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Abstract 

Context: 

An in-season groin injury may be debilitating for the athlete. Proper diagnosis and identification 

of the pathology are paramount in providing appropriate intervention. Furthermore, an adductor 

strain that is treated improperly can become chronic and career threatening. Any one of the 6 

muscles of the adductor muscle group can be involved. The degree of injury can range from a 

minor strain (grade 1), where minimal playing time is lost, to a severe strain (grade 3), in which 

there is complete loss of muscle function. Persistent groin pain and muscle imbalance may lead 

to athletic pubalgia. 

Evidence Acquisition: 

Relevant studies were identified through a literature search of MEDLINE and the Cochrane 

database from 1990 to 2009, as well as a manual review of reference lists of identified sources. 

Results: 

Ice hockey and soccer players seem particularly susceptible to adductor muscle strains. In 

professional ice hockey and soccer players throughout the world, approximately 10% to 11% of 

all injuries are groin strains. These injuries have been linked to hip muscle weakness, a previous 

injury to that area, preseason practice sessions, and level of experience. This injury may be 

prevented if these risk factors are addressed before each season. 

Conclusion: 

Despite the identification of risk factors and strengthening intervention for athletes, adductor 

strains continue to occur throughout sport. If groin pain persists, the possibility of athletic 

pubalgia needs to be explored, because of weakening or tears in the abdominal wall muscles. A 

diagnosis is confirmed by exclusion of other pathology. 
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The evaluation and treatment of groin pain in athletes is challenging, and the anatomy is 

complex. Multiple pathologies often coexist that may cause similar symptoms, and several organ 

systems can refer pain to the groin. Many athletes with groin pain have tried prolonged rest and 

various treatment regimens and received differing opinions regarding the cause of their pain. The 

rehabilitation specialist is often given a nonspecific referral of “groin pain” or “anterior hip 

pain,” the cause of which can be as simple as a tight iliopsoas (which may require stretching) or 

as complex as athletic pubalgia. 

Athletic pubalgia is defined as an injury to the rectus abdominis insertion onto the pubic 

symphysis, often accompanied by injury to the conjoined tendon insertion and the adductor 

longus attachment to the pelvis.
1,3,21

 The distinctive feature of this disorder is subtle pelvic 

instability and accompanying compromise of the transversalis fascia, eventually leading to 

incompetency of the posterior inguinal wall.
10,17

 The exact structures involved are not always 

clear unless surgery is performed, and overlapping conditions may exist.
12

 A muscle imbalance 

between the adductor muscles and abdominal muscles may be the underlying cause of athletic 

pubalgia,
3
 but this has yet to be proven. 

Adductor Muscle Strains 

The adductors of the hip joint include 6 muscles: the adductor longus, magnus, and brevis and 

the gracilis, obturator externus, and pectineus. All these are innervated by the obturator nerve, 

with the exception of the pectineus, which receives innervation from the femoral nerve. The 

primary function of this muscle group is adduction of the thigh in open chain motions and 

stabilization of the lower extremity and pelvis in closed chain motion. The adductor longus is 

most commonly injured during sporting activity.
26

 Its lack of mechanical advantage may make it 

more susceptible to strain. An important anatomic consideration in groin pain is the local 

distribution of cutaneous nerves in the inguinal region. Akita et al
1
 examined the cutaneous 

branches of the inguinal region in 27 male adult cadavers. The ilioinguinal nerve and cutaneous 

branches were present in 49 of 54 half specimens, and genitofemoral cutaneous branches were 

present in 19 of 54.
1
 The cutaneous branches of the ilioinguinal nerve traverse around the 

spermatic cord and are distributed to the skin of the dorsal surface of the scrotum. The 

ilioinguinal nerve and the genital branch of the genitofemoral nerve are considered the most 

critical sensory nerves, and they likely play a key role in the chronic pain produced by groin 

injuries. 

