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Abstract
BACKGROUND
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Obturator dislocation is a rare type of hip dislocation, accounting for about 2%-5% of all hip dislocations. The occurrence of old unreduced obturator dislocation is even more infrequent, with only 17 cases reported in nine studies, most of which were from the 1950s to 1980s in developing countries.

CASE SUMMARY
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]A 38-year-old woman from Hunan Province, China presented with stiffness of the left hip in abduction, flexion, and external rotation after falling from a 2-meter-tall tree onto her left knee 1.5 mo prior. Pelvic radiograph and computed tomography revealed obturator dislocation of the left hip accompanied by impaction fracture at the superolateral aspect of the left femoral head without associated acetabulum fracture. Open reduction was performed, resulting in restoration of the concentric alignment of the left hip. After surgery, 6-wk skin traction was applied and the patient was kept in bed for an additional 2 wk. At 3 mo after surgery, the patient reported experiencing some pain, which did not affect the function of the affected limb, and some movement restriction but no abduction deformity or claudication was present. An X-ray showed that the left hip was homocentric, and there was no sign of posttraumatic arthritis or avascular necrosis.

CONCLUSION
Open reduction may be an effective treatment strategy for the rare condition of old unreduced obturator dislocation with short neglect time.
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[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Core Tip: Obturator dislocation is a rare type of hip dislocation, accounting for about 2%-5% of all hip dislocations, and there are even fewer cases of old unreduced obturator dislocations. We present a very rare case of old unreduced obturator dislocation treated by open reduction. The patient underwent open reduction via the Smith-Peterson approach rather than total hip arthroplasty because of her low income. At the 3 mo follow-up, the patient reported experiencing some pain, which did not affect function, and some movement restriction but no abduction deformity or claudication was present.

INTRODUCTION
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Only 5%-13% of all hip dislocations are traumatic anterior dislocations, which occur less frequently than posterior hip dislocations[1-5]. According to Epstein’s classification, anterior dislocation is divided into pubic and obturator dislocation based on whether the femoral head is displaced superiorly or inferiorly[6]. Obturator dislocation is a rare type of hip dislocation, accounting for about 2%-5% of all hip dislocations[7]. The occurrence of old unreduced obturator dislocation of the hip is even more infrequent, with only 17 cases reported in nine studies[8-16], most of which were from the 1950s to 1980s in developing countries. There has been just one reported case of old unreduced obturator dislocation of the hip in an adult in the last 25 years.
We report herein a very rare case of old unreduced traumatic obturator hip dislocation accompanied by superolateral femoral head impaction fracture without associated acetabulum fracture.

[bookmark: _Hlk65227160]CASE PRESENTATION
Chief complaints
A 38-year-old woman from Hunan Province, China presented with stiffness of the left hip in abduction, flexion, and external rotation after falling from a 2-meter-tall tree on her left knee 1.5 mo prior.

History of present illness
Pain and swelling of the left knee, and fixed abduction and flexion of the left hip occurred immediately after falling. Rather than going to the hospital, the patient applied a traditional Chinese medicine herbal ointment of unknown composition. The left knee improved within 2 wk but the left hip remained stiff, so she could only walk with the aid of a stick. Due to the lack of improvement in the left hip, an X-ray was performed at a local clinic at 1.5 mo after the fall, which showed dislocation of her left hip. She was subsequently transferred to our hospital.

History of past illness
The patient had a free previous medical history.

[bookmark: _Hlk65227168]Physical examination
The patient experienced compensatory scoliosis to the left, and the pelvis was lower on the left side. The left hip showed elastic fixation in 40° of flexion, 45° of abduction, and 30° of external rotation (Figure 1). The pressure point was examined near the hip joint, and the range of motion of the hip was limited. The Trendelenburg test was positive. The patient could only walk with the aid of a stick and was not able to load any weight on her left leg. The neurovascular status of the left leg was good.

[bookmark: _Hlk65227252]Imaging examinations
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Radiographs at admission revealed dislocation of the left hip and femoral head impaction fracture without any injury of the left knee (Figure 2A and B). Computed tomography showed obturator hip dislocation. The femoral head shifted to the inferior and anterior side of the obturator foramen, with impaction fracture at the superolateral aspect of the left femoral head without associated fracture of the acetabulum (Figure 2C-I). 

Preoperative diagnosis and treatment plan
The treatment options for old unreduced obturator dislocation of the left hip and impaction fracture of the ipsilateral femoral head were discussed with the patient. She decided to undergo open reduction only, and refused further intervention such as bone grafting or total hip arthroplasty because of her low income, even though she was informed that the incidence of posttraumatic arthritis and avascular necrosis would be high with treatment by delayed reduction alone.

