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Review

Avulsion fractures of the pelvis in the pediatric population.  
A review of the literature and case report

Abstract
Avulsion fractures of the pelvis usually occur in young athletes and are the most common type of avulsion 
fractures in the pediatric population. The most frequent fractures of this group are fractures of the anterior 
superior and anterior inferior iliac spine and fractures of the ischial tuberosity. The diagnosis of this type of 
fracture requires awareness, because their symptoms may suggest muscular injuries. There have not been 
found clear-cut guidelines for the treatment of pelvic avulsion fractures in the currently available literature. 
Most of these fractures can be successfully treated conservatively. Operative treatment should be consid-
ered first in professional athletes, and significant displacements fragments of the fracture, amount to more 
than 1-3 cm depending on the source. Patients who undergo surgical treat-ment have a faster recovery, 
however, surgery is associated with several possible complica-tions, including this contingent on implant 
presence. There are several surgical treatment techniques, all of which are described as giving good results 
with few complications.
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Streszczenie
Złamania awulsyjne miednicy występują u młodych sportowców i są jednymi z najczęstszych złamań awul-
syjnych w populacji pediatrycznej. Do najpowszechniej występujących złamań w tej grupie zaliczamy zła-
mania kolca biodrowego przedniego górnego, dolnego oraz złamania guza kulszowego. Diagnostyka tego 
rodzaju złamań wymaga dokładności, ponieważ ich prezentacja kliniczna w niektórych przypadkach może 
przypominać objawy uszkodzenia mięśni. Większość złamań awulsyjnych miednicy można z powodzeniem 
leczyć zachowawczo. Leczenie operacyjne w pierwszej kolejności jest rozważane u zawodowych sportow-
ców oraz w przypadku istotnego przemieszczenia odłamów kostnych, wynoszącego od 1-3 cm. Pacjenci le-
czeni operacyjnie charakteryzują się szybszym powrotem do zdrowia, jednakże zabieg operacyjny wiąże się 
z szeregiem ewentualnych powikłań, w tym wynikających z obecności implantu. Istnieje kilka technik lecze-
nia operacyjnego, z których wszystkie są opisywane jako dające dobre rezultaty z niewielką liczbą powikłań.

Słowa kluczowe: złamania awulsyjne, miednica, dzieci, ortopedia dziecięca.
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Introduction

The forces affecting the bone through the soft tissues at-
tached to them have the ability to form its shape and struc-
ture. An example of such kind of interactions are apoph-
yses, which occur at the site of the attachment of muscles 
and ligaments. When these forces exceed the strength of 
the bone tissue, it can result in an avulsion fracture, in 
which a fragment of bone is torn out of the main mass of 
bone [1]. There are many types of these fractures, but their 
exact number is not known due to the lack of literature 
describing their epidemiology [1,2]. Some of these frac-
tures are frequent in paediatric patients. The most com-
mon avulsion fractures of the lower extremity in a group 
of these patients are the pelvic apophyseal avulsion fractures 
[3]. They usually result from excessive exploitation of the 
immature musculoskeletal system. Avulsion fractures of the 

pelvic apophysis usually occur in young athletes. Non-trau-
matic avulsion fractures are rare [4]. Sites of pelvic apoph-
yseal avulsion fractures include anterior inferior iliac spine 
(AIIS), anterior superior iliac spine (ASIS), ischial tuberosity 
(IT), iliac crest (IC), and superior corner of the pubic sym-
physis (SCPS) [1,3,5] (Fig. 1). 

Frequency and localisation

Avulsion fractures of the pelvis typically occur in children 
and adolescents. Due to the lack of statistical studies cur-
rently, it is impossible to determine the exact incidence of 
avulsion fractures of the pelvic apophysis. Current litera-
ture mainly consists of case studies and case series [1,2,6]. 
In studies comparing the incidence of particular types of 
pelvic avulsion fractures, the most common are fractures 
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from a postponed fusion of secondary ossification centres 
of the apophysis. This leads to local weakness of the bone 
structure and thus an increased risk of damage by tensile 
forces transmitted through the musculotendinous unit at-
tached to them [3].

Knowledge of the anatomy of muscle insertions is es-
sential for properly diagnosing and treating pelvic avul-
sion fractures (Tab. 2). The direction of bone fragment 
displacement and the symptoms accompanying the frac-
ture depend on the locations of these muscles. If muscles 
with different force vectors are attached to one apophysis, 
the displacement of the bone fragment depends on which 
muscle had caused the avulsion. For this reason, we dis-
tinguish two types of ASIS avulsion fractures. The fracture 
caused by contraction of the sartorius is usually more mi-
nor and displaced anteriorly, and the tensor fasciae latae 
dependent fracture is larger and displaced laterally [11].

