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Abstract
BACKGROUND
Hip avulsion fractures occur mostly during adolescence when actions such as kicking or running cause forceful contraction of attached muscle. Osteochondroma is benign tumor that mostly occurs at the metaphysis of a long bone, being usually asymptomatic.

CASE SUMMARY
A 15-year-old patient experienced feeling and sound of a break while kicking a ball in soccer game three years prior to his visit to our hospital. A simple X-ray revealed an avulsion fracture of the apophysis of the anterior inferior iliac spine (AIIS). Later in the follow-up X-ray, a palpable mass was found and demonstrated by magnetic resonance imaging to be a pedunculated osteochondroma in the superolateral aspect of the AIIS. For surgical treatment, we performed osteotomy for surgical excision and excisional biopsy. A mass with smooth surface and an unclear superolateral AIIS border was found intraoperatively. Pathologic exam showed definite diagnosis of osteochondroma. Postoperatively, discomfort during hip flexion was improved, and the hip joint range of motion during walking was recovered at the last follow-up, which was three weeks after the surgery.

CONCLUSION
This is a rare case to demonstrate relevant previous trauma history prior to the formation of osteochondroma. 
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[bookmark: OLE_LINK7]Core tip: The patient of this report showed change in the X-rays suggesting bone remodeling due to callus formation of anterior inferior iliac spine apophysis and osteochondroma being caused by anterior inferior iliac spine avulsion fracture. The patient complained of pain, and underwent osteotomy. This case can show the correlation between previous trauma and osteochondroma formation.

INTRODUCTION
In adolescence, apophysis avulsion fractures mostly occur in the pelvis and proximal femur. The apophysis, a bony structure to which ligaments or tendons attach, has ossification center related to growth plate and its avulsion fractures are uncommon but can be induced by abrupt muscular contractions[1]. Osteochondroma is benign tumor that mostly occurs at the metaphysis of a long bone, being usually asymptomatic. However, occasionally, it is symptomatic due to complications according to size and location. The precise mechanism is unknown, except for some cases reported of osteochondroma after trauma. We hereby report a case of osteochondroma found after inferior iliac spine (AIIS) apophysis avulsion fracture in a 15-year-old male with a literature review.

CASE PRESENTATION
Chief complaints
A 15-year-old male visited our hospital in August 2019, and a 3 cm × 3 cm mass-like lesion at right AIIS was identified. The area was tender, without limitation in the joint range of motion.

History of present illness
He experienced feeling and sound of a break while kicking a soccer ball in February 2016. He visited a local hospital because the active hip flexion became difficult. A simple X-ray revealed an AIIS apophysis avulsion fracture (Figure 1). He underwent conservative treatment in the hospital and physical therapy for six months. The follow-up X-ray after three months demonstrated callus formation of AIIS apophysis (Figure 2). Later, he felt a blocking sensation in the right hip joint while walking, and a palpable mass was found anterior to the joint.

History of past illness
The patient had no significant previous medical history.

Personal and family history
The patient himself and no others in the family suffered from this symptom before.

Physical examination
Tenderness and swelling were evident along the right hip joint. He showed limping gait and reported extensive pain from the right hip joint to thigh. He felt discomfort with full hip flexion in supine position (Figure 3). 

Laboratory examinations
Laboratory tests showed no significant result.

Imaging examinations
Magnetic resonance imaging (MRI) of the superolateral portion of AIIS revealed an ossifying erosive mass with unclear border with the ilium. Lower signal was noted on T1 stress view compared to the adjacent bone versus higher signal around the periphery of the mass on T2 stress view and gadolinium contrast-enhanced T1 view. Due to continuity between the superolateral portion of AIIS and cortical and medullary bone of the mass, which was surrounded by cartilaginous cap, we suspected it to be a pedunculated osteochondroma (Figure 4).

FINAL DIAGNOSIS
The surgical biopsy sample underwent hematoxylin and eosin staining to check malignancy, and revealed three layers consisting of a perichondrium cartilage cap and bone tissue; giving the patient definite diagnosis of osteochondroma (Figure 9).

TREATMENT
We planned to perform osteotomy for surgical excision and excisional biopsy. Intraoperatively, a mass with smooth surface and an unclear superolateral AIIS border was found (Figure 5). The mass was located anterior to the insertion site of the rectus femoris tendon, not involving it. We used a curved osteotome to expose the fresh bone following the border of ilium. Intraoperative fluoroscopic device showed the bony border being not the same as that of the unaffected side (Figure 6). We could confirm the removal with additional osteotomy by only the surface being peeled without the osteotome internally proceeding (Figure 7). Postoperatively, we found out that border of the bone was different from that of the unaffected side (Figure 8).

