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Abstract

Background: We aimed to analyze if the false acetabulum is a good indicator for determin-
ing femoral shortening.
Methods: We retrospectively included 102 patients with unilateral Crowe type IV develop-
mental dysplasia who underwent primary total hip arthroplasty from April 2008 to May
2019. Based on the presence of false acetabulum, the 102 hips were further classified Crowe
IVA group and Crowe IVB group. Radiographic measurement included the height of greater
trochanter (HGT) preoperatively and postoperatively, which reflected the distalisation of
greater trochanter (DGT). Harris hip score (HHS), limb length discrepancy (LLD), and com-
plications were collected as clinical evaluation.
Results: Sixty hips were classified into Crowe IVA group, and 42 hips were classified into
Crowe IVB group. Within Crowe IVA group, the proportion of hips treated with sub-
trochanteric osteotomy was significantly higher than that in Crowe IVB group (97% vs.
12%) (P < 0.001). The DGT in Crowe IVA group was also greater (67 vs. 32 mm)
(P < 0.001). At last follow-up, both two groups obtained excellent clinical scores. There
was no significant difference in postoperative LLD between the two groups (P = 0.001).
Six dislocations occurred and three patients developed femoral nerve palsy, while all recov-
ered in a year.
Conclusion: The false acetabulum is a promising and good indicator for determining femo-
ral shortening.

Introduction

Total hip arthroplasty (THA) in developmental dysplasia of the hip
(DDH) is a technically demanding procedure due to morphological
variations.1–3 In the setting of severe dysplasia (Crowe type IV or
Hartofilakidis type C),2,3 high riding hip centers and soft-tissue con-
tractures are quite likely to be encountered by surgeons.4 Therefore,
femoral shortening may be necessary for anatomic placement of the
acetabular component to avoid neurovascular complications.

Over the years, several methods emerged aiming for the avoid-
ance of femoral shortening, including intraoperative injection of
muscle relaxant, more extensive soft tissue release, leverage and
progressive femoral lowering by iliofemoral distraction.5–7 THA

without femoral shortening was possible in Crowe type IV hips,
which also provided good clinical outcomes and acceptable compli-
cation rates.7,8 In some studies, femoral shortening was rec-
ommended when the lower limb would be lengthened more than
3–5 cm in dislocated hips to decrease the risk of excessively
stretching the sciatic nerve.9–11 Besides, multimodal intraoperative
monitoring has been described to detect early warning signs of
nerve injury and offer the guidance.10 Interestingly, the radio-
graphic measurements of Xu et al.11 and Ma et al.12 confirmed that
proximal femur in high dislocated hips without false acetabulum
was narrower, with little metaphysis flare to mate with the stem,
and often migrated more superiorly than that in hips with false ace-
tabulum formation. They presumed that the limb of the former type

© 2021 The Authors.
ANZ Journal of Surgery published by John Wiley & Sons Australia, Ltd on behalf of Royal Australasian College of Surgeons.

ANZ J Surg 91 (2021) 1903–1907

https://orcid.org/0000-0002-7304-4691
http://creativecommons.org/licenses/by/4.0/


might gain more lengthening when repositioning the hip into the

anatomical center of rotation; thus, subtrochanteric osteotomy was

more likely to be performed.
Considering the potential relationship between the false acetabu-

lum and femoral anatomical morphology, we hypothesized that hip
reduction can be achieved without femoral shortening in Crowe
type IV DDH with the presence of false acetabulum. The purpose
of this study is to investigate if the false acetabulum is a good indi-
cator for determining femoral shortening.

Methods

Patients

After Institutional Review Board approval, we retrospectively
reviewed 171 consecutive patients affected by unilateral Crowe
type IV DDH who underwent primary THA with modular
cementless stem (S-ROM, DePuy, Warsaw, Indiana) from April
2008 to May 2019 in our institution. The mean follow-up time was
70 months (from 19 to 132 months).

