
Introduction 

In modern society, sports activities play an important role in the 
lives of many people. With an increasing number of people partic-
ipating in dynamic sports activities, avulsion injuries are becom-
ing more prevalent. Skeletally immature athletes are at particular 
risk for injuries at the apophysis, as it is weaker than the attached 
muscle-tendon unit. Certain types of avulsion fractures are seen 

more frequently in elderly or osteoporotic patients [1,2]. There 
are two distinct types of avulsion injuries: acute and chronic. 
Acute avulsion injuries result from sudden, forceful, or unbal-
anced contraction of the musculotendinous unit [1]. In contrast, 
chronic injuries are due to repetitive submaximal force, which 
may result in minimal displacement or widening of the physis [1]. 
In acute injuries, athletes experience sudden, shooting pain, swell-
ing, and local tenderness. A clear history is available in most cases 

289https://doi.org/10.12701/yujm.2021.01102

Copyright © 2021 Yeungnam University College of Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Avulsion injuries result from the application of a tensile force to a musculoskeletal unit or liga-
ment. Although injuries tend to occur more commonly in skeletally immature populations due to 
the weakness of their apophysis, adults may also be subject to avulsion fractures, particularly 
those with osteoporotic bones. The most common sites of avulsion injuries in adolescents and 
children are apophyses of the pelvis and knee. In adults, avulsion injuries commonly occur within 
the tendon due to underlying degeneration or tendinosis. However, any location can be involved 
in avulsion injuries. Radiography is the first imaging modality to diagnose avulsion injury, al-
though advanced imaging modalities are occasionally required to identify subtle lesions or to ful-
ly delineate the extent of the injury. Ultrasonography has a high spatial resolution with a dynam-
ic assessment potential and allows the comparison of a bone avulsion with the opposite side. 
Computed tomography is more sensitive for depicting a tiny osseous fragment located adjacent 
to the expected attachment site of a ligament, tendon, or capsule. Moreover, magnetic resonance 
imaging is the best imaging modality for the evaluation of soft tissue abnormalities, especially 
the affected muscles, tendons, and ligaments. Acute avulsion injuries usually manifest as avulsed 
bone fragments. In contrast, chronic injuries can easily mimic other disease processes, such as in-
fections or neoplasms. Therefore, recognizing the vulnerable sites and characteristic imaging fea-
tures of avulsion fractures would be helpful in ensuring accurate diagnosis and appropriate pa-
tient management. To this end, familiarity with musculoskeletal anatomy and mechanism of in-
jury is necessary. 
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of apophyseal injuries. The diagnosis is easily confirmed on the 
basis of physical findings, symptoms, patient’s age, biomechanical 
analysis of the injury, and radiography. However, patients with 
chronic overuse injuries usually present with a gradual onset of 
pain and have no clear history of trauma. Radiographs may also 
show normal findings, which confounds the diagnosis. In addi-
tion, posttraumatic bone changes may resemble other disease 
conditions, such as inflammation or neoplasm [3,4]. Therefore, 
imaging plays an important role in detecting and understanding 
avulsion fractures. Computed tomography (CT) is helpful for de-
tecting tiny avulsed bone fragments in cases showing inadequate 
or equivocal radiographic findings [4]. Ultrasonography (US) 
with a high-frequency transducer has the advantages of no expo-
sure to radiation, early detection even without an ossification cen-
ter, and the possibility of dynamic examination [5]. However, the 
usefulness of US is limited in cases showing artifacts or lesions in 
a deep location. Magnetic resonance imaging (MRI) is the best 
modality for evaluating edematous changes in bone and soft tissue 
that help radiologists detect the affected muscles, tendons, liga-
ments, and associated bony lesions [3,4]. 

To avoid performing excessive imaging and biopsies or making 
incorrect diagnoses, anatomical knowledge and understanding of 
the pathophysiology of avulsion injuries are important. In this re-
view, we summarize and illustrate the musculoskeletal anatomy 
and the radiographic, US, CT, and MRI features of avulsion inju-
ries in the whole body, including the lower extremity (e.g., pelvis 
and femur, knee, ankle, and foot) and upper extremity (e.g., shoul-
der, elbow, and hand) (Fig. 1). 

Pelvis and femur avulsion injuries 

Acute avulsion injuries of the pelvis and femur are divided into 
two groups based on the mechanism underlying the injury. The 
most common injury mechanism is an abrupt, strong concentric 
or eccentric contraction of a large muscle that occurs during an at-
tempt to accelerate or decelerate the body mass [6-8]. The second 
mechanism is abrupt immoderate passive lengthening, which can 
cause ischial avulsion in dancers or cheerleaders and can occur in 
individuals performing anteroposterior stretching or “the splits” 
without external force [6,8]. Apophyseal avulsion injuries of the 
hip and pelvis usually occur in adolescent athletes and can occur 
in athletes as late as their mid-20s [6]. The apophyseal physis usu-
ally fuses later than the physes of long bones [8]. 

In the largest study evaluating these injuries, Rossi and Dragoni 
[9] found that the most common locations were the ischial tuber-
osity (54%), the anterior inferior iliac spine (AIIS) (22%), the an-
terior superior iliac spine (ASIS) (19%), the superior corner of 

the pubic symphysis (3%), and the iliac crest (1%). Common 
avulsion injuries of the femur occur at the greater and lesser tro-
chanters (Fig. 1). 

