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Reliability of the acetabular reconstruction technique using
autogenous bone graft from resected femoral head in hip dysplasia:
Influence of the change of hip joint center on clinical outcome
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A B S T R A C T

Introduction: The previous studies have not reached on consensus as to the outcome of acetabular
reconstruction with autogenous bone graft for dysplastic hips, especially in severe cases such as Crowe
type IV. The current study aimed to determine the survivorship of the arthroplasty and the grafts as well
as the change of hip joint center averagely 9.8 years (range, 5–19) after cementless total hip arthroplasty.
Materials and methods: We reviewed 52 cases including 19 cases of complete hip dislocation of which
acetabular defects were augmented with autogenous bone grafts taken from the resected femoral heads.
For radiographic evaluation, in addition to checking failures of THA, acetabular coverages of the grafts as
well as lateral center-edge angles were measured and compared between two time points, immediately
postoperative and the final evaluations. Those outcomes were also analyzed according to the degree of
hip dysplasia, grouping the subjects by Crowe classification. Translations of the reconstructed hip joint
center after THA were measured and checked if they affected clinical outcomes or caused any
complications. To assess clinically, Harris hip score and visualized analogue pain scale were reviewed.
Results: Mean coverage ratio of the sockets with the grafts was 28.4% immediately after the surgery
(range, 11.1%–65.0%) and 27.2% at the final follow-up (range, 11.1%–63.6%). When comparing high grade
dysplasia (Crowe type III, IV) to low grade dysplasia (Crowe type I, II), there was no significant difference
of the above outcomes (p = 0.476). As to the location of hip joint center, 14 outliers were located distally
within the normal horizontal range especially in cases with Crowe type IV. Those outliers showed no
difference on clinical outcome. The mean HHS was 52.2 (range, 19–87) and VAS was 7.2 (range, 5–9)
preoperatively, each of which was improved to 92.9 (range, 63–100) and 1.4 (range, 0–4) postoperatively.
No failures were experienced during the study period.
Conclusions: Acetabular augmentation using autogenous bone graft from the resected femoral head is
found to be a successful method for dysplastic hip, even in severe cases such as Crowe type IV, showing
favorable results in more than 8 years. When inevitable, a degree of compromise on hip joint center can
be needed in dealing with severe hip dysplasia.
© 2017 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Prof. PK Surendran Memorial

Education Foundation.

Contents lists available at ScienceDirect

Journal of Orthopaedics

journa l homepage: www.e l sev ier .com/ loca te / jor
1. Introduction

Longevity becomes an issue especially when total hip
arthroplasty (THA) is applied in dysplastic hip, since destruction
of the joint frequently occurs in relatively early ages of the patients.
At the same time, the more severe dysplasia of hip should we cope
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with, the more difficulty follows in obtaining the prosthetic
stability that is necessary to long-term survivorship.1,2 When it
comes to complete dislocation, also referred to as Crowe type IV,
some authors even denied it to be indication of THA.3–5 To date,
various methods have been introduced to overcome high grade
dysplasia,6–15 which can be categorized according to whether they
retain anatomic hip joint center or not.

Surgeons prefer to avoid non-anatomic hip joint center
whenever possible because disadvantages following it have been
well known from leg length discrepancy, dislocation, or impinge-
ment to early loosening.9,16,17 However, enough bony coverage
should be guaranteed to obtain anatomic hip center, which
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necessitate bone graft. When grafted bone is incorporated, which
reportedly takes from 16 months to 32 months,18,19 resorption of it
could compromise stability of the acetabular cup.10,20 In this
context, various reports about acetabular reconstruction in the
dysplastic hip joint using bone graft have not reached consensus on
the survivorship of THA. Several favorable short to mid-term
results2,12,17,21–23 as well as inconsistent long-term results were
reported.24–31 There are some variables regarding THA techniques
in hip dysplasia, which makes direct comparison among the
previous reports complicate. Moreover, different severities of
acetabular dysplasia as well as demographics of each study group
add more difficulty in drawing conclusions. As Delimar recently
figured out in their study,32 autografts have superiority in terms
of graft survival to allografts. Considering that in cases of
dysplastic hip joints, unlike in revisional THA, femoral heads
can be sources of bone grafts needed for the acetabular
reconstruction, the techniques recently supported by Kim24

and Tsukada17 using bulk femoral head autografts seem to be a
reasonable option. However, the subjects of their studies with a
small number of high grade of hip dysplasia still leave a question
that same favorable results could be achieved even in Crowe IV. In
this study, we tried to figure out (1) reliability of the acetabular
reconstruction technique using autogenous bone graft in high
grade hip dysplasia, (2) influence of Crowe type on outcomes, and
(3) acceptable range of reconstructed hip joint center that does
not affect clinical results.