Exclusion criteria were (1) previous femoral osteotomy, or (2)
previous hip pyogenic arthritis, or (3) proximal placement of the
cup component at high hip center, which meant the rotation center
was at least 22 mm above the inter-teardrop13 or (4) use of conical
sleeve, or (5) inadequate postoperative anteroposterior (AP) radio-
graphs. Finally, a total of 102 patients were included in the study.
Based on the presence of false acetabulum, the 102 hips were fur-
ther classified Crowe IVA group and Crowe IVB group. The Crowe
IVA group had completely dislocation without false acetabulum.
The Crowe IVB group had completely dislocated with false acetab-
ulum formation.

The presence of false acetabulum was evaluated by the AP radio-
graphs. When the femoral head is articulated with a false acetabu-
lum, it often reached the lateral margin of the ilium wing,
accompanied with the formation of a high-density osteosclerotic
zone and osteophyte. Otherwise, the absence of an area of osteo-
sclerosis proximal to the true acetabulum suggested there was no
false acetabulum (Fig. 1).

Radiographic assessment

Standardized digital, calibrated AP hip and full-length standing AP
radiographs were acquired both preoperatively and postoperatively.

The performance of subtrochanteric osteotomy was validated by
osteotomy line on images of the second day postoperatively and
reference to operative notes. Radiographic measurement included
the measuring of the height of greater trochanter (HGT) preopera-
tively and postoperatively, which can be used to calculate the
distalisation of greater trochanter (DGT).14 The HGT was the verti-
cal distance from the most proximal point of the greater trochanter
to the inter-teardrop line. The DGT was the value of the difference
of HGT before and after the surgery, which indirectly reflected the
change of leg length without femoral shortening and the necessity
of femoral shortening，especially among the patients in the Crowe
IVA group.

Surgical procedure

All operations were performed by one senior surgeon using the pos-
terolateral approach under general anesthesia in the lateral
decubitus position. The joint capsule was totally excised. Tensor
fasciae latae, gluteal sling release, and iliopsoas tendon was con-
ventionally released. In order to use ceramic on ceramic bearing,
the cup (range 44–46 mm) was implanted at the anatomic position
by reaming the acetabulum posteriorly and inferiorly.15 After the
cup implantation, the femoral canal was prepared using the reamer
for the S-ROM stem. With trial seated in the femur, we measured
the final vertical distance from the femoral head to cup under con-
stant and vigorous traction. If hip reduction with a femoral trial
stem was impossible, a subtrochanteric osteotomy would be
performed.

The osteotomy position was planned to be adjacent enough to
the end of the proximal sleeve, approximately corresponding to 1–
2 cm beneath the lesser trochanter. Prophylactic cerclage wires
were placed both proximally and distally around the fragment of
the planned osteotomy. Also, a longitudinal line along the femoral
diaphysis was marked by electrocautery prior to osteotomy to deter-
mine the rotation. After removing the trial, a transverse osteotomy
was performed, by resection of a length of the femur below the
lesser trochanter. The length of the removed bone stock was based
on the distance we measured before, leaving a scope of 1–1.5 cm
with the surgeon’s discretion. After completion of osteotomy, a
final preparation of the femur was undertaken until optimal cortical
contact was achieved. Then, the trial reduction was performed
again. If impossible, additional bone was incrementally resected at

Fig 1. (a) Absence of false acetabulum, there
was no sign of osteosclerosis; (b) false acetabu-
lum formation, the femoral head reached the lat-
eral margin of ilium wing, accompanied with the
formation of high-density osteosclerotic zone
and osteophyte.
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the osteotomy site until reduction was achieved. After trial reduc-
tion, stability, limb length and soft tissue tension were evaluated.
Intraoperative measurement of limb length discrepancy (LLD) was
performed by palpating the inferior point of the bilateral patella.
Mild LLD could be adjusted by means of the modifications of
head/neck length and stem depth in femur. Finally, the definitive
femoral component was implanted with the rotational alignment of
the femoral stem adjusted to allow approximately 30�–50� of com-
bined anteversion. No rotational adjustment of the bone segment
was performed. At last, motion in the abduction was assessed to
evaluate the necessity of a percutaneous partial adductor tenotomy.
Postoperatively, patient’s hip and knee were maintained in flexion
for several days to relax the sciatic nerve and reduce the tension of
soft tissue.

Patients were followed up in regular intervals at 3.6 months, and
yearly after surgery. Clinical information was collected including
Harris hip score (HHS), LLD (measured from anterosuperior iliac
spine to the prominence of medial malleolus), and occurrence of
complications.