1. Ischial tuberosity avulsion fracture 
The ischial tuberosity is the insertion site of the adductor muscle 
and hamstring muscle group, which is composed of the semi-
membranosus, biceps femoris, and semitendinosus. A forceful 
pull on these muscles before the apophysis is closed leads to the 
avulsion of the open ischial apophysis [8]. An avulsion injury is 
caused by extreme contraction of the hamstring muscles during 
high-speed running, for example, during sprinting, or when 
stretching is performed at an extreme joint position, for example, 
during water skiing or playing American football [10]. Patients 
present with extensive buttock pain, ecchymosis, swelling, bruis-
ing in the thigh, and decreased hamstring strength. In the acute 
phase, ischial epiphysiolysis presents as a non-displaced avulsion 
on a radiograph, which appears as a curved, well-demarcated bone 
fragment adjacent to its origin [1]. US, CT, and MRI can be useful 
for diagnosis if radiographs are normal or subtle. MRI is the most 
accurate imaging tool for diagnosis, especially for identifying 
non-displaced or minimally displaced avulsion [1,3]. On MRI, 
acute avulsion injuries appear as focal fluid signal intensity inter-
vening between the tendon edge and the ischial tuberosity (Fig. 
2). Fluid collection and soft tissue edema are often observed at 
the site of injury [3,11]. Chronic avulsion injuries often result in 
prominent heterotopic bone formation or callus formation, which 
mimics osteomyelitis or Ewing sarcoma [1,8]. In such cases, CT 
may be helpful for the diagnosis [12]. Acute avulsion injuries with 
a displacement of < 15 mm tend to respond well to conservative 
treatment. Early surgical intervention can be considered for inju-
ries with significant displacement ( > 15 mm) [13,14]. 

2. Anterior superior iliac spine and anterior inferior iliac 
spine avulsion fractures 
Other commonly involved avulsion sites in the pelvis are the ASIS 
and the AIIS. The ASIS is the attachment site of the sartorius and 
tensor fascia lata, while the AIIS is the origin of the straight head 
of the rectus femoris. Avulsion injuries of the ASIS and AIIS are 
commonly believed to result from forceful extension of the hip 
and flexion of the knee during sports activities, especially during 
the kicking phase of soccer or rugby and the starting phase of run-
ning or jumping [15,16]. Direct trauma or chronic traction rarely 
causes avulsion injuries. Most patients report acute pain in the ili-
ac region and sometimes show a palpable bony fragment in these 
regions. Radiographs usually show avulsion fractures of the 
apophysis involved. However, radiographic findings for non-ossi-
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Fig. 1. The diagram shows the vulnerable sites for avulsion injuries in the body. ASIS, anterior superior iliac spine; AIIS, anterior inferior 
iliac spine; ACL, anterior cruciate ligament; LCL, lateral collateral ligament. Provided by Inje University Busan Paik Hospital.
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fied apophysis can be occult and confusing due to skeletal imma-
turity. In this case, CT and US can depict a small bone fragment, 
and MRI can show edema of the affected bone and muscles and 
fluid collection around the avulsed site (Figs. 3, 4) [17]. The treat-
ment of avulsion injuries of the iliac spine is usually conservative 
and has a relatively shorter recovery time compared to injuries of 
the ischial tuberosity. However, surgical treatment has been advo-
cated for patients with the displacement of the avulsed fragment 
> 2 cm, continued pain following nonunion, or impingement 
syndrome [14,18]. 

3. Iliac crest avulsion fracture 
Avulsion injury of the iliac crest is uncommon and results from 
the sudden contraction of the abdominal muscles, including the 
external and internal abdominal oblique, transverse abdominis, 
gluteus medius, and tensor fascia latae muscles [15]. The iliac 
crest apophysis remains cartilaginous until adolescence; the fu-
sion of the ossified apophysis to the iliac bone begins at approxi-

mately 15 years of age [19], increasing the vulnerability to overuse 
and acute and chronic trauma. Clinical examination reveals pain, 
point tenderness, and swelling along the iliac crest. Asymmetry 
and apophyseal widening ( > 2 mm) of the iliac crest is a radio-
graphic indication of avulsion injury [19]. Segmentation of the 
apophysis, which is a developmental variant, should not be mis-
taken for an avulsion of the apophysis. Comparison with the con-

Fig. 2. Avulsion of the ischial tuberosity in a 16-year-old soccer 
player with pain for 1 month in the left gluteal region. (A) The 
anteroposterior radiograph of the pelvis reveals small bone 
fragments (arrow) around the left ischial tuberosity, which has 
a cortical irregularity (arrowhead). (B) The coronal T2-weighted 
magnetic resonance image with fat saturation shows bone marrow 
edema at the widened apophysis of the left ischial tuberosity 
(arrow). Provided by Inje University Busan Paik Hospital.

Fig. 3. Avulsion of the anterior superior iliac spine (ASIS) in a 
17-year-old soccer player with pain for 2 weeks in the right hip. 
(A) The anteroposterior radiograph and (B) the three-dimensional 
volume-rendered image of the pelvis show an avulsion fracture 
of the ASIS (arrows). The bone fragment is sharply defined 
and displaced inferiorly. Provided by Inje University Busan Paik 
Hospital.
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tralateral side might be helpful in differentiating the segmentation 
of the apophysis from avulsion. However, iliac crest avulsion is 
sometimes bilateral, which may cause problems in making an ac-
curate diagnosis. In such cases, MRI may be helpful. MRI demon-
strates displacement of the apophysis with fluid-like signal intensi-
ty in the disrupted physis of the iliac crest and adjacent soft tissue 
edema (Fig. 5) [3]. Relatively good clinical outcomes are achieved 
by conservative treatment alone. Surgical treatment can be per-
formed in cases with a fragment displacement of > 3 cm or per-
sistent symptoms [15,20]. 

A B C

Fig. 4. Avulsion of the anterior inferior iliac spine (AIIS) in a 27-year-old sprinter with pain for 2 days in the right hip. (A) The 
anteroposterior radiograph of the pelvis and (B) the three-dimensional volume-rendered image show an avulsion fracture of the AIIS 
(arrows). The bone fragment is sharply defined and displaced inferiorly. (C) The sagittal T2-weighted magnetic resonance image with fat 
saturation reveals a high signal intensity (arrow) around the proximal rectus femoris tendon (arrowhead) and bone marrow edema of the 
AIIS (asterisk). Provided by Inje University Busan Paik Hospital.