Adductor muscle strains can result in missed playing time for athletes in many sports. Adductor 

muscle strains are frequently encountered in ice hockey and soccer.
6,8,20

 These sports require a 

strong eccentric contraction of the adductor musculature during competition.
29

 Adductor muscle 

strength has recently been linked to the incidence of adductor muscle strains. Specifically, the 

strength ratio of the adduction:abduction muscle groups has been identified as a risk factor in 

professional ice hockey players.
31

 Intervention programs can lower the incidence of adductor 

muscle strains but not prevent them altogether.
12,30

 Proper injury treatment and rehabilitation 

should be implemented to limit the amount of missed playing time and avoid surgical 

intervention.
14
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An adductor strain is defined as an injury to the muscle-tendon unit that produces pain on 

palpation of the adductor tendons or its insertion on the pubic bone with or without pain during 

resisted adduction.
20

 Adductor strains are graded as a first-degree strain if there is pain but 

minimal loss of strength and minimal restriction of motion. A second-degree strain is defined as 

tissue damage that compromises the strength of the muscle but does not include complete loss of 

strength and function. A third-degree strain denotes complete disruption of the muscle tendon 

unit and loss of muscle function.
20

 A thorough history, clinical examination, magnetic resonance 

imaging (MRI), bone scan, and radiograph can be useful in differentiating groin strains from 

athletic pubalgia, osteitis pubis, hernia, hip flexor strain, intra-articular hip abnormalities, rectal 

or testicular referred pain, piriformis syndrome, lumbar disc pathology, or a fracture of the pelvis 

or the lower extremities. More obscure etiologies may include genitourinary infections, avascular 

necrosis of the hip, or soft tissue tumors.
5
 

Epidemiology 

The exact incidence of adductor muscle strains in most sports is unknown because athletes often 

play through minor groin pain and the injury goes unreported. In addition, overlapping diagnoses 

can skew the incidence. Groin strains accounted for 10% of all injuries in elite Swedish ice 

hockey players.
17

 Molsa et al
23

 reported that groin strains accounted for 43% of all muscle strains 

in elite Finnish ice hockey players. The incidence of groin strains in a single National Hockey 

League (NHL) team was 3.2 strains per 1000 player-game exposures.
31

 In a larger study of 26 

NHL teams, Emery et al
8
 reported that the incidence of adductor strains in the NHL increased 

from 2003 to 2009. The rate of injury was greatest during the preseason compared with regular 

and postseason play. Prospective soccer studies in Scandinavia showed a groin strain incidence 

rate of 10 to 18 injuries per 100 soccer players.
24

 Giza et al
12

 reported that 9.5% of all 

professional US male soccer players incurred a groin strain in the 2002 season. Ekstrand and 

Gillquist
6
 documented 32 groin strains in 180 male soccer players, representing 13% of all 

injuries over the course of 1 year. Despite their prevalence, adductor muscle strains are not 

isolated to these 2 sports. 

Risk Factors 

Previous studies have shown an association between strength or flexibility and musculoskeletal 

strains in various athletic populations.
6,18,25

 Ekstrand and Gillquist
6
 found decreased preseason 

hip abduction range of motion in soccer players who subsequently sustained groin strains, 

compared with uninjured players. This finding is in contrast to the data on professional ice 

hockey players that found no relationship between passive or active abduction range of motion 

(adductor flexibility) and adductor muscle strains.
7,8,29

 Adductor muscle strength has been 

associated with a subsequent muscle strain. Tyler et al
31

 found that preseason hip adduction 

strength was 18% lower in NHL players who subsequently sustained groin strains, compared 

with the uninjured players. The hip adduction:abduction strength ratio was also significantly 

different between the 2 groups. Injured players had less adduction strength. In the players who 

sustained a groin strain, preseason adduction:abduction strength ratio was lower on the side that 

subsequently sustained a groin strain (as compared with the uninjured side). Adduction strength 

was 86% of abduction strength on the uninjured side but only 70% of abduction strength on the 
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injured side. Conversely, a study on adductor strains in ice hockey players found no relationship 

between peak isometric adductor torque and the incidence of adductor strains.
7
 Unlike the Tyler 

study, this study had multiple testers using a handheld dynamometer, which could increase the 

variability in strength testing and decrease the likelihood of finding strength differences. 

Emery and colleagues’ results
7
 demonstrated that players who practiced during the off-season 

were less likely to sustain a groin injury, as were rookies in the NHL. In this study, the final risk 

factor was the presence of a previous adductor strain. Tyler et al
31

 also linked preexisting injury 

as a risk factor to recurrent injury for 4 of the 9 groin strains (44%). This is consistent with 

Seward et al,
27

 who reported a 32% recurrence rate for groin strains in Australian Rules football. 

