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Abstract: A wide spectrum of bony injury around the hip and pelvis may occur in athletes. These injuries vary from 

subtle avulsions that may require appropriate diagnosis and conservative management only to joint threatening injuries 

requiring emergent orthopaedic treatment. This review attempts to provide a general guide to these injuries in respect to 

athletes focusing on published evidence. For the purpose of this review we have divided theses fractures into four groups: 

1. Acute femoral neck/acetabular fractures 

2. Hip subluxation and dislocation 

3. Stress fractures 

4. Avulsion fractures 
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INTRODUCTION 

 Although fractures around the hip and pelvis occur less 
frequently than soft tissue injuries they are of considerable 
importance due to the high potential for complications [1-8], 
prolonged morbidity, and absence from sport. Some of these 
injuries can have an indolent presentation or mimic soft 
tissue injuries, making a high level of clinical suspicion 
essential to avoid delayed diagnosis which may increase 
morbidity. Other injuries, such as acute femoral neck 
fracture and fractures of the acetabulum, present more 
acutely and dramatically. In these injuries the challenge is 
not so much in the diagnosis but in the rapid evaluation and 
treatment as delay is associated with significant morbidity 
[9-11]. 

 The purpose of this review is to provide an overview of 
the fractures seen in this area and to present the available 
evidence on treatment and outcomes with particular 
emphasis on athletes. For the purposes of review these 
injuries will be divided into: 

1. Acute fractures of the femoral neck and acetabulum 
(including fracture dislocations) 

2. Subluxation and dislocation 

3. Stress fractures of the femoral neck and acetabulum 

4. Avulsion injuries 

ACUTE FRACTURE OF THE FEMORAL NECK AND 
ACETABULUM 

Introduction 

 Although uncommon, acute intracapsular fractures of the 
femoral neck may occur in any sport where significant force  
 

 

*Address correspondence to this author at the Sports Surgery Clinic, Suite 

4, Santry Demesne, Dublin 9, Ireland; Tel: +353-1-878-4200;  

E-mail: svenerwin@hotmail.com 

is applied to the hip. An understanding of the basic anatomy 
of the hip joint, and especially the blood supply of the 
femoral head, is essential to appropriately treat femoral neck 
fractures in the young. 

 The femoral head, despite having a threefold blood 
supply, is at significant risk of avascular necrosis (AVN) in 
intracapsular fracture of the femoral neck. The blood supply 
is derived from the medial and lateral circumflex arteries and 
the obturator artery [12-14]. The obturator artery provides a 
relatively small amount of blood via the ligamentum teres. 
The main blood supply is via the retinacular branches of the 
lateral circumflex artery and the lateral epiphyseal branches 
of the medial circumflex artery; the terminal branches of 
which are intracapsular and, therefore, at risk in displaced 
intracapsular fractures. 

Diagnosis 

 Acute fracture of the femoral neck requires significant 
trauma in the young patient. Most commonly fracture occurs 
when the limb is abducted at the time of injury [2]. Patients 
may complain of pain and inability to weight-bear. 
Examination may reveal pain on passive and attempted 
active movement. Swelling may not initially be apparent due 
to soft tissue cover, particularly in muscular athletes. As in 
older patients, if displacement is present the limb may be 
shortened and externally rotated. 

 Diagnosis in most cases will be confirmed by plain 
radiography with more advanced modalities being reserved 
for undisplaced injuries which may be more difficult to 
diagnose. MRI has been shown to be superior to computed 
tomography in the diagnosis of occult hip fracture [15, 16]. 

Classification 

 The most frequently used classification system for 
intracapsular hip fractures is that of Garden. 

a) Garden I: incomplete or valgus impacted fracture 
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b) Garden II: complete but undisplaced fracture 

c) Garden III: complete fracture with limited 
displacement 

d) Garden IV: fully displaced fracture 

 The Garden system has, however, been found to have 
poor interobserver reliability [17] and is of limited relevance 
in classification of fractures in young people. The system 
may be simplified by dividing these fractures into 
undisplaced [Garden I and II] or displaced [Garden III and 
IV]. 

 Pauwels system is commonly used, particularly in young 
patients. 

a) Pauwel’s I: the fracture line is <30° from the 
horizontal plane. 

b) Pauwel’s II: this angle is 30-50° 

c) Pauwel’s III: the angle is > 50°. 