[bookmark: _Hlk65227301]Surgical procedures
The surgery was performed 3 d after admission. After general anesthesia, the patient was placed in the supine position on a radiolucent operating table and the left leg was prepared and draped freely. Open reduction for obturator hip dislocation was performed using the Smith-Peterson approach. Intraoperatively, the femoral head was locked with the superior ramus of the pubis and embedded in the pelvis, so a subtrochanteric Schanz screw parallel to the femoral neck was used as a joystick to help unlock and reduce the femoral head. The acetabulum was completely filled with fibrous tissue, which was separated and removed. After reduction, the anterosuperior aspect of the femoral head showed collapse and articular damage (Figure 3). The hip was completely stabilized without re-dislocation in a full passive range of motion. Intraoperative fluoroscopy was used to evaluate the concentric alignment of the left hip. The hip anterior capsule, subcutaneous tissue, and skin were sutured sequentially. The suction drain was removed 24 h after surgery. After surgery, 6-wk skin traction was applied and the patient was kept in bed for an additional 2 wk. Prophylactic cefazolin was used from 30 min before surgery to 24 h postoperatively. Oral rivaroxaban was applied for 6 wk to prevent deep venous thromboembolism. The patient started toe-touch weight-bearing with crutches 2 mo after surgery. Postoperative X-rays showed satisfactory reduction of the hip (Figure 4).

FINAL DIAGNOSIS
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Old unreduced traumatic obturator dislocation accompanied by impaction fracture at the superolateral aspect of the femoral head.

TREATMENT
Open reduction via the Smith-Peterson approach.

[bookmark: _Hlk65227378]OUTCOME AND FOLLOW-UP
The 3-mo follow-up revealed a fair outcome according to Garret’s modification of the Thompson and Epstein classification[17], indicative of some pain that did not affect the function of the affected limb, and some movement restriction but no abduction deformity or claudication. An X-ray showed that the left hip was homocentric, and there was no sign of posttraumatic arthritis or avascular necrosis (Figure 5). The patient refused further follow-up because she could not afford additional treatment, even though she was informed that posttraumatic arthritis and avascular necrosis would occur and seriously affect her daily life. 

