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Abstract

Background 1In a previous study, we described two
subtypes of high dislocation of the hip depending on the
presence (C1) or absence (C2) of a false acetabulum, yet
we have already presented the concise followup of total hip
arthroplasty (THA) in these patients as a group at a mini-
mum of 15 years.

Questions/purposes In this retrospective study, we
investigated differences in the results of THA in the C1 and
C2 subtypes of high dislocation such as (1) survivorship of
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the reconstructions; (2) Merle d’Aubigné-Postel clinical
scores; (3) leg lengthening and femoral shortening; and (4)
site of reattachment and union rate of the greater
trochanter.

Methods We included 49 hips of the C1 subtype and 30
hips of the C2 subtype operated on from 1976 to 1994. We
evaluated survivorship (using reoperation for any reason as
the end point) and performed chart and radiographic
reviews.

Results  The 15-year survival was 84% (£ 10% [95% CI])
for the C1 subtype and 60% (£ 17% [95% CI]) for the C2
subtype (p = 0.001). Cox regression analysis, after adjust-
ment for confounding factors, showed also statisti-
cally significantly worse survivorship in the C2 subtype
(p = 0.021) and, after adjustment for possible predictive
factors, found a statistically significant relationship of high
dislocation subtype (p = 0.018) and trochanteric union
(p = 0.005) with survival of THAs. Pain, function, and
mobility scores improved from preoperative to last fol-
lowup in C1 and C2 groups but they did not differ between
C1 and C2 hips. C2 hips were lengthened more (p < 0.001)
despite greater amounts of femoral shortening (p = 0.006).
Site of reattachment and the risk of greater trochanter
nonunion were not different between the groups.
Conclusions We found important differences in funda-
mental parameters after THA in the high-dislocation
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subtypes, including the risk of revision, which was higher
in patients whose hips did not have a false acetabulum.
These findings indicate that while reporting THA results in
patients with high dislocation, mixing results of the two
subtypes may lead to statistical bias.

Level of Evidence Level III, therapeutic study. See
Instructions for Authors for a complete description of
levels of evidence.

Introduction

We have recognized two subtypes of high dislocation of
the hip on the basis of the presence (C1 hips) or absence of
a false acetabulum (C2 hips) [10]. Xu et al. [21] found that
the presence or absence of false acetabulum in high dis-
located hips is associated with different loading patterns
and that this could influence the development and shape of
the proximal femur.

We have previously reported, in a concise followup
study, a group of 67 female patients with high dislocation
(84 hips) who underwent total hip arthroplasty (THA)
comparing cemented with hybrid and cementless recon-
structions, without separating C1 and C2 hips [8].
However, we are concerned that there may be differences
in the long-term clinical and radiographic results of THA
between the two subtypes of high hip dislocation. If there
were such differences, then mixing results of the C1 and C2
subtypes could lead to statistical bias.

In this report, we sought to compare (1) survivorship of
the reconstructions; (2) Merle d’Aubigné-Postel clinical
scores; (3) leg lengthening and femoral shortening; and (4)
site of reattachment and union rate of the greater trochanter
between patients having THA for C1 and C2 high hip
dislocations.

Patients and Methods

This study was approved by the institutional board of our
hospital. In our previous studies, we have reported the
clinical and radiographic results in a series of 84 THAs
performed during the period 1976 to 1994 by a single
surgeon (GH) in 67 female patients with high dislocation of
both subtypes (C1: Fig. 1; C2: Fig. 2) [8, 9].

For the purpose of this study, we excluded three patients
(three hips) as a result of postoperative infection and two
patients (two hips) who died 6 and 7 years after the oper-
ation, before completion of the minimum followup of 15
years. Therefore, 79 hips in 62 patients, 49 of the Cl
subtype and 30 of the C2 subtype, remained for evaluation.
The minimum followup for patients that retained the

original implants was 15 years (mean, 21 years; range,
15-33 years).

