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Purpose: The TWIST (Testicular Workup for Ischemia and Suspected Torsion)
score uses urological history and physical examination to assess risk of testis
torsion. Parameters include testis swelling (2 points), hard testis (2), absent
cremasteric reflex (1), nausea/vomiting (1) and high riding testis (1). While
TWIST has been validated when scored by urologists, its diagnostic accuracy
among nonurological providers is unknown. We assessed the usefulness of the
TWIST score when determined by nonurological nonphysician providers, mir-
roring emergency room evaluation of acute scrotal pain.

Materials and Methods: Children with unilateral acute scrotum were prospec-
tively enrolled in a National Institutes of Health clinical trial. After undergoing
basic history and physical examination training, emergency medical technicians
calculated TWIST score and determined Tanner stage per pictorial diagram.
Clinical torsion was confirmed by surgical exploration. All data were captured
into REDCap� and ROC curves were used to evaluate the diagnostic usefulness
of TWIST.

Results: Of 128 patients (mean age 11.3 years) 44 (13.0 years) had torsion.
TWIST score cutoff values of 0 and 6 derived from ROC analysis identified 31
high, 57 intermediate and 40 low risk cases (positive predictive value 93.5%,
negative predictive value 100%).

Conclusions: TWIST score assessed by nonurologists, such as emergency medi-
cal technicians, is accurate. Low risk patients do not require ultrasound to rule
out torsion. High risk patients can proceed directly to surgery, with more than
50% avoiding ultrasound. In the future emergency medical technicians and/or
emergency room triage personnel may be able to calculate TWIST score to guide
radiological evaluation and immediate surgical intervention at initial assess-
ment long before urological consultation.
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TESTICULAR torsion is among the few
pediatric urological emergencies, ac-
counting for 10% to 15% of acute
scrotum presentations,1,2 with an
annual incidence of 3.8 per 100,000
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pediatric patients.3 Intervention
within 4 to 8hours is critical to prevent
permanent testicular loss or atrophy
from compromised testicular arterial
flow.4,5 Thereafter, the testicle often is
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unsalvageable, resulting in orchiectomy rates of 32%
to 41%.3,6 While delayed emergent presentation
cannot be controlled, prompt and accurate diagnosis
on arrival is essential to identify patients requiring
surgical detorsion.

The classic presentation for testicular torsion in
pubertal males is acute onset unilateral testicular
pain with nausea and vomiting. An absent cremas-
teric reflex has been considered specific for testic-
ular torsion,7 although there are reports of torsion
with cremasteric reflex present.8 Testicular
swelling, tenderness and high lie are nonspecific,
often making diagnosis based solely on physical
examination difficult.9 Therefore, testicular ultra-
sound with Doppler is heavily relied on for confir-
mation.10,11 Since awaiting imaging constitutes a
time delay, risk scoring systems based on signs and
symptoms only, such as TWIST, have been
proposed.

Barbosa et al devised and validated the TWIST
scoring system, which assigns a summed score
(range 0 to 7 points) based on the absence (0) or
presence of 5 variables, including testicular swelling
(2), hard testicle (2), absent cremasteric reflex (1),
nausea/vomiting (1) and high riding testis (1).12

Their ROC analysis yielded all binary variables.
Thus, for the categories of testicular swelling and
hard testis patients could receive a score of only 0 or
2 points (no option for 1 point). Per their initial
validation patients at high risk for torsion (TWIST
score 5 or higher) could proceed straight to surgery
without imaging as the PPV was 100%. Patients
with intermediate risk (TWIST score 3 to 4)
required ultrasound to evaluate for torsion, and
patients at low risk for torsion (2 or less) did not
require scrotal ultrasound as the NPV was 100%.
However, TWIST score does not account well for
physiological differences in children, control for
interobserver variability or substitute for medico-
legal need for ultrasound documentation. While
data were collected by urologists in the study by
Barbosa et al,12 in practice these data would be
obtained by an ER provider before urological
consultation. We evaluated the usefulness of the
TWIST score when measured by trained nonphysi-
cian, nonurological personnel, specifically EMTs,
who are often the first medical providers to
encounter patients in an emergency setting.
MATERIALS AND METHODS

Study Population
The study population was drawn from a NIH funded
prospective series evaluating use of NIRS in the diagnosis
of torsion.13 We prospectively evaluated males 1 month to
21 years old presenting at a tertiary care pediatric ER
with acute scrotum, defined as painful scrotum or testis,
abdominal pain and/or waddling gait (“cowboy shuffle”)
from painful scrotum, between March 2013 and March
2015. Patients with synchronous bilateral testicular tor-
sion or previously known testicular or scrotal pathology
were excluded according to study protocol due to inability
to use the contralateral testis as an internal control for
NIRS measurements. We also excluded patients with
chronic respiratory, hematological or vascular problems
that could affect total body tissue oxygenation levels and
thus NIRS measurements.

