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of dysplastic hip. Further, allografts showed twice as rapid 
failure as autografts. Although these results contradict both 
good short-term and long-term results in published litera-
ture, they present warning for future use of free bulk bone 
grafts in reconstructive hip surgery.
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Introduction

Reconstructive hip surgery in patients with secondary osteo-
arthritis due to hip dysplasia is a challenging orthopedic pro-
cedure. Dysplastic acetabulum is usually small and shallow 
with superolateral defect [1] that makes proper placement of 
acetabular component difficult and challenges primary and 
secondary endoprosthesis stability. Several techniques have 
been described to achieve adequate superolateral coverage 
and <45° of acetabular cup inclination, such as placement of 
the cup cranial to the true acetabulum [2], medialisation [3], 
cotyloplasty [1], placement of a small acetabular component 
[4]. If bone stock in the level of the true acetabulum is inad-
equate autograft [5–7], allograft [6, 8] or vascularized grafts 
[9, 10] are used. Here, we have to mention that there is still 
no consensus on graft survival after total hip arthroplasty 
(THA) in dysplastic hips. Short-term graft survival is gener-
ally described as good [11, 12] although some histological 
data did not support these findings [13]. Mid-term results 
are also mainly good [7, 14–16], however, papers with long-
term results are not consistent; ranging from sporadic endo-
prosthesis loosening [17–24] to ones that required revision 
surgery in high percentage of cases [13, 25].

Therefore, the aim of this study was to analyze acetab-
ular cup stability after autograft or allograft was used for 
acetabular reconstruction in patients with hip dysplasia.

Abstract 
Introduction  Bulk bone grafts are used in total hip 
arthroplasty (THA) when adequate acetabular cup cover-
age cannot be achieved. Data from literature show mainly 
good short-term and mid-term results with contradictory 
long-term results. The aim of this study was to investigate 
acetabular cup stability and graft integrity after dysplastic 
adult hip reconstruction with total hip endoprosthesis and 
bulk bone graft for acetabular deficiency.
Methods  Seventy-two hips in 64 patients that underwent 
THA with bone autograft or allograft were assessed imme-
diately after operation, 6 months and 1, 2, 3 and 10 years 
after operation. Acetabular angle, acetabular cup coverage, 
bone graft width, and bone graft height were measured and 
questionnaire was designed to determine acetabular cup 
stability and grade graft integrity. Four investigators graded 
grafts and inter-rater and intra-rater reliability of the ques-
tionnaire was tested.
Results  All measured parameters in all patients and in 
patients with autograft and those with allograft separately 
showed significant changes consistent with graft failure and 
acetabular cup instability when level of significance was set 
at p < 0.05.
Conclusions R esults of this study show significant 
decrease in acetabular cup stability when either autograft 
or allograft is used for cemented acetabular reconstruction 
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Materials and methods

Seventy-two adult dysplastic hips in 64 patients were 
consecutively operated between 1985 and 2000 using 
cemented total hip endoprosthesis by three senior orthopae-
dic surgeons using direct lateral approach. Dysplastic hips 
were classified using Crowe [12] classification. Autograft 
was used in 49 hips and allograft in 23 hips when proper 
autograft could not be obtained. The aim was to place 
endoprosthesis as close to ideal center of rotation as pos-
sible and to obtain adequate coverage of the acetabular cup 
with bone graft coverage being maximally 30 %. The size 
of the graft was determined intraoperatively depending on 
the achieved acetabular cup coverage. The bone graft was 
fixed with two fully threaded cancelous bone screws with 
washers. Placing acetabular cup in position of ideal acetab-
ulum leg length equalization was achieved without femoral 
shortening. If needed leg length was additionally corrected 
with different offset and femoral neck length. To evaluate 
acetabular cup stability and bone graft integrity, three dif-
ferent analysis were performed.

First, to determine radiological stability of the acetabular 
cup, following parameters were measured: (1) acetabular 
angle (inclination angle between acetabular cup and hori-
zontal line), (2) cup coverage (angle between line connect-
ing femoral component head center and lateral part of ace-
tabular cup and perpendicular line passing through femoral 
component head center), and (3) the largest craniocaudal 
and mediolateral graft diameter (Fig. 1). These measure-
ments were done by single investigator in all patients. All 
measurements were performed on X-rays immediately 
after surgery, 6 months after surgery, 1 year after surgery, 
2 years after surgery, and 3 years after surgery. All X-rays 
were performed on a single unit, and all were adjusted for 
magnification. The magnification was calculated regard-
ing known diameter of the femoral head and all measured 
parameters were expressed in actual values.