 This relates to stability with Pauwel’s III being the least 
stable. 

Treatment 

 Displaced intracapsular fractures of the hip in the athlete 
are an orthopaedic emergency. If there is a history of 
significant trauma, associated injuries should be looked for 
and the patient resuscitated in accordance with standard 
protocols (the Advanced Trauma Life Support protocol is 
recommended) as appropriate. The mainstay of treatment is 
urgent, anatomical reduction and stable fixation. 

Timing 

 Although it is widely agreed that treatment is urgent [10, 
11] the exact timing of surgery is debated. While some have 
recommended surgery within 8 hours [10] others set the 
threshold at 12 hours [11]. Jain et al. [11] retrospectively 
reviewed 38 femoral neck fractures in patients under sixty 
years-of-age (average 46.4) and divided them into those 
operated on within twelve hours and those that fell outside 
this period. Functional outcome did not differ between the 
two groups. All cases of avascular necrosis [16%] occurred 
in the latter group. The importance of anatomical reduction 
(see below) suggests that a reasonable recommendation 
would be to perform surgery as soon as a suitably 
experienced surgeon is available. The rationale for urgent 
reduction is the theory that this allows ‘unkinking’ of the 
retinacular vessels and decompression of the associated 
haematoma [10, 18]. 

Surgical Technique 

 Closed reduction on a fracture table should be attempted 
but less than anatomical reduction should not be accepted. If 
open reduction is required the anterior Watson-Jones 
approach has been recommended in a recent review on the 
topic [2, 19]. A modified Smith-Peterson approach has been 
suggested by Molnar et al. [20]. Regardless of the technique 
used anatomical reduction is essential as this is the most 
reliable predictor of AVN [9]. 

 Once reduction has been achieved a number of fixation 
options are available. Most commonly a combination of a 
sliding screw and plate device or multiple cannulated 

cancellous screws is used. Broos et al. recommend the use of 
a 130° blade plate with a derotation lag screw [21]. This 
recommendation is based on a study of 34 patients under 50 
with Garden III or IV (i.e. displaced) fractures. They 
observed two cases of AVN and one delayed union with 
86.6% achieving a good or excellent outcome. In a cadaveric 
biomechanical study Baitner et al. [22] found that vertical 
fractures (Pauwel’s III) stabilized with a sliding screw 
showed less displacement following loading than those fixed 
with multiple cancellous screws. Blair et al. [23], in a similar 
study, compared the use of three cancellous screws versus a 
135° sliding screw with or without a derotation lag screw. 
They found that multiple cancellous screws resulted in a 
decreased load to failure but less displacement with loading. 
They recommend the use of a sliding screw for this reason. 
The additional screw was found to add no additional stability 
after fixation though it may prevent intra-operative 
displacement. Thuan et al. [2] recommend the use of three 
cancellous screws in an ‘inverted triangle configuration, 
particularly for Pauwel’s I and II fractures. 

 The role of capsulotomy is still unclear. Appropriately 
designed trials on the topic are unavailable but there is good 
scientific evidence supporting the theory that intra-capsular 
pressure may reduce femoral head blood flow and that 
decompression of this haematoma, by aspiration or formal 
capsulotomy increases perfusion pressure [24]. Stromqqvist 
et al. showed increased uptake of radiolabelled technetium 
following aspiration of the intracapsular haematoma [25]. 

Outcomes 

 The goal is to preserve the native articulation. Problems 
include delayed union, malunion, non-union and the 
development of AVN. AVN is common in young patients [2] 
and rates vary from 12-86% [2-5]. The latter, extremely high 
rate was reported in 1976 and is not representative of more 
recent results. Non-union occurs in 4-24% of cases [3, 4, 9]. 
The most important factor in avoiding AVN is the accuracy 
of reduction. Kofoed et al. reported a non-union rate of 17% 
in well reduced fractures compared to 100% in malreduced 
fractures [9]. If non-union and AVN do not occur, good 
outcomes are genuinely reported. 

