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Abstract
A wide variety of pelvic osteotomies have been developed for the treatment of developmental dysplasia of the hip (DDH). In the present paper, we present a detailed review of previous studies of triple osteotomy as an alternative treatment for DDH. We also report our experience treating 6 adult cases of DDH by triple osteotomy in order to highlight the various aspects of this procedure.The mean age of our patients was 31.2 years with a mean follow-up period of 6 years. We assessed range of motion, center-edge angle, acetabular index angle, Sharp angle, acetabulum head index, head lateralization index, Japanese Orthopedic Association score, Harris hip score, patient satisfaction, and the difference between lower limb lengths before and after the procedure. At final follow-up, clinical scores were significantly improved and radiographic parameters also showed good correction of acetabulum.
© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Various pelvic osteotomies have been developed for treating developmental dysplasia of the hip (DDH). In the present paper, we review previous studies on triple osteotomy as an alternative treatment for DDH and also report our experience with 6 DDH cases treated by triple osteotomy in order to highlight the various aspects of this procedure. In our cases, clinical scores as well as radiographic parameters were significantly improved. We found that the clinical results of triple osteotomy were satisfactory and it should be considered as an alternative pelvic osteotomy procedure in adults with DDH.
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INTRODUCTION
Developmental dysplasia of the hip (DDH) is well known as a cause of secondary osteoarthritis of the hip. In Japan, approximately 80%‒90% of hip osteoarthritis cases occur secondary to DDH.
An acetabular osteotomyto treat DDH is a clinically important therapeutic modality especially in young adults with low-grade osteoarthritis, pre-osteoarthritis. Restoration of the anatomical and biomechanical relationship in cases of DDH may delay or prevent development of coxarthrosis[1]. To date, a variety of acetabular osteotomies of the adult pelvis have been reported, including the Bernese periacetabular osteotomy[2], rotational acetabular osteotomy (RAO)[3], and triple osteotomy procedure[4]. The aims of these osteotomies have been to achieve acquire good containment of the femoral head and stability of the hip joint.
A triple osteotomy is widely employed for treating DDH in adolescents and young adults, especially in those in whom the triradiate cartilage remains unfused[5-9].
The limited number of existing reviews of triple osteotomy prompted us to write an up-to-date review. In addition, few studies of triple osteotomy in older patients (age > 30 years) have been reported. In the present study, we also report a case series of triple osteotomyin relatively older patients (> 30 years of age).
OUR CASES
We performed 6 triple osteotomies in 4 adult patients with DDH, with bilateral osteotomies performed in 2 patients. The average age of the patients was 31.2 years (19‒49 years) and all were female in the pre-osteoarthritis stage. The mean follow-up was 6 years. The center-edge (CE) angle[10], acetabular index angle[11], Sharp angle[12], acetabular head index (AHI)[13], and head lateralization index (HLI)[3], were evaluated on anteroposterior (AP) X-ray images (Figure 1). Range of motion (ROM), Japanese Orthopedic Association score (JOAS), Harris hip score (HHS), patient satisfaction (well satisfied, satisfied, and dissatisfied), and difference in lower limb lengths before and after the procedure were also assessed. JOAS consists of the items pain (0‒40), ROM (0‒20), walking ability (0‒20), and activities of daily living (ADL; 0‒20), with a total of 100 indicating the best hip function. Student’s t-test was used to determine significant differences between groups, with a P value of < 0.05 considered significant.

OPERATIVE TECHNIQUES
Arthroscopy was performed in all cases to evaluate the condition of cartilage and acetabular labrum, as well as the degree of osteoarthritis before the osteotomy procedure. All cases were in the pre-osteoarthritis stage and there were no acetabular labral tear. The triple osteotomy sites were nearly the same as those reported by Tönnis[14-16]. First, an ischial osteotomy was performed in a side-up position with 90° hip flexion. Next the position was changed to a supine position, and pubic and iliac osteotomies were performed through two independent skin incisions. The iliac osteotomy was performed using a Gigli saw, using a technique similar to that of Salter osteotomy. For the acetabular osteotomy, the acetabulum was initially rotated laterally. Then an iliac wedge graft was obtained and grafted between the acetabulum and the ilium. Three 3.0 mm K-wires were used for fixation of the acetabulum. Hip spicas were not required for postoperative immobilization.
RESEARCH
Pre-operative ROM was full in all patients. At the final follow up examination, mean flexion was 108.3º (100°‒120°), abduction was 33.3° (30°‒40°), external rotation was 58.3° (50°‒60°), and internal rotation was 35° (20°‒50°). Details follow-up findings are presented in Tables 1 and 2. With regard to acetabular coverage, HHS and JOAS were both improved. The average pre-operative CE angle, acetabular index angle, Sharp angle, AHI, and HLI value were 5.67, 21.7, 47.5, 58.4, and 0.63, respectively, with the corresponding postoperative values being 25.5, 6.33, 30.2, 78.4, and 0.65, respectively (Table 3). HLI showed no improvement, suggesting that medialization of the femoral head was not achieved, whereas HHS, JOAS, CE angle, acetabular index angle, Sharp angle, and AHI were all significantly improved (P < 0.05). JOAS was improved from 62.3 to 89.7 and HHS from 72.3 to 98.7. The average operative time was 5 h and 25 min, including arthroscopy and changing of position. All patients chose “well satisfied” for the satisfaction score. The average lower limb elongation was 12 mm. Two complications were encountered in 1 patient (case 6), temporary lateral femoral cutaneous nerve (LFCN) dysfunction and delayed union of the ischium. No patients had infection, non-union, other nerve injuries, vascular injury, or osteonecrosis of the acetabulum.
REPRESENTATIVE CASES
Cases 1 and 2