Statistical analysis

All statistical analyses were performed using SPSS 26.0 (IBM Inc.,
Armonk, New York). Categorical variables were presented as fre-
quencies and continuous variables as means � SD. Continuous var-
iables were assessed using Student’s t-test, whereas categorical
variables were analyzed using chi-squared test or Fisher’s exact
test. P-value of <0.05 was considered significant.

Results

In this study, 60 hips were classified into Crowe IVA group, and 42
hips were classified into Crowe IVB group. Demographic data were
summarized in Table 1. Within Crowe IVA group, the proportion
of hips treated with subtrochanteric osteotomy was significantly
higher than that in Crowe IVB group (P < 0.001).

Before operation, the mean HGT was evidently greater in hips
without false acetabulum (P < 0.001). Instead, the mean HGT post-
operatively was significantly smaller in hips without false acetabu-
lum (P < 0.001). Thus, the calculated value of DGT in Crowe IVA
group was significantly greater than that in Crowe IVB group (67

vs. 32 mm) (P < 0.001) (Fig. 2). Among the five hips undergoing
subtrochanteric osteotomy in Crowe IVB group, the mean DGT
was 47 mm (range, 34–54 mm). Besides, the DGT was 32 and
46 mm, respectively, in hips without femoral shortening.

At the last follow-up, both two groups obtained excellent clinical
scores (HHS). Regarding the postoperative LLD, there was a signif-
icant difference between two groups (P = 0.001), which showed a
tendency of shortening in Crowe IVA group of which hips mainly
underwent subtrochanteric osteotomy (Table 2).

Totally six dislocations (at 1, 2, and 3 months) occurred in six
patients (five in Crowe IVA group with femoral shortening and one
in Crowe IVB group without femoral shortening). Four hips were
treated by closed reduction and two by open reduction. Three
patients (all in Crowe IVA group with femoral shortening) devel-
oped femoral nerve palsy with skin numbness on the frontal thigh
or tibia and all recovered in a year. And there were no other com-
plications such as sciatic nerve injury, fracture, non-union or
infection.

Discussion

Due to morphological variations of high dislocated hips, it is gener-
ally difficult for reduction especially when the cup is reconstructed
at the anatomical position.4 Current studies mainly focused on the
outcomes of THA with or without femoral shortening.5,7,8,16 Few
studies investigated the indicator guiding the use of femoral short-
ening. In this study, we found that hip reduction without femoral
shortening is very likely for Crowe type IV hips with the presence
of false acetabulum.

As was described in Hartofilakidis3 classification systems, high
dislocated hips were subdivided into two different types
depending on the presence of false acetabulum. With the aid of
those subtypes, they expected to predict the acetabular bone defi-
ciencies encountered during THA and plan for reconstruction.
Afterwards, Xu et al.11 and Ma et al.12 measured the canal flare
index and dislocation height of femur in high dislocated hips on
AP radiographs. Both of their results showed in hips without false
acetabulum, more amount of dislocation height appeared in the-
proximal femur. It was speculated that the morphological differ-
ence between the two subtypes could be attributed to the stress
stimulus provided by false acetabulum according to Wolf’s law.

Table 1 Patient characteristics

Total (n = 102) Crowe IVA (n = 60) Crowe IVB (n = 42) P-value

Age (years) 38.31 � 11.48 39.67 � 12.02 36.38 � 10.50 0.156
Height (m) 1.59 � 0.07 1.59 � 0.06 1.60 � 0.08 0.464
Weight (kg) 56.98 � 10.47 56.99 � 10.31 56.98 � 10.81 0.996
BMI (kg/m2) 22.26 � 3.37 22.38 � 3.36 22.08 � 3.43 0.664
Gender
Male 9 (9%) 4 (7%) 5 (12%) 0.573
Female 93 (91%) 56 (93%) 37 (88%)

Femoral shortening
With STO 63 (62%) 58 (97%) 5 (12%) <0.001
Without STO 39 (38%) 2 (3%) 37 (88%)

Follow-up (months) 45.14 � 25.41 47.10 � 26.01 42.33 � 24.56 0.354

Abbreviations: BMI, body mass index; STO, subtrochanteric osteotomy.
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In general, we supposed that the lower dislocation height and
more insertion depth of stem in hips of Crowe IVB group can give
less contribution to the limb lengthening. This is also validated by
the low rate of applying subtrochanteric osteotomy in Crowe IVB
group. More studies like computerized three-dimensional plan-
ning may be needed to recognize the effect of false acetabulum on
femoral morphology.

