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a b s t r a c t   

 

Background: Options for total hip arthroplasty (THA) in high dislocated hips include subtrochanteric 

osteotomy (STO), high hip center positioning, and 2-stage surgery with progressive lowering using an 

external fixator before THA. We described the long-term results of 1-stage THA performed without STO, 

using a cementless customized stem associated if necessary with sequential tenotomies and/or greater 

trochanteric osteotomy. 

Methods: Ninety-eight consecutive THA without STO were performed using this technique. Of those 98 

hips, 26 hips with high dislocation (12 class III and 14 class IV according to the Crowe classification) were 

evaluated at an average follow-up of 16 (10-22) years. 

Results: At the time of last follow-up, the mean Harris Hip Score was 86 points (37-100). The mean leg- 

length discrepancy was 7 ± 5 mm (0-17). Two transient (7.7%) nerve palsies (1 sciatic and 1 femoral) were 

notified. A revision was required for 6 hips (23.1%). Kaplan-Meier survivorship analysis at 15 years 

regarding aseptic loosening of the femoral component was 87.5% (95% confidence interval, 76.5-99.1). 

During the same period, acetabular implant survivorship free from revision for aseptic loosening was  

96.1% (95% confidence interval, 92.7-99.9). 

Conclusion: The combination of intramedullary fit and extramedullary adaptation for offset and ante- 

version provided by the custom stem can avoid additional procedures associated to THA in high 

developmental dysplasia of the hip. The clinical function and long-term survival reported in this series is 

encouraging for THA performed in case of high hip dislocation. 

 

 
 

Total hip arthroplasty (THA) for neglected developmental 

dysplasia of the hip (DDH) is a technically demanding procedure for 

arthroplasty surgeons [1e3]. The placement of the acetabular 

component in the true acetabulum is considered to be the ideal 

choice for biomechanical and biological reasons [4e12]. It can, thus, 

be challenging to reduce the hip joint and achieve leg-length 
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restoration while avoiding neurologic traction injury [13,14]. 

Therefore, to overcome contractures and to reduce the hip without 

stretching the sciatic nerve, femoral shortening has been intro- 

duced by Paavilainen et al [15] and Eskelinen et al [16] as an adjunct 

to THA. Several authors have reported long-term results of THA for 

high DDH performed using shortening osteotomy [16e21]. To avoid 

the complications related to osteotomy, recent reports documented 

2-stage progressive femoral lowering followed by a cementless 

THA (Yoon et al [22], Binazzi [23]). However, only few papers have 

documented the long-term results of isolated cementless THA in 

such etiology (Crowe III and IV) [24,25] and none using isolated 

custom stems. In the review by Tsiampas et al [26], the long-term 

series mentioned in the article with custom-made femoral im- 

plants was not only focused on high DDH but also combined 

femoral shortening osteotomy was used intermittently. The 
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purpose of the present retrospective study is to report the clinical 

and radiographic minimum 10-year outcome of THA for Crowe III 

and IV DDH using a customized stem without shortening osteot- 

omy, associated with sequential tenotomies and/or greater 

trochanter osteotomy if needed. 

 

Methods 

 
Patients 

 
Ninety-eight one-stage THAs for late DDH (82 patients) were 

performed at a single institution. The Crowe classification has been 

used to assess the magnitude of subluxation of the femoral head 

[14]. This classification includes 4 types: I (<50% subluxation), II 

(50e75% subluxation), III (75e100% subluxation), and IV (100% 

subluxation). Of those 98 hips, 26 hips (23 patients) were classified 

according to the Crowe classification as type III (n  12)  and IV  

(n 14) and were followed up from 1990 to 2013. There were 18 

females and 5 males. The mean age at the time of the procedure 

was 45 ± 12.3 (17-63) years. The average height was 160 ± 6.2 (150- 

170) cm, and the average weight was 69 ± 12.8 (46-118) kg. There 

were 13 left hips and 13 right hips. Thirteen hips (50%) had a 

previous surgery on the considered hip, including 6 shelf arthro- 

plasties, 5 intertrochanteric osteotomies, 1 open reduction, and 1 

Chiari pelvic osteotomy. The mean follow-up was 16 (10-22) years. 