Patient at age at the time of surgery was 19 years old. The same patients underwent a triple osteotomy for the left hip (case 1), which was followed by a right hip osteotomy the next year (case 2; Figure 2A, B). The follow-up period for the right hip was 6 years. Pre-operative JOAS in the left hip was 63 (pain 20, ROM 20, walking ability 5, ADL 18), whereas that in the right was 73 (30, 20, 5, 18). At the final follow-up examination, post-operative JOAS in the left and right hips was 95 (35, 20, 20, 20) and 95 (35, 20, 20, 20), respectively. Pre-operative HHS was 70 in the left hip and 80 in the right, whereas both the corresponding post-operative values were 100. The operating time for the left and right sides was 5 h 21 min and 6 h 28 min, respectively, whereas bloodloss was 340 mL and 220 mL, respectively, and elongation of the lower limbs 15 mm and 20 mm, respectively. Patient satisfaction scores for both hips corresponded to “well satisfied”

Case 5

Patient at age at the time of surgery was 43 years and the follow-up period was 3 years (Figure 2C, D). Triple osteotomy was performed on the left hip. Pre-operative JOAS was 80 (30, 20, 10, 20), whereas post-operative JOAS was 88 (30, 18, 20, 20). HHS values before and after surgery were 93 and 96, respectively. The operating time was 4 h 22 min, whereas blood loss was 830 mL, and elongation of the lower limbs was 8 mm. The values for the CE angle, ARO, Sharp angle, and AHI improved from 16, 14, 47, and 70.5 to 26, 2, 35, and 80, respectively. 

THE HISTORY OF TRIPLE OSTEOTOMY
The first report of pelvic osteotomy as a treatment for DDH dates back to the classical report by Kӧnig[17]. Long after this original report, Blavier et al[18] reported a circular osteotomy used to rotate the acetabulum over the femoral head. The concept of rotating the acetabulum over the femoral head developed into triple pelvic osteotomy first described by Le Coeur in 1965[19]. Hopf further developed the ideas of pelvic osteotomy and reported double osteotomy and triple osteotomy in 1965 and 1966, respectively[20]. Steel further modified the triple osteotomy procedure for the easier surgical access to the ischium[21].
Since then, a wide variety of studies on pelvic osteotomies for adult DDH have been reported, including the Chiari osteotomy[22-24], RAO[3], Bernese periacetabular osteotomy[2], eccentric rotational acetabular osteotomy[25], curved periacetabular osteotomy[26], and a modification of the Ganz osteotomy[2]. The surgical sites of a triple osteotomy are the ilium, ischium, and pubis. The procedure provides improved coverage of the acetabulum along with biomechanical stability to the hip equivalent to that of an RAO.

MODIFICATION OF TRIPLE OSTEOTOMY
Steel’s triple osteotomy reported in 1973 has probably been the most popular and has undergone substantial modifications (Figure 3). Tönnis invented a major modification of Steel’s triple osteotomy[27], in which the site of the ischial osteotomy, closer to the acetabulum than in Steel’s osteotomy, is just adjacent to the hip joint, allowing an easier rotation of the acetabulum. The contact area is superior to that of the Steel’s osteotomy. Kotz’s polygonal triple osteotomy was described[28-32], in which the osteotomy lines of the innominate and ischial are polygonal, and the axis of rotation of the acetabulum is parallel to the superior pubic ramus. The rotated acetabulum is relatively stable and fixed with an internal fixation plate. Wall reported an endoscopic triple pelvic osteotomy in 2001[33], whereas Lehman described an “almost” percutaneous triple pelvic osteotomy in 2004[34]. With those, a 2-incision surgical approach is employed and the iliac osteotomy is performed using a Gigli saw. They reported that their osteotomy method is safe and has a relatively shallow learning curve compared with other triple pelvic osteotomy procedures. Kumar et al[8] also reported a modified triple osteotomy, which adds a shelf procedure to the triple osteotomy to achieve further stability of the hip joint and coverage of the femoral head.

A variety of devices have been invented to provide stability of the osteotomy site. Eren reported an “incomplete” triple pelvic osteotomy[35], in which a greenstick fracture was created in the remaining portion of the ischial body without a total iliac osteotomy. This highly stable osteotomy allowed early weight bearing. In turn, Lipton reported a different modification of the triple osteotomy, in which a wedge osteotomy was performed at the proximal part of the ilium[36]. The resection of the wedge from the outer cortex created a slot, with the intact inner cortex serving as a stabilizing buttress where the distal posterior aspect of the ilium fits. This osteotomy allows for extensive coverage of the femoral head along with a greater stability.

We summarized the advantages and demerits of triple osteotomy in Table 4. After this paragraph, we in detail discussed these concerns point by point. 
DEGREE OF CORRECTION AND ACETABULAR RETROVERSION
A number of the previous studies on triple osteotomy have reported good improvement of the radiological indices (Figure 1). Janssen et al[37] reported an increase of the CE angle[10] of 24.4° (10.2°→34.6°) [37] and Van Hellemondt et al[38 revealed an increase of 19° in CE angle (9°→28°)[38]. De Kleuver et al[39] reported a reduction of 12° in Sharp angle[12] (22°→10°)[39]. Peters et al[1] revealed an increase of 20º in the CE angle (11°→31°) and a reduction of 11º in Sharp (50°→39°). Dora et al[40] showed an increase of 8.2º in the CE angle (7.8°→36°) and a decrease of 15°in the Sharp angle (46°→31°). Tönnis et al[15, 16] reported an increase of 27.8° in the CE angle (‒10°→17.8°) and decrease of 18º in acetabular index angle[41] (36.7°→18.5°)[15, 16]. In our case series, the degree of acetabular correction for CE angle, acetabular index angle, and Sharp angle was +19.8°, ‒15.4°, and ‒17.3°, respectively. In addition, Hailer et al[42] reported that the median correction of lateralization in their study was approximately 0 mm. On the other hand, Dungl found 6 mm medialization in their young patients (average age 16.5 years)[6]. HLI in our series was 0.02; i.e., no medialization of the femoral head was achieved.

Frick et al[7] performed detailed analysis by 3-dimensional computed tomography and reported that the acetabular fragment moved in the directions of adduction, anterior rotation (extension), and external rotation, thus improving femoral head coverage. They also found that the surgical procedure increased external rotation of the acetabulum and an excessive external rotation was noted in 22% of all cases. Exaggerated external rotation of an osteotomized acetabulum increases the risk of non-union by producing gaps at the pubic and ischial osteotomy sites[28, 43]. Wenger et al[44] reported that a “figure-of-four” maneuver, often used to improve the mobility of osteotomized acetabulum, should not be employed to avoid excess external rotation of the acetabulum.

