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We describe the clinical and radiological results of cementless primary total hip replacement 
(THR) in 25 patients (18 women and seven men; 30 THRs) with severe developmental 
dysplasia of the hip (DDH). Their mean age at surgery was 47 years (23 to 89). In all, 21 hips 
had Crowe type III dysplasia and nine had Crowe type IV. Cementless acetabular 
components with standard polyethylene liners were introduced as close to the level of the 
true acetabulum as possible. The modular cementless S-ROM femoral component was used 
with a low resection of the femoral neck.

A total of 21 patients (25 THRs) were available for review at a mean follow-up of 18.7 
years (15.8 to 21.8). The mean modified Harris hip score improved from 46 points pre-
operatively to 90 at final follow up (p < 0.001). 

A total of 15 patients (17 THRs; 57%) underwent revision of the acetabular component at a 
mean of 14.6 years (7 to 20.8), all for osteolysis. Two patients (two THRs) had symptomatic 
loosening. No patient underwent femoral revision. Survival with revision of either component 
for any indication was 81% at 15 years (95% CI 60.1 to 92.3), with 21 patients at risk. 

This technique may reduce the need for femoral osteotomy in severe DDH, while 
providing a good long-term functional result.

Cite this article: Bone Joint J 2014;96-B:1449–54.

Total hip replacement (THR) can be a techni-
cally demanding procedure in patients with
developmental dysplasia of the hip (DDH)
with secondary degenerative arthritis. It has
been the approach of the senior author
(WKW) in these patients to attempt to restore
the centre of rotation of the hip to the level of
the true acetabulum using small cementless
acetabular components, avoiding femoral
osteotomy and its associated potential com-
plications.1-4 In severely dysplastic hips
(Crowe types III and IV)5 a low resection of
the femoral neck is performed and the
cementless modular S-ROM (DePuy, Warsaw,
Indiana) femoral prosthesis is seated more
distally within the femur. This approach
allows the hip to be safely reduced without
excessive tension on the abductor muscles.

We report the long-term clinical and radio-
logical results of this technique at a minimum
of 15 years’ follow-up. We also assess the
degree to which the centre of rotation of the
hip has been restored using the technique
described by Pierchon et al,6 as it can eliminate
the effects of magnification, variability in
alignment of the pelvis and radiological tech-
niques, and can be used in patients with bilat-
eral hip disease.7 

Patients and Methods
All patients who underwent primary THR
with a pre-operative diagnosis of Crowe type
III or IV dysplasia and a minimum follow-up
of 15 years were identified retrospectively
from our database. Clinical information,
details of the operation and the results of clin-
ical and radiological assessments were pro-
spectively collected and recorded as part of
routine practice. The data collectors (WLW,
WKW, BAZ) were blinded to any particular
study. Consent was obtained from all patients
at the initial consultation for the use of anon-
ymous information in ongoing and future
research projects.

We identified 30 consecutive hips in 25
patients who underwent THR between May
1990 and December 1996, of which 21 were
classified as Crowe type III and nine as Crowe
type IV. The mean age of the patients at surgery
was 47 years (23 to 89). A total of 18 patients
(72%) were women and 18 THRs (60%) were
performed on the left hip. In seven patients
(seven THRs) a previous osteotomy had been
undertaken, all of which had united. In five
patients this was a femoral osteotomy, one had
a pelvic osteotomy and one had both pelvic
and femoral osteotomies. 
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The centre of rotation of the hip and measurement of leg
length. We used the method described by Pierchon et al6 to
determine the theoretical centre of rotation of the hip, using
anteroposterior (AP) radiographs (Fig. 1). 

Leg length discrepancy was measured by the difference
between the inter-teardrop line and the tips of the greater tro-
chanter of both the operated and the contralateral hip
(Fig. 2). A correction for magnification of the post-operative
radiographs was calculated by measuring the size of the pro-
jected prosthetic femoral head on the radiograph and com-
paring this with its known true size. This was done
independently for each hip.
Surgical technique. All operations were performed by
WKW using a posterior approach, with patients in the lat-
eral decubitus position. The acetabular reconstruction
involved attempting to place a cementless component, at
the level of the true acetabulum, which was identified by