 
Preoperative Planning 

 
The preoperative planning included anteroposterior (AP) pelvic 

view, AP and lateral view of the considered hip, full frontal view of 

the lower limbs, positioning the patient supine, and a computed 

tomography (CT) scan. A 3-dimensional reconstruction of the in- 

ternal and external geometry of the femur was created based on 

digital imaging and communications in medicine format images 

obtained from a CT scan that included the acetabular roof proxi- 

mally to the posterior femoral bicondylar axis distally [27,28]. In 

presence of structural changes in the lumbosacral spine, mala- 

lignment of the ipsilateral knee and/or equinus foot, a lateral view 

of the lower limbs was obtained. The mean preoperative leg-length 

discrepancy (LLD) was 36 ± 26 (3-80) mm. According to the Crowe 

classification, the mean preoperative LLD was 27 ± 20 (3 to 60) mm 

and 45 ± 29 (5-80) mm, respectively, in type III and IV (P .003). 

Taking into account the spine, knee, and/or foot abnormalities, the 

desired lengthening was 32 ± 26 (3-80) mm, with 24 ± 18 (3 to 58) 

mm and 45 ± 29 (5 to 80) mm for Crowe type III and IV, respectively 

(P ¼ .004). The mean preoperative anteversion of the proximal fe- 

mur was 210 
± 130 (80-460). 

 
Surgical Technique 

 
All the procedures were performed under general anesthesia by 

a senior surgeon using the anterolateral Watson-Jones approach 

in supine position without a traction table. Greater trochanteric 

osteotomy (GTO) was performed in 6 hips (23%) with lateral repo- 

sitioning when excessive femoral anteversion was present to relo- 

cate the abductor muscles action line and avoid a posterior position. 

Sequential tenotomies were performed if needed for lowering of the 

femur including adductor or iliopsoas tenotomy (22 hips, 85%). Once 

the psoas insertion was released, the femoral head-neck resection 

could be performed at the level of the lesser trochanter to ensure a 

complete capsule detachment. No abductor or fascia lata muscles 

release, intertrochanteric shortening or rotational femoral osteot- 

omy was performed, and no external fixator was used. No sciatic 

nerve tension assessment or release was performed. In all cases, an 

hemispheric press-fit uncemented titanium alloy, hydroxyapatite 

(HA)-coated acetabular component (Hilock Rev, Symbios, Yverdon, 

Switzerland) was implanted in the true acetabulum with a hook 

placed in the obturator foramen and 2 screws in the acetabular roof. 

Autogenous femoral head grafts were used to provide additional 

superolateral acetabular coverage in 7 hips (27%), 3 in Crowe III (3 of 

12, 25%), and 4 in Crowe IV (4 of 14, 29%). A conventional ultra-high- 

weight polyethylene 200 elevated liner was used in association with 

a ceramic head. The average diameter of the cup was 46 (36-56) mm. 

A 3-dimensional cementless custom HA-coated titanium femoral 

component (Symbios, Yverdon, Switzerland) has been used for all 

patients fitting the intramedullary proximal femoral anatomy and 

accommodating the 3-dimensional offset of the femoral neck to 

obtain the correct hip center [3,27,29]. GTO,  when  performed,  was 

stabilized with 3 cerclages with the lower limb in abduction. After 

skin closure and wound management, a pillow was used to 

position the lower limb in abduction and flexion, when an intra- 

operative contracture was present after THA reduction. Neurologic 

and vascular complications were immediately assessed in the 

recovery room. 

 
Postoperative Management 

 
All patients were mobilized on the first day after THA, sitting on 

bed. On the second day, they were asked to stand up, helped by a 

physiotherapist, and on the third day, they were allowed to walk 

with partial weight bearing protected by 2 crutches. The 2 crutches 

were used for 6 weeks in case of greater trochanter osteotomy, 

without active abduction workout, and for 3 weeks, when no 

greater trochanter osteotomy was performed, and a single crutch 

on the opposite side was required for 3 additional weeks. No brace 

was used. Exercises focused on passive and then active recupera- 

tion of ROM. Routine thromboprophylaxis was used with low- 

molecular-weight heparin preoperatively and  postoperatively  for 

3 weeks. 

