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Abstract

Background: When reconstructing a hip with developmental dysplasia and high dislocation, sub-trochanteric
shortening osteotomy is typically needed for placing the acetabular component in the appropriate anatomical
position. However, the procedure can result in complications such as non-union of the osteotomy. We evaluated
the contact area and the coincidence rate between the proximal and distal fragments at different femoral
osteotomy levels and lengths. We then determined the optimal location of subtrochanteric femoral shortening
transverse osteotomy in patients with unilateral Crowe type IV developmental dysplasia of the hip (DDH). The
consistency between the proximal and distal segments was assessed as a possible predictive indicator of the union
at the osteotomy site.

Methods: We retrospectively reviewed 57 patients with unilateral Crowe type IV DDH who underwent X-ray
imaging of both hip joints. We labelled the inner and outer diameters of the circular ring as N (mm) and M (mm),
respectively. We defined the overlapped area between the proximal and distal ring as contact area S (mm?), and
the ratio of contact area to distal ring area as coincidence rate R.

Results: N varied from 9.8-15.2 mm and M varied from 20.7-24 mm, both demonstrated a decreasing trend in the
proximal to distal direction. At osteotomy lengths ranging from 0.5-2 cm, there were no differences in S between
the different levels of osteotomy in each group. At osteotomy lengths <2.5 c¢m, a significant higher coincidence
rate was noted from 2 cm below the lesser trochanter to other positions below the level. At osteotomy lengths
from 3 to 5.5 cm, a significantly higher coincidence rate was observed from the level of 1.5 cm below the lesser
trochanter to other positions below the level.

Conclusions: Our findings suggest that femoral shortening transverse osteotomy at the optimal subtrochanteric
level can predictably increase the contact area and coincidence rate, which may contribute to the union at the
osteotomy site. Considering the stability of the prostheses, it appears appropriate that osteotomy location should
be shifted slightly distally.
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Background

Total hip arthroplasty (THA) is the gold standard treat-
ment in end-stage hip disorders, such as osteoarthritis,
rheumatoid arthritis, and hip dislocation that leads to
significant pain and loss of function [1]. Performing
THA in Crowe type IV developmental dysplasia of the
hip (DDH) is technically demanding and does present
many challenges to the surgeon in terms of both the
femoral and acetabular sides. One of the most important
steps is transferring the hip into the anatomical center
of rotation for durable results and correcting the func-
tions of the abductor muscles [2, 3]. When restoring the
anatomical center of hip rotation, the leg may be length-
ened by over 4 cm [4], which increases the risk of direct
or indirect neurologic injury [5]. Consequently, subtro-
chanteric femoral shortening osteotomy was introduced
to facilitate pulling down of the femur, correct the rota-
tional abnormalities, preserve the proximal femoral
metaphysis, and reduce the risk of nerve injury [6].

Various subtrochanteric osteotomy techniques with
other cutting shapes, transverse, oblique, double-
chevron, and Z-shaped, have been previously described
[7-13]. Transverse osteotomy may be recommended be-
cause of the technical simplicity in adjusting the antever-
sion angle and minimal damage of the periosteum at the
osteotomy site [14, 15]. However, the risk of non-union
remains a major concern during the procedure [16, 17].
A limited bone contact area is a major disadvantage of
transverse osteotomy, which may interfere with the bone
healing process [18, 19]. The consistency of the inter-
faces and canal diameters between the proximal and dis-
tal segments may contribute to union; the two
osteotomy interfaces should be as smooth as possible to
maintain their intactness [20].

In order to assess the consistency between the prox-
imal and distal segments as a potential predictive indica-
tor of the union of the osteotomy site, we evaluated the
contact area and coincidence rate between the proximal
and distal fragments at different levels and lengths of
femoral osteotomy. We then determined the optimal lo-
cation of subtrochanteric femoral shortening transverse
osteotomy in patients with Crowe type IV DDH.