Eight patients had bilateral high dislocation of the C1
subtype (one of them operated on only one hip) and six had
bilateral high dislocation of the C2 subtype. Four more
patients had high dislocation of the C1 subtype in one hip
and of the C2 subtype in the contralateral hip. The diag-
nosis of the opposite hip in 44 unilateral hips is shown
(Table 1).

The mean patient age was 49 years (range, 23-73 years)
for the C1 subtype and 48 years (range, 23-68 years) for
the C2 subtype. The height of the dislocation was measured
on the preoperative AP radiograph according to the method
of Crowe et al. [5] as the vertical distance between the
teardrop and the head-neck junction. The average height
was 4.8 cm (range, 3-9 cm) in the C1 subtype and 6.9 cm
(range, 2-10 cm) in the C2 subtype. The Charnley low-
friction technique [4] was used in 39 hips of the C1 subtype
and 21 hips of the C2 subtype. The hybrid technique
(insertion of the acetabular component without cement and
of the femoral component with cement) was used in nine
hips of the C1 subtype and nine hips of the C2 subtype.
One arthroplasty in a C1 hip was performed with
cementless acetabular and femoral components. All oper-
ations were performed after osteotomy of the greater
trochanter, proximal femoral shortening at the level of the
femoral neck (Fig. 3) and placing the acetabular compo-
nent at the level of true acetabulum [7].

We used the Merle d’ Aubigné-Postel scoring system for
pain, function, and motion, as modified by Charnley [4],
for clinical rating. Survival analyses were performed
according to the Kaplan-Meier method [12] with revision
for any reason as the end point.

Furthermore, the following parameters were investi-
gated: (1) leg lengthening (leg length was measured as the
distance between the superior iliac spine and the lower end
of medial malleolus in a patient lying on a supine position)
and presence of Trendelenburg sign; (2) placement (height)
of the cup in relation to the teardrop; (3) extent of femoral
shortening needed during the operation, estimated by
subtraction of leg lengthening from the height of the dis-
location and by adding or subtracting the height of the cup
placement, because in all hips special CDH stems with
short necks (Charnley CDH stems, C.F. Thucrey, Leeds,
UK; Harris CDH stems, Zimmer, Warsaw, IN, USA; and
Opti-Fix, Smith and Nephew, Richards Inc, Memphis, TN,
USA) were used; and (4) position of reattachment and rate
of union of the osteotomized greater trochanter. We rec-
ognized four categories of trochanteric reattachment
relative to its original bed: (1) at the original bed; (2) distal,
the trochanter having contact with the distal part of the
original bed; (3) at the lateral femoral cortex; and
(4) proximal to the original bed [7]. The trochanter was
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Fig. 1A-E Images illustrate the case of a patient with a C1 subtype
high dislocation. (A) A preoperative radiograph shows the height of
the dislocation was 4 cm. (B—C) Three-dimensional CT shows the hip
(B) with and (C) without the femoral head (the stars depict the false

considered radiographically healed based on trabecular
continuity between the trochanteric fragment and the
femur. Fibrous union was defined as a persistent radiolu-
cent gap of less than 15 mm, and nonunion was defined as
gaps larger than that [3]. Complications such as postoper-
ative nerve palsies and dislocation were also recorded.

Statistical Analysis
With revision for any reason as the end point, Kaplan-

Meier survival data were used to construct the survival
probabilities [12]. In each survivorship analysis, the
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and arrowhead the true acetabulum). (D) A postoperative radiograph
taken after a hybrid-type THA shows the femur was shortened 3 cm,
whereas the limb was lengthened 1 cm. (E) Twenty years after
surgery, the patient remains free of symptoms.

probability of survival was reported at the time when high
numbers of hips remained at risk (minimum, 17 hips). The
log-rank test was used to compare time-to-failure curves
between the two groups.