 
Clinical and Radiographic Evaluations 

 
Clinical evaluation was performed using the Harris Hip Score 

(HHS) [30] preoperatively and postoperatively. A 5-scale satisfac- 

tion score was used (patients rated their hip status as excellent, 

good, fair, poor, and disappointing). The presence of intraoperative 

or postoperative complications including infection, nerve palsy, 

dislocations, or loosening was recorded. Standard AP and lateral 

radiographs performed at the most recent follow-up examination 

were compared with the first postoperative radiographs. The 

assessment criteria were the osteointegration of the femoral 

component according to Engh and Bobyn [31], radiolucent lines and 

periprosthetic osteolysis in the femur according to the 7 zones from 

the study by Gruen et al [32], the presence of radiolucent lines at the 

acetabular-bone interface according to DeLee and Charnley [33], the 

stability of the acetabular component as described by Zicat et al [34] 

in each of the 3 zones from the study by DeLee and Charnley [33], 

the acetabular graft osteointegration according to Conn et al [35], 

the grade of heterotopic ossification according to Brooker et al [36], 

and the fusion at the site of greater trochanter repositioning. 

 
Statistical Methods 

 
Data are presented as mean values with ranges. The Student's t 

test was used for comparisons of continuous variables. P value < .05 

was significant. Kaplan-Meier survivorship analysis [37] was per- 

formed with 2 end points: (1) revision for any reason and (2) 

revision for aseptic loosening, mechanical failure, or wear. Statis- 

tical analysis was performed using SPSS software (IBM, Armonk, 

New York). 



  
 

Results 

 
The mean HHS of the 23 patients (26 hips) increased signifi- 

cantly from preoperative (49 ± 22 points) to the most recent follow-

up examination (86 ± 13 points; P < .0001). At the last follow-up, 

the mean HHS pain subscore was 41 ± 5 points, with 20 hips (77%) 

showing no pain. Seventeen patients (74%) walked without any 

aid. Ten hips (38.5%) did not show any limping, 10 (38.5%) had a 

slight, 5 (19.2%) a moderate, and 1 (3.8%) a severe limping. Using 

the subjective satisfaction self-evaluation, 15 patients (65%) rated 

their results as excellent and 8 (35%) as good. No correlation was 

found between patients using a walking aid, limping, and their 

satisfaction evaluation. 

The mean LLD was 7 ± 5 (0-17) mm. There were 2 (7.7%) transient 

nerve palsies (1 sciatic and 1 femoral). The sciatic nerve palsy was 

recorded in a 38-year-old female with a bilateral Crowe IV DDH that 

had a previous shelf arthroplasty only on the right side. She under- 

went 2 sequential THAs with planed lengthening of 48 mm on the 

right side and 53 mm on the left side. The nerve palsy was recorded 

on the right side and resolved completely at 18 months. The HHS was 

87 at the final follow-up, and the satisfactory evaluation was rated as 

good. The second was a femoral palsy which resolved in 11 months. It 

was a 51-year-old female with a right Crowe IV DDH and a length- 

ening to be realized of 29 mm. She did not have previous surgery on 

the considered hip. The HHS was 88 at the final follow-up, and the 

satisfactory evaluation was rated as good. 

Two patients (8.7%) had recurrent hip dislocations. The first one 

was a 63-year-old woman with a left Crowe III DDH. She was 

treated by repositioning of the elevated liner and did not have any 

other subsequent dislocation. The final HHS was 77 and her satis- 

faction evaluation was rated as good. The second one was a 17-year- 

old female who underwent a THA for a Crowe III DDH who required 

an early cup revision for better positioning. The final HHS was 97 

points, and the satisfaction evaluation was rated as good. One hip 

(3.8%) had a symptomatic greater trochanter nonunion which 

required an open reduction and internal fixation. The final HHS was 

91, but a crutch was required to walk. All the acetabular compo- 

nents were located in the true acetabulum without detectable 

migration (Fig. 1). 

The radiographic analysis at the last follow-up showed a 

nonprogressive radiolucent line around the acetabular component 

in zone 1 in 1 hip (3.8%) according to DeLee and Charnley [33]. An 

asymptomatic femoral osteolysis was present in 2 hips (7.7%) in 

zone 1 according to Gruen [32]. Heterotopic ossifications were 

observed in 1 hip (3.8%) and were classified as grade 1 according to 

Brooker et al [36]. No pronounced resorption was noted around the 

femoral components according to Engh and Bobyn [31]. All 

acetabular components were considered as stable according to 

Zicat et al [34]. All cases with acetabular graft showed a good 

osteointegration according to Conn et al [35]. 

