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A B S T RA C T
Groin pain is a common symptom in hip and pelvic pathology and differentiating between the two remains a challenge. The purpose of this
study was to examine whether a test combining resisted adduction with a sit-up (RASUT) differentiates between pelvic and hip pathology.
The RASUT was performed on 160 patients with complaints of hip or groin pain who subsequently had their diagnosis confirmed by magnetic
resonance imaging (MRI) or surgery. Patients were categorized as having pelvic pathology (athletic pubalgia or other) or hip pathology (intraarticular or other). Athletic pubalgia was defined as any condition involving the disruption of the pubic aponeurotic plate. Sensitivity, specificity,
positive predictive accuracy, negative predictive accuracy and diagnostic odds ratios were computed. Seventy-one patients had pelvic pathology
(40 athletic pubalgia), 81 had hip pathology and 8 had both. The RASUT was effective in differentiating pelvic from hip pathology; 50 of 77
patients with a positive RASUT had pelvic pathology versus 29 of 83 patients with a negative test (P < 0.001). RASUT was diagnostic for athletic
pubalgia (diagnostic odds ratio 6.08, P < 0.001); 35 of 45 patients with athletic pubalgia had a positive RASUT (78% sensitivity) and 73 of 83
patients with a negative RASUT did not have athletic pubalgia (88% negative predictive accuracy). The RASUT can be used to differentiate
pelvic from hip pathology and to identify patients without athletic pubalgia. This is a valuable screening tool in the armamentarium of the sports
medicine clinician.

IN TRODUCTION
There are many causes of groin pain in athletes with multiple terms used to describe the conditions, including Gilmore’s
groin, sports hernia, athletic pubalgia, core muscle injury
(CMI), hockey hip and, more recently, aponeurotic plate
disruption [1, 2]. Groin pain has multiple possible etiologies
including athletic pubalgia, osteitis pubis, nerve compression
syndromes, hernias, genitourinary and gynecological disorders
and femoroacetabular impingement (FAI) [3–7]. Groin pain
often presents with overlapping conditions [8, 9], and it has
been speculated that the motion limiting component of FAI may
contribute to the development of athletic pubalgia [10].
Athletic pubalgia or CMI is commonly described as a strain
or tear of soft tissue in the lower abdomen or groin [11, 12].
This has also been referred to as pubic-related groin pain [7].
The location frequently involved is the pubic aponeurotic complex. The pubic aponeurotic complex consists of the confluence
of fibers superiorly from the rectus abdominis, conjoint tendon and the inguinal ligament, and inferiorly with the origin
of adductor, pectineus and gracilis musculature (Fig. 1). The

aponeurotic complex attaches to the pubis, allowing the structure to serve as an anchor point for the anterior pelvis [13].
One pathologic finding frequently identified by magnetic resonance imaging (MRI) and surgery is the detachment of the
aponeurotic complex from the underlying pubic bone and symphysis, often referred to as a ‘cleft sign’ [14].
Groin pain is a common symptom in both hip and pelvic
pathology and differentiating between the two remains a challenge. It is imperative to have physical exam findings in combination with history and imaging to make an accurate diagnosis
and provide the most appropriate treatment [12]. Patient history typically includes activity-related lower abdominal, groin or
adductor pain. Symptoms might resolve with rest but return with
activity. Common activities associated with pain include running, kicking, cutting or twisting, as well as positions of trunk
hyperextension or hip abduction. Sports often associated with
this pathology include hockey, soccer and football. Symptoms
can be unilateral or bilateral depending on whether the injury
crosses the midline. There are several physical exam findings
consistent with athletic pubalgia. Patients can have pain with
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palpation at the pubic tubercle, pubic symphysis or the adductor insertion [3]. A resisted sit-up maneuver with palpation at
the rectus abdominis insertion has previously been described
[15]. Patients may also have pain with resisted adduction or
pain with palpation of the proximal adductor origin [5, 16–18].
The resisted adduction sit-up test (RASUT) combines isometric adduction with a sit-up [19]. The potential advantage of the
RASUT is that it allows the clinician to stress the pubic aponeurotic complex from both the superior and inferior vector forces
at the same time. However, the clinical utility of the RASUT has
not been examined. Therefore, the purpose of this study was to
examine whether the RASUT differentiates between pelvic and
hip pathology. It was hypothesized that a positive RASUT would
be indicative of pelvic pathology.