Cox regression analysis was used to assess the time to
failure between C1 and C2 subtype hips adjusted for con-
founding factors. For the identification of confounding
factors among patients’ age, type of reconstruction
(cemented, hybrid and cementless technique), contralateral
hip diagnosis, leg lengthening, femoral shortening, and
trochanteric reattachment and union, we used the inde-
pendent sample t-test for the quantitative variables and
Fisher’s exact test for the qualitative variables. Cox
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Fig. 2A-F Images illustrate the case of a patient with a C2 subtype
high dislocation. (A) A preoperative radiograph shows the height of
the dislocation was 7 cm. Three-dimensional CT shows the hip
(B) with and (C) without the femoral head. (D) A postoperative
radiograph taken after a hybrid-type THA shows the femur was

Table 1. Diagnosis of the opposite hip in patients with a high-
dislocated hip

Type of high dislocation =~ Number of hips

Low dislocation = Dysplasia  Normal
Cl (n =30) 4 12 14
C2(n=14) 7 4 3

regression analysis was also used to identify the possible
predicting variables of the time to failure using the Enter
and Wald method.

Comparison of clinical results according to the Merle
d’ Aubigné-Postel scoring system as modified by Charnley
between the groups was performed using paired and
independent samples t-test.

All tests were two-sided with 95% significance level.
We performed all statistical tests using SPSS™ 20

shortened 1 cm, whereas the limb was lengthened 6 cm. (E) Fourteen
years after surgery, exchange of the liner only was required as a result
of progressive wear. (F) Five years after liner exchange and 19 years
after the original operation, the patient is free of symptoms.

statistical software (SPSS Inc, Chicago, IL, USA). Proba-
bility values < 0.05 were considered significant.

Results

Hips that had a pseudoacetabulum (C1 hips) were less likely
to be revised than those that did not (C2 hips). The Kaplan-
Meier survivorship at 15 years, with reoperation for any
reason as the end point, was 84% (£ 10% [95% CI]) for the
C1 subtype when 38 hips were at risk and 60% (£ 17% [95%
CI]) for the C2 subtype when 17 hips were at risk (p=0.001)
(Fig. 4). Sixteen hips (33%) of the C1 subtype and 21 hips
(70%) of the C2 subtype were revised during the followup
period. Cox regression analysis, after adjustment for con-
founding factors (leg lengthening and femoral shortening,
see subsequently), showed also significantly worse
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Fig. 3A-B Diagrams illustrate
the alternatives of femoral short-
ening: (A) shortening by segmental
dissection of bone at the level of
femoral neck and (B) shortening
by resection of bone from the
femoral diaphysis.

/7 b).,;_‘l,
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survivorship in the C2 subtype (p = 0.021) (Table 2). Cox
regression analysis, after adjustment for possible predictive
factors, showed a statistically significant relationship of high
dislocation subtype (p = 0.018) and trochanteric union
(p =0.005) with survival of THAs (Table 3). Cup placement
was excluded from the analysis because none of the cups was
placed higher than 3.5 cm, which is considered high
placement. Patient’s age, type of reconstruction, contralat-
eral hip diagnosis, leg lengthening, femoral shortening, and
trochanteric reattachment were not predictive for the sur-
vival of THAs.

Merle d’Aubigné-Postel scores for pain, function, and
mobility improved from those obtained before surgery to
those obtained at last followup in C1 and C2 hips; however,
no significant differences were observed between postop-
erative scores of C1 and C2 hips (Table 4).

Leg lengthening was more in hips without a pseudo-
acetabulum despite the fact that these patients, on average,
were treated with larger femoral shortening. The average
leg lengthening for the C1 and C2 subtypes was 2.6 cm
(range, 0—6 cm) and 4.2 cm (range, 2—-6 cm), respectively (p
< 0.001). The average femoral shortening in C1 and C2
hips was 1.7 cm (range, 0-5 cm) and 2.7 cm (range, 0-7
cm), respectively (p = 0.006).

