation for 

sexually active males presenting with an acute scrotum.1,24 A more standardized 

approach for STI testing in adolescent males with an acute scrotum may be useful to 

improve diagnosis and treatment this population. 

 

LIMITATIONS 

Our study must be considered in the context of several limitations.  This was a 

convenience sample of patients, and only 52% of eligible patients were enrolled.  

Lack of continuous research coordinator coverage during the study period primarily 

due to staffing challenges as well as hours of coverage was the cause of these 

missed eligible patients, who also had a higher percentage of testicular torsion. 

Lower numbers than expected of testicular torsion, based on previous studies of 

males with torsion, were included in this study, although the reasons for this are 

unclear.  As a result of the lower sample size for the primary outcome of testicular 

torsion, there was less precision in the point estimates for the test characteristics of 
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the various cut points for the TWIST score.  Specific training around use of the 

TWIST scoring system was not performed for the physicians, which may have 

biased the test characteristics of the TWIST score for risk stratification, especially in 

the low risk group.  Also, although we reviewed the records of all the study patients 

for any ED or urology visits within 30 days of the index ED visit for cases of testicular 

torsion not identified on the first visit, it is possible that the patient had follow up at 

another institution that wouldn’t be captured in our dataset.  This prospective 

validation study used data collected by attending and trainee physicians in a 

pediatric ED at a tertiary care pediatric hospital, which may limit the generalizability 

of the results to providers who are less specialized in caring for children and 

adolescents.   

CONCLUSIONS 

In conclusion, the TWIST score of 7 accurately identified males presenting with 

testicular torsion.  Although the low risk TWIST score of 0-1 was associated with no 

males with testicular torsion on the initial ED DUS, two patients were subsequently 

diagnosed with torsion with other abnormal ED DUS findings; therefore, use of DUS 

would still be recommended for males with this low score.  Based on these results, 

the TWIST score may be used as part of the decision making in the evaluation the 

acute scrotum, particularly for those with a score of 7 where emergent urology or 

surgical consultation would be recommended.  Urinalysis was not useful in assisting 

with the decision-making regarding antibiotic use for possible bacterial epididymitis.  

Future studies may consider evaluating the utility of performing urine culture and 

comparing to urinalysis results to determine best recommendations for testing for 

males with epididymitis/orchitis. STI testing was infrequently performed, but should 

be considered in sexually active males presenting with an acute scrotum.   



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 
 

 

Development of evidence based clinical guidelines for the evaluation of the pediatric 

acute scrotum may be useful to provide more timely care in the diagnosis and 

surgical management of testicular torsion.  These guidelines may also decrease 

unnecessary urinalysis testing for males without epididymitis/orchitis while improving 

diagnosis and treatment of males with STI.  The evaluation of this type of guideline 

for the evaluation of the acute scrotum may result in more standardized and effective 

care. 
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Table 1.   Characteristics of Study Subjects  

Characteristic Surgical Diagnosis 
of Testicular 

Torsion 
(N=19) 

No Torsion 
(N= 239) 

Difference* 
(95% CI) 

Age, mean (SD)** 12.53 (4.26) 9.64 (5.04) 2.89 (0.54, 5.23) 
Race, n (%) 
     White 
     Black 
     Asian 
     Other/Unknown 

 
10 (52.6%) 
4   (21.0%) 
1   (5.3%) 

4   (21.0%) 

 
152 (63.6%) 
17   (7.1%) 
12   (5.0%) 

58   (24.3%) 

 
-0.11 (-0.34, 0.12) 
0.14 (-0.05, 0.32) 
0.002 (-0.10, 0.11) 
-0.32 (-0.22, 0.16) 

Ethnicity, n (%) 
     Hispanic 
     Non-Hispanic 
     Unknown  

 
1   (5.3%) 

15 (78.9%) 
3   (15.8%) 

 
23   (9.6%) 

165 (69.0%) 
51   (21.3%) 

 
-0.04 (-0.15, 0.06) 
0.10 (-0.09, 0.29) 
-0.05 (-0.23, 0.12) 