Tönnis et al[45] reported a case of painful hip due to over-correction. Acetabular retroversion is a cause of hip pain[46, 14] and Kim reported that retroversion of the acetabulum was likely to cause an early onset of coxarthrosis[47]. Femoroacetabular impingement was first described as an anterior impingement after a Bernese periacetabular osteotomy by Myers and Ganz in 1999[48]. Dora et al[40] also reported retroversion of the acetabulum after the Salter and triple osteotomy procedures, and found that a retroverted acetabulum was present in 27% of their cases, with an average angle of ‒15°. A retroverted acetabulum was more frequent and pronounced after a triple osteotomy than after a Salter osteotomy, i.e., 60% vs 24%, respectively. Acetabular retroversion may further predispose the patient to osteoarthritis[46, 14]. Kleuver et al[49] reported that decreased coverage of the posterolateral quadrant of the femoral head would sacrifice walking ability and recommended not to overcorrect the acetabular rotation anteriorly only to improve anterior coverage.

ELONGATION OF LOWER LIMBS
Vukasinovic et al[5] reported that leg length may well influence patients’ satisfaction. Hailer et al[42] reported that the average gain of limb length was +0.5cm (0 to 4 cm). Dungl et al[6] reported anaverage gain of +1.8 cm, and speculated that the limb lengthening was due to a distal shift of the osteotomized acetabulum. In our cases, the average gain of limb length was +1.2 cm. In general, the length of the operated lower limb is increased following a triple osteotomy.

RANGE OF MOTION
Dungl et al[6] reported loss of hip flexion and internal rotation after a triple osteotomy. Hip flexion after the operation isrestricted because of the anterolateral tilt of the acetabulum, and the internal rotation becomes restricted in a similar manner. Fraciszewski et al[50] studied 56 hips in their series, with an average age of 28 years and follow-up period of 7 years. They reported that patients had a slight decrease in hip internal rotation and abduction. A slight loss of ROM seems to be common in adults after a pelvic osteotomy because of lateral and external correction of the acetabulum. On the other hand, several authors have reported improvement in ROM. In a series of adult patients with mean age of 27.8 years, Kooijiman et al[51] found that a moderately restricted preoperative ROM improved to full ROM with 47/51 (92%) hips becoming pain free at 2 years after the operation. In adolescents with an average age of 13.9 years, Kumar et al[8] reported that post-operative ROM in term of flexion and abduction recovered to the pre-operative ROM level with an average follow-up period of 6 years.

REHABILITATION AFTER TRIPLE OSTEOTOMY
Steel described the detailed postoperative treatment of a series of patients aged 7‒17 years[4]. A cast was maintained for a period of 8‒10 wk, after which the K-wires were removed. Passive and active motion was started, and then weight bearing began with crutches at 12‒14 wk. Tönnis[15, 16] reported that patients were immobilized in a long-leg spica cast for 6 wk and weight bearing was not allowed until sufficient consolidation of the osteotomy sites in the first series. The average age in their study was 19.8 years and 12‒16 wk were needed before weight bearing began in adults. Weight bearing tended to be later, especially among those with osteoporosis or osteoarthritis.

Peters et al[1] noted that patients (average age 26 years) were limited to toe touching for 8 wk, at which time partial weight bearing was allowed if AP radiographs showed adequate osseous healing. Hip ROM and muscle exercises were also begun at 8 wk and full weight bearing was achieved after 36 mo. Hailer et al. reported that K-wires were routinely removed approximately 1 year after the operation, in patients whose average age was 23 years[42]. Early mobilization on crutches without weight bearing was conducted for 6 wk and prophylaxis for deep venous thrombosis was performed until full weight bearing was achieved.

Janssen et al[37] reported that weight bearing was not allowed for 12 wk in their patients (average 38.6 years). During the early postoperative rehabilitation, ROM exercises over the following limits was prohibited: (1) joint movement only up to 30° for abduction and adduction; (2) no external rotation; and (3) maximum flexion of 60°. When radiographic evidence of consolidation appeared 6 wk after surgery, flexion up to 90° and abduction were permitted. Thrombosis prophylaxis with low-molecular weight heparin was administered for the entire period of limited weight bearing. Vukasinovic et al[5] reported a young series (mean age 15.9 years), in which none of the patients were immobilized and post-operative skin traction was used in all for a mean period of 44.4 d. Rehabilitation began 8.8 d after surgery and weight bearing after 128.7 d. Eren et al[35] described post-operative rehabilitation results after incomplete triple pelvic osteotomy procedures in patients with an average age of 21.4 years. They reported that partial weight bearing (10 kg) with crutches and active motion of the hip were started on post-operative day 3, and full weight bearing with crutches was allowed approximately 6‒8 wk after surgery.

FUNCTIONAL AND CLINICAL RATING
In Steel’s original publication in 1973, the failure rate was 23% for 52 hips in 45 patients who were followed up from 2‒10 years of age[4]. Furthermore, in 1977, Steel reported the results of 175 hips in patients aged 6‒35 years (70% aged 9‒12years) after a follow-up period of 3‒13 years, which had an 86% success rate[21]. Kleuver et al[32] and Van Hellemondt et al[34] reported the long-term results (mean follow-up of 15 years) of the triple osteotomy procedure in patients (mean age of 28 years) with pre-operative osteoarthritis stage grade 0 or 1. They performed triple osteotomy procedureson 51 patients (5 males, 38 females), 88% of did not undergo total hip arthroplasty (THA) and 83% reported no pain. Furthermore, there was no progression of osteoarthritis in 65% of the patients, and 64% had either “excellent” or “good” clinical scores. They concluded thata significant negative factor for good long-term results was the presence of advanced osteoarthritis designated by a fair or poor pre-operative clinical score.