Fig. 1. Schematic diagram showing the locations of the pelvic apophy-
seal avulsion fractures.

of AIIS, ASIS, and IT. Fractures of the IC and SCPS are 
much less common [3,5,7] (Tab. 1). Moreover, these frac-
tures are more frequent in boys than in girls [1,7]. 

Avulsion fractures of the pelvic apophysis are usually 
associated with sports injuries [3,8]. Most often appear 
during physical activity that involves large groups of mus-
cles in sudden and strong contractions, such as running 
and jumping [1,9]. Football, athletics, and gymnastics are 
the sports disciplines in which this type of fracture occurs 
most frequently [3,6,10]. 

Table 1. Relative frequency of pelvic apophyseal avulsion fracture.

Avulsion of the Relative frequency of fracture [5]

  Anterior inferior iliac spine 33,2%

  Anterior superior iliac spine 27,9%

  Ischial tuberosity 29,7%

  Iliac crest 6,7%

  Superior corner  
  of pubic symphysis

1,2%

Mechanism of injury

The majority of pelvic apophyseal avulsion fractures are a 
result of the excessive tensile force applied to the immature 
pelvic. Sudden muscle contraction (often uncoordinated) 
avulse a bone fragment from the place of the tendon in-
sertion, which causes detachment and displacement of the 
bone fragment. The bone strength is reduced due to the 
unterminated process of ossifying the pelvic which results 

Table 2. Mechanism of a pelvic apophyseal avulsion fracture.

Avulsion of the Muscle attachment 
[5,8]

Mechanism of fracture 
[3,8]

Iliac crest Anterior abdominal 
wall muscles

Forceful turning or 
lateral flexion of the 
trunk

Anterior 
superior iliac 
spine

Sartorius, tensor 
fasciae latae 

Sudden straining 
or twisting of lower 
extremity

Anterior inferior 
iliac spine

Rectus femoris Forceful hip joint 
extension

Ischial 
tuberosity

Hamstring muscle 
group 

Forceful flexion of the 
hip joint with extension 
at the knee

Superior 
corner of pubic 
symphysis

Rectus abdominis Forceful contraction of 
abdominal muscles 

Clinical appearance and imaging

Patients who sustain an avulsion fracture often report a 
popping sensation at the time of injury, accompanied by 
severe pain [3,5,11,12]. The location of the pain is deter-
mined by the place where the fracture occurs. Pain is in-
creasing during physical activity and deadens with rest 
[3,8,5]. 

Physical examination of patients with avulsion frac-
ture usually shows tenderness and swelling over the area 
of injury [5,11]. Due to pain after pelvic apophyseal avul-
sion, the range of motion of the hip joint is also limited 
[3,13]. Symptoms mainly depend on the location of the 
fracture (Tab. 3). Furthermore, when the displacement of 
bone fragments is significant, it may be possible to palpate 
a break in the pelvis bone [8].

These symptoms largely overlap with those that may 
accompany the much more frequent muscle injuries. For 
this reason, the symptoms of an avulsion pelvic apophyseal 
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fracture can be misinterpreted, which can lead to misdi-
agnosis [3,7,14,15]. The literature particularly emphasizes 
the possibility of incorrect interpretation of symptoms of 
ischial tuberosity avulsion fracture due to the high similar-
ity of those in hamstring muscle damage [5,8].

As a usual interview, a physical examination, followed 
by imaging tests, is necessary [7,16,17] (Fig. 2). If an avul-
sion fracture of pelvic apophyseal is suspected, the first 
imaging examination should be an X-ray of the pelvis in 
at least two projections [12,15,16]. This procedure allows 
the diagnosis of most fractures, but computed tomography 
(CT) scans may be needed to visualize small fragments not 

visible on X-rays [8,15]. For minor displacement fractures, 
magnetic resonance imaging (MRI) can visualize the oe-
dema-like signal intensity area surrounding the fracture 
[8,12]. It is important to note, that sometimes in radiolog-
ical evaluation the pelvic apophysis during the healing pe-
riod and forming callus can resemble bone tumours [18].

Treatment 

No clear guidelines for the treatment of avulsion fractures 
have been established in the available literature. Most pa-
tients are treated conservatively with good results [19]. 
Even with an immediate and correct diagnosis, controver-
sy exists regarding the optimal treatment options. Current 
literature describes that for undislocated fractures or with 
incomplete displacement, conservative treatment is the 
treatment of choice. Cases with complete displacement 
also repeatedly have high healing potential. Surgical inter-
vention is indicated in adolescents with >1.5 cm fragment 
displacement. This method of treatment leads to very good 
functional results and a high return to sport rate [20].