Acetabulum 

 The majority of acetabular fractures in athletes are 
avulsion injuries [described below] and undisplaced pubic 
rami fractures requiring conservative management only. 
Fracture dislocations of the hip are rare but represent an 
orthopaedic emergency. 

SUBLUXATION AND DISLOCATION 

Introduction 

 Although hip dislocation is rare in athletes [26] it has 
been described in a number of sports including American 
football [27, 28], basketball [29], snowboarding, skiing [30] 
and rugby. The hip may dislocate either anteriorly or 
posteriorly, with posterior dislocation accounting for 70-80% 
of all dislocations and 90% of sports related dislocations. 
Skiers are the only exception to this rule with anterior 
dislocation being more common [30]. Matsumoto et al. 
showed that overall dislocation was more common in 
snowboarders than skiers, and that snowboarders were more 
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likely to have dislocations involving fractures of the femoral 
head [30]. 

Diagnosis 

 Diagnosis is based on history and examination and 
confirmed by plain radiographs. In cases of posterior 
dislocation significant trauma to the knee when both the hip 
and knee are flexed and the hip is adducted and internally 
rotated is a typical scenario. For this reason the knee should 
also be thoroughly assessed. Injuries of the posterior cruciate 
ligament commonly coexist. The patient will present in 
severe pain, unable to weight-bear and with the limb held in 
the characteristic flexed, adducted, internally rotated 
position. In anterior dislocation the mechanism of injury 
usually involves a flexed, abducted, externally rotated hip. 
Sciatic nerve injury should be checked for prior to reduction. 
Diagnosis can be difficult in cases of subluxation, 
particularly if transient in nature, and as a result this injury is 
probably under-recognized. Judeh views and MRI (which 
may also be used to confirm the diagnosis) may be helpful in 
identifying associated fractures if the history is suggestive of 
subluxation. It may also show associated bone oedema and 
labral tears. Follow up MRI is recommended in view of the 
risk of AVN. 

Classification 

 Traumatic dislocation of the hip may be associated with 
fractures of the acetabulum or femoral head. A recent 
systematic review [31] showed that the risk of femoral head 
fracture with traumatic hip dislocation is 11.7%. In 1957 
Pipkin [32] described a classification system for fractures of 
the femoral head associated with hip dislocation, while 
Thompson and Epstein described a classification system 
specific to posterior dislocations. 

 Pipkin Classification: 

1. Type I fractures are distal to the fovea. 

2. Type II proximal to the fovea. 

3. Type III is a fracture of either type with an associated 
femoral neck fracture. 

4. Type IV fractures have an associated fracture of the 
acetabular rim. 

 Thompson and Epstein classification: 

1. Type I: with no fracture/ minor fracture. 

2. Type II: with a large single fragment of acetabulum. 

3. Type III: with comminution of the acetabular rim. 

4. Type IV: with a fracture of the acetabular floor. 

5. Type V: with a fracture of the femoral head. 

 Subluxation of the hip, where the femoral head is pushed 
onto the acetabular rim and reduces spontaneously has been 
described in American footballers [33] in particular, but may 
occur in any sport in which dislocation has been described. 
This may be associated with acetabular fracture and may 
progress to AVN and chondrolysis. 

Treatment and Outcome 

 Regardless of the type of fracture urgent reduction is 
essential to minimize the complications of AVN and sciatic 

nerve palsy; the rate of sciatic nerve palsy reported is 
between 4%-22.2% [34, 35] and AVN 11.9% [31]. Other 
associated complications include recurrent dislocation [34]. 
Simple dislocations without fracture may be reduced and 
maintained with traction. This may be done under sedation 
or general anaesthesia. Computed tomography or MRI is 
recommended after reduction to confirm concentric 
reduction and out rule an intra-articular fractures or foreign 
bodies. 

 Due to the fact that these are rare injuries there is little 
evidence available regarding appropriate treatment of the 
associated fracture. Conservative management may be 
appropriate for well reduced Pipkin I and II where the 
alignment of the joint is anatomical. If loose fragments 
prevent accurate reduction of the joint open reduction, 
preferably via the anterior approach to minimize disruption 
of the blood supply, is indicated. Swiontkowski et al. [36] 
showed that the anterior approach reduced operative time 
and blood loss and also improved fracture visualization. 
There is however a higher rate of heterotopic ossification 
with the anterior approach. Epstein et al., however, 
recommend that the anterior approach not be used for 
excision of femoral head fragments [37]. 