There was no difference detected in the risk of greater
trochanter nonunion between C1 and C2 hips. Bony union
was observed in 35 (71.4%) C1 hips and 25 (83.3%) C2
hips (p = 0.233), fibrous union in 14 (28.6%) C1 hips and
four (13.3%) C2 type hips, and nonunion in one (3.3%) C2
hip. The greater trochanter was reattached to its original
bed in 19 C1 hips and 3 C2 hips, was advanced distally
having contact with the distal part of the original bed in
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Fig. 4 The Kaplan-Meier survivorship at 15 years with reoperation
for any reason as the end point was 84% (£ 10% [95% CI]) for the C1
subtype when 38 hips were at risk and 60% (£ 17% [95% CI]) for the
C2 subtype when 17 hips were at risk (p = 0.001).

four C1 hips and five C2 hips, was reattached to the lateral
femoral cortex in 12 CI1 hips and 11 C2 hips, and was
reattached proximally in 14 C1 hips and 11 C2 hips. There
was no difference between C1 and C2 hips in terms of
persistence of the Trendelenburg sign postoperatively
(Table 5). The acetabular component was placed at the
level of the teardrop in 26 (53%) C1 hips and 21 (70%) C2
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Table 2. Cox analysis for possible confounding factors

Enter method Reference  RR (95% CI) p value
category
Subtype of high Cl1 3.094 (1.182-8.095)  0.021

dislocation
0.966 (0.716-1.304)  0.822
0.979 (0.744-1.287)  0.878

Leg lenghtening -

Femoral shortening  —

RR = relative risk; CI = confidence interval.

Table 3. Cox analysis for possible predictive factors

hips, 1 cm higher to the teardrop in 17 C1 hips and seven
C2 hips, 2 cm higher in two C1 hips and one C2 hip, and 3
cm higher in one C1 hip. The cup was placed 1 cm lower to
the teardrop in three C1 hips and one C2 hip.

Other Complications

There were two postoperative neurologic complications:
one in the peroneal nerve in a patient with a C1 hip and one

Enter method Reference category RR (95% CI) p value
Subtype of high dislocation Cl 3.788 (1.258-11.405) 0.018
Age of patient - 0.992 (0.960-1.024) 0.602
Type of reconstruction Low friction arthroplasty 1.493 (0.662-3.364) 0.334
Diagnosis of the contralateral hip 0.202
Dysplasia Neutral 0.822 (0.261-2.593) 0.738
Low dislocation 0.837 (0.265-2.644) 0.761
High dislocation 0.364 (0.130-1.022) 0.055
Leg lenghtening - 1.041 (0.726-1.493) 0.827
Femoral shortening - 1.044 (0.767-1.421) 0.784
Trochanteric reattachment Optimal 0.892 (0.335-2.372) 0.818
Trochanteric union Bony 3.192 (1.412-7.220) 0.005
Wald’s method Reference category RR (95% CI) p value
Subtype of high dislocation Cl1 3.021 (1.529-5.968) 0.001
Trochanteric reattachment Optimal 2.217 (1.077-4.561) 0.031
RR = relative risk; CI = confidence interval.
Table 4. Comparison of clinical results according to the Merle d’ Aubigné-Postel scoring system as modified by Charnley
Subtype of high dislocation Preoperative Postoperative

Pain Function Motion Pain Function Motion
Cl 3 (1-6) 3 (1-4) 3 (0-5) 5 (3-6)* 5 (2-6)* 4 (2-6)*
C2 3 (1-5) 2 (1-3) 5 (3-6) 5 (5-6)* 5 (4-5)* 5 (4-6)
p value 0.232 0.121 0.006 0.859 0.163 0.470

All variables are presented as median (minimum-maximum value); * p < 0.001 versus preoperative scores.