Peters et al[1] found a significant relationship between osteotomy failure and pre-operative osteoarthritis. In their study (mean age: 26 years; mean follow-up duration: 9 years), 27% of the hips were classified as failures, out of which 20% needed to be converted to THA and 7% required THA. They concluded that a triple osteotomy is an alternative modality to THA, although the duration of the operation and postoperative treatment are much longer than that of THA. Dungl et al[6] (mean age at operation 16.5 years, mean duration of follow-up 12.5 years) reported that the results of the osteotomy procedure were excellent in the majority of cases (76% of the cases). In 8 patients (5%) with unsatisfactory results after the operation, THA was performed, whereas another 8 patients (5%) were candidates for THA. Vukasinovic et al[5] reported the occurrence of early osteoarthritis in 4 operated hips (5.3%), of which only 1 (1.3%) required an additional THA procedure 4.2 years later. Von Breman-Kuhne et al[52] reported a conversion rate to THA of 2.6%, whereas Van Hollmondt had a conversion rate to THA of 11.7% after a mean follow-up period of 15 years[38]. In general, long-term results of a triple osteotomy without osteoarthritis or with low-grade osteoarthritis are good[53].

Janssen et al[31] reported that a preoperative body mass index >25 kg/m2 and HHS < 70 resulted in a poor outcome or early conversion to a THA. They presented results of a triple osteotomy for only second-grade osteoarthritis (advanced stage) related to DDH (mean age at operation 38.6 years), with a long-term follow-up duration of 11.5 years. They concluded DDH even at an advanced stage can be treated with a triple osteotomy procedure.

PATIENT SATISFACTION
Peters et al[1] found that 98% of their patients would recommend the same procedure to other patients with similar symptoms. In contrast, Hailer et al[42] reported that 65% were satisfied with the procedure, whereas 35% were not, and 2 patients underwent THA after 11 years. The incidence of complications such as non-union at the osteotomy site influenced patient satisfaction. Their analysis showed that the “not satisfied” group was significantly older (P = 0.005) with significantly poorer clinical scores (P < 0.0005). The incidence of non-union (P = 0.0017) and that of other complications (P < 0.0005) was also significantly higher in the same group. They concluded that the occurrence of complications had a grave impact on patient satisfaction.

SURGICAL COMPLICATIONS
Non-union

Steel reported no incidence of non-union in their original article[21], whereas Tönnis reported that 1 patient developed pseudoarthrosis in the pubic ramus (3%, 1/32)[41] and Vukasinovic et al[5] noted that 9.2% (7/76) experienced non-union. In the latter study, there was 1 (1.3%) case with triple non-unions of the ilium, pubis, and ischium, and 6 (7.9%) with double non-unions of pubis and ischium. However, all non-unions were asymptomatic and did not require an additional procedure. They also reported that non-union occurred more frequently when a saw was used (4/12) compared with when a chisel was used (2/64) (P = 0.003), suggesting that non-union may occur because of soft tissue interposition secondary to extensive bone resections. There was no statistically significant difference either between cases with 2 and 3 K-wire fixation, or among the levels of the osteotomy. On the other hand, non-unions tended to occur significantly more often in older patients; the average age in the non-union group was 20.2 ± 27.12 years, whereas that in the union group was 15.5 ± 4.67 years old (P = 0.029)[5].

Kirschner et al[54] presented 7 cases of pubis and ischium non-union in a series of 48 patients (14.6%). In turn, Dungl et al[6] reported non-union in 19 of 329 patients (5.4%), of whom 2 patients were triple non-union cases and 2 patients double non-union cases. All triple non-union cases required osteosynthesis and bone grafting, whereas the double non-union cases also needed surgical intervention. Isolated non-union was seen in 15 patients (ischium 8, pubis 7). The most frequent site was the ischium, but isolated non-union was not considered to be indicative for re-operation. Van Hellemondt et al[38] reported isolated non-union of the ischium in 3 patients out of 48 (6.25%) as well as an isolated non-union of the pubis in 1 patient out of 48 (2%). Their mean age at operation was 28 years. Their pre-operative grades for osteoarthritis were 0 and 1, and the non-union cases occurred in those with major acetabular correction. Peters et al[1] reported double non-union of the ilium in 2 patients out of 60 (3.3%), with a mean age at operation was 26 years and mean duration of follow-up was 9 years.

In 2003, Tschauner et al[55] reported cases of “painful non-union”after a triple osteotomy, and the mean age at operation of the patients was 25.7 years where as the mean duration of follow-up was 7.1 years. Their triple osteotomy utilized the Tönnis method with AO screw fixation. Partial weight bearing was permitted after 8 wk and full weight bearing after 16 wk. Isolated pseudoarthrosis of the pubis was seen in 8 patients (2%), though all were asymptomatic and no further surgical treatment was required. Five patients (1.2%) developed double pseudoarthrosis with non-union of the pubis and ischium, all of whom were symptomatic and required another operation including bone grafting, fixation, and excision at a mean duration of 19.4 mo after osteotomy. On the basis of their investigation of 409 triple osteotomies, they provided the following recommendation: (1) adequate bony contact should be ensured at all 3 osteotomy sites; (2) 2 or 3 screws should be used for the iliac osteotomy; (3) a long mediolateral screw should be used to stabilize the pubic osteotomy until union; (4) patients should not sit on the ipsilateral ischial tuberosity for 6 wk; and (5) patients should be informed that smoking is a risk factor for non-union. In general, the non-union rate seems to be approximately 7%.
Acetabular osteonecrosis

Tönnis reported no acetabular osteonecrosis in the first series[21], and Van Hellemondt later confirmed the absence of osteonecrosis[38]. Few articles have provided details of acetabular osteonecrosis and, to the best of our knowledge, there are no reports of that complication in association with a triple osteotomy.
Infection

Steel reported 1 case of infection (2.2%) in their initial article[14], whereas Tönnis and Dungl reported none[15, 6]. Furthermore, Van Hellemondt reported superficial infections in 2 (4.2%) and deep infections in 1 (2.1%) out of 48 cases[11]. The prevalence of infection reported by Vukasinovic et al[5], Peters et al[1], and Hailer et al[42] was 1.3% (1/76), 3.3% (2/61), and 3.3% (2/61), respectively. In general, the rate of infection seems to be approximately 2.7%.
Nerve injury