 For type III lesions in younger patients an attempt at 
anatomical reduction and fixation is recommended. No 
prospective trials have been conducted on this issue. Type IV 
fractures should be treated surgically with either fixation or 
excision of acetabular fragments. Gansslen et al. recommend 
internal fixation of acetabular fragments based on their 
experience with 137 fractures of the posterior acetabular wall 
[35]. Solberg et al. in a retrospective review of 12 patients 
recommended the use of a trochanteric flip osteotomy as the 
preferred approach for these injuries [38]. Early onset 
osteoarthritis has been reported as affecting 20% of patients 
with these injuries [31]. 

 The full extent of articular damage resulting from 
dislocation and subluxation is only being fully recognized 
with the advent of hip arthroscopy. Phillipon et al. recently 
described the arthroscopic findings in 14 professional 
athletes with traumatic hip dislocation [39]. All patients in 
this group had labral tears and 11 had torn or avulsed the 
ligamentum teres. 

STRESS FRACTURE OF THE FEMORAL NECK AND 
ACETABULUM 

Introduction 

 Although classically associated with military recruits 
stress fractures can occur in any person engaged in repetitive 
training, such as in endurance sports in which large forces 
pass through the hip joint. In a prospective study of 179 male 
military recruits aged 18-20 in Finland, 15 (over 8%) were 
found to have a clinical stress fracture of the femoral neck 
after 6-12 months of training [40]. 

 Endurance athletes are at particular risk with forces of 
almost four times body weight passing through the femoral 
neck in normal running [41]. This injury may affect 
adolescents as well as older athletes [42]. There is an 
association with amenorrhea [43-45] and eating disorders 
[46] in female athletes. 
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Diagnosis 

 Diagnosis of femoral neck stress fracture can be difficult 
and a high index of suspicion is required in athletes with 
chronic groin pain. The typical history is of gradual onset of 
worsening hip, thigh or groin pain, aggravated by weight-
bearing and partially relieved by rest. Interestingly knee pain 
is not a typical feature [47]. Examination may reveal an 
antalgic gait and pain on active and passive movement, 
although these signs are not always present. Pain at the 
extremes of external and internal rotation is said to be the 
most sensitive sign on examination. It is, however, non-
specific. Initial radiographs may be normal; therefore in 
suspected cases the threshold for MRI [48] or scintigraphy 
should be low. 

Classification 

 These injuries were classified by Fullerton and Snowdy 
[49] as tension, compression or displaced fracture. These are 
the factors that determine treatment. Compression fractures 
occur infero-medially and are generally considered stable 
and may be treated conservatively with rest, protected 
weight-bearing and analgesia. Tension fractures occur at the 
supero-lateral neck and were traditionally considered to be at 
high risk of progression and displacement. Some studies 
have shown these injuries can be managed conservatively 
[47]. 

Treatment 

 There is general agreement that compression fractures 
should be treated conservatively with rest and observation. 
Treatment of tension-type injuries is less certain. A 
retrospective series of 66 military recruits with 
conservatively managed undisplaced fractures at a mean 
follow-up of 18.3 years showed that no patients developed 
avascular necrosis or went on to become displaced [47]. 
However, only three of these patients had tension-type 
fractures. Others advocate surgical fixation of all tension-
type fractures [50]. In compliant patients conservative 
management with close follow-up is a reasonable option. 

 Displaced fractures should be treated surgically as an 
emergency with either multiple cancellous screws or 
compression screws. In a study by Lee et al. [1], 28% of 
those treated with cancellous screws and 17.6% of those with 
compression screws developed avascular necrosis (AVN) of 
the femoral head. However, the risk of AVN was associated 
more with delay in treatment than the method of fixation. 

Outcome 

 As with acute fractures AVN is a significant problem. 
Rates as high as 28% have been described in some series 
while others report much lower rates [1,47]. A series by 
Johansson et al. [51] looked at 23 athletes [16 recreational, 
seven elite] with a delayed diagnosis of stress fracture of the 
femoral neck. The majority [15] were runners. All athletes in 
this series ended their careers as a result of this injury. For 
this reason it is critical that trainers and clinicians are highly 
aware of the possibility of stress fracture in athletes with 
vague groin and buttock pain. 