OUTCOME AND FOLLOW-UP
Postoperatively, the discomfort during hip flexion was improved, and the hip joint range of motion during walking was recovered at the last follow-up, three weeks after the surgery. He provided informed consent of his data being publicated.

DISCUSSION
Hip avulsion fractures occur mostly during adolescence when actions such as kicking or running cause forceful contraction of attached muscle. The fracture morphology varies. Ischial tuberosity fractures usually occur during gymnastics, while those of anterior superior iliac spine and AIIS occur during soccer[2]. The symptoms tend to be mild, with localized tenderness and swelling in the fracture site. Primary ossification of the hip joint occurs from the age of 11 to 17 years. Fractures of this period can affect the secondary ossification center; therefore, the unaffected site must be the reference. In AIIS avulsion fractures, fracture displacement is rare, as other connected tendons bind it if proximal rectus femoris is intact. Most hip avulsion fractures can be satisfactorily treated conservatively. Partial weight bearing using crutches are allowed after two weeks, while stretching the muscles needs more care.
Osteochondroma is benign tumor that mostly occurs at the metaphysis of a long bone, being usually asymptomatic. However, occasionally, it is symptomatic due to complications according to size and location. Skeletal complications include deformity, defective function, fracture, and malignant change. Non-skeletal complications can occur because of vessel and nerve compression. Physical examination and simple X-ray are usually used for diagnosis, and computed tomography and MRI are helpful for confirming its exact size and location. MRI discerns surrounding soft tissue and the exact border between osteochondroma and normal bone using signal intensity difference. However, a definite diagnosis requires pathologic biopsy, which shows characteristic features of a well-divided cartilage cap over the bone’s surface. Asymptomatic single osteochondroma does not require treatment, while X-rays are needed to monitor changes. Surgical excision must be considered when pain, limited range of motion, restricted blood supply, nerve symptoms, or malignant changes exist. 
The origin of osteochondroma is unclear. In 1891, Virchow reported osteochondroma occurring in cartilage separated from growth plate. In 1920, Keith reported it occurring when a defect in the periosteal bone collar is, causing abnormal proliferation[3]. Geshickter and Copeland mentioned that a cluster of embryonic connective tissue can transform into osteochondroma with repetitive external force at the tendon insertion site[4]. Van Winkle and Mazur reported a case of osteochondroma at surgical drainage site of osteomyelitis in a ten-month-old infant, mentioning that surgical drainage may have damaged the growth plate and induced the osteochondroma, according to Keith’s theory. Some authors have reported that a trauma history prior to osteochondroma formation is relevant[5,6]. Mintzer et al[7] reported a case of osteochondroma after a displaced Salter-Harris type II fracture in the distal femur[7]. Miah et al[8] reported a case of osteochondroma occurring ten years after trauma[8].
The patient of this report underwent osteotomy until fresh bone was exposed. The border was different from that of the unaffected side. Compared to previous X-rays, this suggested bone remodeling due to callus formation of AIIS apophysis and that osteochondroma was caused by AIIS avulsion fracture.

CONCLUSION
This case can show the correlation between previous trauma and osteochondroma formation. Therefore, the authors found out the importance of history taking when we meet an osteochondroma patient. Previous traumatic history needs to be ruled out. Further case reports regarding this type of history and development of osteochondroma are needed for accumulation of data.
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Figure Legends
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Figure 1 X-ray taken after the initial trauma showing a right avulsion fracture of the apophysis of the anterior inferior iliac spine.
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Figure 2 X-ray taken 3 mo after initial trauma showing callus formation in the anterior inferior iliac spine. 
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Figure 3 X-ray showing a round pedunculated bony protrusion on the superolateral aspect of the right anterior inferior iliac spine.
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Figure 4 Imaging examinations. A: T1-weighted magnetic resonance images showed low signal intensity in the mass; B and C: T2 mDIXON water magnetic resonance images, gadolinium-enhanced T1 mDIXON water images showing high signal intensity around the mass. 
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Figure 5 Intraoperatively, an osteochondroma with a smooth margin and cartilaginous cap was found.
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Figure 6 Intraoperative fluoroscopic device showed the bony border being not the same as that of the unaffected side. A: C-arm image before cutting; B: C-arm image after cutting. 
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Figure 7 Confirm the removal with additional osteotomy by only the surface being peeled without the osteotome internally proceeding. A: After excision, the fresh bone was exposed; B: A 4 cm × 4 cm specimen was excised.
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Figure 8 Postoperative X-ray that shows the border of the bone being different from that of the unaffected side.
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Figure 9 Histological section of an osteochondroma showing the three layers. Red arrow: Perichondrium; Green arrow: Cartilage cap; Yellow arrow: Underlying bone. Hematoxylin and eosin stain, × 100.
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