Study Design
Per NIH study protocol ER staff were instructed to page
the on call EMT research personnel on arrival of any
patient with acute scrotum. Potentially eligible study
subjects were approached by the on call EMT and
screened for inclusion and exclusion criteria. Informed
consent and required study data were collected while
patients were receiving care and undergoing ultrasound
and/or surgery, avoiding any delay in care. Scrotal ul-
trasound was used as the gold standard for diagnosis of
testicular torsion and was intended to be performed for all
patients included in the study, unless the clinical suspi-
cion of the physician was high enough to forgo ultrasound
and proceed to surgery for emergent detorsion. Patients
with no evidence of torsion on ultrasound were given a
urology followup appointment in 2 weeks and ER warning
signs.

For all enrolled study patients the research EMTs
performed an evaluation, assigning binary components of
the TWIST score and Tanner stage using a descriptive
and pictorial table (fig. 1). The EMT received no training
specific to scrotal examination or TWIST scoring, but
rather relied on basic history and physical examination
training learned during EMT certification. Patients
without complete TWIST score components were excluded
from the study.

Data Analysis
All collected data were entered into a REDCap database
(Clinical and Translational Science Awards NIH Grant
UL1TR001105)14 and extracted as needed for analysis.
Fisher exact, Wilcoxon rank sum and t-tests were used for
comparisons. ROC curves were constructed to analyze
and compare performance of the TWIST score as a diag-
nostic test for torsion.15 Optimal cutoff values for low,
intermediate and high risk groups were chosen to maxi-
mize performance of the test, taking into account clini-
cally meaningful results to optimize NPV and PPV while
limiting false-negative and false-positive results. All sta-
tistical analysis was performed using Stata�, version 12.
RESULTS
Of 316 patients assessed for eligibility 115 did not
meet study criteria and 47 declined to participate.
One patient was taken straight to surgery for high
suspicion of torsion without ultrasound. Two pa-
tients without torsion did not undergo ultrasound,
with imaging being refused by 1 and deferred in 1
due to low clinical suspicion. Both patients under-
went urological followup and demonstrated no



Figure 1. Chart used by EMTs to identify patient Tanner stage at evaluation
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evidence of torsion. Of 154 enrolled patients 128
had all TWIST data available (fig. 2), of whom
44 (34.4%) were diagnosed with torsion that was
surgically confirmed. Of patients not diagnosed with
torsion in the ER none presented with missed tor-
sion, although only 45% returned for clinical fol-
lowup. Demographic characteristics of patients with
and without torsion are outlined in table 1. Patients
Figure 2. Study cohort diagram. U
with torsion were older, were more likely to be white
or black, and had higher Tanner stage and shorter
duration of pain before arrival.

TWIST score components and total score distri-
bution are outlined in table 2. Median TWIST score
was 6 in patients with torsion and 1 in those
without torsion (p <0.001). ROC curve using
all points in the TWIST score had an AUC of
S, ultrasound. f/u, followup.



Table 1. Patient characteristics

Torsion No Torsion p Value

Mean � SD age (yrs) 13.0 � 4.0 10.4 � 4.4 0.001 (2-tailed
t-test)

No. race/total No. (%):
White 11/44 (25.0) 16/84 (19.1) 0.003 (Fisher

exact test)
Hispanic 18/44 (40.9) 58/84 (69.1)
Black 14/44 (31.8) 9/84 (10.7)
Asian 1/44 (2.3) 0/84 (0)
Other 0/44 (0) 1/84 (1.2)

No. Tanner stage/total
No. (%):*

1 (mean age 6.3 yrs) 6/42 (14.3) 28/84 (33.3) <0.001 (Wilcoxon
rank sum test)

2 (mean age 10.8 yrs) 4/42 (9.5) 31/84 (36.9)
3 (mean age 13.7 yrs) 12/42 (28.6) 11/84 (13.1)
4 (mean age 15.3 yrs) 17/42 (40.5) 10/84 (11.9)
5 (mean age 15.0 yrs) 3/42 (7.1) 4/84 (4.8)

Median hrs pain before
arrival (range)

17.3 (0.6e129.3) 29.2 (0.9e346.1) 0.02 (Wilcoxon
rank sum test)