Arnason et al
4
 conducted a multivariate prospective analysis in 306 professional male soccer 

players in Iceland and determined that the predictor risk factors were previous groin strains (odds 

ratio = 7.3, P = .001) and decreased range of motion in hip abduction (odds ratio = 0.9 [1°], P = 

.05). It has become increasingly apparent that groin strains and athletic pubalgia have continued 

to rise in hockey, soccer, and American football.
§
 

Intervention 

Tyler et al
30

 were able to demonstrate that strengthening the adductor muscle group could be an 

effective method for preventing adductor strains in professional ice hockey players. Before the 

2000 and 2001 seasons, professional players were strength tested, and 33 of 58 players were 

classified as at risk—that is, an adduction:abduction strength ratio of less than 80%. These 

players were placed on an intervention program consisting of strengthening and functional 

exercises aimed at increasing adductor strength (see Tables 1 and and2).2). The injuries were 

tracked over the course of the 2 seasons: 3 adductor strains occurred in games. The incidence 

was 0.71 adductor strains per 1000 player-game exposures and accounted for approximately 2% 

of all injuries. In the previous 2 seasons before the intervention, there were 11 adductor strains 

(incidence of 3.2 per 1000 player-game exposures), accounting for approximately 8% of all 

injuries. This was significantly lower than the incidence reported by Lorentzon et al,
19

 who found 

adductor strains to account for 10% of all injuries in ice hockey players. Of the 3 players injured 

in the Tyler study, none had sustained a previous adductor strain on the same side. One player 

had bilateral adductor strains at different times during the first season. The Tyler et al study 

suggests that adductor strengthening can be an effective method for preventing adductor strains 

in professional ice hockey players. 

 
Table 1. 

Adductor strain postinjury program. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr7-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr7-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr31-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr27-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr4-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#fn1-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr30-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/table/table1-1941738110366820/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/table/table2-1941738110366820/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/#bibr19-1941738110366820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/table/table1-1941738110366820/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445110/table/table1-1941738110366820/


 
Table 2. 

Adductor strain injury prevention program. 

Despite the identification of risk factors and strengthening intervention for ice hockey players, 

adductor strains continue to occur in most sports.
3,13,16,19

 The high incidence of recurrent strains 

could be due to incomplete rehabilitation or inadequate time for complete tissue repair.
30

 

Hagglund et al
13

 studied 12 elite Swedish male soccer teams to determine if prior injury served 

as a risk factor for a recurrence in a subsequent consecutive season. They determined that those 

players who sustained a previous hamstring, groin, or knee injury were 2 to 3 times more likely 

to incur a recurrence in the following season. Interestingly, no such relationship was found with 

ankle sprains.
13

 Homlich et al
14

 found that an 8- to 12-week active strengthening program 

consisting of progressive resistive adduction and abduction exercises, balance training, 

abdominal strengthening, and skating movements on a slide board proved more effective in 

treating chronic groin strains, whereas a passive physical therapy program of massage, 

stretching, and modalities was ineffective in treating chronic groin strains. 

An increased emphasis on strengthening exercises may reduce the recurrence rate of groin strain. 

Tyler et al
30

 developed an adductor muscle strain injury program progressing the athlete through 

the phases of healing, which, anecdotally, seems to be effective (Table 2). This type of treatment 

regime combines modalities: passive treatment immediately followed by an active training 

program emphasizing eccentric resistive exercise. This method of rehabilitation has been 

supported.
3,22

 

A comprehensive 20-minute alternative warm-up program was recently developed to address the 

rise in groin-related injuries in adult male professional soccer players in US Major League 

Soccer. This 20-minute program was used 2 to 3 times per week during the 2004 season. Active 

players (N, 315) were prospectively and randomly enrolled into 1 of 2 groups: Group 1 

participants (n, 106) served as the groin injury prevention group; Group 2 participants (n, 209) 

served as the matched control group (age, sex, skill) and continued with their usual preseason 

and warm-up training. The groin injury prevention program was a combination of dynamic 

stretching, core strengthening, and pelvic proprioceptive exercises to encourage a neutral pelvis 

during dynamic activities using the lumbar paraspinals, multifidus, rectus abdominus, 

transversus, internal and external obliques, abductors, adductors, and hip external and internal 

rotators. During the season, certified athletic trainers recorded all groin injuries into a central 

database. The overall incidence of groin injuries occurring in the 2004 season was 10.9%; in 

Group 1 (intervention), 0.44 injuries per 1000 hours; and in Group 2 (control), 0.61 injuries per 

1000 hours. The incidence of athletes requiring groin surgery in the intervention group was 0.13 

per 1000 hours, compared with the control group incidence of 0.18 per 1000 hours (P > .05). The 
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groin injury prevention program was successful in reducing injury by 28%, when compared with 

the control group (P < .05). 