2. Materials and methods

We reviewed the patients who underwent total hip arthro-
plasties for hip dysplasia using autogenous bone grafts in
acetabular reconstruction between 1995 and 2009. Patients with
less than 5 years of follow-up or pathology of hip joint other than
acetabular dysplasia were excluded. Thus, total 47 patients,
consisting of 5 males and 42 females, including 5 bilateral cases
met the criteria for inclusion. The subject had a mean age of 49.6
years old (Table 1). They were grouped according to Crowe
classification,2 5 cases corresponding to grade I, and 20, 8, 19 cases
to grade II, III, IV respectively, and then were evaluated on both
clinical and radiographic outcomes. Demographic data and clinical
outcomes were obtained by reviewing the electronic medical
records, and serial radiographs of each patient were analyzed.

For radiographic evaluation, coverage by the graft on the socket
was measured on anteroposterior pelvis plain radiograph and
calibrated with the known socket diameter, being converted into
the coverage ratio to compensate variable magnitudes of
radiographic images (Fig. 1A). For another evaluation for the
coverage, lateral center-edge (CE) angle was measured just after
the surgery and at the final evaluation (Fig. 1B). We did not apply
the coverage ratio or lateral CE angle preoperatively because they
Table 1
Demographic characteristics.

Characteristic Value

Number of hips 52
Bilaterality 5
Follow-up duration (years)* 9.83 (5–19)
Age (years)* 49.6 (19–76)
Sex (F/M) (47/5)

Crowe type (cases)

I 5
II 20
III 8
IV 19

* Values are expressed as means, with ranges in parentheses.
cannot reflect the severity of hip dysplasia arithmetically when
both parameters are influenced by the location of the femoral head,
for which some Crowe III cases could look worse on those
parameters than Crowe IV cases. Positions of the acetabular
sockets were expressed on 2 dimensions in the way introduced by
Russotti33 (Fig. 2). For each case with translation of the hip joint
center out of normal range, Crowe classification and possible
complications were checked. The inclinations of the sockets
(Fig. 1C) as well as any sign of loosening were looked into on serial
plain radiographs. Radiographic changes of the grafts were also
staged with the method introduced by Knight et al.19 (Fig. 3). The
changes have three steps: (1) trabecular bridging, in which
appeared the trabecular formation between the graft-host inter-
face; (2) remodeling, in which disappeared the graft-host interface
with change in graft density representing revascularization; (3)
reorientation, in which the trabecular pattern of the graft was
reformed as the acetabular dome.

For clinical evaluation, Visual analogue scale (VAS) and Harris
hip score (HHS) were assessed both preoperatively and postoper-
atively, and compared between low grade dysplasia (Crowe I, II)
and high grade dysplasia (Crowe type III, IV). Any postoperative
complications or clinical symptoms related to failure of the
arthroplasty were reviewed thoroughly on medical records.

Paired t-test was used in analyzing the outcomes over time
progression, comparing preoperative or immediate postoperative
results to those of the final follow-up. In analyzing according to
Crowe classification, independent t-test was used, comparing
between low grade dysplasia (Crowe I, II) and high grade dysplasia
(Crowe type III, IV). Level of significance was set at p < 0.05.

2.1. Surgical technique

Posterolateral approach was used to get to the acetabulum and
trochanteric osteotomy was applied unless enough operative field
was secured. To achieve as much coverage as possible, acetabular
cup was medialized within the extent not to penetrate the medial
wall of pelvis, or ilioischial line on anteroposterior pelvis
radiograph. Fitmore cups (47 cases, Zimmer, Warsaw, IN, USA)
and Conical stems (46 cases, Zimmer, Warsaw, IN, USA) were the
most commonly used prosthesis and Trilogy cups (5 cases,
Zimmer, Warsaw, IN, USA) and CLS stems (6 cases Zimmer,
Warsaw, IN, USA) were occasionally used in cases of severe
dysplasia or high offset.

Autogenous bone grafts taken from the resected femoral heads
were applied in the same manner introduced by former
authors.17,31,34,35 3.5 mm screws were usually applied to fix the
grafts, after which initial secure fixation was considered as the
basic principle. At the same time, we tried not to exceed the graft
coverage more than 30–40% of the socket suggested by previous
literatures.11,20,24,27,32 In dealing with severely dysplastic acetab-
ulum such as Crowe type IV, we inevitably translated the hip joint
center as shown in Fig. 4. In these cases, soft tissue tension and
range of motion without impingement were checked intra-
operatively. When neglected dislocation of the hip joint was too
stiff to get reduction only with soft tissue release, femoral
shortening was considered (Fig. 5). The shortening was made
minimally to get reduction so that risk of leg length discrepancy
was minimized.