Methods

We searched our Medical Image Database using our
hospital’s picture archiving and communication system
(PACS) and retrospectively reviewed the X-ray data of
102 patients with a high dislocation of the hip between
2010 and 2018. The inclusion criteria for this study
were: (1) unilateral Crowe type IV DDH with a normal
contralateral hip, and (2) the hip radiograph in the an-
teroposterior (AP) position included a fixed reference,
such as a Yuan coin. The exclusion criteria included pre-
vious surgical history or fractures with deformities. Of
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the 102 patients, the following were excluded: 14 pa-
tients due to bilateral hip diseases, 8 patients without
DDH of Crowe IV category, 18 patients without images
with a fixed reference, and 5 patients who had under-
gone a prior ipsilateral hip surgery. Subsequently, we
evaluated 57 patients with unilateral Crowe type IV
DDH (Fig. 1), and these were comprised of 46 females
and 11 males with an overall mean age of 53 years
(range, 20-75).

The AP radiographs were imported into Adobe Photo-
shop CS6 software v13.0 (Adobe Systems, Inc., San Jose,
CA, USA) for image processing and calculating the mea-
surements. First, we magnified or shrunk the radio-
graphs to fit the actual size of the coin. Second, we drew
two parallel lines along the inner and outer cortex of the
femoral shaft, and then drew a midline of the two paral-
lel lines as the femoral anatomic axis, and last, we drew
sixteen vertical lines perpendicular to this axis from 0 to
8cm below the lesser trochanter at 0.5cm intervals
(Fig. 2). The reasons we regarded the 8 cm mark below
the lesser trochanter the most distant point were the fol-
lowing: (1) most osteotomies located at the proximal
femur, including immediately distal to the lesser tro-
chanter [21-25], are at 1-3 cm below the lesser trochan-
ter [7, 20, 26, 27]; and (2) according to Su et al. [28], the
femoral isthmus begins 8 cm below the lesser trochanter,
which influences the stability of the prosthesis and,
therefore, osteotomy should not be performed at or be-
yond this level.

In order to measure the area of cross-section of oste-
otomy, each section was assumed to be in the shape of a
circular ring. We labelled the inner diameter of the cir-
cular ring as N (mm), and the external diameter as M
(mm). We identified the overlapping area between the
proximal and distal rings as the contact area, S (mm?),
and the ratio of contact area to distal ring area as coinci-

dence rate, R (Fig. 3). Mathematically, S :w,
which was simplified to (Mp2-Np?), and R :?W/Iz’:xéz’
D D

Overall, 17 sets of data for M and N, ranging from 0 to
8 cm below the lesser trochanter at 0.5 cm intervals were
measured. We divided the length of osteotomy from 0.5
to 7cm at intervals of 0.5cm and named the proximal
location of osteotomy as the level of osteotomy. Accord-
ing to the measured data, we obtained 14 groups of data
for the contact area S and coincidence rate R for differ-
ent osteotomy lengths. We only measured the levels
from 0 to 8 cm below the lesser trochanter at intervals
of 0.5cm; therefore, different groups had a different
number of levels of osteotomy, i.e., different groups had
a different number of observations for S and R values.
With an increase of 0.5cm in the length of osteotomy,
the number of observations decreased by one. Therefore,
the group with an osteotomy length of 0.5cm (0.5L
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(2010.1-2018.12)

102 patients with high dislocation of the hip

Excluded: 14 patients
* Bilateral hip diseases

of the hip

88 patients with unilateral high dislocation

Excluded: 8 patients
* Do not reach Crowe IV

80 patients with unilateral Crowe type IV

* Without a fixed reference

* undergone prior ipsilateral hip surgery

* 18 patients

DDH
Excluded: 23 patients
* 5 patients
Data Analysis
57 patients

Fig. 1 Flowchart depicting the selection of hips to be evaluated

group) had 16 levels, the group with osteotomy at 1 cm
length (1L group) had 15 observations, and the group
with osteotomy at 1.5cm length (1.5L group) had 14
observations, and so on. We incorporated a simple cor-
rection to the data. If Mp > Mp, and Np < Np, or Mp >
Mp, and Np < Np, then R was equal to 1. If Mp < Np,
then coincidence rate R was equal to 0.