 

 

Stress Fracture of the Acetabulum 

 Stress fractures of the acetabulum are rare but have been 
described in endurance athletes and military recruits [52]. 
Williams et al. performed MRI scanning of 178 military 
recruits with activity related hip pain and found an incidence 
of 6.7% [52]. Fifty-eight percent of these were fractures of 
the acetabular roof. The remainder were anterior column 
injuries associated with pubic rami stress fractures. 

 Epstein et al. [37] describe the arthroscopic reduction and 
fixation of a stress fracture of the anterolateral acetabular rim 
in a tri-athlete with hip impingement. The patient returned to 
swimming, running and cycling successfully. 

AVULSION FRACTURES AND APOPHYSEAL 
INJURIES 

Introduction 

 Avulsion fractures may affect any of the muscular 
insertion sites around the hip and groin. Clinicians and 
trainers working with children and adolescent athletes should 
also be aware of apophyseal avulsion injuries as a cause for 
chronic activity related pain [53]. 

Incidence 

 Although often referred to as rare injuries [53, 54] a 
recent radiological review [55] of 1,238 pelvic radiographs 
of adolescent athletes with focal traumatic symptoms 
revealed 203 avulsion fractures of the pelvic apophyses. The 
ischial tuberosity (hamstrings) was most commonly affected 
followed by the anterior inferior iliac spine (AIIS), the 
anterior superior iliac spine (ASIS), the superior corner of 
the pubic symphysis and the iliac crest. The highest 
percentage occurred in gymnastics followed by soccer and 
athletics. 

Diagnosis 

 These injuries are usually the result of sudden, forceful 
contraction such as in jumping, kicking or sprinting. 
Clinically, presentation is with pain with loss of muscle 
function (though this may be masked by compensation from 
other muscle groups). Tenderness can be elicited by 
palpation of the appropriate bony point. Pain will also be 
aggravated by passive stretching of the effected muscles. 
Diagnosis is confirmed on plain film radiography. The 
majority of the literature available on these injuries is in the 
form of isolated case reports or small series [56-59]; a 
handful of larger series have also been published [60-62]. 

Treatment 

 The majority of these injuries are amenable to 
conservative management [60, 61] but may be associated 
with persistent morbidity [62]. Fernbach et al. reported 
successful conservative management in all of 22 cases [61] 
while Metzmaker had the same experience with 27 such 
cases [60]. 

 Moeller recommends surgery in some avulsion injuries 
but this is rarely required [54]. Fitze et al. [63] described a 
rare avulsion fracture of the acetabulum in a thirteen year old  
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footballer. The injury was treated with open reduction and 
internal fixation and the patient resumed all activities. 
Schothorst et al. [64] describe the successful operative 
treatment of two cases of AIIS avulsion. Poulson et al. [65] 
describe two cases of delayed diagnosis ischial tuberosity 
avulsions which were managed conservatively but resulted 
in persistent pain. They advocate early surgical treatment for 
this reason. 

 Avulsed bony fragments are at risk of AVN as described 
by O’Rourke and Weinstein in the case of two children with 
greater trochanter (GT) avulsion fractures [66]. Chotel et al. 
also describe femoral head AVN in cases where GT 
avulsions are associated with hip dislocation of femoral neck 
fracture and proposed a classification system [67] based on 
associated injuries and risk of AVN 

a) Type I: avulsion of the GT due to vigorous gluteal 
contraction resulting in vertical displacement 

b) Type II: GT avulsion with associated femoral neck 
fracture 

c) Type III: with associated hip dislocation. 

CONCLUSION 

 A wide variety of fractures around the hip and groin have 
been described in athletes across a range of sports. 
Presentations vary from acute overt cases to indolent vague 
injuries with a high risk of delayed diagnosis. As in most 
conditions the key to appropriate treatment is timely 
diagnosis and informed management. Due to the relative 
rarity of many of these injuries there is a lack of high level-
of-evidence literature on treatment outcomes. There is an 
onus on those dealing with these injuries to collect, audit and 
publish such results as are available and, where possible, to 
design suitable treatment trials. 
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