A revision was needed in 6 hips (23.1%). In addition to the early 

cup revision for instability mentioned previously, 1 cup was revised 

for aseptic loosening at 95 months. In 3 hips (11.5%), the stem was 

revised: 1 for a Vancouver B2 fracture (acute trauma) and 2 (7.7%) 

for aseptic loosening at 111 and 161 months. In 1 hip (3.8%), the  

liner was changed for symptomatic wear at 132 months. 

Kaplan-Meier survivorship analysis at 15 years of the femoral 

component considering revision for aseptic loosening as the end 

point was 87.5% (95% confidence interval, 76.5-99.1) (Fig. 2). For the 

acetabular implant considering aseptic loosening as the end point, 

survivorship was 96.1% (95% confidence interval, 92.7-99.9) (Fig. 3). 

Survivorship analysis at 15 years for both implants was 72.6% (95% 

confidence interval, 45.3-99.9) regarding any reason as the end 

point. The number of hips at risk for revision was 10 at 15 years. 

 

Discussion 

 
Several techniques have been described to address end-stage 

osteoarthritis in Crowe type III or IV DDH using THA. The key 

aspect for achieving long-term stability of the acetabular compo- 

nent relies on excellent coverage of the cup and restoration of the 

center of rotation of the hip into an anatomical position [7]. Linde 

et al [38] reported that at a mean follow-up of 9 years, the place- 

ment of the acetabular component in the true acetabulum pro- 

duced a much lower loosening rate than placement above the true 

acetabulum (13% and 42%, respectively). Pagnano et al [8] found 

that positioning of the cup proximal to the true acetabular region 

was associated with substantial increase in loosening. These ob- 

servations indicate that the acetabular component should be 

positioned in the true acetabular region in patients with high DDH. 

The present study, using a 1-stage surgical technique without 

subtrochanteric osteotomy (STO), has shown that all the acetabular 

components were located in the true acetabulum without detect- 

able migration and a 96.1% cup survival at 15 years of follow-up. The 

 

 
 

Fig. 1. Crowe IV DDH with greater trochanter osteotomy and 38-mm lengthening. 



  
 

 

 
 

Fig. 2. Kaplan-Meier curve showing 87.5% survivorship free from stem revision 

regarding aseptic loosening at 15 years. 

 

custom stem used in this series of THA for high hip dislocation 

provides anatomical fit and 3D neck correction for anticipating 

surgical difficulties found in this etiology related to proximal 

femoral anatomy. The clinical results are encouraging in a young 

and active population while exhibiting satisfactory lower limb 

equalization and limited neurological complications. 

Anatomic socket placement can make hip reduction difficult and 

reduction may require considerable limb lengthening associated 

with increased risk of neurological injury [13,14].  Therefore, 

femoral shortening has been proposed to facilitate reduction and 

protect the sciatic and femoral nerves. It is a 1-stage technique, 

using the femoral component for intramedullary stabilization that 

also allows for correction of a severe anteversion of the femoral 

neck. However, the procedure remains challenging as in- 

congruences may appear between the proximal and distal canal 

diameters after shortening osteotomy leading to difficulties for 

achieving a secure fixation; these difficulties might  increase  the 

risk of delayed union or nonunion of the osteotomy 

[18,27,29,39e41]. While Ollivier et al [19] mentioned for Crowe IV 

patients a nonunion rate at femoral shortening osteotomy site of 

7%, Mutlu et al [42] reported in Crowe III and IV patients either 

18.6% nonunion or 20.9% delayed union depending on the type of 

cementless stem used. Kawai et al [43] using cemented stems 

mentioned an average time to union of the osteotomy site of 4.9 (3-

8) months and that full weight bearing was allowed after 12-16 

weeks. Using cementless stems, weight bearing is usually carefully 

increased depending on the consolidation of the osteotomy site 

 

Fig. 3. Kaplan-Meier curve showing 96.1% survivorship free from cup revision 

regarding aseptic loosening at 15 years. 

starting at 6 weeks and fully completed at 12 weeks according to 

several authors [16,17,44e47]. In the present series without STO, 

patients were allowed to walk with partial weight bearing at day 3 

with the help of 2 crutches and full weight bearing was normally 

applied after 3 weeks if a GTO was performed. 