Athletic Pubalgia 

Athletic pubalgia occurs with weakening of the rectus abdominis, pyramidalis, internal and 

external obliques, transversus abdominis muscles, and/or the tendons.
10

 This is where inguinal 

hernias occur: the inguinal canal. When an inguinal hernia occurs because of weakening of the 

abdominal wall, a hernia may be felt. In the case of an athletic pubalgia, there is weakening or 

tears in the abdominal wall muscles but no palpable hernia. Fon et al
9
 described athletic pubalgia 

as an incipient hernia, based on the findings of a posterior bulge found in 80% to 85% of 

surgeries. This is analogous to a classic inguinal hernia where the absence of striated muscle at 

the posterior inguinal wall and the passage of the spermatic cord predispose the abdominal wall 

to weakness. In athletic pubalgia, the anatomically thin transversalis fascia that forms part of the 

posterior wall is injured. Joesting
15

 defines the athletic pubalgia as an actual tear in the 

transversalis fascia in the posterior inguinal wall between the internal inguinal ring and the pubic 

tubercle, typically 3 to 5 cm long.
15

 Lynch and Renstrom also localized the pathology to the 

posterior inguinal wall.
20

 

Athletic pubalgia is a common cause of chronic groin pain in athletes. Most often seen in soccer 

and ice hockey players, athletic pubalgia can be encountered in a variety of sports and in a 

variety of age groups. Despite several reports of athletic pubalgia in women, it is almost 

exclusively found in men.
4,6

 It is largely a clinical diagnosis of exclusion, with a history of 

chronic groin pain that is nonresponsive to treatment. Physical examination findings are subtle, 

and most tests do not definitively confirm the diagnosis.
20

 Nonoperative treatment of athletic 

pubalgia does not often result in resolution of symptoms.
21

 Surgical intervention results in a 

pain-free return of full activities in a majority of cases.
7,12,14

 

The symptoms of athletic pubalgia are characterized by pain during sports movements—

particularly, twisting and turning during single-limb stance. This pain usually radiates to the 

adductor muscle region and origin and to the testicles, often difficult for the patient to pinpoint. 

There may be excessive anterior pelvic tilting and/or an internal rotation of the ilium on the 

symptomatic side concomitant with the adductor pathology. Following sports activity, the athlete 

may be stiff and sore, and after competition, mobility and practice can be difficult. Physical 

exertion that increases intra-abdominal pressure, such as coughing or sneezing, can cause pain. 

Pain resolution after a sports herniorrhaphy may be due to the nerve decompression during the 

surgical procedure itself.
1
 

Imaging 

Groin pain has been investigated through plain radiograph, dynamic ultrasound, bone scan, 

computed tomography scanning, and MRI.
2,5

 Although MRI findings such as bone marrow 

edema, adductor muscle strain, and hernias have been described in athletes with chronic groin 

pain, there has been a paucity of attention to a direct association between clinical findings and 

the on-field functional performance.
2,5,11

 Slavotinek et al published a report analyzing the 
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association of preseason clinical findings and functional outcomes throughout the season with 52 

Australian football players
28

: Preseason MRI showed pubic bone marrow edema in 19 (37%) and 

linear parasymphysial T2 hyperintensity in 16 (31%). Groin pain restricted training during the 

season in 22 (42%), and 9 (17%) missed at least 1 game. Preseason pain (P = .0004), pubic bone 

tenderness (P = .02), and linear parasymphysial T2 hyperintensity (P = .01) were directly 

associated with restricted training capacity during the subsequent season. Of 39 athletes with 

groin tenderness, 16 (41%) had linear parasymphyseal T2 hyperintensity on MRI (largely 

paracortical in location), of whom 11 (69%) experienced training restriction. The 16 athletes 

with groin tenderness and a T2 hyperintense line were more likely to experience training 

restriction (P = .01) than were other athletes in the study.
28

 Continued advancement in imaging 

techniques may allow the clinician to identify high-risk individuals and institute preventative 

intervention before the development of symptoms. 

Conclusions 

Rehabilitation of the groin should normalize lower extremity muscle balance and protect the 

groin during energy transfer during sports participation. With the use of an evidence-based 

rehabilitation program,
14,30

 the athlete may return to sports and prevent further episodes. 

Although complex at times, the highly skilled clinician can determine if overlapping conditions 

exist and can localize the primary source of the pain and dysfunction 
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