Some authors report that a displacement >3 cm has 
been considered the threshold for surgical management 
with open repositioning and internal fixation. Indications 
for surgical treatment given in the literature include joint 
trauma, neurovascular disorders, and displacement rele-
vant to fusion [19].

Non-operative treatment consists of cessation of sport-
ing activities, no weight-bearing of the injured limb, in 
some cases temporary immobilisation, and possible phys-
iotherapy. Entire therapy may take up to 12 weeks [21]. The 
main advantage of conservative treatment is the lack of 
need for anaesthesia and minimal risk of infection. How-
ever, surgically treated patients achieve full ROM quicker 
and can start full weight-bearing and exercise sooner com-
pared to conservatively treated patients [22]. 

In a meta-analysis, Eberbach et al. indicate that the 
overall success rate and return to sport were higher in pa-
tients who underwent surgery, especially in patients with 
fracture displacement greater than 1.5 cm. The mean re-
covery time was 3.1 months in patients treated conserva-
tively and 2.4 months in patients treated surgically [5]. The 
acute surgical intervention leads to better functional out-
comes compared to delayed procedures [20]. The literature 
suggests that surgical treatment is the preferred method 
for competitive athletes and patients with significant dis-
placement. In contrast, conservative treatment provides 
sufficiently good clinical outcomes in most adolescents in-
volved in non-competitive sports [22].

Several surgical treatments have been described in-
cluding lag screw and tension band fixation, as well as tran-
sosseous refixation techniques [21-23] 

Willinger also described the case of two patients with 
fractures of the superior anterior iliac spike treated with 

Table 3. Symptoms characteristic of different types of pelvic 
avulsion fractures.

Avulsion of the Symptoms of fracture [3,8,13].

Iliac crest Pain occurs during turning or lateral flexion 
of the body
Tenderness along the iliac crest

Anterior superior 
iliac spine

Pain during palpation over the area of the 
most anterior aspect of the iliac crest
Presence of a lump on palpation in place

Anterior inferior iliac 
spine

Tenderness on palpation over the area of 
the superior site of the hip joint. 
Pain increases during hip flexion with or 
without knee extension. 

Ischial tuberosity Pain located on the back of the thigh or hip
Tenderness on palpation over the area of 
the ischial tuberosity 
Pain with daily activities such as sitting in 
a chair

Superior corner of 
pubic symphysis

Unilateral, nonspecific pain of the groin 

Fig. 2. X-ray of the pelvis of a 16-year-old boy with a fracture of the an-
terior superior iliac spine. An injury occurs during a sports competition, 
at the start of a run. On admission to the hospital, a small haematoma 
and tenderness on palpation over the right anterior superior iliac spine 
were present. In addition, there was limited flexion in the right hip jo-
int, but passive ROM was normal. Conservative treatment was applied, 
resulting in a return to full fitness. 
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open repositioning and fixation with the suture bridge with 
anchors technique with excellent clinical results [23].

The literature is inconclusive on the evidence of the su-
periority of one surgical treatment method and significant-
ly better final treatment results. All techniques give good 
clinical data with few complications [21-23]. 

Complications 

The most common complications of conservative treat-
ment are the risk of loss of strength, local irritation, and 
bone healing in a displaced position with additional callus 
formation. [22]. Other complications of conservative treat-
ment are also heterotopic ossification and pseudarthrosis. 
The risk of non-union is significantly increased when the 
displacement of the fracture is more than 1.5 cm. [9].

Patients undergoing surgical treatment have an acceler-
ated recovery and activity, but this may be associated with 
a higher risk of nerve damage and irritation to surround-
ing tissues caused by implants [19].

There is a lack of explicit information in the available 
literature on the complications of conservative and surgical 
treatment.

Summary

Summarising, it can be concluded that avulsion fractures are 
rare injuries resulting from excessive loads affecting the im-
mature skeletal system. They occur mainly in young athletes, 
more often in men. Local pelvic pain, which has started sud-
denly, especially with a popping sensation at the moment of 
injury, should be a guide to considering the possibility of an 
avulsion fracture of the pelvis in the differential evaluation. 
The diagnosis can usually be confirmed by pelvic X-ray.

The available literature does not clearly define the cri-
teria for the surgical treatment of pelvic avulsion fractures. 
Most of these fractures can be treated conservatively. The 
qualification for surgical treatment should be strictly indi-
vidualised. Sources suggest that surgical treatment should 
be considered first in professional athletes and when the 
displacement of the fractures exceeds 1-3 cm. None of the 
surgical treatments has achieved significant superiority in 
clinical outcomes over the other methods. 
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