Additional complications related to the procedure have been 

described as nerve palsies [39e41,48,49], intraoperative femoral 

fracture [13,18,29], and dislocation [13,18,40,41,49]. Mu et al [50] 

using cementless Zweymüller THA with STO in 71 Crowe IV pa- 

tients mentioned 1 case of complete and 7 cases of transient nerve 

palsies, 1 cup loosening, 4 polyethylene wear and 1 cup breakage, 1 

dislocation, and 20 intraoperative fractures. In the present series 

using custom stems, we did not find any intraoperative fracture, 

probably in relation with the adaptation between the stem and the 

proximal modified anatomy often found in such etiology. However, 

the major concern described with the shortening osteotomy tech- 

nique remains the residual postoperative LLD especially if the DDH 

is unilateral [13,40,49]. The average 7 (0-17) mm postoperative 

mean LLD reported in the present series using a custom femoral 

stem is close to the 6 (0-20) mm reported by Ollivier et al [19] but 

compares favorably with the other series associating a STO and 

reporting average LLD from 12 to 14 mm with maximum values 

ranging from 0 to 60 mm [16,17,45e47]. 

Long-term results of THA for high DDH with shortening 

osteotomy showed heterogeneous results. Eskelinen et al [16] fol- 

lowed up 64 hips and reported a 10-year survival rate of 98.4% for 

the stem and 94.9% for the porous-coated cup, but 8 of the 9 

threaded cups were revised. Hartofilakidis and Karachalios [9] 

followed up 84 hips with cemented or uncemented cups and 

cemented stems and reported an overall 15-year survival rate of 

82.5% for the stem and 86.1% for the cup. Ollivier et al [19] reviewed 

28 hips (24 cementless, 4 cementless modular stem and cementless 

cup) with a mean follow-up of 10 years and reported a 10-year  

survivorship of the components free of revision of 82%. Reikeras   

et al [17] followed up 64 hips with uncemented components 

(straight conical stem full HA and HA or titanium porous-coated 

cup) at a mean follow-up of 13 years and reported a 15-year sur- 

vival for any reason of 75% for the cup and 100% for the stem. 

However, 1 stem subsided after 8 months and was replaced. 

Regarding outcomes of THA without shortening osteotomy for 

Crowe III or IV hips, Kerboull et al [48] using a transtrochanteric 

approach and cemented components in 83 hips reported a survival 

rate of 78% at 16 years with revision for any reason as the end point. 

Numair et al [51] reported higher rates of acetabular revision in 

completely dislocated hips with cemented components, as 

compared with dysplastic hips. Chougle et al [52] reported a cup 

survival rate for aseptic loosening in Crowe IV hips of 60.9% at 10 

years. Kawai et al [53] reported a survival rate after trans- 

trochanteric approach and cemented THA of 96.3% at 10 years with 

any revision surgery as the end point. Using cementless THAs 

without shortening osteotomy for Crowe III or IV hips, Imbuldeniya 

et al [24] showed for 25 hips, a survival with revision for any reason 

of 81% at 15 years with 57% of the patients who had a revision of the 

acetabular component secondary to polyethylene wear. Proximal 

osteolysis in zone 1 or 7 around the femoral stem was found in 10 of 

the 25 hips, all implanted with modular S-ROM stems. Lee et al [25] 

reported in 27 hips with GTO and various types of cups and stems at 

a mean follow-up of 15.1 years, a mean LLD of 10 mm, 2 transient 

peroneal nerve palsies  and  2  permanent  neurologic  deficits  

(1 femoral, 1 sciatic), 3 intraoperative fractures, and a survival rate 

for aseptic loosening at 15 years of 90.9% for stem and 52.3% for cup. 

The use of custom-made stem has been described mostly for 

low-grade DDH patients [54e56] or with short-term follow-up 

[57] or were indicated for various femoral deformity etiologies 

[58]. Benum and Aamodt [55] using occasional subtrochanteric 



  
 

osteotomies for lengthening reported no case of stem aseptic 

loosening at 10-year follow-up. Akbar et al [58] reported cup 

loosening of 5 cups in 72 hips with any progressive femoral 

osteolysis after a mean follow-up of 14 years. 