4. Pubic symphysis avulsion fracture 
The symphysis pubis and inferior pubic ramus are the origins of 
the adductor longus, adductor brevis, and gracilis muscles. Inju-
ries in this region are secondary to chronic repetitive microtrauma 
with excessive twisting and turning movements of the body and 
commonly occur in those involved in soccer, ice hockey, fencing, 
and tennis [1,3]. However, it may also occur acutely, such as when 
two soccer players kick the ball simultaneously [1]. The most sen-
sitive imaging modality for these lesions is MRI because these in-
juries do not often result in a displaced fragment but rather pres-
ent as a soft tissue injury [3,15]. There are no specific treatment 
guidelines for pubic symphysis avulsions. However, conservative 

Fig. 5. Avulsion of the iliac crest in a 15-year-old soccer player with pain in the left buttock for 1 year. (A) The anteroposterior radiograph 
of the pelvis reveals mild widening of the left iliac apophysis (arrows). Normal fragmentation is seen on the right iliac crest (arrowhead). 
(B) The coronal T2-weighted magnetic resonance image with fat saturation shows an avulsed apophysis (arrow) and edema at the left 
abdominis muscles, psoas, and gluteus minimus muscles (arrowheads). Provided by Inje University Busan Paik Hospital.
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treatment may be a safe option and may be superior to surgical 
treatment [21,22].  

5. Femur avulsion fracture  
Avulsion injuries of the greater or lesser trochanter are less com-
mon than pelvic avulsion injuries; however, these lesions cause 
substantial pain and dysfunction. The greater and lesser trochan-
ters are the insertion sites for the hip rotators and iliopsoas mus-
cles, respectively. Avulsion injuries of the greater trochanter may 
occur following forced external rotation of the leg with contrac-
tion of the gluteus medius and gluteus minimus muscles. Frac-
tures of the greater trochanter can lead to osteonecrosis of the 
femoral head [1,23]. In adults, isolated fractures of the lesser tro-
chanter without a history of trauma are usually secondary to met-
astatic disease. However, avulsion injuries in children and adoles-
cents may occur in sprinters or jumpers during forceful contrac-
tion of the iliopsoas tendon with hip flexion [24,25]. On plain ra-
diography, avulsed bone fragments are seen displaced from their 
origin in many patients (Fig. 6). A confusing radiograph of pa-
tients with an uncertain clinical history sometimes requires an ad-
ditional MRI to evaluate the muscles, ligaments, and underlying 
lesions of the femur (e.g., metastatic nodules). Conservative treat-
ment of the lesser trochanter avulsion shows excellent results in 
most cases [25]. However, there is no consensus on the best treat-
ment for avulsion injury of the greater trochanter [26]. 

Fig. 6. Avulsion of the greater trochanter in a 53-year-old 
woman with pain in the right hip for 1 day after a car accident. 
(A) The anteroposterior radiograph of the right hip faintly shows 
a small bone fragment (arrow) around the greater trochanter. 
(B) The coronal computed tomography image shows an avulsion 
fracture of the right greater trochanter (arrow) of the femur. 
The small bone fragment without displacement is well defined. 
Provided by Inje University Busan Paik Hospital.

6. Thigh splints 
Adductor insertion avulsion syndrome or thigh splints are 
stress-related avulsion injuries that occur at the insertion of the 
adductor muscles of the proximal medial diaphysis of the femur. 
Radiographs may be normal in the early stage but may later show 
a periosteal reaction along the posteromedial cortex of the femoral 
shaft and possible stress fracture [27,28]. MRI of these lesions 
presents with periosteal edema and abnormal signal intensity in 
the medullary cavity or cortex (Fig. 7). These findings can easily 
be misinterpreted as osteomyelitis or malignant neoplasms, such 
as Ewing’s sarcoma or osteosarcoma. The absence of bone de-
struction and soft tissue mass helps to rule out these conditions 
[28,29]. In addition, the clinical history, location, and symptoms 
are important in differentiating avulsion injuries from other 
pathologic conditions. These injuries usually respond relatively 
quickly to rest for 1–2 months [28]. 

Knee avulsion injuries 

The knee joint is another common site of avulsion injury. The 
knee joint is a complex joint composed of numerous tendinous, 
ligamentous, and meniscal attachments that are vulnerable to 
trauma. A variety of avulsion fractures of the knee can occur, in-
cluding Segond and reverse Segond fractures, avulsions of the an-
terior and posterior cruciate ligaments, arcuate complex avulsion, 
iliotibial band avulsion, avulsions of the biceps femoris, semi-
membranosus, and quadriceps tendons, Sinding-Larsen-Johans-
son syndrome, and Osgood-Schlatter disease [30]. Complex knee 
injuries result from multiple forces such as varus force, valgus 
force, hyperextension, hyperflexion, internal rotation, external ro-
tation, anterior or posterior translation, and axial load [31]. 

1. Segond fracture 
Segond fracture was classically described as a cortical avulsion of 
the lateral capsular ligament at the anterolateral proximal tibia. 
This injury occurs following excessive tension to the lateral capsu-
lar ligament due to varus stress on the partially flexed and internal-
ly rotated knee [32,33]. Previous descriptions of this ligament in-
clude different nomenclatures such as the lateral capsular ligament 
[32,33], the anterior oblique band of the fibular collateral liga-
ment [34], and the capsule-osseous layer of the iliotibial tract 
[35]. Recent studies described this structure as a distinct liga-
ment, called “anterolateral ligament” [36,37], but there is no con-
sensus in the terminology of the anterolateral capsular structure. 
This injury is commonly associated with anterior cruciate liga-
ment (ACL) tears in the adult population [34,38]. However, in 
skeletally immature patients, the association between Segond 
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fracture and ACL tear may not be definitive [39]. The mechanism 
of this injury results from varus stress on the partially flexed and 
internally rotated knee [30]. These injuries are important because  
they may be the only radiologic clue to more serious underlying 
ligamentous injuries, which vary from an ACL tear to avulsion of 
the fibular collateral ligament or tibiofibular joint sprains [37,38]. 
The clinical manifestation of this injury is pain at the lateral joint 
line with anterolateral instability. The radiograph shows an elliptic 
bone fragment parallel to the tibia, just below the lateral tibial pla-
teau. In equivocal radiographs, CT more easily shows bone frag-
ments. MRI is generally not required but should be performed to 
evaluate the associated ligaments and meniscal tears (Fig. 8) 
[38,40]. The treatment of this injury is based on the severity of 
the associated ACL and meniscal injuries. 