Hip motion including sitting position was allowed just after the
operation and tolerable weight bearing was granted in 2 days
postoperatively. Meanwhile, crutches were recommended for all
patients until postoperative 3 months. Regular follow-up was
made at 6 weeks, 3 months, 6 months after the operation,
thereafter annual follow-up was made. Simple radiographs
including anteroposterior and translateral images were gained
at each follow-up.



Fig. 1. (A) Coverage ratio: (the graft coverage A/the length of the acetabular cup B) � 100%, (B) Lateral center-edge angle and (C) Inclination of the acetabular cup.
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3. Results

The mean period of follow-up was 9.8 years postoperatively
(range, 5–19 years) with 25 cases of more than 10 years of
follow-up. During that period, there were no cases of revision
due to any causes, nor complications such as dislocation,
osteolysis or loosening. Neither loosening of the sockets nor
broken screws were detected on plain radiographs taken at the
final follow-up. All cases, including 19 cases with complete
dislocation (Crowe type IV), were able to be reducted into the
true acetabulums, for which 1 patient with bilateral neglected
dislocations needed to have femoral shortening by 2 cm and
1 cm respectively (Fig. 5).

3.1. Radiographic outcomes

Mean coverage ratio of the sockets with the grafts was 28.4%
immediately after the surgery (range,11.1%–65.0%) and 27.2% at the
final follow-up (range, 11.1%–63.6%) (Table 2). In terms of Crowe
classification, there was no significant influence of the grade of hip
dysplasia on the coverage ratio at immediately postoperative
(p = 0.150) and the final follow-up (p = 0.476) (Table 3). Lateral CE
angle was showed to be improved to 40.0� (range, 23�–55�) on
radiographs taken just after the surgery and was checked to be
39.0� (range, 23�–55�) at the final evaluation (Table 2). There was
no significant difference of postoperative CE angle between the
groups of Crowe type I, II and Crowe type III, IV immediately
postoperative (p = 0.931) and the final evaluation (p = 0.617)
(Table 3). Mean inclination of the acetabular cups was 45.9�

(range, 39�–61�) for low grade dysplasia group (Crowe type I, II)
and 48.8� (range, 40�–60�) for high grade dysplasia group (Crowe
type III, IV), showing no statistically significant difference
(p = 0.051) (Table 3). There was no significant change of inclination
over time progression (p = 0.322) (Table 2). As to the location of hip
joint center, there were 14 outliers consisting of 3 cases with Crowe
Fig. 2. Position of the acetabular socket, A: Horizontal location, B: Vertical location,
C: Inter-teardrop line.
type II and 11 cases with Crowe type IV (Fig. 6). Most outliers were
only outside the vertical normal range of THA rotation center but
not outside the horizontal range. Time taken to show radiographic
changes staged by the method of Knight et al. was found to be
similar to that reported by Kim et al.24

3.2. Clinical outcomes

HHS was 52.2 (range, 19–87) on average preoperatively, which
was improved to 92.9 (range, 63–100) at the final follow-up. VAS
was improved from 7.2 (range, 5–9) preoperatively to 1.4 (range,
0–4) postoperatively (Table 4). When comparing those figures
between low grade dysplasia group (Crowe type I, II) and high
grade dysplasia group (Crowe type III, IV), there was no difference
in the postoperative states, showing consistent improvements
(Table 5). There were no complaints of leg length discrepancy or
dislocation.

4. Discussion

Augmentation of acetabular defect with bone graft in dysplastic
hip allows enough coverage of the socket and anatomical
positioning of the prosthetic joint, preventing too much high or
medial hip center. In that case, retaining of the bone graft is one of
the most significant prerequisite in long-term survivorship of the
arthroplasty. As noted by Harris WH,20 success in shot to mid-term
results do not guarantee longevity of the arthroplasty. For this,
some authors regarded the graft resorption as a reason not to
choose allogenous or autogenous bone for the augmentation
material.3–5 Several reports with favorable mid to long-term
results, however, were limited by their small number of subjects,36

or did not include enough severe dysplastic cases17,24,25,28,29,34 to
come into conclusions.