the transverse acetabular ligament. A small acetabular
component was used with the addition of a cotyloplasty if
deemed necessary, using the technique described by
Hartofilakidis et al.8 This allowed displacement of the
medial wall of the dysplastic acetabulum during reaming
beyond the ilio–ischial line. This central osteotomy was
then allowed to unite in a more medial position. The indi-
cation for cotyloplasty was the presence of a dysplastic ace-
tabulum with poor bone stock in the posterior column,
which could not be sufficiently expanded to allow place-
ment of a small component within it. If the stability of the
component remained unsatisfactory, or if there was a sig-
nificant segmental acetabular defect, autograft was used to
increase the cover of the component. Stability was assessed
following screw augmentation of the cup using the presence
or absence of circumferential bony support, the torsional
stability of the component when inserted with an intro-
ducer, and the ‘hold’ that the screws achieved. Acetabular
cotyloplasty was performed in seven hips, autograft was
used in six and morcellised autograft was used in nine. It
was possible to place the acetabular component at the level
of the true acetabulum in all hips.

A variety of cementless acetabular components were used,
including Harris–Galante porous II (n = 18) (Zimmer,
Warsaw, Indiana), ABG I (n = 6) (Stryker Orthopaedics,
Mahwah, New Jersey), Implex (n = 3) (Implex, Allendale,
New Jersey), Secur-Fit (n = 2) (Stryker Orthopaedics) and
S-ROM (n = 1) (DePuy). All the ultra-high molecular
weight polyethylene (UHMWPE) liners used were gamma-
irradiated in air. The mean outer diameter of the acetabular
component was 52 mm (48 to 58) in Crowe type III hips and
50 mm (46 to 54) in Crowe type IV hips. The preferred size
of the femoral head was 28 mm (n = 18), but in two hips a
32 mm modular head was used, although heads of smaller
diameter were used in some hips to maintain adequate poly-
ethylene thickness (26 mm, n = 7; 22 mm, n = 3). The femo-
ral head was of zirconium ceramic in 15 hips and cobalt/
chrome in the remainder. The choice of this material corre-
sponded to our preference for bearing surfaces available at
the time the procedures were performed.

After completion of the acetabular reconstruction, opti-
mal lengthening was determined with the use of trial com-
ponents to assess abductor tension. This included manual
distraction of the joint to assess axial ‘pull-out’ and palpa-
tion of the sciatic nerve to ensure that it was still mobile and
free of tension. If necessary, in order to ensure that these
objectives were achieved, the osteotomy of the femoral
neck was made as low as the lesser trochanter. The choice
of the size of the stem and sleeve was based on the intra-
operative assessment of the degree of deformity of the
femur combined with the pre-operative radiographs. In
general, we aimed to obtain 45º of inclination and 20º of
anteversion of the acetabular component, with 15º of fem-
oral stem–neck anteversion. However, the final orientation
of components was individually adjusted to optimise the
stability of the hip and minimise impingement. The

Fig. 1

Pre-operative radiograph of a patient with Crowe type IV develop-
mental dysplasia of the left hip, illustrating Pierchon’s method of
determining the centre of rotation of the hip. E is the vertical dis-
tance between the inter-teardrop line (D) and a line which joins the
inferior aspects of the sacroiliac joints. Two indices are used to cal-
culate the correct centre of rotation. A/E = 0.2 for men or 0.18 for
women, C/D = 0.3 for men or 0.25 for women. (A/E, vertical height
ratio; C/D, horizontal offset ratio).

Fig. 2

Post-operative radiograph illustrating measurement of leg length
discrepancy.
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modularity of the S-ROM stem enabled correction for
excess anteversion, bony deficiency, abnormal offset and
previous osteotomy, as well as restoring appropriate leg
length. By performing the reconstruction in this manner,
trochanteric osteotomy was avoided (Fig. 3).

If there was any concern about the tension of the sciatic
nerve post-operatively, the epidural was discontinued in the
recovery department to enable the function of the nerve to
be assessed. Post-operative management included 48 hours
of intravenous antibiotics, low molecular weight heparin
and thromboembolic deterrent stockings until patients
were sent home. Patients were mobilised to fully weight-
bearing as comfort allowed.
Clinical evaluation. Evaluation included the Harris hip
score (HHS).9 Outcomes were classified as excellent (90 to
100/100), good (80 to 89/100), fair (70 to 79/100) or poor
(< 70/100). Overall satisfaction was also recorded in a sim-
ilar manner. Clinical assessments were undertaken by the

senior author (WKW) one, two and five years post-opera-
tively, and every five years thereafter. 
Radiological evaluation. Radiographs were performed post-
operatively and at three months, one year, two years, five years
and every five years thereafter. These included an AP view of
the pelvis and a lateral radiograph of the hip. Femoral radio-
graphs were assessed using the seven zones described by
Gruen et al.10 The zones described by DeLee and Charnley11

were used in the assessment of the acetabular components.
Osteolysis was defined as scalloped erosion at the bone–pros-
thesis interface. Implants were also graded for osteo-integra-
tion using the radiological and stability score for cementless
implants of Engh et al,12 looking for spot welds, radiolucen-
cies, stem ingrowth, stem failure and stem migration. Acetab-
ular loosening was defined as > 2 mm vertical migration or
> 5˚of tilting of the component measured in relation to the
inter-teardrop line, or radiolucency of > 2 mm at the bone–
implant interface. Heterotopic ossification was recorded using