2. Anterior cruciate ligament avulsion fracture 
Tibial eminence is the insertion site of the ACL. Although most 
ACL injuries involve the mid-substance of the ligament, avul-
sion injury at the tibial insertion site of the ACL rarely occurs 
and is more common in children than in adults [41]. The clini-
cal manifestations of this injury are pain, flexed knee, and signs 
of anterior instability [42]. In the pediatric population, this inju-
ry commonly occurs with forced flexion of the knee and internal 
rotation of the tibia. On the other hand, in the adult population, 
this injury results from forced knee extensions that commonly 
occur in motor vehicle collisions. This injury in the adult popu-
lation is more frequently associated with medial collateral liga-

ment (MCL) injury, posterior cruciate ligament injury, and at-
tached bone contusion [43]. On plain radiographs, an avulsed 
bone fragment can be detected. However, sometimes the bony 
fragment is small, which makes visualization difficult. In these 
circumstances, CT and MRI can be helpful for detecting bony 

Fig. 7. Adductor insertion avulsion syndrome in a 19-year-old ballet dancer with pain in the right thigh for 3 weeks. (A) The 
anteroposterior radiograph and (B) the axial computed tomography image of the femur show periosteal reaction (arrow) at the proximal 
medial diaphysis of the femur. (C) The coronal T2-weighted magnetic resonance image with fat saturation shows bone marrow edema 
(arrow) and periosteal reaction (arrowhead) at the medial diaphysis of the proximal femur, which is the attachment site for the adductor 
longus. Provided by Inje University Busan Paik Hospital.

Fig. 8. A Segond fracture in a 67-year-old woman who sustained 
a rotational injury to the knee. (A) The anteroposterior radiograph 
of the knee shows an elliptic bone fragment (arrow) arising from 
the lateral tibial plateau. (B) The coronal T2-weighted magnetic 
resonance image with fat saturation shows a tiny bone fragment 
(arrow), which represents an avulsion of the lateral capsular 
ligament. Marrow edema along the lateral tibial rim (arrowhead) 
is also present. Provided by Inje University Busan Paik Hospital.
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fragments. Moreover, MRI is useful for assessing associated in-
juries and ACL status (Fig. 9). Injuries with minimally displaced 
bone fragments are treated conservatively, whereas injuries with 
markedly displaced bone fragments require surgical treatment 
(i.e., internal fixation) [44]. 

3. Arcuate complex avulsion fracture 
The arcuate complex and posterolateral aspects of the knee have 
recently gained attention owing to their complex anatomy and 
clinical relevance. The arcuate complex primarily consists of the 
fabellofibular ligament, popliteofibular ligament (i.e., the fibular 
origin of the popliteus muscle), and the arcuate ligament [33]. 
The mechanisms of this injury involve forceful direct trauma to 
the anteromedial tibia with knee extension and varus force to the 
externally rotated tibia [45]. Clinical manifestations (e.g., swelling 
and posterior subluxation of the tibia) of this injury are subtle. 
This makes determining a diagnosis difficult. On plain radio-
graphs, the avulsed bone fragment has a characteristic elliptical 
appearance arising from the fibular styloid process (i.e., the attach-
ment site for the arcuate complex) and horizontal orientation of 
its long axis on the anteroposterior radiograph of the knee. This is 
called the “arcuate sign”. The avulsion may not be conspicuous on 
a lateral radiograph because of its superimposition on the cortex 
of the posterior tibial plateau [46]. On MRI, the origin of the 
bone fragment and associated edema at the fibular head and con-
tiguous soft tissue can be helpful signs for diagnosing this injury 

(Fig. 10) [46,47]. 
Arcuate complex injuries are commonly associated with dam-

age to other stabilizing structures of the knee and peroneal nerve. 
Other conditions encountered in the differential diagnosis of 
these injuries include injury of the lateral collateral ligament and 
tendon of the long head of the biceps femoris muscles that are at-
tached to the lateral margin of the fibular head [30,45]. In patients 
with acute injuries, the primary repair is usually performed by re-
pairing all injured structures [33]. 

4. Iliotibial band avulsion fracture 
The iliotibial band is a complex composed of the tendon of the 
tensor fascia lata and the deep and superficial fibers of the fascia 
lata that provide anterolateral stabilization of the knee. The super-
ficial layer is the chief tendinous component that inserts into the 
Gerdy’s tubercle on the anterior lateral tibia, and the deep layer in-
serts into the intermuscular septum of the distal femur [33]. This 
injury only results from a varus force, which is a rare injury mech-
anism. Isolated tears of the iliotibial band are uncommon [31]. 
Avulsion fractures of the iliotibial band are usually associated with 
ACL injuries and patellar dislocations. MRI of this injury shows 
avulsion with retraction of the iliotibial band from its tibial donor 
site, the Gerdy’s tubercle, and waviness of the torn fibers (Fig. 11) 
[48]. A wider injury pattern in patients frequently requires repair 
of the ruptured iliotibial band [33]. 

Fig. 9. Avulsion of the tibial eminence in a 45-year-old woman with acute pain and anterior instability of the knee. (A) The oblique 
radiograph and (B) the coronal computed tomography image of the knee show a bone fragment (arrow) that arises from the attachment 
site for the anterior cruciate ligament (ACL). (C) The sagittal fast spin-echo proton density-weighted magnetic resonance image with 
fat saturation reveals a bone fragment avulsed from the tibia with an intact ACL and adjacent marrow edema (arrow). Provided by Inje 
University Busan Paik Hospital.
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5. Patellar tendon avulsion fracture 

1) Proximal patellar tendon avulsion fracture 
Avulsion injuries of the inferior pole of the patella and the proxi-
mal patellar tendon include a wide spectrum that consists of 
“jumper’s knee,” patellar sleeve avulsion, and Sinding-Larsen-Jo-
hansson syndrome. The inferior pole of the patella is the origin of 
the patellar tendon, which inserts into the tibial tuberosity [30]. 
These injuries result from excessive quadriceps contraction 
against resistance, which can occur in basketball, volleyball, and 
football. “Jumper’s knee” is the thickening of the patellar tendon 
but without demonstrable avulsion or tear. Patellar sleeve avulsion 
is an injury to the cartilaginous portion of the inferior pole of the 
patella, whereas Sinding-Larsen-Johansson syndrome is a pure os-
seous injury without cartilaginous injury (Fig. 12). On plain ra-
diographs, these injuries appear similar to small bone fragments at 
the inferior pole of the patella. To differentiate between the two 
entities, MRI is required that reveals extensive cartilaginous or 
pure osseous injury at the inferior pole of the patella [49]. Treat-
ments for displaced patellar sleeve avulsion include open reduc-
tion and internal fixation with reconstruction of the extensor ap-
paratus, whereas minimally displaced fractures in Sinding-Lars-
en-Johansson syndrome are usually treated conservatively [49, 
50]. 