Statistical analyses were performed using SPSS soft-
ware v24.0 (IBM Inc., Armonk, NY, USA). In each
group, intra-group comparisons of S and R values were
performed separately using one-way analysis of variance
(ANOVA) and Student-Newman-Keuls test (q-test). The
level of significance was set at p < 0.05.

Results

The average N values were 152 and 9.8 mm at just below
the lesser trochanter and 8 cm below the lesser trochanter,
respectively. The average M values were 24 and 20.7 mm at
approximately distal to the lesser trochanter and 8 cm below
the lesser trochanter, respectively. Both, average M and N

values, demonstrated a gradually decreasing trend distally.
The detailed measurements are summarized in Table 1.

In the 0.5 L group, the minimum S, 315.4 mm?, was at the
level just below the lesser trochanter, while the maximum S,
339.9 mm?, was located at 1 cm below the lesser trochanter.
There was no statistical difference in S between the different
levels of the 0.5 L group (p = 1). In groups with osteotomy at
1-2 cm, no statistical difference in S between the levels of
osteotomy in the three groups was observed (p = 0.807 for 1
L group, p=0.36 for 1.5L group, p=0.071 for 2L group).
In the 2.5 L group, the minimum S, 231.4 mm?, appeared at
the level of just below the lesser trochanter; the S value of
this level was significantly lower than those in the other
levels (p = 0.003). In the remaining nine groups, no statistical
difference was noted in the levels of osteotomy, except for
the level of just below the lesser trochanter, which had the
smallest S value in each group. These data are summarized
in Table 2; the results of ANOVA and g-test of each group
are shown in Additional files 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13 and 14.
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( ) We also observed significant results in the R values. In
2K the 0.5 L group, the minimum R, 86%, was observed at
the level of just below the lesser trochanter. The R
values were 90.8, 94.2, and 95.2% for the levels of 0.5, 1,
and 1.5cm below the lesser trochanter, respectively. A
statistically significant decrease was found in R in the
four proximal levels above the level of 2.cm below the
lesser trochanter in comparison to those below this level
(p <0.0001). Similar results were observed in 1L, 1.5L,
2L, and 2.5 L groups. In the 3 L group, the R values were
61, 73.5, and 81.5% for the levels of 0, 0.5, and 1cm
below the lesser trochanter, respectively. From the level
of 1.5cm below the lesser trochanter to other levels
below this level, there was a significant increase in the R
values in comparison to the three proximal levels. With
respect to the length of osteotomy ranging from 3.5 to
5.5 cm, the results were similar to those of the 3 L group.
In the 6 L group, the R values were 55.2, 67.5, 76.3, 82.4,
and 86.3% for the levels of 0, 0.5, 1, 1.5, and 2 cm below
Fig. 2 The inner and external diameters of each level of osteotomy the lesser trochar?ter‘, resp eFtlvely. Accordlng to the q-
on anteroposterior view on the radiograph. * A fixed reference, test, there was a 31gn1ﬁcant increase in the R value at the
one-yuan coin distal three levels in comparison to the two proximal
levels. In the 6.5 L group, a significant increase was ob-
served in the R value at the level of 1 and 1.5 cm below
the lesser trochanter in comparison with the two prox-
imal levels. Finally, in the 7L group, no difference was
found at the level of 0.5 and 1cm below the lesser

filslaGLITITT RS
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Fig. 3 A-C (A) The segment is resected. (B) Coupling of the proximal and distal femurs. (C) Axis view of the interfaces: a: external diameter of
the proximal segment (Mp); b: inner diameter of the proximal segment (Np); : external diameter of the distal segment (Mp); d: inner diameter of
the distal segment (Np); e: the overlapped area between the proximal and distal segments (contact area, S); f: area of the distal segment; and g:
area of the proximal segment
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Table 1 The mean inner and external diameters at different
levels of osteotomy

Level (cm) Inner Diameter (mm) External Diameter (mm)
0 15.2 240
05 13.8 233
1 12.8 227
15 12.1 223
2 115 219
2.5 1.1 21.5
3 11.0 213
35 10.8 211
4 10.7 209
4.5 10.7 209
5 10.6 20.8
55 104 208
6 103 20.7
6.5 10.2 20.7
7 10.0 20.7
75 99 20.7
8 9.8 20.7

trochanter, except for the position of just below the
lesser trochanter, which had the smallest R value. The
results of the one-way ANOVA showed highly signifi-
cant differences between the different levels in each
group (p<0.0001 for each group). These data are
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summarized in Table 3; the results of ANOVA and q-
test of each group are showed in Additional files 1, 2, 3,
4,5,6,7,8,9, 10,11, 12, 13 and 14-.