Fig. 3c

Anteroposterior radiographs taken a) six months after surgery (the pre-operative radiograph is shown in figure 1) showing a small acetabular com-
ponent has been used in conjunction with a cotyloplasty, a low resection of the femoral neck was used with a modular cementless stem, b) after 16
years, polyethylene wear of the liner with associated osteolysis in the ischium and greater trochanter and c) after 18 years the acetabular component
has been revised, along with alumina ceramic-on-ceramic bearing surfaces.

Fig. 3a Fig. 3b
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Brooker’s classification.13 All radiographs were analysed inde-
pendently by specialist senior arthroplasty fellows.
Statistical analysis. Survival analysis was performed using
the Kaplan–Meier method, with all 30 hips included in the
analysis. Patients lost to follow-up or those who died prior
to revision surgery were not included in the number at risk.
The 95% confidence intervals (CI) were calculated using
the ‘effective number at risk’. Pre-operative and final
follow-up HHSs were compared using the paired Student’s
t-test, as the data were normally distributed, and signifi-
cance was set at p < 0.05.

Results
Of the 25 patients (30 THRs), one patient (two THRs) was
lost to follow-up at 6.4 years. This patient was checked
against the Australian National Joint Replacement Registry
and it is not recorded that revision had been undertaken
elsewhere in Australia or that she had died. Three patients
(three THR) died before the minimum 15-year follow-up,
all for reasons unrelated to their surgery. None of these had
undergone revision and all were symptom-free when they
were finally reviewed at a mean of 8.6 years (3.6, 7.4 and
14.8 years, respectively). There were 21 patients (25 THRs)
with complete clinical and radiological assessments at a
mean follow up of 18.7 years (15.8 to 21.8). 

The mean pre-operative HHS was 46 (29 to 63). This
improved to 90 (73 to 98) (p < 0.001) at final follow-up. In
all, 19 patients (23 THRs; 92%) had a good or excellent
result, with the remaining two patients (two THRs) having
a fair result. The mean post-operative HHS for the

15 patients (18 THRs) with Crowe type III dysplasia was
91(80 to 98) and that for the seven patients (seven THRs)
with Crowe type IV was 87 (71 to 96). In 20 patients
(24 THRs) increased function and decreased pain were
reported at final follow-up. All these patients stated that
they were satisfied with their operation. At final follow-up,
15 patients (15 THRs) were able to walk without aids and
reported functioning without restriction, including heavy
work. A total of 18 patients (18 THRs) were able to mobi-
lise outdoors for more than one hour. All 21 patients
(25 THRs) were able to mobilise outdoors for at least
30 minutes. 
Complications and revisions. A total of 15 patients
(17 THRs; 57%) underwent revision of the acetabular
component at a mean of 14.6 years (7 to 20.8). All revisions
were performed for acetabular or trochanteric osteolysis
secondary to polyethylene wear. Only two patients
(two THRs) were clinically symptomatic and both had
loose acetabular components. All patients were revised suc-
cessfully with morcellised bone graft and a cementless
acetabular component with screw fixation. Ceramic-on-
ceramic (CoC) bearing surfaces were used in all revisions.
All these hips remain under review and are included in the
clinical and radiological results.

A total of two patients (two THRs) sustained an intra-
operative fracture of the calcar which was stabilised with
cerclage wires at the time of surgery. There was one dislo-
cation treated by open reduction. No patient had a nerve
palsy or deep infection.