Fig. 10. Avulsion of the arcuate complex in a 36-year-old man who had a car accident. (A) The anteroposterior radiograph of the knee 
shows two small bone fragments (arrows) arising from the fibular head. Another elliptic bone fragment (arrowhead) arises from the 
medial tibial plateau, which represents an avulsion of the deep capsular component of the medial collateral ligament (reverse Segond 
fracture). (B) The three-dimensional volume-rendered computed tomography image shows two combined avulsion fractures of the 
arcuate complex (arrow) and the conjoined tendon of the lateral collateral ligament and the long head of the biceps femoris (arrowhead). 
The right proximal tibia has a fracture. (C) The coronal T1-weighted magnetic resonance image shows the avulsion of the arcuate 
complex (arrow) from the styloid process of the fibular head (the arcuate sign). Irregularity of the donor site from the fibular head is also 
seen (arrowhead). Provided by Inje University Busan Paik Hospital.

A B C

Fig. 11. Avulsion of the iliotibial band in a 40-year-old man who 
had a car accident. The coronal T1-weighted magnetic resonance 
image shows a bone fragment (white arrow) at the anterolateral 
aspect of the lateral tibial plateau, which is the attachment site 
for the iliotibial tract (arrowheads). Irregularity of the donor site 
from the lateral tibial cortex is also seen (black arrow). Provided 
by Inje University Busan Paik Hospital.

297https://doi.org/10.12701/yujm.2021.01102

Yeungnam Univ J Med 2021;38(4):289-307



2) Distal patellar tendon avulsion fracture 
The tibial tubercle is the insertion site of the patellar tendon. Avul-
sion injuries of the tibial tubercle are infrequent fractures that 
affect physically active adolescents. Injuries are associated with 
active extension of the knee and excessive contraction of the 
quadriceps muscles during jumping sports. Osgood-Schlatter 
disease may predispose to avulsion fracture of the tibial tubercle 
[51]. Diagnosis is primarily based on conventional radiography. 
Oblique radiographs of the proximal tibia and CT are useful for 
better recognition of the tubercle and fracture pattern [51,52]. 
MRI is helpful for assessing associated meniscal and ligament 
injuries. 

Osgood-Schlatter disease is a traction apophysitis that results 
from repetitive microtrauma and traction on the tibial tubercle by 
the patellar tendon. The entity frequently occurs in active male 
adolescents who participate in sports that require jumping, squat-
ting, and kicking [30]. On plain radiographs, bony fragments of 
the tibial tubercle and soft tissue swelling of the anterior aspect of 
the knee can be detected. Fragmentation of the tibial tubercle 
alone can mimic normal ossification centers in patients; therefore, 
MRI is required [53]. MRI can be helpful for confirming this di-
agnosis, which includes thickening of the infrapatellar tendon, 
soft-tissue swelling, obliteration of the inferior angle of the infra-
patellar fat pad, and bony edema at the proximal tibia contiguous 
to the tibial tubercle (Fig. 13) [54]. The condition is self-limiting, 
and complete recovery is usually expected with the closure of the 
tibial growth plate [54,55]. 

Ankle and foot avulsion injuries 

1. Fifth metatarsal base avulsion fracture 
An avulsion fracture of the fifth metatarsal base is a common low-
er extremity fracture. A forceful pull on the strong structures 
formed by the short peroneal muscle tendon while applying plan-
tar flexion and ankle inversion on the foot (e.g., unstable landing 
after jumping or inverted ankle during running) is an important 
factor in this type of fracture [56]. Some authors have suggested 
that lateral slip of the plantar fascia is the most important structure 
involved in this injury [57]. It is important to differentiate this 
fracture from a Jones fracture, which is a transverse fracture 
through the junction of the diaphysis and metaphysis without dis-
tal extension into the intermetatarsal articulation, and a diaphyseal 
stress fracture, which occurs within the proximal 1.5 cm of the 
fifth metadiaphyseal junction because the treatment plan and 
prognosis for these conditions are different (Fig. 14) [58]. It has 
been traditionally believed that a Jones fracture and diaphyseal 
stress may require aggressive treatment. A recent review recom-
mends that an avulsion fracture of the fifth metatarsal base and a 
Jones fracture should be treated functionally, but diaphyseal stress 
seems to benefit from early intramedullary screw fixation [59,60]. 

2. Achilles tendon avulsion fracture 
An avulsion fracture of the calcaneal tuberosity is a rare fracture 
that occurs at the posterosuperior aspect of the calcaneus because 
of a pull on the Achilles tendon. This injury can occur in patients 
with osteoporosis and neuropathic disorders (e.g., diabetes melli-
tus) or can occur due to trauma that causes dorsiflexion of the 
foot [61]. There are four types of calcaneal avulsion fractures: 

Fig. 12. Sinding-Larsen-Johansson syndrome in a 10-year-old 
boy with chronic knee pain. (A) The lateral radiograph of the knee 
shows a small bone fragment (arrow) at the inferior pole of the 
patella. (B) The sagittal T2-weighted magnetic resonance image 
with fat saturation reveals mild edema at the inferior pole of the 
patella (arrow). Provided by Inje University Busan Paik Hospital.

A B
Fig. 13. Osgood-Schlatter disease in a 12-year-old boy with pain 
in the anterior knee for 3 years, who had jumped frequently. (A) 
The lateral radiograph of the knee shows several bone fragments 
(arrow) adjacent to the tibial tuberosity. (B) The sagittal T2-
weighted magnetic resonance image with fat saturation reveals 
several bone fragments with adjacent edema (arrow) around the 
tibial tuberosity. Provided by Inje University Busan Paik Hospital.
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tween superficial and deep fibers of the tendon. Type I fractures 
are insufficiency fractures that usually occur as a result of minor 
trauma such as tripping in elderly patients with osteoporosis. 
These fractures displace the avulsed fragment superiorly (Fig. 15). 
However, type III and IV fractures mainly occur in younger pa-
tients with severe trauma, such as falling down [62,63]. Treatment 
options depend on fracture type. Patients with type II fractures 
are at risk of severe wound complications, such as skin necrosis. 
Therefore, careful examination of the posterior skin of the heel 
and urgent reduction with fixation are required if the skin is tented 
or appears blanched [62]. 