Discussion

In Crowe type IV DDH, the anatomy of the hip joint is
markedly distorted due to acetabular and femoral bone
stock deficiency, narrower femoral canal, excessive ante-
version of the femur, valgus neck-shaft angle, posterior lo-
cation of the greater trochanter, soft tissue contractures,
lower limb length discrepancy, and dysfunctional hip ab-
duction [29, 30]. With these abnormalities, it is difficult to
achieve and maintain a reduction in the true acetabulum.
Therefore, sub-trochanteric femoral shortening osteotomy
was devised to make reduction easier; however, it can be
associated with complications, such as limping, sciatic
nerve injury, and non-union of the osteotomy, or com-
promise the long-term survival of the stem.

Non-union of osteotomy may lead to varus angulation,
pain, loss of rotational stability, and prosthetic loosening
[6, 7, 23]. The incidence of non-union at the osteotomy
site ranges from 0 to 22% [18, 29, 31-33]. There are
multiple contributing factors. The most important being
the instability of the osteotomy site [34], which can be
divided into three aspects. The first aspect is the type of
the sub-trochanteric femoral shortening osteotomy; a
transverse osteotomy was reported to have lower rota-
tional stability than other techniques [6, 34], such as ob-
lique, double-chevron, and Z-shaped. On the contrary,

Table 2 Contact Area at different levels and lengths of femoral osteotomy

Level Length of Osteotomy (cm)

em o5 1 15 2 25 3 35 4 45 5 55 6 65 7

0 31540 28626 26663 24811 23141 22298 21545 20618 20300  200.89 199.94 197.79 197.16 194.03
0.5 329.72 31009 29157 27487 26644 25891 24964 24646 24435 24340 24125 24062 23749 23982
1 339.95 32143 30473 29630 28877 27951 27632 27421 27326 27111 27048 26735 26968  267.95
1.5 33982 32312 31468 30716 29789 29471 29260 29165 28950 28887 28574 28807 28633 NA

2 33705 32862 32109 31183 30864 30654 30559 30343 30281 29968 30201 30027  NA NA

2.5 33796 33043 32116 31798 31587 31492 31277 31214 309.01 31134 309.61 NA NA NA

3 33422 32496 32177 31966 31871 31656 31593 31280 31513 31340 NA NA NA NA
35 329.11 32593 32382 32287 32072 32009 31696 31929 31756 NA NA NA NA NA

4 32962 32752 32657 32441 32378 32066 32299 32125 NA NA NA NA NA NA

4.5 32773 32677 32462 32399 32087 32320 32146 NA NA NA NA NA NA NA

5 32959 32744 32681 32368 32601 32428 NA NA NA NA NA NA NA NA

55 330.95 33032 32720 32953 32779 NA NA NA NA NA NA NA NA NA

6 33295 32982 33215 33042  NA NA NA NA NA NA NA NA NA NA
6.5 33194 33427 33254 NA NA NA NA NA NA NA NA NA NA NA

7 33891 33717 NA NA NA NA NA NA NA NA NA NA NA NA
7.5 33764 NA NA NA NA NA NA NA NA NA NA NA NA NA

8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA Not Available



Huang et al. BMC Musculoskeletal Disorders (2020) 21:210

Page 6 of 9

Table 3 Coincidence Rate at different levels and lengths of femoral osteotomy

Level Length of Osteotomy (cm)