M ATER I A LS A ND M ETHODS
The RASUT was performed on first encounter with the patient
as a screening tool in 204 patients with complaints of hip and/or
groin pain. Exams were performed between 2018 and 2020 by
either a fellowship-trained hip arthroscopist or an athletic pubalgia general surgeon specialist. Patients lay supine with knees
flexed to 90◦ and feet flat on the exam table (Fig. 2). The
examiner placed his forearm between the patient’s knees and
the patient was instructed to squeeze the knees together while
executing a sit up.
Patients were asked to report discomfort during the test on
a scale of 0 (no discomfort) to 10 (excruciating pain). Patients
were also asked to identify the location of the pain relative to
the inguinal fold (above the fold, on the fold or below the fold).

Fig. 2. Resisted Adduction Sit-up Test.

Any test eliciting pain was categorized as positive. The patients
then underwent further evaluation and treatment by their physician. Diagnosis was made by MRI using the protocol described
previously [14]. Diagnoses were subsequently confirmed by
surgical findings in those patients who went on to surgery.
Forty-four patients did not have an MRI and did not have subsequent surgery; therefore, they were excluded from the study,
leaving 160 patients (89 men, 71 women, age 38 ± 12 years).
These patients comprised the study sample. Patients were categorized based on sporting participation as elite (n = 13), competitive (n = 31), recreational (n = 95) and not involved in sport
(n = 21). The study was approved by the institutional review
board where the study was performed.
Patients were categorized as having pelvic pathology (n = 71),
hip pathology (n = 81) or a combination of both (n = 8)
(Fig. 3). The hip arthroscopist saw 84 of the patients in the
study (79 had hip pathology and 5 had pelvic pathology) and
the athletic pubalgia specialist saw 76 of the patients (2 had
hip pathology, 66 had pelvic pathology 8 had a combination of
both).
Pelvic pathology was subdivided into athletic pubalgia
(n = 40) and other pathologies (n = 31). Athletic pubalgia was
defined as any condition involving the disruption of the pubic
aponeurotic complex. Other pelvic conditions included 24 hernias, 3 adductor longus injuries and 4 other conditions (abdominal mass, pelvic venous occlusion, pubic ramus fracture and
urachal duct remnant). Hip pathology was subdivided into intraarticular pathology (n = 68) and other hip or thigh pathology
(n = 13). These other conditions included three trochanteric
bursitis, three hamstring injuries, two gluteus medius injuries,
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Fig. 1. Muscular attachments at the pubic aponeurotic complex:
rectus abdominus (1); transversalis fascia; (2); inguinal ligament
(3); pectineus (4) and adductor longus (5).
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two tensor fascia lata tendinopathies and three other conditions (femoral neck stress fracture, lumbar spine disease and
myositis ossificans). Of the eight patients with a combination
of pelvic and hip pathology five had an intra-articular hip injury
with athletic pubalgia and three had an intra-articular hip injury
with a hernia. Patients with other hip and thigh conditions were
included in this study because their initial complaint included
groin pain. In assessing the clinical utility of the RASUT for identifying pelvic pathology it was important to include all conditions
with associated groin pain regardless of subsequent diagnosis.
This provided a comprehensive assessment of test specificity
[percentage of patients without pelvic pathology who had a negative RASUT test (% true negative)]. Patients with other hip
and thigh conditions were differentiated from those with intraarticular hip conditions because the latter is commonly associated with athletic pubalgia [8, 9].

Statistical analyses
Fisher’s exact tests were used to assess whether the RASUT was
effective at (i) differentiating pelvic pathology from hip pathology, (ii) identifying patients with pubalgia and (iii) identifying patients requiring surgery for pelvic pathology. Given the
hypothesis that a positive RASUT test would differentiate pelvic
from hip pathology, it was estimated that with a sample size
of 160 patients equally split between those with pelvic versus
hip pathology there would be 95% power to detect twice as
many positive tests in patients with pelvic versus hip pathology
at an alpha level of 0.05. Sensitivity, specificity, positive predictive accuracy, negative predictive accuracy and diagnostic odds
ratios were computed where there was a statistically significant
Fisher’s exact test (P < 0.05). Sensitivity refers to the percentage of patients with a given condition (e.g. pelvic pathology)
who test positive for the test of interest (e.g. positive RASUT).
Specificity refers to the percentage of patients without a given
condition who test negative for the test of interest. Positive predictive accuracy refers to the percentage of positive tests that have
the condition of interest. Negative predictive accuracy refers

to the percentage of negative tests that do not have the condition of interest. The diagnostic odds ratio refers to the ratio of
positive to negative tests in the patients with the condition of
interest versus that ratio in the patients without the condition of
interest.