3. Talar anterior capsular avulsion fracture 
Fractures of the talus are generally believed to be relatively un-
common. However, these fractures are the second most common 
fracture of the tarsal bone. Improved recognition has resulted in 
an increased number of talar process fractures being diagnosed 
[64]. Anterior capsular avulsion occurs in basketball players and is 
a chronic injury caused by microtrauma [1]. A lateral radiograph 
easily shows a bony protuberance in the concavity of the dorsal 
talus, corresponding to a cortical avulsion of the broad insertion 
of the talonavicular joint capsule (Fig. 16). 

4. Superior peroneal retinacular avulsion fracture 
The superior peroneal retinaculum constitutes the posterolater-
al border of the peroneal tunnel, thus preventing the displace-
ment of the peroneal tendons [65]. Sudden dorsiflexion of the 

Fig. 14. Avulsion fracture of the fifth metatarsal base in a 16-year-
old girl with midfoot pain for 1 day. (A) The oblique radiograph of 
the foot and (B) the three-dimensional volume-rendered computed 
tomography image show a non-displaced avulsion fracture (arrow) 
at the tuberosity of the fifth metatarsal base. Provided by Inje 
University Busan Paik Hospital.

A B

Fig. 15. Avulsion of the calcaneal tuberosity in a 44-year-old woman with diabetes mellitus. (A) The sagittal computed tomography 
image of the ankle shows an avulsion fracture of the calcaneal tuberosity (arrow), which is the attachment site of the Achilles tendon 
(arrowheads). The bone fragment is sharply defined and displaced superiorly. The donor site of the calcaneus is also irregular (open 
arrow). (B) The longitudinal ultrasonography image of the ankle in the prone position depicts a bone fragment (arrow) arising from the 
calcaneus (asterisk) with mild cephalad displacement. A retracted Achilles tendon (arrowheads) is also seen. Provided by Inje University 
Busan Paik Hospital.

A B

type I, simple extra-articular avulsion fracture; type II, “beak” 
fracture with an oblique fracture line running posterior; type III, 
infrabursal avulsion fracture involving superficial fibers of the 
Achilles tendon; type IV, small beak fracture involving the deep fi-
bers of the Achilles tendon [62]. MRI may be helpful for confir-
mation of type III and IV fractures because it can discriminate be-
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Fig. 16. Anterior capsular avulsion of the ankle in a 45-year-
old man with chronic pain in the proximal anterior foot. (A) The 
lateral radiograph of the ankle and (B) the sagittal computed 
tomography image show an elliptic tiny bone fragment (arrow) 
adjacent to the anterior talus, which is the attachment site of 
the joint capsule. Another avulsion fracture of the navicular 
bone (arrowhead) is present where the talonavicular ligament is 
attached. Provided by Inje University Busan Paik Hospital.

A

B

foot occurring simultaneously with violent contraction of the 
peroneal muscles can cause a distal fibular avulsion fracture at 
the attachment of the retinaculum to the lateral malleolus. Ra-
diographs and CT imaging can reveal small linear bony frag-
ments along the lateral margin of the distal fibula. MRI can de-
pict bony fragments and bone marrow edema, as well as sublux-
ation or dislocation of the peroneal tendons (Fig. 17). Nonoper-
ative plaster immobilization is initially attempted; however, sur-
gery may be required for patients with painful, chronic, or unsta-
ble dislocations [66].  

A B

Fig. 17. Avulsion of the superior peroneal retinaculum in a 
27-year-old man with left ankle pain for 3 days, after spraining 
the ankle during skiing. (A) The axial computed tomography 
image shows a linear bone fragment (arrow) arising from the 
lateral margin of the distal fibula. There is soft tissue density 
between the bone fragment and the lateral malleolus. The 
normal peroneal tendons are not visible in the retromalleolar 
groove. (B) The axial T2-weighted magnetic resonance image 
with fat saturation reveals that the peroneus brevis (arrow) and 
longus (arrowhead) tendons are lateral to the lateral margin of 
the fibula, which represents the complete rupture of the superior 
peroneal retinaculum. Bone marrow edema of the lateral aspect 
of the distal fibula (open arrow) is also present. Provided by Inje 
University Busan Paik Hospital.

Shoulder avulsion injuries  

1. Greater tuberosity avulsion fracture 
Isolated humeral avulsion fractures are rare in the greater tuber-
osity, which is the attachment site of rotator cuff muscles such as 
the supraspinatus, infraspinatus, and teres minor tendons. This 
injury can occur as a result of an extreme pull on the external ro-
tators, after the abduction and external rotation of the arm, after 
a direct blow to the lateral aspect of the shoulder, after a fall on 
an outstretched hand with the elbow in full extension or flexion, 
or after a seizure [67]. The differential diagnosis of this injury is 
crucial but difficult. Patients with this injury present with de-
creased abduction strength that mimics rotator cuff injury, 
which requires prompt surgical repair. However, non-displaced 
avulsion injuries of the greater tuberosity tend to respond well 
to conservative treatments, such as immobilization. On plain ra-
diographs, these fractures may be challenging to identify be-
cause of osseous overlap. Additional anteroposterior views with 
internal and external rotation can provide more details regarding 
a fracture of the greater tuberosity and help identify an occult 
non-displaced surgical neck fracture [68]. US can be helpful in 
detecting cortical step-off, which indicates avulsion injury of the 
greater tuberosity [1]. In patients with clinically suspected rotator 
cuff injuries, MRI can occasionally show edema at the greater tu-
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Fig. 18. An avulsion fracture of the greater tuberosity in a 
30-year-old man who experienced shoulder pain after falling. (A) 
The anteroposterior radiograph of the shoulder shows an avulsion 
fracture of the greater tuberosity (arrow). (B) The coronal T2-
weighted magnetic resonance image with fat saturation reveals 
marrow edema of the greater tuberosity (arrow). The rotator cuff 
is intact. Provided by Inje University Busan Paik Hospital.

berosity with occult non-displaced avulsion fractures (Fig 18); 
MRI can also distinguish rotator cuff injuries from articular inju-
ries. 