Duration of scrotal 
pain/swelling, n (%) 
     Unknown*** 
     < 6 hours 
     7-12 hours 
     13-24 hours 
     25-36 hours 
     37-48 hours 
     49-72 hours 

> 72 hours  

 
 

4 (21.0%) 
7 (3.8%) 

3 (15.8%) 
3 (15.8%) 

0 (0%) 
1 (5.3%) 
1 (5.3%) 
0 (0%) 

 
 

115 (48.1%) 
32   (13.4%) 
29   (12.1%) 
18   (7.5%) 
10   (4.2%) 
10   (4.2%) 
7    (2.9%) 
17  (7.1%) 

 
 

--- 
0.08 (-0.08, 0.25) 
0.02 (-0.08, 0.13) 

-0.04 (-0.07, -0.16) 
0.01 (-0.09, 0.11) 
0.04 (-0.13, 0.21) 
0.23 (0.01, 0.45) 

-0.07 (-0.10, -0.04) 
Clinical Opinion of Treating 
MD, n (%) 
     Testicular torsion 
     Epididymitis/Orchitis 
     Torsion of appendix    
testis/epididymis 
     Hernia 
     Other 

 
 

12 (63.2%) 
5   (26.3%) 

0   (0%) 
 

0   (0%) 
2   (10.5%) int. tors. 

 
 

23   (9.6%) 
114 (47.7%) 
32   (13.4%) 

 
12   (5.0%) 

58   (24.0%) 

 
 

0.53 (0.31, 0.75) 
-0.28 (-0.47, -0.08) 
-0.09 (-0.20, 0.02) 

 
-0.05 (-0.08, -0.02) 

-0.15 (-0.30, -0.005) 
*Risk difference with 95% confidence intervals, except for age. 
** For age (continuous variable) mean difference was calculated. 

*** Duration of pain not recorded for entire length of study.  
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Table 2.  TWIST Score Components 

TWIST Score Components Testicular 
Torsion 

No Torsion OR 
(95% CI) 

Kappa  
Statistic 

(95% CI) 
History of nausea, n (%) 11 (57.9%) 28   (11.7%) 10.36 (3.84, 27.95) 

 
0.75 (0.53, 0.98) 

Scrotal swelling, n (%) 15 (78.9%) 111 (46.4%) 4.32 (1.39, 13.41) 
 

0.74 (0.56, 0.92) 

High-riding testicle, n (%) 11 (57.9%) 55   (23.0%) 4.60 (1.76, 12.00) 0.63 (0.40, 0.86) 
Absent cremasteric reflex, n 
(%) 

12 (63.2%) 62   (25.9%) 4.89 (1.84, 12.99) 0.52 (0.27, 0.77) 

Hard testicular mass, n (%)  8  (42.1%) 15   (6.3%) 10.86 (3.80, 31.04) 0.25 (-0. 20, 0.69) 
Total TWIST Score, mean 
(range) 

4.21 (0-7) 1.66 (0-6)    2.60  (1.84, 
3.26)* 
 

0.39 (0.22, 0.46) 

*Mean difference for total TWIST score. 

 

 

Table 3. TWIST Score by Diagnosis of Testicular Torsion 

 Final Surgical Diagnosis of 
Testicular Torsion 

Ultrasound Diagnosis of  
Testicular Torsion 

TWIST Score  Testicular 
Torsion 

(19) 
n(%) 

No Torsion 
n/N (%) 

 (239) 

Testicular 
Torsion (16) 

N (%) 

No Torsion 
(242) 
N (%) 

