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Abstract
BACKGROUND
Developmental dysplasia of the hip (DDH) is a common osteoarticular deformity in pediatric orthopedics. A patient with bilateral DDH was diagnosed and treated using our improved technique "(powerful overturning acetabuloplasty)" combined with femoral rotational shortening osteotomy.

CASE SUMMARY
A 4-year-old girl who was diagnosed with bilateral DDH could not stand normally, and sought surgical treatment to solve the problem of double hip extension and standing. As this child had high dislocation of the hip joint and the acetabular index was high, we changed the traditional acetabuloplasty to "powerful turnover acetabuloplasty" combined with femoral rotation shortening osteotomy. During the short-term postoperative follow-up (1, 3, 6, 9, 12, and 15 months), the child had no discomfort in her lower limbs. After the braces and internal fixation plates were removed, formal rehabilitation training was actively carried out.

CONCLUSION
Our "powerful overturning acetabuloplasty" combined with femoral rotational shortening osteotomy is feasible in the treatment of DDH in children. This technology may be widely used in the clinic.
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Core Tip: Developmental dysplasia of the hip is a common disease in children, which may be related to genetic, environmental, and mechanical factors. Because of the particularities of this case, a special surgical method was adopted. On the basis of traditional surgery, we made slight improvements to obtain a better curative effect.

INTRODUCTION
Developmental dysplasia of the hip (DDH) is a congenital acetabular dysplasia, which is related to genetic, environmental, and mechanical factors[1]. The acetabular morphology of patients diagnosed with DDH is mainly characterized by a shallow and flat acetabular fossa, head-side deviation of the rotation center of the hip joint, massive proliferation of osteophytes, and dysplasia of the anterior and posterior walls of the acetabulum[2]. Satisfactory results can be obtained by conservative treatment in the early stage of the disease[3]. However, due to the delay in diagnosis and treatment, some children miss the best treatment opportunity and often require surgery[4].
On the basis of traditional acetabular capping, we improved this method using "powerful overturning acetabuloplasty", and combined this technique with a femoral rotation shortening osteotomy to treat a 4-year-old child. The function of both lower limbs recovered well after surgery, and no complications were observed during follow-up.

CASE PRESENTATION
Chief complaints
A four-year-old girl attended hospital because her bilateral hip joints could not be straightened for 4 years.

History of present illness
The patient's family reported that the child had been moving similar to a frog, and could not stand or walk. After being diagnosed with DDH, no treatment was given prior to the current surgery.

History of past illness
The patient had no other diseases except DDH.

Personal and family history
The mother of the child had DDH. Other family members were healthy.

Physical examination
The child moved by squatting (Figure 1A). When the child laid flat, her lower limbs could not be straightened, and her knees were bent by approximately 20. Both lower limbs were of equal length. Bone eminence was seen on both hips, abduction of both lower limbs was limited, and Aills sign was not obvious. There was no obvious tenderness or tapping pain in her hips.

Laboratory examinations
Routine blood tests, biochemical examinations, and routine urine and stool tests were all within the normal ranges.

Imaging examinations
Bilateral acetabular development was shallow, and bilateral femoral heads were dislocated outward and upward (acetabular index: left side: 50.81°; right side: 46.03°) (Figure 1B). The epiphysis of the bilateral femur and femoral head were well developed. Crowe classification was type IV (bilateral). On the right side, the femoral head displacement distance/pelvic height ratio was 21.9% (> 20%) and the femoral head displacement distance/femoral head height ratio was 143% (> 100%). On the left side, the femoral head displacement distance/pelvic height ratio was 22.1% (> 20%) and the femoral head displacement distance/femoral head height ratio was 166% (> 100%) (Figure 1C).

FINAL DIAGNOSIS
The child was diagnosed with bilateral DDH.

TREATMENT
A Smith-Peterson incision was performed, the sartorius muscle, tensor fascia lata muscle, and rectus femoris were completely released, and the straight head, inverted head, gluteus medius muscle, and gluteus minimus of the rectus femoris, as well as the iliopsoas muscle which pressed on the front side of the primary acetabulum entrance, were cut. An incision in the hip joint capsule and thorough removal of the filling tissue in the acetabulum were performed. The proximal femur was exposed, the anteversion angle was measured with two Kirschner wires, and an osteotomy under the femur trochanter was carried out. Moderate internal rotation of the distal osteotomy segment horizontal with the patella on this side was performed, and the osteotomy ends were well butted. The broken end of the osteotomy was fixed using a four-hole steel plate, and then the Kirschner wire pulled out. Traction, abduction, and internal rotation of the affected hip were conducted, the hip joint was reset, and the anteversion angle was adjusted to approximately 10 degrees. At about 1 cm from the upper edge of the true acetabulum, a downward arc osteotomy was performed with an arc osteotome in the direction of the acetabulum top. During the osteotomy, it should be noted that the osteotome should not penetrate through the ilium inner plate and acetabular cartilage. The length of the bone flap determined the length of the osteotomy according to the size of the acetabulum, and the bone flap was turned down at an appropriate angle. According to the preoperative acetabular index, it is generally turned down 30°-40°. A triangular bone block was implanted in the osteotomy gap, and was then firmly hammered in place. The iliac bone, allograft bone support, and bone flap were fixed to the upper edge of the acetabulum using the wedging force of the implanted bone block. After the operation, the patient was fitted with a double hip abduction brace. Six weeks after the operation, the patient was instructed to exercise the hip joint in bed, and was able to get out of bed approximately 3 months after the operation, and the internal fixation plate was removed 8 months after the operation.
Our improved "powerful overturning acetabuloplasty" strengthened the coverage of the acetabulum on the femoral head. For overturning roof-building, the drilling position should not be too low, and it should be 1-1.5 cm away from the true acetabular margin and linear in side view, and should be gradually deepened along the true acetabular roof to strengthen the contact area of allogenic bone pieces. Instead of adding a piece of flat bone or a piece of broken bone into the gap, a piece of triangular bone of an appropriate length and about 30 degrees can be placed vertically, and tightly inserted. This technique is called "powerful overturning acetabuloplasty" (Figure 2).