Our results of DGT indirectly identify the role of false acetabu-
lum for avoiding femoral shortening. The same tendency was
observed by Nagoya et al.14 and Fujishiro et al.17 Nagoya et al.
included 20 hips with Crowe type IV of which eight were previ-
ously treated with femoral osteotomy. Their results showed the
mean DGT was 36.3 mm in patients with iliofemoral osteoarthritis
(OA), and 67.8 mm in patients without iliofemoral OA. Fujishiro
et al. conducted a similar study with a larger scale (70 hips) and the
mean DGT of hips with or without iliofemoral OA were 49.3 and
71.5 mm. However, it is important to note that iliofemoral OA
described in their essays does not equate to the presence of false
acetabulum. From the perspective of morphological development,
we think it is not the pseudarthrosis between the pelvic wall and the
femoral head resulting from long-term abrasion, but a fossa forming
at an early age providing load stimulus and obstructing higher dis-
location that counts.

Although false acetabulum was a potent indicator, there was still
a need of femoral shortening in five hips (12%) of Crowe IVB
group. We speculated relatively higher dislocation in those cases
might explain it. It must be admitted that the decision on femoral
shortening can be influenced by many factors. Apart from limb
length change, others like previous femoral osteotomy, history of

pyogenic arthritis, inelastic scars due to multiple surgeries and rigid
spine/pelvis deformity should be considered preoperatively. In this
study, although treated with different procedures, most of hips
within both two groups obtained excellent clinical scores and
acceptable limb length equalization. It was reported that the inci-
dence of sciatic nerve injury reached up to 5.2% in THA performed
for DDH,18 because the sciatic nerve could deviate from its normal
position due to hip dislocation or muscle contracture and the com-
plexity of surgery.18,19 In addition, excessive tension resulting from
limb lengthening might be the main cause of sciatic nerve
palsy.13,18,19 Fortunately, there is no such complication in our
study, except for a slight femoral nerve palsy.

There are several limitations. First, this was a retrospective study.
Fortunately, we mainly relied on the radiographs with less effect
from recall bias. Second, several factors such as history of femoral
osteotomy or pyogenic arthritis were excluded, aiming to determine
the effect of false acetabulum by itself. Therefore, a comprehensive,
multivariate analysis may be needed. Finally, it was a single-institu-
tion, single-surgeon study with use of a single femoral prosthesis,
and has limited external validity. However, to our knowledge, it
has reported the largest sample of unilateral Crowe type IV hips so
far. We believe that subtypes based on the presence of false acetab-
ulum can indeed remind surgeons of potential different interven-
tions on femoral side in Crowe type IV hips.

Conclusions

The false acetabulum is a promising and good indicator for deter-
mining femoral shortening. Although treated with different proce-
dures, similarly excellent clinical outcomes have been obtained in
both Crowe IVA and Crowe IVB group. However, there are some
other factors influencing hip reduction. A multivariate analysis and
morphological study are required to further validate the role of the
false acetabulum.
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Fig 2. Comparison of height of greater trochanter (HGT) preoperatively and postoperatively along with distalisation of greater trochanter (DGT) between
Crowe IVA and Crowe IVB group.

Table 2 Limb length discrepancy (LLD) and clinical outcomes (Harris hip
score, HHS)

Crowe IVA
group (n = 60)

Crowe IVB
group (n = 42)

P-value

Postoperative
LLD (cm)

�0.66 � 0.84
(�2.5 ~ 0.85)

0.13 � 0.73
(�1.8 ~ 1.4)

0.001

Preoperative HHS
(points)

36.72 � 8.92 37.02 � 10.66 0.875

Postoperative HHS
(points)

87.65 � 6.65 88.69 � 8.19 0.481

P-value 0.000 0.000
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