2. Lesser tuberosity avulsion fracture 
Isolated avulsion fracture of the lesser tuberosity is an uncommon 
injury that may cause significant disability if not diagnosed appro-
priately. The lesser tuberosity is the attachment site of the sub-
scapularis muscle and tendon. Forceful contraction of the sub-
scapularis muscle to resist abduction and external rotation of the 
shoulder, and the resultant strong traction force avulses the lesser 
tuberosity. The most common cause of injury is muscular vio-
lence, but a sudden involuntary contraction of the subscapularis 
muscle during sleep, which may occur during electroconvulsive 
therapy for psychiatric disorders, may also result in this fracture 
[69]. An anteroposterior view in maximal internal rotation pro-
jecting the lesser tuberosity in the profile usually shows a large 
displaced fragment. An axillary view is sometimes needed to de-
tect minimally displaced small fragments and is essential to pre-
vent the injury. On plain radiographs, these fractures may be con-
fused with calcific tendonitis of the rotator cuff or osseous Ban-
kart lesions (Fig. 19) [70,71]. CT can properly show even mini-
mally displaced small fragments. Although MRI is not necessary, 
it allows the evaluation of the entire rotator cuff and better visual-
ization of a minimally displaced fragment [1]. Most acute cases 
are usually treated by open reduction and internal fixation, but 
acute non-displaced fractures are treated nonoperatively with sat-
isfactory results. Operative treatment is recommended in patients 
with a displacement greater than 5 mm or 45° of angulation, 
blockage of motion, significant clinical weakness, or continued 
pain [72]. 

Elbow avulsion injuries 

Various mechanisms, such as high compressive-tensile loads, can 
lead to osseous or chondral avulsion injuries. 

1. Little Leaguer’s elbow 
The medial epicondyle is the most common site of avulsion inju-
ry in the elbow. Before fusion, valgus overload to the medial elbow 
structures primarily affects the physis, rather than the MCL. Little 
Leaguer’s elbow results from a chronic overuse injury of the medi-
al epicondyle in skeletally immature throwing athletes (i.e., pitch-
ers) [73]. The initial radiographic evaluation may be normal in up 
to 85% of the patients. Radiographs may show displacement and 
fragmentation of the medial epicondyle apophysis. Epicondylar 
overgrowth resulting from chronic traction injury and adjacent 
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soft tissue swelling can be observed [74]. MRI can show physeal 
irregularity or widening between the medial epicondyle and distal  
humerus and bone marrow edema (Fig. 20). The common flexor 
tendon may also be thickened [74]. The first line of treatment in-
cludes rest from the activity for 4 to 6 weeks and analgesics. 
Strengthening exercises and physical therapy are also recom-
mended, followed by an interval throwing program [75]. 

2. Olecranon process avulsion fracture 
Avulsion fracture of the olecranon process of the ulna, which is 
the attachment site of the triceps tendon, is a relatively rare injury, 
but may be associated with fracture of the radial head [76]. This 
injury may occur after forceful contraction of the triceps during a 
fall with an outstretched arm. Radiographs can show a bony frag-
ment that is non-displaced or proximally displaced at the posteri-
or aspect of the proximal ulna. CT can more definitively depict 
small osseous fragments at the posterior aspect of the proximal 
ulna. MRI can show a signal change in the triceps tendon and the 
surrounding soft tissue. Avulsion fractures of the olecranon pro-
cess should be differentiated from the os supratrochlear dorsale, 
an accessory ossicle of the elbow. Plate fixation or excision of the 
fragment with triceps advancement is necessary for most patients. 
Nonoperative management is not indicated in this injury. Frac-
tures of the olecranon generally have a favorable prognosis after 
treatment; an estimated 96% of patients have good to excellent 
long-term outcomes, with only rare cases showing adverse events 
[77]. 

Fig. 19. An avulsion fracture of the lesser tuberosity in a 
34-year-man who had fallen from a 7 meter high building. The 
axillary radiograph of the shoulder shows an avulsion fracture of 
the lesser tuberosity (arrow). Provided by Inje University Busan 
Paik Hospital.

Fig. 20. Little League elbow in a 14-year-old baseball pitcher 
with elbow pain for 3 months. (A) The anteroposterior radiograph 
of both elbows shows a mild widening of the medial epicondylar 
physis (arrow). (B) The coronal T2-weighted magnetic resonance 
image with fat saturation shows widening of the medial 
epicondylar physis, which is surrounded by increased T2 signal 
intensity due to edema (arrows). Provided by Pusan National 
University Hospital.

A B

3. Medial epicondyle avulsion fracture 
Acute traumatic avulsion fractures of the medial epicondyle occur 
primarily in boys between the ages of 9 and 14 years; however, it 
has also been described in adolescents. This injury may occur af-
ter a vigorous valgus force of the elbow with simultaneous fore-
arm flexion [78]. Approximately half of medial epicondyle frac-
tures are associated with posterolateral dislocation of the elbow, 
and often the avulsed fragment becomes trapped within the joint 
[1,78]. Medial epicondyle avulsion fractures are of two distinct 
types. Type 1 lesions occur in younger patients and are character-
ized by a large fragment typically involving the entire epicondyle. 
Type 2 lesions occur in adolescents and produce small fragments. 
MRI is better for evaluating non-ossified medial epicondylar avul-
sion fractures [79]. Radiographs and CT imaging show an irregu-
lar lucent area, fragmentation or separation of the medial epicon-
dyle, and an apophyseal fragment that can be entrapped in the 
joint capsule (Fig. 21). In general, less than 1 cm of displacement 
responds well to conservative treatment, whereas displaced frac-
tures or fractures with an incarcerated fragment are treated by 
open reduction and screw fixation. Operative options also allow 
for exploration of ulnar nerve injuries [80,81]. 