Survival with revision of either component for any indi-
cation as the endpoint was 86% at ten years (95% CI 77.5
to 94.5; number at risk (NAR) = 23), 81% at 15 years
(95% CI 60.1 to 92.3; NAR = 21) and 28% at 20 years
(95% CI 13.3 to 41.8; NAR = 8) (Fig. 4).
Radiological results. Brooker grade I or II heterotopic ossi-
fication was seen in five THRs. Radiolucent lines were pre-
sent around the acetabular component in three THRs.
Focal peri-acetabular osteolysis was present in the six
patients (eight THRs) that remained unrevised. Osteolysis
was seen predominantly in acetabular zones 1 and 3. There
was proximal osteolysis in zones 1 or 7 around the femoral
stem in ten THRs. There was no osteolysis in any distal
zone of the 21 patients (25 THRs) at 15 years. There were
no radiolucencies around the proximal ingrowth surface of
the modular porous-coated sleeve of any component. All
stems had the radiological appearance of stable bone
ingrowth, with no evidence of distal migration.
Correction of the centre of rotation of the hip and leg length
discrepancy. The extent of restoration of the centre of rota-
tion of the hip using the Pierchon6 technique is shown in
Table I. Using the teardrop as a reference point, the mean
correction in offset of the centre of the femoral head to the
theoretical centre was 15 mm (6 to 35). The mean correc-
tion of offset was 10 mm (6 to 15) for patients with Crowe
III dysplasia and 29 mm (20 to 35) for those with Crowe IV
dysplasia. 
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Fig. 4

Kaplan–Meier survival curve with 95% confidence intervals for the ace-
tabular and femoral components up to 20 years, with revision for any
indication as the endpoint.
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The mean post-operative increase in leg length was
21 mm (6 to 56). For those with Crowe III dysplasia, the
mean increase was 18 mm (6 to 22) and for those with
Crowe IV dysplasia it was 33 mm (24 to 56) following cor-
rection for magnification. The mean leg length discrepancy
was 11 mm (0 to 16).

Discussion
It is generally accepted that ideally the acetabular compo-
nent should be introduced in the normal anatomical loca-
tion in patients with DDH who undergo THR.14-16

However, placement of the component within the true ace-
tabulum is not straightforward. There are structural
deformities in these patients, including poor bone stock and
a shallow acetabulum that is often excessively anteverted,
with segmental defects in the anterior and/or superior seg-
ments.14 Various solutions to these abnormalities have been
described, including femoral head autograft,17,18 cotylo-
plasty,8 protrusio components,19,20 and the use of very
small components.21

In this series we successfully restored the centre of rota-
tion of the hip to a value which is near to normal. These
results have been achieved by using small acetabular com-
ponents combined with the occasional use of a central ace-
tabular osteotomy and femoral head autograft. Secure
fixation of the cementless acetabular component was
obtained in most patients, with the component being placed
posteromedially within the true acetabulum.

A total of 15 patients (17 THRs, 57%) required revision
surgery during the study period, all for acetabular or tro-
chanteric osteolysis and polyethylene wear. Only two of the
acetabular components were found to be loose at revision.
All other components revised were to prevent further oste-
olysis and the associated complications of loosening and
fracture. We attribute this high rate of revision to the bear-
ing surfaces which were used. The acetabular components
used in all patients were metal-backed and had multiple
holes, which may have contributed to access of polyethyl-
ene debris to the underlying acetabular bone. Fluid pressure
and pumping through these holes have been associated with
the aggressive osteolysis often seen with the polyethylene
liners gamma-irradiated in air which were used in our
patients.22-24

All these patients underwent successful isolated revision
of the acetabular component to CoC bearing couples. We
have previously reported this technique with excellent rates

of survival and function, including in patients with less
severe DDH.25

It has been our practice for the last 15 years to use CoC
bearings for all primary THRs because of the improved wear
characteristics.26 We have previously reported excellent ten-
year survival rates of primary THR in younger patients with
no signs of osteolysis or wear,27 and anticipate similar results
in patients with DDH using these bearings. The advent of
CoC bearing surfaces may also help reduce the need for
autograft in patients with severe DDH, as smaller acetabular
components can be used without the associated concerns of
the thickness of the polyethylene liner.

Femoral shortening osteotomy, whether proximal or dis-
tal, is the most commonly reported and accepted method of
reducing a high-riding femoral head in patients with severe
DDH.1,28-30 However, there is associated morbidity
reported with these osteotomies in conjunction with unce-
mented stems, such as nonunion, with some authors recom-
mending augmentation using allograft strut grafts and
cables for torsional stability.28,31-33

There are important limitations to this study, which
include the relatively small number of patients, with no
control group for comparison. Of this cohort, only nine
patients had Crowe IV dysplasia, and it is these hips with
more significant leg length discrepancy that often require a
femoral shortening osteotomy. Although the mean length-
ening in patients with Crowe IV dysplasia was 33 mm, the
greater number of hips with Crowe III dysplasia meant
that, using this technique, the mean lengthening for all hips
was 21 mm. 