R E SULTS
The RASUT was positive in 77 of 160 patients (48%) (Fig. 4).
Sixty-five percent (50 of 77) of patients with a positive RASUT
had pelvic pathology (positive predictive accuracy) compared
with 35% (29 of 83) of patients with a negative RASUT
(65% negative predictive accuracy; P < 0.001). Specifically, the
RASUT was diagnostic for athletic pubalgia (diagnostic odds
ratio 6.08, Table I); 78% of patients with athletic pubalgia had
a positive RASUT (sensitivity) and 88% of patients with a negative RASUT did not have athletic pubalgia (negative predictive
accuracy). Of the 79 patients with pelvic pathology (8 with a
combination of hip and pelvic pathology) 33 required surgical treatment; 79% of those requiring surgery had a positive
RASUT (sensitivity) compared with 52% of patients not requiring surgery (48% specificity) (Table I).
The intensity of the pain elicited during the RASUT was not
different between the patients with pelvic versus hip pathology
(3.7 ± 1.6 versus 4.0 ± 2.0, P = 0.440), athletic pubalgia versus other pelvic or hip pathology (3.8 ± 1.6 versus 3.8 ± 1.9,
P = 0.99) or pelvic pathology requiring surgery versus pathology not requiring surgery and other pelvic and hip pathology
(3.4 ± 1.7 versus 4.0 ± 1.8, P = 0.175).
For patients with a positive RASUT the location of the pain
further differentiated pelvic from hip pathology (Fig. 5); 78% of
patients with pain at or above the inguinal fold had pelvic pathology (43 of 55) compared with 32% of patients with pain only
below the inguinal fold (7 of 22; P < 0.001).
Hip pathology was more prevalent in female patients, while
pelvic pathology was more prevalent in male patients: of the 71
female patients 52 had hip pathology, 18 had pelvic pathology
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Fig. 3. Diagnostic flow chart of MRI and surgical findings. ‘Mixed’ refers to combined pelvic and hip pathology.
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Table I. Ability of the RASUT to differentiate pelvic pathology from hip pathology

RASUT

Positive
Negative
P value Fisher’s exact test
Sensitivity (95% CI)
Specificity (95% CI)
Positive predictive accuracy
Negative predictive accuracy
Diagnostic odds ratio

Pelvic pathology
(with or without
hip pathology)

Hip pathology
(only)

Athletic
pubalgia

Other pelvic or
hip pathology

Pelvic pathology requiring
surgery

Pelvic pathology
not requiring
surgery

50
29

27
54

35
10

42
73

26
7

24
22

P < 0.001
63% (52–74%)
67% (55–77%)
65% (57–72%)
65% (57–72%)
3.45 (1.80–6.61)

and 1 had both; of the 89 male patients 53 had pelvic pathology,
29 had hip pathology and 7 had both (sex difference in prevalence
P < 0.001). Only 2 of the 45 patients with pubalgia were women.

DISCUSSION
The purpose of this study was to determine if a test combining a
sit-up with an adductor squeeze would be useful in differentiating pelvic pathology from hip pathology. The results indicated
that the RASUT was effective at differentiating pelvic and hip
pathology but was most useful for ruling out athletic pubalgia;
of the 83 patients with a negative RASUT only 10 had athletic
pubalgia (88% negative predictive accuracy).
Previously it was reported that 88% of patients with athletic
pubalgia had pain with resisted adduction (88% sensitivity) and
that 46% had pain with a resisted sit-up (46% sensitivity) [11].
However, the study only included patients with athletic pubalgia; therefore, specificity, positive predictive accuracy and negative predictive accuracy of the tests could not be assessed. In

P < 0.001
78% (63–89%)
63% (54–72%)
45% (38–53%)
88% (81–93%)
6.08 (2.74–13.52)