0 1 *(5.26%) 72 (30.13%) 0 (0%) 73 (30%) 
1 1 *(5.26%) 37 (15.48%) 0 (0%) 38 (16%) 
2 3  (15.79%) 67 (28.03%) 3 (19%) 67 (28%) 
3 2 (10.53%) 36 (15.06%) 2 (12%) 36 (15%) 
4 3 (15.79%) 20 (8.37%) 2 (12%) 21 (8.7%) 
5 3 (15.79%) 4 (1.67%) 3 (19%) 4 (1.6%) 
6 2 (10.53%) 3 (1.26%) 2 (12%) 3 (1.2%)  
7 4 (21.05%) 0 (0%) 4 (25%) 0 (0%) 
*US with testicular flow with increased prominence of epididymis and blood flow to 
epididymis. 
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Table 4. Test Performance of TWIST Score to Predict Testicular Torsion* (n=258) 

TWIST 
Cut-Point 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 

Positive 
LR 

Negative 
LR 

5 47 (24, 71) 97 (94, 99) 56 (30,80) 96 (92, 98) 16.17 0.54 

6 32 (13,56) 99 (96, 99) 67 (30, 92) 95 (91, 97) 25.06 0.69 

7 21 (6, 45) 100 (98, 
100) 

100 (40, 
100) 

94 (90, 97) 0.00 0.79 

*Based on final surgical diagnosis. 

 

Table 5.  Diagnostic Evaluation  

Diagnostic Evaluation Testicular 
Torsion 
n/N (%) 

No Testicular 
Torsion 
n/N (%) 

Urinalysis  
     Leukocyte esterase positive 

> 10 WBC/hpf 
Blood positive 
> 10 RBC/hpf 
Nitrite positive 

    6/19     (31.6%) 
0/6        (0%) 
0/6        (0%) 
0/6        (0%) 
0/6        (0%) 
0/6        (0%) 

205/239        (85.8%) 
  6/205         (2.9%) 
  2/205         (1.0%) 
13/205         (6.4%) 

0/205         (0%) 
    3/205        (1.5%)* 

Urine culture > 50,000 CFU/mL 0/6        (0%)   1/117         (0.8%) 
Urine GC/Chlamydia NAAT test 
     Gonorrhea positive 
     Chlamydia positive 

0/19      (0%) 
0/0        (0%) 

              0/0        (0%) 

21/239         (8.8%) 
0/21           (0%) 

 1/21          (4.8%) 
Scrotal ultrasound results  
     Normal testicle 
     Testicular torsion 
     Epididymitis/Orchitis 
     Torsion of appendix 
testis/epididymis 
     Hernia 
     Hydrocele 
     Varicocele 
     Other** 

19/19     (100%) 
             0/19      (0%) 

 16/19      (84.2%) 
             0/19      (0%) 
             0/19      (0%) 
 
             0/19      (0%) 

   8/19     (42.1%) 
  1/19      (5.3%) 
   2/19    (10.5%) 

   239/239        (100%) 
 59/239        (24.7%) 

0/239          (0%) 
  3/239         (30.5%) 
 36/239         (15.1%) 

 
4/239         (1.7%) 

 75/239         (31.4%) 
25/239         (10.5%) 
51/239         (21.3%) 

Urology consult 19       (100%)   187/239        (78.24%) 
*Two samples were negative on repeat UA. Urine cultures for all three patients were negative 
for bacterial growth. 

**Increased prominence of epididymis with increased blood flow.  
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Patients Presenting with 
Testicular/Scrotal Pain or Swelling 

(n = 778) 

Scrotal Ultrasound obtained 
(n = 258) 

 

No Scrotal Ultrasound Obtained 
(n = 0) 

Testicular Torsion 
(n = 19) 

No Testicular Torsion 
(n = 239) 

Missed Eligible (n = 233) 
Testicular Torsion: 36 

 

Excluded (n = 280): 

x Symptoms ≥ 1 week (n= 48) 
x Testicular pain/swelling 

caused by trauma (n=44) 
x Past diagnosis of testicular 

torsion/history of testicular 
surgery (n = 92) 

x Results of imaging already 
known (n = 96) 

Testicular Torsion: 46 
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Figure 2. ROC Curves for TWIST Score 

ROC Curve for TWIST Score and US Diagnosis of Testicular Torsion  

 

 

ROC Curve for TWIST Score and Final Surgical Diagnosis of Testicular Torsion 
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