There have been several studies on factors that affect the graft
resorption. First of all, allogenous bone was proved inferior to
autogenous graft showing significantly more extensive resorption.
Delimar et al. reported that allogenous bones were resorbed twice
as fast as autogenous grafts.32 Thus, there seems to be no
controversies to use autografts which can easily be obtained from
the resected femoral head in THA for hip dysplasia. As to the extent
of bone graft coverage, Shinar et al. recommended that graft should
not exceed more than 30% of the entire socket for favorable
result,11,32 supported by similar results from other studies.20,24,27 A
number of studies successfully applied bone grafts more than 30%
of the socket coverage, but they did not mention the severity of hip
dysplasia17 or only covered small proportion of Crowe IV cases.24

When it comes to cemented THA, contradictory results have been
reported. Akiyama showed excellent long-term results of 96%
survival at 15 years,31 attributing their success to improved
surgical techniques. On the other hand, Delimar32 and Zahar37

reported multiple early or late failures, warning the use of bone



Fig. 3. Radiographic changes of the bone graft applied in the case of a 61-year-old woman with Crowe type III hip dysplasia (A) Preoperative image, (B) immediately
postoperative image, (C) 3 months after THA, showing trabecular bridging at the graft-host interface, (D) 1 years after THA, showing remodeling with blurring of the interface
line and change in graft density, (E) 2 years after THA, showing reorientation with the same trabecular pattern of the graft as the acetabular dome.
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grafts. Those discrepancies may be because of that cement use in
THA is less reproducible than cementless THA and vulnerable to
various factors. Making the future revision harder is another
reason for surgeons to choose it especially when secondary
osteoarthritis due to hip dysplasia needs THA in earlier age than
other causes. Klapach et al. tried using cement instead of bone graft
for the augmentation, reporting favorable survivorship.38 This has
yet to be acknowledged as standard procedure.

In the current study, we experienced no failure out of 52 cases
hip dysplasia about half of which were high grade dysplasia (Crowe
Fig. 4. Preoperative and postoperative images of the case of a 39-year-old woman with Cr
the routine hip joint center, the coverage ratio would be nearly 50%. (B) with the lower h
location and 21.5 mm for horizontal location, the coverage ratio was measured to be 3
type III, IV, 27 cases). Similar principles recommended by Kim24

including secure fixation of the grafts, press-fitting of the
acetabular sockets, and use of the porous surfaced sockets were
also applied in our cases. At the same time, to deal with high grade
dysplasia especially Crowe IV cases, we accept some amount of
changes in hip center not to exceed the extent of graft coverage
more than suggested by the previous literatures.11,20,24,27,32

Russotti et al. reported that proximal hip joint center within
normal range of vertical location could be clinically acceptable.33

Considering outliers of the current study tended to be within the
owe type IV (A) when applying the same sized socket as actually done in THA, but at
ip joint center than normal range, 12.5 mm from the inter-teardrop line for vertical
1%.



Table 2
Radiographic results.

Parameter Value P value

Coverage ratio (%)
Immediate postoperation 28.4 (11.1–65.0)
Final evaluation 27.2 (11.1–63.6) P = 0.001

Lateral CE angle (�)
Immediate postoperation 40.0 (23–55)
Final evaluation 39.0 (23–55) P = 0.000

Inclination of socket (�)
Immediate postoperation 47.4 (39–61)
Final evaluation 47.5 (39–61) P = 0.322

Hip joint center (mm)
Vertical location 20.5 (6.9–33.0)
Horizontal location 25.9 (19.4–37.1)

Radiographic change (months)*

Trabecular bridging 3.6 (2–6)
Remodeling 7.7 (4–14)
Reorientation 17.1 (13–24)

Loosening of socket none
Breakage of screw none

All values are expressed as means, with range in parentheses.
* Staging of the radiographic change was based on the method of Knight et al.

Table 3
Radiographic outcomes according to Crowe classification.

Crowe type I, II Crowe type III, IV P value

Number of hips 25 27
Follow-up duration (years) 7.85 (2–19) 8.87 (2–16) P = 0.381
Age (years) 52.8 (23–72) 46.1 (19–76) P = 0.042*
Revision case none none

Coverage ratio (%)
Immediate postop. 25.4 (11.3–65.0) 31.2 (11.1–64.3) P = 0.150
Final evaluation 24.3 (11.3–62.5) 29.8 (11.1–63.6) P = 0.476

Lateral CE angle (�)
Immediate postop. 40.8 (23–55) 41.0 (25–55) P = 0.931
Final evaluation 38.4 (23–55) 39.6 (23–54) P = 0.617

Inclination of socket (�)
Immediate postop. 45.9 (39–61) 48.8 (40–60) P = 0.051
Final evaluation 46.0 (39–61) 48.8 (40–60) P = 0.085

All results are expressed as means, with ranges in parentheses; there were no
significant differences but * value.