P = 0.019
79% (61–91%)
48% (33–63%)
52% (44–60%)
76% (60–87%)
3.41 (1.23–9.40)

the present study, 78% of patients with athletic pubalgia had
pain with the RASUT (sensitivity), which is comparable to that
reported by Meyers et al. [11]. The present study extends those
previous findings by showing that the RASUT has good specificity (67% of patients without athletic pubalgia had a negative
RASUT test), low positive predictive accuracy (45% of patients
with a positive RASUT had athletic pubalgia) and excellent
negative predictive accuracy (88% of patients with a negative
RASUT did not have athletic pubalgia).
A resisted cross-body sit-up test was previously shown to have
excellent sensitivity (100%) and negative predictive accuracy
(100%) for identifying athletic pubalgia, but had poor specificity (3%) and low positive predictive accuracy (52%) [20]. The
study sample comprised patients with suspected athletic pubalgia but did not include any patients with isolated hip pathology. Thus, there was limited ability to assess test specificity. The
present study had a more diverse patient population and therefore the RASUT had a higher specificity for athletic pubalgia
(65%) than the resisted cross-body sit-up (3%). Kurowicki et al.
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Fig. 4. Diagnostic flow chart for RASUT results. ‘Mixed’ refers to combined pelvic and hip pathology.
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[20] also showed that the Stinchfield test had a specificity of 60%
but only 15% sensitivity, 26% positive predictive accuracy and
43% negative predictive accuracy (all four values lower than for
the RASUT).
Based on the current results in a patient sample with pelvic
and/or hip pathology a positive RASUT increases the possibility that a patient has pelvic pathology (65% positive predictive
accuracy) and a negative RASUT increases the possibility that
the patient does not have athletic pubalgia (88% negative predictive accuracy). A negative RASUT in a patient with pelvic
pathology was more likely to be treated non-operatively. The positive predictive accuracy for identifying athletic pubalgia (45%)
was lower than for differentiating pelvic from hip pathology
(65%) because a lot of the patients with other pelvic pathologies also had a positive RASUT (15 of 34). The location of
pain in the positive RASUT study also helped differentiate pelvis
from hip pathology, with pain only below the inguinal fold being
more common in patients with hip pathology with no pelvic
involvement. As the data tend to support better results with

operative intervention, it is important for clinicians to be able to
make an accurate diagnosis quickly and help form an adequate
treatment algorithm.
One possible limitation of this study is using MRI to confirm the diagnosis in patients who did not have surgery. The
utility of MRI in these conditions has increased dramatically
over the last two decades. Zoga et al. [21] report that MRI is
68% sensitive and 100% specific for rectus abdominus pathology
and 86% sensitive and 89% specific for adductor pathology. The
use of dedicated MRI protocols has been helpful in our practice
for increased detection of common athletic pubalgia pathology
[13, 14]. The inclusion of non-operative patients is beneficial
in terms of getting an accurate assessment of the diagnostic
utility of the RASUT. In fact, in patients with pelvic pathology the RASUT was predictive of those not requiring surgery
(negative predictive accuracy 76%). Additionally, the patient
sample in this study was diverse in terms of sports participation,
with 28% being in elite or competitive sports, 59% involved in
recreational sports and 13% not involved in sports. Thus, these
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Fig. 5. Location of pain relative to the inguinal fold in patients with positive RASUT: (a) patients with pelvic pathology, (b) patients with hip
pathology and (c) patients with a combination of pelvic and hip pathology.
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CON CLUSION
In conclusion, based on the sensitivity, specificity, positive predictive accuracy, negative predictive accuracy and diagnostic
odds ratio, the RASUT maneuver is a good screening tool for the
diagnosis of athletic pubalgia. Patients with a negative RASUT
are unlikely to have athletic pubalgia.
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results may be more generalizable to the majority of clinical
practices.
An important limitation of this study is that inter-observer
reliability was not evaluated for the RASUT. The test was performed by two physicians with independent practices geared
toward athletic groin versus hip pain. It will be important to
ensure that there is good inter-observer agreement to maximize
the clinical utility of the RASUT. We have anecdotally found
the RASUT easy, quick and reproducible when taught to our
residents and fellows.
The exclusion of 44 patients who did not have an MRI to
confirm their diagnosis may be a limitation. However, the investigators did not want to bias their diagnosis based on the results of
the RASUT and invalidate a study based on a diagnostic screening tool. Thus, their exclusion increased the objectivity of the
results.