Tönnis reported that 1 patient in their series developed transient peroneal nerve palsy[15], whereas Vukasinovic et al[5] reported 2 peroneal nerve palsy cases (2/76 patients, 2.6%). Dungl et al[6] reported no serious neurovascular complications in their 329 patients. However, in 9% of those cases, loss of sensation in the region supplied by LFCN became permanent. Peters et al. also reported temporary irritation of LFCN in 6 of 32 cases (19%)[1], and Van Hollemondt et al[38] noted LFCN dysfunction in 9 (19%) and transient palsy of the sciatic nerve in 1 (2%) of 48 cases. In addition, Hailer et al[42] reported temporary sciatic nerve palsy in 2 of 61 patients (3.3%). In general, the nerve injury rate seems to be approximately 9.5%. Some authors found that a dorsal approach to the ischium has a higher level of safety as compared with an anterior approach[15, 56, 57].
Vascular injury

Few studies have investigated vascular injury in detail. Dungl et al[6] reported no neurovascular complications in their 329 patients, whereas Hailer et al[42] reported excessive bleeding from a branch of the internal iliac artery leading to discontinuation of a triple osteotomy in 1 case.
Other complications

In their initial article, Steel reported that paralytic ileus occurred in 2 of 45 patients (4.4%) as an immediate postoperative complication, whereas skin necrosis appeared in 2 patients (4.4%)[21]. Janssen et al. reported 1case of external snapping hip syndrome in their 32 patients (3%)[37]. Hailer et al. noted 1patient with a large hematoma (1.6%), 2 with heterotopic ossification (3.3%), 1 with complete insufficiency of the gluteal muscles (1.6%), and 1 with osteonecrosis of the femoral head (1.6%), though no other details were reported[39].

It is also important to discuss the procedure in relation to childbirth. Winklemann in 1984 observed narrowing of the birth canal after a triple osteotomy performed according to the method of Steel and Tönnis in the middle part of the pelvic cavity. That study recommended a caesarian section in all cases after a triple osteotomy[58]. In those cases, 95 (32%) became pregnant and 40% of those gave birth naturally, with 60% undergoing a Caesarian section. Lorder and his associates reported that Salter, Sutherland, and Steel osteotomies all narrowed both the inlet and outlet of the pelvis[59]. Female patients should be informed of these alterations and the possibility of a caesarian section for future pregnancies.

ADVANTAGES AND DEMERITS OF TRIPLE OSTEOTOMY
We summarized the advantages and demerits of triple osteotomy in Table 4. A biomechanical analysis performed by Hsin et al[60] revealed significantly smaller stress on the hip after a triple osteotomy and at the time of the latest follow-up examination than that estimated after surgery. The decrease in stress was a direct result of a significant increase in the area of the weight-bearing surface of the hip. On the other hand, Hung et al[9] reported that patients who underwent an RAO were characterized by a better acetabular index angle than patients who underwent a triple osteotomy. However, the functional outcome based on HHS was better after a triple osteotomy than after an RAO, and patients who had a triple osteotomy tended to express better subjective scores.

Aminian et al[61] reported the freedom of the acetabular fragment on flexion (anterior femoral head coverage), abduction (lateral femoral coverage), and external rotation (acetabular retroversion) in several osteotomies using fresh-frozen male cadavers. Freedom of the acetabular fragment was evaluated with a Ganz osteotomy, Tönnis triple osteotomy, and Carlioz triple osteotomy[62] in the same article. The results revealed that maximum motion was achieved with the Ganz osteotomy, while “coupled motion” (external rotation during abduction) was most prominent with the Carlioz technique, and no coupled motion was seen with a Tönnis osteotomy. They considered the Tönnis osteotomy to be the safest and optimal for moving the acetabular fragment to improve abduction and flexion, such as the 20‒20 rule. 

CONCLUSION

In the present study, we present a detailed review of the relevant literature. We found that the clinical results of a triple osteotomy were satisfactory and it should be considered as an alternative candidate procedure for a pelvic osteotomy in older adults with DDH.
REFERENCES
1 Peters CL, Fukushima BW, Park TK, Coleman SS, Dunn HK. Triple innominate osteotomy in young adults for the treatment of acetabular dysplasia: a 9-year follow-up study. Orthopedics 2001; 24: 565-569 [PMID: 11430736]

2 Ganz R, Klaue K, Vinh TS, Mast JW. A new periacetabular osteotomy for the treatment of hip dysplasias: technique and preliminary results. 1988. Clin Orthop Relat Res 2004; 3-8 [PMID: 15052994 DOI: 10.1097/00003086-200401000-00002]

3 Ninomiya S, Tagawa H. Rotational acetabular osteotomy for the dysplastic hip. J Bone Joint Surg Am 1984; 66: 430-436 [PMID: 6699061]

4 Steel HH. Triple osteotomy of the innominate bone. J Bone Joint Surg Am 1973; 55: 343-350 [PMID: 4572223]

5 Vukasinovic Z, Pelillo F, Spasovski D, Seslija I, Zivkovic Z, Matanovic D. Triple pelvic osteotomy for the treatment of residual hip dysplasia. Analysis of complications. Hip Int 2009; 19: 315-322 [PMID: 20041377]

6 Dungl P, Rejholec M, Chomiak J, Grill F. The role of triple pelvic osteotomy in therapy of residual hip dysplasia and sequel of AVN: long-term experience. Hip Int 2007; 17 Suppl 5: S51-S64 [PMID: 19197885]
7 Frick SL, Kim SS, Wenger DR. Pre- and postoperative three-dimensional computed tomography analysis of triple innominate osteotomy for hip dysplasia. J Pediatr Orthop 2000; 20: 116-123 [PMID: 10641700 DOI: 10.1097/01241398-200001000-00023]

8 Kumar SJ, MacEwen GD, Jaykumar AS. Triple osteotomy of the innominate bone for the treatment of congenital hip dysplasia. J Pediatr Orthop 1986; 6: 393-398 [PMID: 3734060 DOI: 10.1097/01241398-198607000-00001]

9 Huang SC, Hwang YF, Liu HC, Chen PQ, Liu TK. Triple innominate osteotomy and rotational acetabular osteotomy in the treatment of congenital hip dysplasia. J Formos Med Assoc 1997; 96: 91-97 [PMID: 9071833]

10 Wiberg G. Studies on dysplastic acetabulum and congenital subluxation of the hip joint with special reference to the complication of osteoarthritis. Acta Chir Scand 1939; 83 (Suppl 58): 33.