Second, a questionnaire was designed to grade graft 
integrity (Table  1). Following parameters were assessed; 
screw loosening, heterotopic ossification as described by 
Brooker [26], graft porosity compared to iliac bone, bone 
graft union with iliac bone, graft union with acetabular cup, 

Table 1   Questionnaire designed to grade graft integrity

1. General graft integrity (VAS) 0–10

2. Screw Broken 1 6. Graft union with  
acetabular cup

Sclerotic <1 cm

Broken 2 Sclerotic >1 cm

Does not hold Sclerotic in all length

Holds good Lucent <1 cm

Lucent >1 cm

Lucent in all length

Adequate union

3. Heterotopic ossification  
(Brooker)

None 7. Graft resorption  
proximally

Unchanged

Islands Resorbed <0.5 cm

Distance great trochanter  
acetabulum >1 cm

Resorbed <1 cm

Distance great trochanter  
acetabulum <1 cm

Resorbed >1 cm

Resorbed >2 cm

Almost entirely resorbed

4. Graft porosity compared  
to iliac bone

As normal bone 8. Graft resorption  
laterally

Unchanged

Porotic Resorbed <0.5 cm

Sclerotic Resorbed <1 cm

Resorbed >1 cm

Resorbed >2 cm

Almost entirely resorbed

5. Graft union with  
iliac bone

Sclerotic <1 cm

Sclerotic >1 cm

Sclerotic in all length

Lucent <1 cm

Lucent >1 cm

Lucent in all length

Adequate union
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graft resorption proximally and laterally. After answering 
and completing following questions (questions 2–8) from 
the questionnaire, investigators gave general impression of 
the graft integrity on VAS scale (question 1). The question-
naire was used by four investigators simultaneously and 
inter-rater reliability and intra-rater reliability was tested.

The third analysis was performed to asses overall ace-
tabular cup stability and graft survival 10  years after sur-
gery. We declared two or more millimeters of acetabular 
component cranial migration to be definitive sign of insta-
bility. Patients scheduled for revision surgery because of 
endoprosthesis instability at any point during this study 
were excluded from further evaluation.

Statistical methods

Descriptive statistic was used to determine proportional fre-
quency of graft, sex and age in time of surgery and to deter-
mine arithmetic mean and standard deviation of age, age 
related to graft, acetabular angle, proportion of the cup cov-
ered by bone graft, graft height and width and investigators’ 
assessment. Students’ t test for dependent samples was used 
for significance testing between acetabular angles, propor-
tion of the cup covered by bulk bone graft, graft height and 
width considering all testing intervals. Level of significance 
was set at p < 0.05. Multiple analysis of variance was used 
for significance testing of differences between investigators. 
Reliability of results of different investigators was deter-
mined by Pearson’s linear correlation coefficient, internal 
consistency measurement (Cronbach’s  α), and assessment 
of inter-rater correlation. Four patients were not eligible for 
long-term follow-up. All available data concerning overall 
graft survival assessment 10 years after operation were ana-
lyzed using the Kaplan–Meier estimator.

Results

Patients were on average 46.2 years old (20–76 years, SD 
13.2), 33 % being younger than 40 years. Forty-one patients 
had one side hip reconstruction with autograft and four had 
bilateral operations with autograft. Allografts were used in 
19 patients, in 15 patients unilaterally and in four patients 
bilaterally. Patients in autograft group were on average 
47.1 years old and in allograft group 44.1 years. Severity 
of hip dysplasia was determined using Crowe classifica-
tion [12]. Sixteen patients in autograft group were Crowe 
II type (33 %) and 33 were Crowe III (67 %). In allograft 
group, six patients were classified as Crowe II (26 %) and 
17 were Crowe III (74  %). Acetabular angle (on average 
45.5° ± 10.3° immediately after operation) showed signifi-
cant increase over time after each measurement (Table 2) in 
all patients.

The same tendency was noted analyzing acetabular 
angle values in both autograft and allograft group. Pro-
portion of the cup covered by bulk bone graft showed sig-
nificant decrease from 53.6°  ±  15.6° immediately after 
operation (Table 2) in all patients. Significant decrease was 
found in both groups. Accordingly, the largest width of the 
bone grafts decreased from average 3.5 ±  1.4  cm signifi-
cantly in both groups when measured together and sepa-
rately (Table 2).

Values of bone graft height were in concordance with 
prior measurements. There was significant decrease in graft 
height in all patients, in autograft and allograft group com-
pared to baseline (Table 2; Fig. 2).

Analyzing questionnaire results significant inter-rater 
difference (Wilks’ Lambda 0.835, Rao R(12,420)  =  2.47; 
p = 0.0039, Pillai–Bartlett Trace 0.168, V(12,483) = 2.382; 
p = 0.0054) was found. However, all four investigators rated 
graft integrity with lower grades at every tested time point 
than immediately after operation. When tested with Pear-
son’s linear correlation, there was significant positive cor-
relation between raters’ grades with level of significance 
at p < 0.05. Inter-rater reliability was significant, but weak 
(=0.49), as well as internal consistency reliability (Cronbach  
α = 0.75). This is not surprising since evaluation question-
naire was used for the first time without previous training. 
Despite the differences, deterioration of graft integrity was 
noted by all four raters through entire time line (Fig. 3).