OUTCOME AND FOLLOW-UP
After removing the brace and osteotomy healing, the patient could walk normally with the help of a walker (Figure 3A). One year later, the internal fixation steel plate was removed. During the follow-up period, no abnormalities were observed, such as asymmetric length of the lower limbs, pain, and limping (Figure 3B-F).

DISCUSSION
The tissues around the hip joint of DDH patients are abnormal during development, including the acetabulum, femur, soft tissue, blood vessels, and nerves[5]. Due to the lack of effective stimulation of the femoral head, the acetabular fossa is small and shallow, and the anterior and posterior walls of the acetabulum are underdeveloped. In the case of severe dislocation, the false acetabulum is located above the real acetabulum, which results in difficulties in identification of the acetabulum. The upward movement of the rotation center of the hip joint, dysplasia of the anterior and posterior walls of the acetabulum, proliferation of osteophytes, and the appearance of a false acetabulum make it more difficult for the surgeon to restore the position of the femoral head and acetabulum[6].
The early stage of the disease can be treated with braces, such as the Tubingen splint and Pavlik sling, with satisfactory treatment outcomes[7]. In the later stage, it is necessary to reconstruct the hip joint by surgery. The purpose of DDH open reduction is to restore the concentric structure of the acetabulum and femoral head. If severe malposition requires osteotomy, such as Salter osteotomy[8], Pemberton osteotomy[9], Chiari osteotomy[10], acetabuloplasty[11], etc., combined femoral osteotomy is often needed. The purpose of combined surgery is to reduce the pressure between the femoral head and acetabulum, restore the anteversion angle of the femoral neck and neck shaft angle, balance the tension of soft tissue, and correct the force line of the lower limbs[12].
The 4-year-old child in this report had DDH from birth, but her condition worsened as she was not seen by a doctor. When she attended our hospital, we evaluated the imaging and clinical characteristics, and finally chose treatment by the "powerful turnover acetabuloplasty". As this patient had high dislocation of the hip joint and a high acetabular index, we adopted acetabular topping combined with femoral rotational shortening osteotomy. If the acetabular index is to be reduced, it is necessary to use a bone chisel above the outer edge of the acetabulum, and then turn down the original acetabulum, which is the traditional acetabular ceiling surgery, described by Gill[13], Dickson[14], Wiberg[15], and so on.
In the traditional acetabular ceiling operation, the original acetabulum is turned down after the corresponding bone is chiseled, and a flat half-layer iliac bone plate is added to the upper space (such as in the Gill operation and Dickson operation) or the broken bone pieces are filled (such as in the Wiberg operation). If the roof is built according to this method, not only is the acetabular turnover angle insufficient, but also the supporting force of flat bone fragments or broken bones is weak, which cannot achieve or maintain the goal of fully reducing the pulp and socket index, and is prone to growth obstacles and other risks[16].
"Powerful overturning acetabuloplasty" still has the advantages of traditional capping, and has good tolerance and coverage for the femoral head after reduction. Its flip angle is more random and can be adapted for a wider range of ages. Compared with other pelvic osteotomies, it is less invasive and results in less bleeding. After surgery, there is no need to use Kirschner wires or screws for internal fixation, and other metal implants are unnecessary, thus avoiding increased economic burden on patients' families due to needle withdrawal. After the improved operation, the stress is transferred to the iliac bone through the vertical bone block instead of stress on the top alone.
However, during the process of acetabulum turnover and shaping, it is easy to damage the blood supply around the femoral head, which can increase the risk of avascular necrosis and dislocation of the femoral head[17,18]. During this operation, peripheral muscles and nerves can also be damaged[19]. Postoperative brace fixation is required, and contracture around the hip joint can occur. If this is not corrected in time, movement of the hip joint may be limited[20]. Although iliac osteotomy is avoided by using an allogenic triangular bone block, problems such as roof breaking and allogenic bone block absorption easily occur due to the improper quality and placement of the bone block, which requires the surgeon to have excellent skills and patients to undergo long-term follow-up.

CONCLUSION
It is feasible to treat pediatric DDH by simultaneous open reduction and "powerful overturning acetabuloplasty" combined with femoral rotational shortening osteotomy without complications. As the child in this report experienced only short-term follow-up, more cases and long-term follow-up are required to provide sufficient evidence on this improved technique.
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Figure Legends
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Figure 1 Imaging findings. A: Before treatment, the patient’s gait was similar to that of a frog and she could not stand normally; B and C: Images before treatment.
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Figure 2 Mechanism of the improved technique. A: Diagram of preoperative hip dislocation; B: Diagram of powerful overturning acetabuloplasty.
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Figure 3 Imaging changes after surgical treatment. A: After removing the brace, the walking aid allowed the patient to walk normally; B: 1 month after surgery; C: 3 months after surgery; D: 6 months after surgery; E: 9 months after surgery; F: 15 months after surgery.
image1.png




image2.png




image3.png