11 Tönnis D. Congenital dysplasia and dislocation of the hip in chirdlen and adults. Berlin, Germany: Springer-Verlag; 1987: 120p. doi: 10.1007/978-3-642-71038-4

12 Sharp IK. Acetabular dysplasia. The acetabular angle. J Bone Joint Surg Br 1961; 43: 268-272.

13 Heyman CH, Herndon CH. Legg-Perthes disease; a method for the measurement of the roentgenographic result. J Bone Joint Surg Am 1950; 32: 767-778 [PMID: 14784485]

14 Tönnis D, Behrens K, Tscharani F. [A new technique of triple osteotomy for turning dysplastic acetabula in adolescents and adults (author's transl)]. Z Orthop Ihre Grenzgeb 1981; 119: 253-265 [PMID: 7269743 DOI: 10.1055/s-2008-1051453]

15 Tönnis D, Heinecke A. Acetabular and femoral anteversion: relationship with osteoarthritis of the hip. J Bone Joint Surg Am 1999; 81: 1747-1770 [PMID: 10608388]

16 Tönnis D, Behrens K, Tscharani F. A modified technique of the triple pelvic osteotomy: early results. J Pediatr Orthop 1981; 1: 241-249 [PMID: 7334101 DOI: 10.1097/01241398-198111000-00001]

17 Konig F. Building a cover for the femoral head in congenital dislocation of the hip. Z Chir 1891; 17: 146-147.

18 Blavier l, Blavier J. [Treatment of subluxation of the hip]. Rev Chir Orthop Reparatrice Appar Mot 1962; 48: 208-213 [PMID: 13869932]

19 Le Coeur P. Orientation of the hip jpint by osteotomy of the ischium and ilium. Rev Chir Orthop 1965; 51: 211-212.

20 Hopf A. [Hip acetabular displacement by double pelvic osteotomy in the treatment of hip joint dysplasia and subluxation in young people and adults]. Z Orthop Ihre Grenzgeb 1966; 101: 559-586 [PMID: 4230758]

21 Steel HH. Triple osteotomy of the innominate bone. A procedure to accomplish coverage of the dislocated or subluxated femoral head in the older patient. Clin Orthop Relat Res 1977: 116-127 [PMID: 837597]

22 Chiari K. [Pelvic osteotomy in hip arthroplasty]. Wien Med Wochenschr 1953; 103: 707-709 [PMID: 13103071]

23 CHIARI K. [Results of pelvic osteotomy as of the shelf method acetabular roof plastic]. Z Orthop Ihre Grenzgeb 1955; 87: 14-26 [PMID: 13312490]

24 Chiari K. Medial displacement osteotomy of the pelvis. Clin Orthop Relat Res 1974: 55-71 [PMID: 4817245 DOI: 10.1097/00003086-197401000-00008]

25 Hasegawa Y, Iwata H, Mizuno M, Genda E, Sato S, Miura T. The natural course of osteoarthritis of the hip due to subluxation or acetabular dysplasia. Arch Orthop Trauma Surg 1992; 111: 187-191 [PMID: 1622705 DOI: 10.1007/BF00571474]

26 Naito M, Shiramizu K, Akiyoshi Y, Ezoe M, Nakamura Y. Curved periacetabular osteotomy for treatment of dysplastic hip. Clin Orthop Relat Res 2005: 129-135 [PMID: 15805948 DOI: 10.1097/01.blo.0000153281.75265.1d]

27 Tönnis D. Eine neue form der huftpfannenschwenkung durch dreifachosteotomie zur ermoglichung spaterer huftprothesenversorgung. Orthop Paraxis 1979; 15: 1003-1005 (in German).

28 Kotz R, DaVid TH, Uyka D. Polygonale pfannenschwenkosteotomie eine moglichkeit im behandlungsplan der huftdysplasie. Orthop Paraxis 1989; 25: 147-152 (in German).

29 Kotz R, Da Vid T, Helwig U, Uyka D, Wanivenhaus A, Windhager R. Polygonal triple osteotomy of the pelvis. A correction for dysplastic hip joints. Int Orthop 1992; 16: 311-316 [PMID: 1473882 DOI: 10.1007/BF00189612]

30 Sen C, Gunes T, Erdem M, Ozger H, Tozun IR. Polygonal triple (Kotz) osteotomy (over 10 years experience). Int Orthop 2007; 31: 279-285 [PMID: 16915400 DOI: 10.1007/s00264-006-0203-y]

31 Sen C, Sener N, Tozun IR, Boynuk B. Polygonal triple (Kotz) osteotomy in the treatment of acetabular dysplasia: 17 patients (19 hips) with 4-9 years of follow-up. Acta Orthop Scand 2003; 74: 127-132 [PMID: 12807317 DOI: 10.1080/00016470310013833]

32 Szepesi K, Dávid T, Rigó J, Szücs G. A new surgical approach in 8 cases of polygonal triple pelvic osteotomy. Acta Orthop Scand 1993; 64: 519-521 [PMID: 8237315 DOI: 10.3109/17453679308993682]

33 Wall EJ, Kolata R, Roy DR, Mehlman CT, Crawford AH. Endoscopic pelvic osteotomy for the treatment of hip dysplasia. J Am Acad Orthop Surg 2001; 9: 150-156 [PMID: 11421572]

34 Lehman WB, Mohaideen A, Madan S, Atar D, Feldman DS, Scher D. Surgical technique for an 'almost' percutaneous triple pelvic osteotomy for femoral head coverage in children 6-14 years of age. J Pediatr Orthop B 2004; 13: 57-62 [PMID: 15091261 DOI: 10.1097/01202412-200401000-00011]