Table 4
Clinical results.

Parameter Value P value

HHS
Preoperative 52.2 (19–87)
Postoperativeb 92.9 (63–100) P = 0.000

VAS
Preoperative 7.2 (5–9)
Postoperativeb 1.4 (0–4) P = 0.000

Complaint of LLDa none

All values are expressed as means, with range in parentheses.
a LLD = leg length discrepancy.
b Values were at the final evaluation.

Fig. 5. Preoperative and postoperative images of the case of a 40-year-old woman with neglected hip dislocations bilaterally (A) Neglected dislocations caused pain, which
necessitated the surgical treatment. (B) Image taken at the final exam 7 years after THA, from difficulty to get reduction, 2 cm femoral shortening was made during the left side
THA, after which 1 cm femoral shortening was made on the right side considering both reduction and leg length discrepancy. The arrow indicates cerclage wire for additional
fixation after the shortening. Trochanteric osteotomy was applied on the right side.

Fig. 6. Location of hip joint center is expressed on a graph in the same way as that of
Kim et al.24 and Russotti et al.33 with the quadrangle representing the normal range
of hip center of THA. The outliers tended to have lower vertical locations within
normal horizontal range.
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Table 5
Clinical outcomes according to Crowe classification.

Crowe type I, II Crowe type III, IV P value

HHS
Preoperative 57.6 (32–75) 47.1 (19–87) P = 0.014*
Postoperativey 93.3 (65–100) 92.5 (63–100) P = 0.608

VAS
Preoperative 7.0 (5–9) 7.4 (5–9) P = 0.065
Postoperativey 1.3 (0–4) 1.5 (0–4) P = 0.433

All results are expressed as means, with ranges in parentheses; there were no
significant differences but * value; y values were at the final evaluation.
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normal vertical range, similar assumption can be made on distally
located hip joint center. However, we could not suggest the
landmarks or generally applicable principles on this, because
morphology of pelvic wall was inconsistent particularly in cases of
Crowe type IV. Preoperative templating in addition to intra-
operative decision making should be remarked in dealing with
severe hip dysplasia. In spite of the compromise of hip joint center,
we had 2 cases with Crowe type II and 4 cases with Crowe type IV
that showed the coverage ratio more than 50%. We did not find any
difference of results in those 6 cases.

The current study has several limitations. Firstly, the nature of
retrospective design is weakness, although it has as similar level of
evidence as the previous studies. Secondly, the follow-up period
may be not enough to determine survivorship of the arthroplasty.
According to the study by Zahar,37 failure could increase even after
15 years postoperatively. Apart from that THA is not accepted as
the permanent procedure yet, such disadvantageous circumstance
as the defective acetabulum might well aggravate longevity of THA.
Possible factors that could affect the survivorship include the graft
incorporation, surgical techniques and use of cement, which
makes all the differences among the results about the longevity of
THA in hip dysplasia. Persistent observation of the study group
should follow to determine our accurate survivorship. We focused
on the change of the coverage ratio, considering major resorption
of graft reportedly represented as trabecular reorientation on
radiograph is showed to occur 2 or 3 years after the operation.18,19

The results showed no significant difference between low and high
grade dysplasia groups. Another problem of this study lied in that
radiographic figures were only measured on 2 dimensions.
However, we took the similar way most previous studies applied,
which can make it easy to compare our results with others.
Distinguishing radiographic changes of the grafts on plain radio-
graphs was also complicate so that other observers, especially
radiologists, could be helpful to get robust results. Anyhow, our
results were similar to those of Kim et al.24 Lastly, we cannot give
the exact guidelines or landmarks as to the acceptable extent of
translation of hip joint center, because we did not experience
complications that could originate from the translation. The
compromise on THA rotation center was inevitably made to satisfy
both the principle not to exceed the graft coverage more than
recommended by many authors and to get the initial secure
fixation of the sockets. We only made conclusions on possible
acceptable range of hip center without complications. We also
assumed that other variables like soft tissue tension or intra-
operative range of motion also take important part in deciding the
hip center. We gave up the anatomic center only when there were
no other options and did not alter inclination or version of the cup
for the coverage.

Acetabular augmentation with autogenous bone graft from the
resected femoral head showed favorable outcomes in averagely
9.8 years follow-up. When inevitable, a degree of compromise on
hip joint center can be needed in dealing with severe hip
dysplasia.
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