Survival in this study was influenced by the use of first
generation cementless acetabular components and standard
UHMWPE liners which were gamma-irradiated in air. This
could result in thin liners with some sizes of head. In addi-
tion, the heterogeneity of the acetabular components, the
sizes of femoral head and bearing surfaces used in this
cohort make comparisons difficult.

In conclusion, in this small group of patients, at long-
term follow-up we have demonstrated a successful tech-
nique which combines a low femoral neck osteotomy with
the use of a cementless, modular, femoral component to
allow restoration of the centre of rotation of the hip, with-
out the need for femoral shortening osteotomy.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by G. Scott and first proof edited by J. Scott.

Table I. The extent of restoration of the centre of rotation of the hip using the Pierchon technique.6 

Crowe classification III & IV (n = 30) III (n = 21) IV (n = 9)

Pre-operative vertical index 0.46 (0.35 to 1.18) 0.40 (0.35 to 0.42) 0.69 (0.55 to 1.18)
Post-operative vertical index 0.24 (0.12 to 0.33) 0.25 (0.13 to 0.32) 0.22 (0.12 to 0.33)
Pre-operative horizontal index 0.36 (0.27 to 0.52) 0.35 (0.27 to 0.4) 0.39 (0.32 to 0.52)
Post-operative horizontal index 0.25 (0.16 to 0.29) 0.26 (0.18 to 0.29) 0.20 (0.16 to 0.27)

Normal vertical index, 0.18 to 0.2; normal horizontal index = 0.25 to 0.3



1454 A. M. IMBULDENIYA, W. L. WALTER, B. A. ZICAT, W. K. WALTER

THE BONE & JOINT JOURNAL

References
1. Paavilainen T, Hoikka V, Solonen KA. Cementless total replacement for severely

dysplastic or dislocated hips. J Bone Joint Surg [Br] 1990;72-B:205–211.
2. Togrul E, Ozkan C, Kalaci A, Gulsen M. A new technique of subtrochanteric short-

ening in total hip replacement for Crowe type 3 to 4 dysplasia of the hip. J Arthro-
plasty 2010;25:465–470.

3. Krych AJ, Howard JL, Trousdale RT, Cabanela ME, Berry DJ. Total hip arthro-
plasty with shortening subtrochanteric osteotomy in Crowe type-IV developmental
dysplasia. J Bone Joint Surg [Am] 2009;91-A:2213–2221.

4. Park MS, Kim KH, Jeong WC. Transverse subtrochanteric shortening osteotomy in
primary total hip arthroplasty for patients with severe hip developmental dysplasia. J
Arthroplasty 2007;22:1031–1036.

5. Crowe J, Mani V, Ranawat C. Total hip replacement in congenital dislocation and
dysplasia of the hip. J Bone Joint Surg [Am] 1979;61-A:15–23.

6. Pierchon F, Migaud H, Duquennoy A, Fontaine C. [Radiologic evaluation of the
rotation center of the hip]. Rev Chir Orthop Reparatrice Appar Mot 1993;79:281-
284.[In French]:.

7. Schofer MD, Pressel T, Heyse TJ, Schmitt J, Boudriot U. Radiological determi-
nation of the anatomic hip centre from pelvic landmarks. Acta Orthop Belg
2010;76:479–485.

8. Hartofilakidis G, Stamos K, Ioannidis TT. Low friction arthroplasty for old
untreated congenital dislocation of the hip. J Bone Joint Surg [Br] 1988;70-B:182–
186.

9. Harris W. Traumatic arthritis of the hip after dislocation and acetabular fractures:
treatment by mold arthroplasty. An end-result study using a new method of result
evaluation. J Bone Joint Surg [Am] 1969;51-A:737–755.

10. Gruen TA, McNeice GM, Amstutz HC. "Modes of failure" of cemented stem-type
femoral components: a radiographic analysis of loosening. Clin Orthop Relat Res
1979;141:17–27.

11. DeLee JG, Charnley J. Radiological demarcation of cemented sockets in total hip
replacement. Clin Orthop Relat Res 1976;121:20–32.

12. Engh CA, Massin P, Suthers KE. Roentgenographic assessment of the biologic fix-
ation of porous-surfaced femoral components. Clin Orthop Relat Res 1990;257:107–
128.