* Tanner stage was missing in 2 patients with torsion.
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0.95 (95% CI 0.91e0.98, fig. 3, A). Clinically mean-
ingful TWIST score cutoff values of 0 and 6 were used
to categorize patients into low risk (0 points), inter-
mediate risk (1 to 5) and high risk (6 to 7) with an
optimized AUC of 0.90 (95% CI 0.85e0.94, fig. 3, B).
There were no patients with a TWIST score of 0 who
had torsion, giving a NPV of 100% and specificity of
47.6%. Of 31 patients with a TWIST score of 6 or
greater 29 had torsion, for a PPV of 93.5% and a
sensitivity of 65.9%. The 2 patients with torsion with
a TWIST score of 1 for nausea/vomiting underwent
manual detorsion elsewhere, and operative room
findings remained consistent with diagnosis.

For Tanner stage 3 to 5 patients a high risk
TWIST score had a PPV of 100% and sensitivity of
65.6% (fig. 4, A). In contrast, for Tanner stage 1 to 2
patients a high risk TWIST score had a PPV of
77.8% and sensitivity of 70.0% (fig. 4, B). The 2
patients with a high risk TWIST score without
Table 2. TWIST score results

Torsion No torsion

No. TWIST score/total No. (%):
0 0/44 (0) 40/84 (47.6)
1 3/44 (6.8) 16/84 (19.1)
2 0/44 (0) 9/84 (10.7)
3 2/44 (4.6) 9/84 (10.7)
4 2/44 (4.6) 4/84 (4.8)
5 8/44 (18.2) 4/84 (4.8)
6 14/44 (31.8) 2/84 (2.4)
7 15/44 (34.1) 0/84 (0)

No. TWIST score risk category/total No. (%):
Low (0 points) 0/44 (0) 40/84 (47.6)
Intermediate (1e5 points) 15/44 (34.1) 42/84 (50.0)
High (6e7 points) 29/44 (65.9) 2/84 (2.4)

p <0.001 (Wilcoxon rank sum test) for patients with vs without torsion. There was
no significant difference in breakdown of TWIST score components for patients
with torsion when substratified by Tanner stage.
testicular torsion were Tanner stages 1 and 2
(1 each) with torsion of the appendix testis.
DISCUSSION
We assessed TWIST score obtained by trained
nonphysician, nonurological providers. In our pop-
ulation the TWIST score performed well as a diag-
nostic test for torsion, although not as well as
previously reported and with different optimal cut-
off values.12 Based on our results, we devised an
algorithm to evaluate patients presenting emer-
gently with acute scrotum (fig. 5).

In our population no torsions were missed on
followup, and all patients undergoing surgery had
torsion or testicular ischemia in the absence of tor-
sion, indicating recent detorsion (spontaneous,
manual at ER or with anesthesia). In current
practice ultrasound is increasingly used to guide
diagnosis of testicular torsion, with reported 100%
sensitivity, 97.9% specificity and 98.1% diagnostic
accuracy.2,10,11 Thus, ultrasonography served as the
gold standard in our study population although
constituting a 30 to 60-minute delay in diagnosis.

There is a growing effort to return to traditional
history and physical examination findings to di-
agnose torsion, decreasing reliance on imaging,
minimizing cost and facilitating rapid surgical
intervention.16e19 The TWIST score is easy to
calculate with a simple patient evaluation. In our
study 29 of 44 testicular torsions (65.9%) were
detectable by high risk TWIST score (6 to 7 points)
and only 2 of 31 in the high risk group without
testicular torsion (6.5%) would undergo a negative/
unnecessary surgical exploration. Per our ROC
analysis the high risk score cutoff was 6 rather than
5, which has been reported previously.12 In our
population 4 of 12 patients with a TWIST score of 5
(33.3%) did not have testicular torsion, which would
lead to an unacceptably high negative exploration
rate. Alternatively a high risk cutoff of 7 points
would yield a 100% PPV but decrease sensitivity to
34.1%, leading to an optimal cutoff of 6. In addition,
our low risk group cutoff score of 0 was different
than previously published. Of 128 children 40
(31.3%) comprised the low risk group with no cases
of testicular torsion (100% NPV).