Although some authors have reported that limb lengthening 

should be limited to 4 cm [59], Kerboull et al [48] reported that limb 

lengthening until 7 cm was possible. In our study using an ante- 

rolateral approach with sequential tenotomies, it was always 

possible to reduce the hip into the true acetabulum without the 

need for a femoral shortening, including the 19 hips (73%) that had 

a lengthening superior to 4 cm. Two (7.7%) nerve palsies were 

documented and both recovered. Another option is to perform a 2-

stage progressive femoral lengthening followed by a cementless 

THA. Binazzi [23] documented the clinical radiographic results of 11 

patients (12 hips) who were operated with a 2-stage technique at a 

mean follow-up of 11 ± 5 years with no neurovascular damage or a 

need for femoral internal fixation and complete limb symmetry. 

However, 1 hip (8.3%) had a remaining postoperative LLD of 1.8 cm. 

A potential increased risk of infection remains, owing to the use of 

an external fixator, and the hospital stay was increased by 2 weeks, 

corresponding to the time needed for lengthening before the sec- 

ond stage. Yoon et al [22] described a 2-stage operation planned in 

6 irreducible hips when expected lengthening of the affected limb 

after THA was superior to 2.5 cm or when flexion contracture was 

superior to 300. Surgical hip release with abductor slide, tensor 

fascia lata, sartorius muscle, iliopsoas tendon, and rectus femoris 

release was performed through 2 skin incisions during the first 

stage. Gradual skeletal traction was thus applied to the operated 

limb for 2 weeks before performing the THA. However, 5 of 6 hips 

(83%) were difficult to reduce requiring a subtrochanteric short- 

ening osteotomy to prevent neurologic traction injuries. In the 

lengthening technique described in the present series, tenotomies 

of either the adductors or psoas were performed sequentially to 

reduce the risk of neurological complications. In our experience, a 

complete muscle function for active flexion and abduction was 

achieved 6 months  after  surgery.  Eggli  et  al  [60]  mentioned  

that most nerve lesions after leg lengthening occurred by direct or 

indirect trauma to the nerve during surgery. The incidence of 

permanent nerve lesion seemed higher without STO in the study by 

Sonohata et al [61], but nerve palsies are also present with STO 

techniques. A recent study by Li et al [62] compared 2 groups of 

Crowe IV patients who underwent cementless THA, one with (20 

hips) and one without (22 hips) subtrochanteric shortening 

osteotomy. The group without femoral shortening osteotomy had a 

lower postoperative mean LLD and a lower number of patients who 

developed a limp, more transient femoral nerve palsy (3, all 

reversible after 6 months), and more knee valgus deformity due to 

tight soft tissue/iliotibial tract (mostly reversible at the end of 

follow-up after stretching). The group with osteotomy had one 

intraoperative fracture and one delayed union at osteotomy site. No 

sciatic nerve palsy or dislocation was recorded in both groups. 

The mean postoperative HHS in the present series using a 

custom monoblock cementless stem was 86, and the survival at 15 

years regarding aseptic loosening was 87.5% for the stem and 96.1% 

for the cup, all of them implanted in the true acetabulum in a series 

of Crowe III and IV dislocated hips. The 3D evaluation of the 

proximal femur anatomy in high DDH [1,27] has shown several 

important modifications the orthopedic surgeon has to face at the 

time of THA in such patients compared to primary osteoarthritis 

[28,29]. The use of custom stem allows fast weight bearing and 

quick rehabilitation program. Nowadays, the routine use of pre- 

operative CT planning is largely accepted to better assess the 3D 

anatomy in complex degenerative or traumatic cases to anticipate 

difficulties during surgery like in THA for high DDH. The 20% 

additional cost of the custom stem, when compared to off-the-shelf 

anatomical implant, is hopefully compensated by the reduced 

length of stay related to immediate weight bearing and the early 

recovery. This extra cost is also reduced because there is no need for 

ancillary tools. The 15-year survival, with stable clinical improve- 

ment, is encouraging in a group of young patients with a mean age 

of 45 years, implanted with THA for osteoarthritis secondary to 

high DDH. 

This study has some limitations, including the limited number of 

patients and its retrospective design; however, THA for high DDH do 

represent an uncommon and challenging situation for which large 

prospective studies with a long follow-up are not available. Despite 

these limitations, the present series is the longest series to date 

investigating the outcome of cementless THA without shortening 

osteotomy using a custom stem combined with sequential tenoto- 

mies in patients with a high hip dislocation secondary to DDH. 
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