35 Eren A, Omeroglu H, Güven M, Ugutmen E, Altintas F. Incomplete triple pelvic osteotomy for the surgical treatment of dysplasia of the hip in adolescents and adults. J Bone Joint Surg Br 2005; 87: 790-795 [PMID: 15911660 DOI: 10.1302/0301-620X.87B6.15318]

36 Lipton GE, Bowen JR. A new modified technique of triple osteotomy of the innominate bone for acetabular dysplasia. Clin Orthop Relat Res 2005; 78-85 [PMID: 15864035 DOI: 10.1097/01.blo.0000163484.93211.94]

37 Janssen D, Kalchschmidt K, Katthagen BD. Triple pelvic osteotomy as treatment for osteoarthritis secondary to developmental dysplasia of the hip. Int Orthop 2009; 33: 1555-1559 [PMID: 19214509 DOI: 10.1007/s00264-008-0718-5]

38 van Hellemondt GG, Sonneveld H, Schreuder MH, Kooijman MA, de Kleuver M. Triple osteotomy of the pelvis for acetabular dysplasia: results at a mean follow-up of 15 years. J Bone Joint Surg Br 2005; 87: 911-915 [PMID: 15972901 DOI: 10.1302/0301-620X.87B7.15307]

39 de Kleuver M, Kooijman MA, Pavlov PW, Veth RP. Triple osteotomy of the pelvis for acetabular dysplasia: results at 8 to 15 years. J Bone Joint Surg Br 1997; 79: 225-229 [PMID: 9119847 DOI: 10.1302/0301-620X.79B2.7167]

40 Dora C, Mascard E, Mladenov K, Seringe R. Retroversion of the acetabular dome after Salter and triple pelvic osteotomy for congenital dislocation of the hip. J Pediatr Orthop B 2002; 11: 34-40 [PMID: 11866079]

41 MASSIE WK, HOWORTH MB. Congenital dislocation of the hip. Part I. Method of grading results. J Bone Joint Surg Am 1950; 32-A: 519-531 [PMID: 15428474]

42 Hailer NP, Soykaner L, Ackermann H, Rittmeister M. Triple osteotomy of the pelvis for acetabular dysplasia: age at operation and the incidence of nonunions and other complications influence outcome. J Bone Joint Surg Br 2005; 87: 1622-1626 [PMID: 16326873 DOI: 10.1302/0301-620X.87B12.15482]

43 Cooperman DR, Wallensten R, Stulberg SD. Acetabular dysplasia in the adult. Clin Orthop Relat Res 1983; 79-85 [PMID: 6839611 ]

44 Wenger DR, Bomar JD. Human hip dysplasia: evolution of current treatment concepts. J Orthop Sci 2003; 8: 264-271 [PMID: 12665970 DOI: 10.1007/s007760300046]

45 Tönnis D, Kalchschmidt K, Heinecke A. [Acetabular rotations y triple pelvic osteotomy by the Tönnis method]. Orthopade 1998; 27: 733-742 [PMID: 9871921 DOI: 10.1007/PL00003459]

46 Reynolds D, Lucas J, Klaue K. Retroversion of the acetabulum. A cause of hip pain. J Bone Joint Surg Br 1999; 81: 281-288 [PMID: 10204935 DOI: 10.1302/0301-620X.81B2.8291]

47 Kim WY, Hutchinson CE, Andrew JG, Allen PD. The relationship between acetabular retroversion and osteoarthritis of the hip. J Bone Joint Surg Br 2006; 88: 727-729 [PMID: 16720763 DOI: 10.1302/0301-620X.88B6.17430]

48 Myers SR, Eijer H, Ganz R. Anterior femoroacetabular impingement after periacetabular osteotomy. Clin Orthop Relat Res 1999: 93-99 [PMID: 10379309 DOI: 10.1097/00003086-199906000-00012]

49 de Kleuver M, Kapitein PJ, Kooijman MA, van Limbeek J, Pavlov PW, Veth RP. Acetabular coverage of the femoral head after triple pelvic osteotomy: no relation to outcome in 51 hips followed for 8-15 years. Acta Orthop Scand 1999; 70: 583-588 [PMID: 10665723 DOI: 10.3109/17453679908997846]

50 Faciszewski T, Coleman SS, Biddulph G. Triple innominate osteotomy for acetabular dysplasia. J Pediatr Orthop 1993; 13: 426-430 [PMID: 8370774 DOI: 10.1097/01241398-199307000-00002]

51 Kooijman MA, Pavlov PW. Triple osteotomy of the pelvis. A review of 51 cases. Clin Orthop Relat Res 1990; 133-137 [PMID: 2347148]

52 von Bremen-Kühne R, de la Vega-Salgado H, Steffen R. [Triple pelvic osteotomy (according to Tönnis and Kalchschmidt) in the treatment of acetabular dysplasia--medium-term results]. Z Orthop Ihre Grenzgeb 2006; 144: 484-491 [PMID: 16991064 DOI: 10.1055/s-2006-942167]

53 Kuepper A, Kalchschmidt K, Katthagen BD. 10-Jahres Ergebnisse der dreifachen Beckenosteotomie nach tennis. Orthopaedische Paraxis 2003; 39: 412-419.

54 Kirschner S, Raab P, Wild A, Krauspe R. [Clinical and radiological short- and mid-term results of triple pelvic osteotomy according to Tönnis in adolescents and adults]. Z Orthop Ihre Grenzgeb 2002; 140: 523-526 [PMID: 12226777 DOI: 10.1055/s-2002-34012]

55 Tschauner C, Sylkin A, Hofmann S, Graf R. Painful nonunion after triple pelvic osteotomy. Report of five cases. J Bone Joint Surg Br 2003; 85: 953-955 [PMID: 14516025 DOI: 10.1302/0301-620X.85B7.14173]

56 de Kleuver M, Kooijman MA, Kauer JM, Kooijman HM, Alferink C. Pelvic osteotomies: anatomic pitfalls at the ischium. A cadaver study. Arch Orthop Trauma Surg 1998; 117: 376-378 [PMID: 9709855 DOI: 10.1007/s004020050270]

57 Valdiserri L, Stilli S, Gasbarrini A, Fabbri N. Complications in acetabuloplasty in the treatment of CHD during the growth age. Chir Organi Mov 1997; 82: 155-163 [PMID: 9428176]