If the goal of a low risk TWIST score is to avoid
use of ultrasound, then a NPV of 100% is necessary
as a missed torsion is unacceptable. A scrotal ul-
trasound could be avoided in all low (31.3%) and
high risk patients (24.2%), comprising more than
50% of patients. Barbosa et al found ultrasound
unnecessary in approximately 80% of patients.12

Torsion has a bimodal age distribution with the
first peak in the neonatal period and the second
peak around puberty.20 While postpubertal children



Figure 3. A, ROC curve for TWIST score shows AUC of 0.95 (95% CI 0.91e0.98). B, ROC curve for TWIST score risk categories reveals

AUC of 0.90 (95% CI 0.85e0.94).
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usually present with severe testicular pain, identi-
fying typical torsion symptoms and performing so-
nography to appropriately diagnose torsion are
more challenging in prepubescent children.6,21 In
our study the 2 patients without torsion who were
in the high risk group were Tanner stages 1 and
2 (1 each) with a diagnosis of torsion of the appendix
testis that led to a high TWIST score. In Tanner
stage 3 to 5 patients the high risk TWIST score had
a PPV of 100%, signifying that the TWIST score
performs better for peripubertal or postpubertal
children. TWIST also performs well in Tanner 1 to 2
patients, although some of these children with tor-
sion of the appendix testis will be categorized as
Figure 4. A, ROC curve for TWIST score in Tanner 2 to 5 patients demo

score in Tanner 1 patients shows AUC of 0.96 (95% CI 0.91e1.00). Risk
being at high risk for torsion. Therefore, ultrasound
should be considered for these patients to help
confirm diagnosis.

One key difference and an asset in this valida-
tion of the TWIST score that may explain the dif-
ferences in group stratification is that all of the
involved components were collected by nonphysi-
cian, nonurological personnel. At presentation a
urologist is typically not immediately available in
the ER, and the initial evaluation and decision
regarding whether to obtain ultrasound are often
rendered by nonurologists. Thus, we suggest that
the cutoff values seen in our study are more valid
for use in the ER. Implementation and evaluation
nstrates AUC of 0.95 (95% CI 0.91e0.99). B, ROC curve for TWIST

category cutoff points (0 and 6) are circled in both ROC curves.



Pediatric Patient with Acute 

Scrotum 

Low Risk  

(TWIST score = 0) 
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High Risk  
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for testicular torsion 
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Figure 5. Proposed diagnostic algorithm for testicular torsion in patients with acute scrotum. US, ultrasound. OR, operating room.
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of the TWIST score by ER providers and triage
nurses following our diagnostic algorithm will be
the next step to potentially expedite urological
consultation and minimize time to surgery. Taking
this concept a step further, validating EMT
generated TWIST scoring opens the door to early
risk stratification in the field or during transit to
the hospital, analogous to Glasgow Coma Scale use.
Such rapid triage could allow for expedited care on
arrival for patients with TWIST scores of 6 or 7,
bypassing the ER with direct transport for surgery.
Of course, this time-saving approach would require
further investigation and evaluation before routine
implementation.

A limitation of this NIH sponsored study is that it
was powered for NIRS performance to diagnose
testicular torsion. Thus, this secondary outcome
subanalysis evaluating TWIST score performance is
limited by the small number of patients. Similarly
individuals without torsion in the ER had poor fol-
lowup, which could lead to misclassification of non-
torsion cases. Furthermore, the TWIST score does
not account for time from initial symptom onset.
Generally as torsion progresses, more signs and
symptoms associated with the TWIST score will be
present.

Our tertiary care center is often a referral center
for pediatric patients with testicular pain, and our
torsion rate in this study of 34.4% is much higher
than that reported in the literature (10% to 15%).1,2

Many patients are transferred from elsewhere,
prolonging the duration of symptoms. Thus, our
study cohort may represent a biased group with
prolonged torsion, enabling the TWIST score to be
more diagnostic.

The TWIST score does not incorporate severity of
pain in risk stratifying cases. While pain severity
may be hard to quantify for patients, clinical sus-
picion tends to be greater when a patient presents
with sudden onset severe pain. Finally, the results
are applicable only to patients who were not
excluded from our study due to prior testicular pa-
thology or other medical comorbidities. However,
strengths of the study include the prospective,
internally controlled study design and the patient
evaluation with TWIST scoring by nonphysician,
nonurological staff.
CONCLUSIONS
TWIST score was highly predictive in our popula-
tion when evaluated by EMTs, especially in Tanner
3 to 5 patients, where positive and negative pre-
dictive values were 100%. Therefore, our proposed
algorithm can potentially guide emergency room
physicians and staff to triage patients presenting
with acute scrotum. Due to difficulty in definitive
torsion diagnosis in Tanner stage 1 and 2 cases, we
recommend obtaining an ultrasound even in high
risk TWIST cases. Since low risk patients do not
require ultrasound to rule out torsion and high risk
patients who are Tanner stage 3 to 5 can proceed
directly to surgery, ultrasound is safely avoided in
more than 50% of patients.
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