Table 5. Persistence of the Trendelenburg sign postoperatively

Subtype of high dislocation Number of hips

Postoperative*

Positive (%) Less pronounced (%) Negative (%)

Preoperative

Positive (%) Negative
Cl 49 (100) -
c2 30 (100) -

18 37)

- 31 (63)
13)f 13 (43)

16 (53)

* p =0.560 for comparision using chi square test for persistence of the Trendelenburg sign for C1 and C2 type hips; fthe number of postoperative
positive hips is one, a value that cannot be analysed with chi square test and was excluded from the analysis.
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in the femoral nerve in a patient with a C2 hip. In both
patients, there was full recovery within 6 months. Postop-
erative dislocation occurred in three C2 hips: 20 days and
17 years after hybrid THA and 9 years after low-friction
arthroplasty.

Discussion

We have previously described two subtypes of high dis-
location of the hip, depending on the presence (Cl) or
absence (C2) of a false acetabulum [10], and we have
reported on the results of THA for high dislocation in this
group of patients without separating C1 and C2 hips [8]. In
this study, we determined whether the results of THA differ
between the two aforementioned subtypes of high
dislocation.

Limitations of the study are the retrospective nature of
the investigation, the relatively small number of hips, and
the use of different types of reconstruction. However, to
our knowledge, no previous study has reported differences
in results of THA in the two hip subtypes.

In our study, we investigated the potential differences in
THA in the two high dislocation subtypes. Survivorship
was lower in hips without a pseudoacetabulum (p = 0.001).
Although there are no other studies in the literature com-
paring results of THA in high dislocation subtypes, this
outcome seems reasonable, because C2 type hips have
more affected morphology compared with C1 type hips
that may result in a higher rate of failure [13, 21]. Cox
regression analysis, after adjustment for confounding fac-
tors, also showed statistically significantly worse
survivorship in the C2 subtype (p = 0.021) and, after
adjustment for possible predictive factors, we found a
statistically significant relationship of high dislocation
subtype (p = 0.018) and trochanteric union (p = 0.005) with
survival of THAs.

Differences regarding the latest clinical rating of pain,
function, and motion were not statistically significant
between C1 and C2 hips, although survivorship was sig-
nificantly different between the two subtypes. Exact
positioning of the cup at the level of the true acetabulum
was obtained in 26 (53%) C1 hips and 21 (70%) C2 hips,
probably because soft tissues were tighter in C1 hips than
in C2 hips. However, none of the cups was placed higher
than 3.5 cm, which is considered high placement [11, 17,
20]. To our knowledge, no previous study has compared
these subtypes, and so it will be important that future
studies replicate this finding to see whether it generalizes
well to other study settings and approaches.

Femoral shortening during THA for high dislocation is
necessary for the reduction of the components and avoid-
ance of neurovascular complications. The extent of
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shortening is decided during surgery on the basis of the
height of the dislocation and tightness of the soft tissues.
We have performed this shortening by progressive resec-
tion of bone from the femoral neck [13, 22]. Other reported
approaches to shortening are by subtrochanteric, diaphy-
seal, or distal osteotomy [2, 6, 14—16, 18, 19]. Nonetheless,
shortening at the level of the femoral neck averaged in our
study 1.7 cm in the C1 subtype and 2.7 cm in the C2
subtype and was easily and safely performed in contrast to
the complicated technique of more distal osteotomies
resembling an artificial fracture and usually requiring
additional osteosynthesis.

Trochanteric nonunion has been considered as a major
problem, with reported rates, even in routine arthroplasties,
of up to 17% [1]. However, in this series, nonunion of the
osteotomized greater trochanter was seen in one C2 hip.
The patients with the 14 C1 hips and four C2 with fibrous
union were asymptomatic. All three postoperative dislo-
cations occurred in C2 hips in which the greater trochanter
was united.

In this study, we found important differences in the
results of THA in the C1 and C2 subtypes of high dislo-
cation, most importantly in survival rate of the
reconstructions. These findings indicate that when report-
ing results of THA in patients with high dislocations,
mixing results of the two subtypes may lead to statistical
bias. It is therefore important that these subtypes be strat-
ified in analyses that deal with the survivorship of THAs
for high hip dislocations.
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