[bookmark: _Hlk65227454]DISCUSSION
Although the accurate definition of old unreduced hip dislocation is not recognized, any hip dislocation lasting for more than 72 h is considered “old” or “neglected”[18]. Due to poorly organized health services and inadequate means to diagnose and treat injuries, the majority of reports on old unreduced hip dislocations are from developing countries[19]. Little has been reported about old unreduced hip dislocations, and old unreduced obturator dislocations have been even less studied. To the best of our knowledge, only 17 cases of old unreduced obturator dislocation in nine studies have been reported, including just one case reported in an adult in the last 25 years (Table 1).
The hip is a stable joint, and the weakest point is the posteroinferior capsule. Therefore, anterior hip dislocations are more infrequent than posterior dislocations[20], accounting for up to 13% of all hip dislocations[21]. Anterior dislocation occurs as a result of a force acting on an abducted hip joint, which is then flexed and externally rotated to dislocate the femoral head forward[22,23]. The eventual position of the femoral head is determined by the degree of flexion at the time of injury. According to Epstein’s classification, the anterior dislocation can be divided into pubic (type I) and obturator (type II) dislocation[2]. Obturator dislocation, which represents 2%-5% of all hip dislocations[7], is the most rare type of hip dislocation and is usually caused by falls[22]. As was the case in our report, obturator dislocation occurs when a force is transmitted from the knee to the femoral head while the limb is in a position of extreme flexion, abduction, and lateral rotation.
Epstein and Wiss[6] further subdivided anterior hip dislocation into three subtypes based on the location of the incidental fractures, of which type B is accompanied by fractures of the femoral head and/or neck. Brumback et al[24,25] also proposed an improved classification of fracture dislocations of the hip to emphasize the importance of individualized therapy, but it does not appear to have prognostic potential. Unreduced hip dislocation is classified into four types by modified Garret’s classification according to the duration between injury and diagnosis in the hospital, where the neglect time for type I is 3 d to 3 wk, type II is 3 wk to 3 mo, type III is 3 mo to 12 mo, and type IV is more than 12 mo[19].
Little has been reported about old unreduced traumatic hip dislocations, and old unreduced obturator dislocation has been even less studied. Due to the infrequency of old unreduced traumatic hip dislocations, treatment options and outcome measures are scarce, based on small case series. The options in the literature include closed reduction, heavy traction and abduction, open reduction, osteotomy, and hip fusion to arthroplasty (Table 1).
Closed reduction has been less applied than open reduction due to the difficulty of reduction, which is usually proportional to the delay in securing proper treatment. Pai[19] reported 3 of 29 old unreduced anterior dislocations but did not define if they were obturator. Closed reduction was achieved in modified Garrett’s type I dislocation and heavy traction and abduction failed in modified Garrett’s type III dislocation, which then was treated by open reduction. The outcomes of both patients were satisfactory. Another patient underwent a Girdlestone hip arthroplasty but with an unsatisfactory outcome.
Mikhail[8], Aggarwal and Singh[10], Scadden and Dennyson[11], Younge and Lifeso[12], Pathania et al[14], Albayrak et al[15], and Pankaj et al[16] reported seven old unreduced obturator dislocations treated by open reduction. Four of the seven patients made a good recovery and were pain-free for routine work, two had fair outcomes with slight limp and some pain, and one had a poor outcome and needed hip fusion. There was no significant difference in age or gender. However, the neglect time of patients with good outcomes was up to 6 mo, which was much shorter than those with fair or bad outcomes, similar to many studies showing that neglect time is an important prognostic factor[19,21,26].
Osteotomy of the femoral neck or trochanter for the treatment of old unreduced obturator dislocation was reported in studies by Hamada[9] and Aggarwal and Singh[10]. All patients had fixed hips with various degrees of flexion but without any abduction, accompanied by little pain that could be tolerable in daily life. Nagi et al[13] reported two patients with unreduced obturator dislocations, who received a modified Girdlestone arthroplasty by taking a subcapital osteotomy to keep the possibility of total hip replacement at a later stage. Both patients had shortened legs and a full range of flexion and rotation with limited abduction. Some pain was reported with prolonged walking at the final follow-up. Total hip arthroplasty was only used for one 33-year-old male patient with unreduced obturator dislocated hip, who presented to the hospital with complaints of deformity of the right hip following a road traffic accident 6 mo prior[16]. At the 18-mo follow-up, he could walk unsupported without any symptoms.
Based on these limited studies, treatment for delayed unreduced dislocation has been somewhat empirical and no method has been proven to be superior. We strongly recommend total hip arthroplasty for our patient because of the high incidence of further complications, such as avascular necrosis, especially along with indentation fracture of the femoral head. The incidence of femoral head necrosis is closely related to the duration between injury and reduction, and is up to 50% if reduction is implemented more than 6 h after injury[27]. Femoral head indentation fractures have been presented to occur in 15% to 55% of patients after anterior hip dislocation[2,28]. Patients with femoral head fractures deeper than 4 mm reportedly have a poor prognosis, which is thought to predispose for posttraumatic arthritis in 88%[21]. However, our patient refused any further treatment except reduction due to economic reasons.
There is no consensus on the management of hip dislocation after either open or closed reduction. Post-reduction immobilization using traction or cast and non-weight-bearing were recommended for the prevention of femoral head necrosis[5,26]. For old unreduced dislocation, traction is not only to reduce the risk of avascular necrosis, but also to ameliorate soft tissue contracture around the hip joint. The time of traction and non-weight-bearing following hip reduction is highly variable, ranging from 1 wk to 6 wk in traction and 2 wk to 12 wk in non-weight-bearing[4,5,7,8,11,14,18,20,22,26]. Although a few studies in recent years have shown that traction did not change the risk of avascular necrosis and prognosis[5], 6-wk skin traction and totally 8-wk non-weight-bearing were applied for our patient.
Our patient was living in a rural area of central China that is remote and has a nearly inaccessible mountaintop, so her last follow-up occurred 3 mo after surgery. The patient reported some pain that did not affect the function of the affected limb, and some movement restriction, but no abduction deformity or claudication was present. Nevertheless, late complications including traumatic arthritis and femoral head necrosis cannot be ruled out as the follow-up period has only been 3 mo.

CONCLUSION
We report an extremely rare case of old unreduced traumatic obturator hip dislocation accompanied by impaction fracture at the superolateral aspect of the femoral head without associated fracture of the acetabulum in a 38-year-old woman. Treatment for old unreduced dislocation has been somewhat empirical and no method has been proven to be superior. Open reduction may be an effective option for rare old unreduced obturator dislocation with short neglect time.
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Figure Legends
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[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Figure 1 Physical examination. A: Front view of the patient showing that there was compensatory scoliosis towards the left, and the pelvis was lower on the left side; B and C: Front and lateral view of the left hip showing that the hip was fixed in 40° of flexion, 45° of abduction, and 30° of external rotation.