Analysis of overall acetabular cup stability and graft 
integrity showed that 25  % were unstable after 3  years, 
50 % after 8 years, and only 25 % had adequate bone graft 
integrity after 10 years. In autograft group, acetabular cup 
instability was 25 % after 4 years, 50 % after 8 years, and 
75 % after 9.3 years. Allografts were failing causing ace-
tabular cup instability in 25 % after only 2 years, 50 % after 
5 years, and 85 % after 10 years (Fig. 4).

Discussion

Key factors for acetabular cup stability in dysplastic hips are 
restoration of optimal anatomical and biomechanical rela-
tions [12, 27, 28]; placing the acetabular component in proper 
center of rotation with acetabular angle between 40° and 45° 
and 20°–30° of anteversion, and optimal coverage of the cup. 
Therefore, several operative techniques were developed and 
published [1–3, 5–10, 29]. For techniques which use bone 
grafts to compensate inadequate acetabular cup coverage, 
first and early encouraging results [11, 12] were later dis-
puted by the original authors [13] and signs of loosening were 
reported after 7 years on average. Further, postmortem histo-
logical findings in “radiologically” healed grafts have showed 
sparse union [8]. When reviewing results of cemented endo-
prostheses with structural bone grafts, Gerber and Harris [7] 



	 Arch Orthop Trauma Surg

1 3

reported 21 % of failed bone grafts and Mulroy showed high 
(46 %) percentage of failure of acetabular fixation [13], simi-
lar as Kwong [30] and Lee [25]. Shinar [6] also emphasized 
that greater coverage of the acetabular component by the graft 
(more than 40 %) will result in greater rate of late failure. On 
the other hand, de Jong [18] reported good long-term results 
with smaller autografts but the limitation of this study was that 
most patients had minor dysplasia (Crowe [12] type 1) similar 
as Masui [21] who reported only three cases of radiological 
loosening after on average 12 years of follow-up with most of 
the patients classified as Crowe I or II and mean proportion 
of graft acetabular coverage 23.1 percent smaller grafts were 
also used by Bobak [31], Inao [19] and Rodriguez [20] with 
good long-term outcome. Busch [23] claims all-cause survi-
vorship of 98 % at 10 years follow-up and Akiyama [24] 96 % 
at 15 years advocating usage of bone grafts with emphasis on 
improved surgical techniques. When cementless hip recon-
struction with structural bone grafts is concerned, Hasegawa 
[32] and Yamaguchi [33] published good short-term results 
and Spangehl [34] described good mid-term results showing 
91 % of 10-year rate of survival without acetabular revision 
because of aseptic loosening. Schofer [16] published promis-
ing short- to mid-term results with failure rate of 6.7 %. Morsi 
[35] states good long-term results being 94  % success rate 
after on average 6.6 years similar as Shetty [36]. Results of 
10-year survival rate without acetabular revision for any rea-
son are shown by Kim [17] being 94 % and Tsukada [15] with 

Fig. 1   Measured parameters for assessing graft integrity and acetab-
ular cup stability; acetabular angle a, cup coverage b, largest cranio-
caudal diameter c and largest mediolateral graft diameter d
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100 % survival rate with mean follow-up time of 8.3 years. 
Even longer follow-up (18.5  years) in Saito [22] paper is 
connected with 94.5 % survival rate. However, Hendrich [5] 

reported 36 % loosening after THA with grafting and Zahar 
[37] stated that using Kaplan–Meier survivorship analysis for 
all-cause revision, THA with a bulk allograft for acetabular 
reconstruction had a predicted 80 % survival at 14 years; but 
that survival appears to dramatically decrease after 15 years 
postoperatively. The results of our study contradict both short- 
and long-term good results and emphasize early failure of used 
grafts. We are aware that structural changes of the graft are 
possible up to 4 years after THA [31]; however, the constant 
deterioration recorded on every evaluation time point does not 
support the idea that adequate remodelation will occur later. 
These results are confirmed with overall acetabular cup sta-
bility analysis done 10 years after THA when high instability 
rate was shown. Possible reason for high failure rate could be 
in higher percent of younger individuals (33 % younger than 
40 years), but also higher proportion of more severe types of 
dysplasia (~70 % of Crowe III in both groups). We agree that 
each type of dysplasia requires individual preoperative plan-
ning and adjustment of THA technique. And since THA due 
to hip dysplasia is performed in younger patients, careful 
treatment decision is to be made to avoid early need for revi-
sion arthroplasty. Taking into consideration the collected data 
while acknowledging the drawbacks of this study and the need 
for further research, we do not support the use of free bulk 
bone grafts raising concern of the long-term endoprosthesis 
stability.

Conflict of interest  None.
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