58 Winkelmann W. The narrowing of the bony pelvic cavity (birth canal) by the different osteotomies of the pelvis. Arch Orthop Trauma Surg 1984; 102: 159-162 [PMID: 6703872 DOI: 10.1007/BF00575225]

59 Loder RT, Karol LA, Johnson S. Influence of pelvic osteotomy on birth canal size. Arch Orthop Trauma Surg 1993; 112: 210-214 [PMID: 8217455 DOI: 10.1007/BF00451876]

60 Hsin J, Saluja R, Eilert RE, Wiedel JD. Evaluation of the biomechanics of the hip following a triple osteotomy of the innominate bone. J Bone Joint Surg Am 1996; 78: 855-862 [PMID: 8666603]

61 Aminian A, Mahar A, Yassir W, Newton P, Wenger D. Freedom of acetabular fragment rotation following three surgical techniques for correction of congenital deformities of the hip. J Pediatr Orthop 2005; 25: 10-13 [PMID: 15614051]

62 Carlioz H, Khouri N, Hulin P. [Triple juxtacotyloid osteotomy]. Rev Chir Orthop Reparatrice Appar Mot 1982; 68: 497-501 [PMID: 6220445]

P-Reviewers: Buttaro MA, Kumar P, Solomon LB         S-Editor: Wen LL             L-Editor:                  E-Editor:

Figure 1 The center-edge angle, acetabular index angle, Sharp angle, acetabular head index, and head lateralization index were evaluated in anteroposterior X-ray images. CE: Center-edge; AHI: Acetabular head index; HLI: Head lateralization index.
Figure 2 Anteroposterior X-ray images of Case 1, 2 and 5. A: Pre-operative anteroposterior (AP) X-ray images of Case 1 and 2 showing pre-osteoarthritis in a patient with bilateral developmental dysplasia of the hip; B: Post-operative AP X-ray image at the final follow-up examination. Three 3.0 mm K-wires were used for fixation of the acetabulum. One of the K-wire was remained at the right hip; C: Pre-operative AP X-ray image showing pre-osteoarthritis in a patient with bilateral developmental dysplasia of the hip; D: Post-operative AP X-ray image at the final follow-up examination. 

Figure 3 Several major modifications of triple osteotomy have been presented, and osteotomy line of the Bernese osteotomy and rotational acetabular osteotomy was also presented. In Steel’s triple osteotomy, the pubic ramus and ischium in front of the tuberosity are osteotomized. The site of the ischial and pubic osteotomy in the method of Tönnis is closer to the acetabulum compared with Steel’s osteotomy. In a Hopf triple osteotomy, the ischial tuberosity is osteotomized closer to the center of the hip joint than in Steel’s procedure. In a Le Coeur osteotomy, the pubis and ischial ramus are osteotomized closer to the pubic symphysis as compared with Steel’s procedure.

Table 1 Pre-operative angle values and scores of all cases 
	
	Age, yr
	CE

angle
	Acetabular index 
	Sharp

angle
	AHI
	HLI
	JOAS
	HHS

	Case 1
	19
	-9
	31
	48
	44.2
	0.63
	63
	70

	Case 2
	20
	13
	20
	46
	65.8
	0.54
	73
	80

	Case 3
	27
	5
	20
	45
	57.8
	0.71
	52
	59

	Case 4
	29
	9
	19
	45
	60.0
	0.69
	52
	59

	Case 5
	43
	16
	14
	47
	70.5
	0.65
	80
	93

	Case 6
	43
	0
	26
	54
	52.2
	0.56
	54
	73


CE angle: Center-edge angle; AHI: Acetabular head index; HLI: Head lateralization index; JOAS: Japanese Orthopedic Association score; HHS: Harris hip score.
Table 2 Post-operative angle values and scores of all cases

	
	CE
angle
	acetabular index
	Sharp
angle
	AHI
	HLI
	JOAS
	HHS

	Case 1
	25
	9
	26
	80.0
	0.52
	95
	100

	Case 2
	53
	-12
	12
	97.7
	0.63
	95
	100

	Case 3
	10
	15
	36
	66.7
	0.70
	91
	100

	Case 4
	21
	15
	37
	73.9
	0.70
	91
	100

	Case 5
	26
	2
	35
	80.0
	0.70
	88
	96

	Case 6
	18
	9
	35
	72.3
	0.65
	78
	96


CE angle: Center-edge angle; AHI: Acetabular head index; HLI: Head lateralization index; JOAS: Japanese Orthopedic Association score; HHS: Harris hip score.

Table 3 The mean values of pre-operative and post-operative angles and scores 
	
	Pre-op
mean ± SD
	Post-op
mean ± SD
	P value

	CE angle
	5.67 ± 8.26
	25.5 ± 13.4
	0.01841

	acetabular index
	21.7 ± 5.44
	6.33 ± 9.0
	0.00981

	Sharp angle
	47.5 ± 3.09
	30.2 ± 9.0
	<0.00011

	AHI
	58.4 ± 8.60
	78.4 ± 9.8
	0.00631

	HLI
	0.63 ± 0.06
	0.65 ± 0.1
	0.6286

	JOAS
	62.3 ± 10.9
	89.7 ± 6.5
	0.00061

	HHS
	72.3 ± 11.9
	98.7 ± 1.9
	0.00061


CE angle: Center-edge angle; AHI: Acetabular head index; HLI: Head lateralization index; JOAS: Japanese Orthopedic Association score; HHS: Harris hip score. 1P < 0.05 based on a Student’s t-test.
Table 4 The advantages and demerits of triple osteotomy
	Advantages
	Demerits

	EAsier than Bernese osteotomy or RAO
	Risk of non-union of pubis and ischium

	Applicable regardless of whether the triradiate cartilage remains fused or not
	Require the long period before weight bearing

	Low risk
Osteonecrosis of acetabulum

Major vessel injury
	Difficulty and limitation of sufficient acetabular correction and femoral head medicalization 

	No shortening of lower limb
	Possibly narrowing the pelvic cavity for childbirth


RAO: Rotational acetabular osteotomy.
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