[image: ]
Figure 2 Preoperative plain radiographs and computed tomography scans. A and B: Plain radiographs at the first examination showing obturator dislocation of the left hip; C-I: Axial, coronal, and three-dimensional reconstructed computed tomography images showing that the femoral head lay anteriorly and inferiorly to the obturator foramen, with impaction fracture at the superolateral aspect of the left femoral head without associated fracture of the acetabulum.
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Figure 3 Intraoperative finding. The anterosuperior aspect of the femoral head (blue arrow) showed collapse and articular damage.
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Figure 4 Postoperative plain radiographs. A: Anteroposterior (black arrow); B: Lateral plain radiographs of the left hip showed concentric alignment of the left hip and impaction fracture (black arrow) of the femoral head.
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Figure 5 Plain radiographs at 3 mo after surgery. A: Anteroposterior; B: Lateral plain radiographs of the left hip showed that the left hip was homocentric, and there was no sign of posttraumatic arthritis or avascular necrosis.
Table 1 Summary of all studies reporting old unreduced obturator dislocation of the hip
	[bookmark: _Hlk46427394]No.
	Ref.
	No. of cases
	Year
	Country
	Sex
	Age
	Delay in securing proper treatment (mo)
	Treatment
	Follow-up in (mo)
	Outcome

	1
	Mikhail[8] 
	1
	1956
	Saudi Arabia
	Male
	24
	12
	Open reduction
	0.5
	Walking with crutches

	2
	Hamada[9]
	3
	1957
	Egypt
	Case 1: Female
	24
	144
	Osteotomy of femoral neck
	No follow-up
	Unknown

	
	
	
	
	
	Case 2: Male
	12
	12
	Osteotomy of femoral neck
	No follow-up
	Unknown

	
	
	
	
	
	Case 3: Female
	9
	5
	Osteotomy of femoral neck
	No follow-up
	Unknown

	3
	Aggarwal and Singh[10]
	6
	1967
	India
	Case 1: Male
	45
	12
	Trochanteric osteotomy
	48
	Fixed hip in flexion of 25°. Back to his original occupation.

	
	
	
	
	
	Case 2: Male
	55
	9
	Trochanteric osteotomy
	39
	Fixed straight hip. Walking with crutches

	
	
	
	
	
	Case 3: Male
	20
	5
	Trochanteric osteotomy
	25
	Fixed hip in flexion of 15°. Walking without support

	
	
	
	
	
	Case 4: Male
	22
	3
	Trochanteric osteotomy
	11
	Fixed hip in flexion of 20°. Working as a farmer again

	
	
	
	
	
	Case 5: Male
	35
	11
	Open reduction
	11
	A painful hip with limited movements

	
	
	
	
	
	Case 6: Male
	28
	3
	Trochanteric osteotomy
	10
	Fixed hip in flexion of 15°. Able to do his routine work

	4
	Scadden and Dennyson[11] 
	1
	1978
	South Africa
	Female
	16
	1
	Open reduction
	12
	Walking with a slight limp but without any pain. No fixed deformities

	5
	Younge and Lifeso[12]
	1
	1988
	Saudi Arabia
	Male
	16
	72
	Open reduction first, and then hip fusion
	31
	Walking no better than before surgery with recurrent flexion contracture

	6
	Nagi et al[13]
	2
	1992
	India
	Case 1: Male
	35
	7.5
	Modified Girdlestone hip arthroplasty
	25
	2.5 cm shortening. Full range of flexion and rotations with limited abduction of 20°. Some pain present on prolonged walking

	
	
	
	
	
	Case 2: Male
	28
	9.5
	Modified Girdlestone hip arthroplasty
	33
	3 cm shortening. Full range of flexion and rotations with limited abduction of 20°. Some pain present on prolonged walking

	7
	Pathania et al[14]
	1
	1995
	India
	Male
	16
	4
	Open reduction
	11
	Almost full pain-free movement of hip

	8
	Albayrak et al[15]
	1
	2006
	Turkey
	Male
	5
	1.5
	Open reduction
	12
	No complaints and no functional restriction

	9
	Pankaj et al[16]
	1
	2011
	India
	Male
	33
	6
	Total hip arthroplasty
	18
	Walking unsupported without symptom


[bookmark: _GoBack]1The last follow-up occurred 3 mo after the first surgery and the patient did not return for follow-up after the second surgery.
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