@ s 1 15 2 25 3 35 4 45 5 55 6 65 7

0 8602% 77.04% 710%% 665% 6285% 6106% 5933% 5731% 5722% 5649% 5602% 5524% 5447%  5396%
05 9079% 8498% 8005% 7661% 7488% 7347% 7142% 7127% 7025% 6924% 6832% 67.54% 6673%  66.94%
1 9424% 8960% 8609% B8456% 8330% 8150% 8132% 8030% 7931% 78.11% 7735% 7633% 7636%  75.58%
15 95.18% 9174% 9023% 89.06% 87.52% 8740% 8644% 8530% 8424% 8351% 8240% 8238% 8154% NA

2 9653% 9501% 9387% 9244% 9221%  9140% 9024% 8920%  8840% 8730% 87.16% 8627% NA NA

25 9806% 9680% 9567% 9528%  94550% 9336% 9243% 9166% 9045% 9031% 8931% NA NA NA

3 98.13% 9689% 9658% 9581% 9472% 9381% 93.06% 91.74% 9160% 9068% NA NA NA NA

35 9823% 97.84% 9693% 9588%  9496% 9409% 9290% 9269% 91.80% NA NA NA NA NA

4 9890% 9806% 97.09% 96.16% 9506% 9403%  9385% 9299% NA NA NA NA NA NA

45 9849% 97.31% 9667% 9554% 9441% 9422% 9335% NA NA NA NA NA NA NA

5 9821% 9741% 9642% 9509%  9498%  9498% 9399% NA NA NA NA NA NA NA

55 9869% 9786% 9652% 9620% 9521% NA NA NA NA NA NA NA NA NA

6 9849% 97.35% 9701% 9620% NA NA NA NA NA NA NA NA NA NA

65 9822% 97.86% 9687% NA NA NA NA NA NA NA NA NA NA NA

7 9899% 98.16% NA NA NA NA NA NA NA NA NA NA NA NA

75 9836% NA NA NA NA NA NA NA NA NA NA NA NA NA

8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA Not Available

Muratli et al. [34] performed a biomechanical study
comparing four different sub-trochanteric osteotomy
groups and demonstrated that there was no single inher-
ent feature that increased the stability of the osteotomy
designs. A comprehensive meta-analysis by Li et al. [14]
reported no significant difference between the transverse
and modified methods in terms of complications and
survival rates. Transverse osteotomy, however, is a simple
technique to adjust the anteversion angle with minimal dam-
age to the periosteum at the osteotomy site [14, 15]. There-
fore, we chose this osteotomy technique as a viable
mechanism for shortening the femur. The other two aspects
that influence stability are the morphology of the femoral
stem and the fixation method used. A cylindrical prosthesis,
such as S-ROM stem (Courtesy of DePuy Orthopaedics,
Warsaw, IN, USA), was recommended due to its distal slit
and proximal fixation, which provides better distal engage-
ment and facilitates rotational stability [25, 35, 36]. Several
studies have also described transverse osteotomy with strut
grafts using a cable or plate and screws for fixation [7, 32, 37].
Even cemented fixation of the stem has been used to improve
the rotational stability [19, 22]. Other factors, which affect
union, are the contact area between the proximal and distal
segments [18-20], bone stock, and vascularity. However, a
limited bone contact area is a major disadvantage of trans-
verse osteotomy, which may interfere with the bone healing
process [18, 19]. The consistency of the interfaces and canal
diameters between the proximal and distal segments may
contribute to union [20].

In order to promote union at the osteotomy site, we
evaluated the contact area, S, and coincidence rate, R,
between the proximal and distal fragments at different
femoral osteotomy levels and lengths and then deter-
mined the optimal position of sub-trochanteric femoral
shortening transverse osteotomy in patients with high
developmental dysplasia.