Hand avulsion injuries 

There are several avulsion injuries of the hand and wrist. They 
have characteristic imaging features and injury mechanisms. 

1. Volar plate avulsion fracture 
A volar plate avulsion fracture is a common injury that occurs at 
the proximal interphalangeal joint. The volar plate is a fibrocarti-
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Fig. 21. An avulsion fracture of the olecranon in a 64-year-
old-woman who experienced elbow pain after falling. (A) The 
lateral radiograph of the elbow and (B) the sagittal computed 
tomography image show an avulsion fracture of the olecranon 
(arrow). Provided by Pusan National University Hospital.

Fig. 22. An avulsion fracture of the volar plate in a 20-year-old handball player with acute pain in the second finger after a 
hyperextension injury. (A) The lateral radiograph of the second finger shows a small bone fragment (arrow) arising from the volar aspect 
of the base of the middle phalanx. (B) The longitudinal ultrasonography image shows a small bone fragment (arrow) and adjacent fluid 
collection (arrowhead) at the volar aspect of the base of the middle phalanx. The volar plate is deformed and it has low echogenicity (open 
arrow). (C) The sagittal T1-weighted magnetic resonance image shows an avulsion fracture of the volar plate (arrow). Irregularity of the 
donor site from the base of the middle phalanx is also seen (arrowhead). Provided by Inje University Busan Paik Hospital.

laginous structure that is attached to the base of the middle pha-
lanx distal to the joint and prevents hyperextension. Volar plate 
avulsion fractures typically occur when forceful hyperextension is 
applied to the fingertip, especially during ball-handling sports 
[82]. Radiographs show a small fragment of bone avulsed from 
the volar aspect of the base of the middle phalanx. US can show 

small bony fragments and adjacent fluid collection at the volar as-
pect of the base of the middle phalanx. MRI can more definitively 
depict bone and soft tissue edema and adjacent fluid collection 
(Fig. 22). Treatment options are conservative and range from ear-
ly active motion with or without buddy strapping to immobiliza-
tion at various degrees of flexion/extension [83].  

2. Skier’s thumb  
Avulsion injury involving the ulnar collateral ligament of the first 
metacarpal joint is a frequent injury that is called “skier’s thumb” 
or “gamekeeper’s thumb.” This condition is termed “gamekeeper’s 
thumb” because the injury is a common chronic occupational in-
jury occurring in British gamekeepers. However, it is more com-
monly encountered in athletes, especially as an acute injury in ski-
ers; therefore called “skier’s thumb” nowadays [84]. It occurs after 
violent hyperabduction of the metacarpophalangeal joint. It is 
more likely to occur if the thumb is simultaneously gripping 
something. Radiographs may be normal or show a small fragment 
at the base of the proximal phalanx of thumb; MRI can show ab-
normally high signal intensity at the base of the proximal phalanx 
of thumb, which is the distal attachment site of the ulnar collateral 
ligament (Fig. 23). Nonoperative treatment such as metacarpo-
phalangeal joint immobilization is suggested, but surgical treat-
ment is recommended for a Stener lesion, which occurs when the 
aponeurosis of the adductor pollicis muscle is interposed between 
the ruptured ulnar collateral ligament of the thumb and its site of 
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insertion at the base of the proximal phalanx [85]. 

3. Mallet finger 
Mallet finger is a common closed tendon injury that accounts for 
2% of all sporting injuries [86]. It occurs when a forceful blow is 
applied to the tip of the finger, causing a sudden flexion or hyper-
extension injury. It manifests as an extensor tendon rupture at the 
insertion site or as an avulsion fracture involving the insertion of 
the terminal extensor tendon [86,87]. If there is a bony avulsion, 
radiologic findings of the mallet finger would classically be the 
presence of a triangular avulsion fragment at the extensor aspect 
of the distal phalanx at the distal interphalangeal joint (Fig. 24). 
MRI may show disruption of the extensor tendon in patients 
without a bony avulsion fragment. The recommended treatment 
for most mallet finger injuries is the immobilization of the distal 
interphalangeal joint held in extension by splints. Surgical treat-
ment is only considered in cases of open injuries, failed to splint, 
palmar subluxation of the distal phalanx, or a large displaced artic-
ular fracture fragment greater than one-third of the joint surface 
[88]. If it is untreated, a swan neck deformity or secondary osteo-
arthritic changes may develop. 

Conclusion 

Although diverse avulsion injuries occur in all age groups, they 
primarily affect skeletally immature athletes. These injuries can 

Fig. 23. Skier’s thumb in a 19-year-old skier with acute pain 
in the thumb. (A) The anteroposterior radiograph of the thumb 
shows a tiny bone fragment adjacent to the base of the proximal 
phalanx. (B) The coronal contrast-enhanced T1-weighted 
magnetic resonance image shows an avulsion fracture of the 
distal ulnar collateral ligament (arrow) with adjacent marrow 
edema (arrowhead). Provided by Inje University Busan Paik 
Hospital.

Fig. 24. Mallet finger in a 26-year-old basketball player with 
acute pain in the fifth finger. (A) The lateral radiograph of the 
fifth finger and (B) the sagittal computed tomography image 
show a triangular bone fragment (arrow) at the extensor aspect 
of the distal phalanx that is adjacent to the distal interphalangeal 
joint. Provided by Inje University Busan Paik Hospital.

mimic more serious conditions, such as infection or neoplasm, 
because of a variety of imaging findings associated with different 
stages and mechanisms. Conventional radiography is the first im-
aging modality used to diagnose avulsion injury. In certain cases 
showing subtle appearances on radiographs, advanced imaging 
modalities are helpful and can provide additional information to 
appropriately define the extent of the damage. US has a high spa-
tial resolution with a dynamic assessment potential and allows 
comparison with the opposite side. CT is more sensitive for de-
picting a tiny osseous fragment located adjacent to the expected 
attachment site of a ligament, tendon, or capsule. MRI is the best 
imaging modality for identifying edematous changes in bone and 
soft tissue that help radiologists detect the affected muscles, ten-
dons, ligaments, and associated bony lesions. An understanding of 
the vulnerable sites and pathophysiology of avulsion injuries al-
lows accurate diagnosis and appropriate patient management. 
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