13. Brooker A, Bowerman J, Robinson R, Riley L. Ectopic ossification following total
hip replacement. Incidence and a method of classification. J Bone Joint Surg [Am]
1973;55-A:1629–1632.

14. Mendes D. Total hip arthroplasty in congenital dislocated hips. Clin Orthop Relat Res
1981;161:163–179.

15. Sener N, Tozun IR, Asik M. Femoral shortening and cementless arthroplasty in high
congenital dislocation of the hip. J Arthroplasty 2002;17:41–48.

16. Pagnano W, Hanssen AD, Lewallen DG, Shaughnessy WJ. The effect of supe-
rior placement of the acetabular component on the rate of loosening after total hip
arthroplasty. J Bone Joint Surg [Am] 1996;78-A:1004–1014.

17. Harris WH, Crothers O, Oh I. Total hip replacement and femoral-head bone-grafting
for severe acetabular deficiency in adults. J Bone Joint Surg [Am] 1977;59-A:752–759.

18. Gerber SD, Harris WH. Femoral head autografting to augment acetabular defi-
ciency in patients requiring total hip replacement. A minimum five-year and an aver-
age seven-year follow-up study. J Bone Joint Surg [Am] 1986;68-A:1241–1248.

19. Hess W, Umber J. Total hip arthroplasty in chronically dislocated hips. Follow-up
study on the protrusio socket technique. J Bone Joint Surg [Am] 1978;60-A:948–954.

20. Dorr L, Tawakkol S, Moorthy M, Long W, Wan Z. Medial protrusio technique for
placement of a porous-coated, hemispherical acetabular component without cement
in a total hip arthroplasty in patients who have acetabular dysplasia. J Bone Joint
Surg [Am] 1999;81-A:83–92.

21. Woolson ST, Harris WH. Complex total hip replacement for dysplastic or hypoplas-
tic hips using miniature or microminiature components. J Bone Joint Surg [Am]
1983;65-A:1099–1108.

22. Aspenberg P, van der Vis H. Fluid pressure may cause periprosthetic osteolysis.
Particles are not the only thing. Acta Orthop Scand 1998;69:1–4.

23. Maloney WJ, Peters P, Engh CA, Chandler H. Severe osteolysis of the pelvis in
association with acetabular replacement without cement. J Bone Joint Surg [Am]
1993;75-A:1627–1635.

24. Walter WL, Walter WK, O’Sullivan M. The pumping of fluid in cementless cups
with holes. J Arthroplasty 2004;19:230–234.

25. Jack CM, Molloy DO, Walter WL, Zicat BA, Walter WK. The use of ceramic-on-
ceramic bearings in isolated revision of the acetabular component. Bone Joint J
2013;95-B:333–338.

26. Sugano N, Takao M, Sakai T, et al. Eleven- to 14-year follow-up results of cement-
less total hip arthroplasty using a third-generation alumina ceramic-on-ceramic bear-
ing. J Arthroplasty 2012;27:736–741.

27. Chana R, Facek M, Tilley S, et al. Ceramic-on-ceramic bearings in young patients:
Outcomes and activity levels at minimum ten-year follow-up. Bone Joint J 2013;95-
B:1603–1609.

28. Yasgur DJ, Stuchin SA, Adler EM, DiCesare PE. Subtrochanteric femoral short-
ening osteotomy in total hip arthroplasty for high-riding developmental dislocation of
the hip. J Arthroplasty 1997;12:880–888.

29. Nagoya S, Kaya M, Sasaki M, et al. Cementless total hip replacement with sub-
trochanteric femoral shortening for severe developmental dysplasia of the hip. J Bone
Joint Surg [Br] 2009;91-B:1142–1147.

30. Eskelinen A, Helenius I, Remes V, et al. Cementless total hip arthroplasty in
patients with high congenital hip dislocation. J Bone Joint Surg [Am] 2006;88-A:80–
91.

31. Holtgrewe JL, Hungerford DS. Primary and revision total hip replacement without
cement and with associated femoral osteotomy. J Bone Joint Surg [Am] 1989;71-
A:1487–1495.

32. Masonis JL, Patel JV, Miu A, et al. Subtrochanteric shortening and derotational
osteotomy in primary total hip arthroplasty for patients with severe hip dysplasia: 5-
year follow-up. J Arthroplasty 2003;19(Suppl1):68–73.

33. Sanchez-Sotelo J, Berry DJ, Trousdale RT, Canabela ME. Surgical treatment of
developmental dysplasia of the hips in adults: II. Arthroplasty options . J Am Acad
Orthop Surg 2002;10:334–344.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