Our results demonstrate that the dimensions of the
femur, from 0 to 8 cm below the lesser trochanter, grad-
ually decreased. However, the variations were less pro-
nounced in comparison to the normal dimensions of the
femur [38, 39]; the differences were 3.3 and 5.4 mm for
the external and internal diameters, respectively. These
results suggest that patients with Crowe type IV DDH
have straighter intramedullary canals [30, 40]. Regarding
the contact area and coincidence rate, different lengths
of osteotomy presented different results. While the ex-
ternal and inner diameters of the cross-section of osteot-
omy did not change significantly in comparison to the
normal dimensions of the femur, the coincidence rates
were significantly higher at 2cm below the lesser tro-
chanter and below the level (0.5-2.5 L groups); at 1.5 cm
below the lesser trochanter and below the level (3—-5.5L
groups); at 1 cm below the lesser trochanter and below
the level (6—6.5 L groups); and at 0.5 cm below the lesser
trochanter and below the level (7 L group). Furthermore,
with increasing size of the resected femoral bone frag-
ment, the contact area and coincidence rate gradually
decreased. For example, at levels of 2 cm below the lesser
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trochanter, the contact area and coincidence rate were
308.6 mm” and 92.2% in the 2.5L group, respectively;
306.5 mm? and 91.4% in the 3 L group, respectively; and
3056 mm” and 90.2% in the 3.5L group, respectively.
These results indicate that the proximal femur varied
greatly, in both size and shape, relative to the distal femur,
and the distal femur had straighter intramedullary canals
in patients with Crowe type IV DDH. The findings that
the contact area was not significantly different between
the levels in the 0.5 L-2 L groups except for the level im-
mediately below the lesser trochanter with the smallest
contact area in the 2.5 L-7 L groups, may be explained by
the following two reasons: the dimensions of the proximal
femur varied greatly relative to those of the distal femur,
and the diameter of the proximal femur was greater than
that of the distal femur. Consequently, it was better to
perform the osteotomy at the distal femur. However, two
aspects should be considered. First, the level of 8cm
below the lesser trochanter always reached the femoral
isthmus according to a study of Su et al. [28], which may
influence the stability of prosthesis; therefore, osteotomy
should not be performed at or below this level. Second,
the femoral stem should bridge the osteotomy site by a
certain distance. Ozan et al. suggested that the femoral
stem should pass from the osteotomy site for at least 4—5
cm [41], while Yang et al. believed that the femoral stem
bridged the osteotomy site by at least 3 cm [42]; even a
depth of at least 7 cm below the osteotomy site has been
previously reported [22]. For primary arthroplasty, the size
of the femoral stem is usually slightly more than 10 cm
from the distal part of the lesser trochanter to the distal
end of the stem; therefore, the osteotomy site should not
be too distal, in order to allow the stem to bridge with suf-
ficient length. Therefore, it seems appropriate that the lo-
cation of osteotomy should be shifted slightly distally in
consideration of these factors. For example, in the 7L
group, there were just three levels of osteotomy. The con-
tact area and coincidence rate were 194 mm? and 54%, re-
spectively, at the level of just below the lesser trochanter,
239.8 mm? and 66.9% at the level of 0.5cm below the
lesser trochanter, respectively, and 267.9 mm? and 75.6%
at the level of 1 cm below the lesser trochanter, respect-
ively. Conclusively, it is better to choose the level of 1 cm
below the lesser trochanter, although there were no sig-
nificant differences between the levels at 1 and 0.5cm
below the lesser trochanter.

We recognize that there are several major limitations to
our study. First, the number of patients was relatively
small. However, the incidence of Crowe type IV DDH is
relatively low, and it is difficult to obtain a larger data
series from a single institution. Second, the method of
assessing the radiographic diameter of the femoral canal
was imprecise as the femoral canal is not precisely round;
however, other studies [43—-45] have used similar
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approximate methods to assess the diameter of the fem-
oral canal, and, therefore, we believe our final assessments
of the contact areas and coincidence rates are valid.

Conclusions

Subtrochanteric femoral shortening transverse osteotomy
is a suitable technique relative to THA in patients with
high DDH. The optimal location of osteotomy varied ac-
cording to the size of the resected femoral bone fragment.
Our findings may provide a reference for surgeons per-
forming shortening transverse osteotomy. Further studies
are needed to identify the most suitable location of osteot-
omy and improve the union at the osteotomy site.
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Supplementary information accompanies this paper at https://doi.org/10.
1186/512891-020-03248-8.
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ANOVA of 5.5 L group. B that shows the result of g-test of 5.5 L group for
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ANOVA of 6 L group. B that shows the result of g-test of 6 L group for
contact area. C that shows the g-test of g-test of 6 L group for coinci-
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