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Anatomical parameters of and differences in the proximal femoral cavity in
adult patients with developmental hip dysplasia

Ran Zhao, Hong Cai, Hua Tian, Ke Zhang

Abstract

Objective: To explore the anatomical parameters proximal femoral cavity and developmental dysplasia of the hip.
Methods: The retrospective study was conducted at Peking University Third Hospital, Beijing, China, and comprised
data of adult patients of either gender who underwent total hip arthroplasty from January 2009 to August 2015.
Paients with a diagnosis of primary osteoarthrosis or aseptic necrosis of the femoral head were taken as the control
group A, while patients with developmental dysplasia of the hip in group B were graded into subgroups I-IV using
the Crowe classification. For each patient, the inner diameter of the proximal femoral medullary cavity was
measured on preoperative radiographs using Noble's technique. Data was analysed using SPSS 20.

Results: Of the 835 hips, 571(68.4%) were in group A and 264(31.6%) in group B. The mean age of the patients at
the time of surgery was 58.3 + 12.3 years. Overall, there were 404(48.4%) hips of male patients; 59(22.3%) in group
B. There were 431(51.6%) hips of female patients; 205(77.7%) in group B. In group B, 186(70.5%) hips were graded |,
38(14.4%) grade II, 22(8.3%)grade lll, and 18(6.8%) hips were graded IV. There were significant differences in femoral
offset, height of the femoral head, and canal flare index of the metaphysis between groups A and B (p<0.05). There
was no significant difference in the morphology of the marrow cavity between subgroups Il and Ill. The femoral
offset, height of the femoral head, canal flare index of the metaphysis and medullary cavity isthmus were
significantly smaller in the subgrop IV than group B (p<0.05). There was significantly greater stenosis in the
diaphysis in subgroup IV than in the remaining subgroups (p<0.05).

Conclusion: The morphology of the marrow cavity was significantly different between patients with proximal
femoral cavity and those with developmental dysplasia of the hip. Patients with developmental dysplasia grade IV
had a narrower metaphyseal and diaphyseal cavity.
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Introduction

Total hip arthroplasty (THA) effectively relieves the pain
associated with hip joint disease, and restores hip function.
Among the preoperative diagnoses in patients undergoing
THA, osteoarthritis secondary to developmental dysplasia
of the hip (DDH) accounts for a large proportion.! THA for
DDH is facing great challenges, especially for patients with
proximal femoral medullary stenosis and an abnormally
increased anteversion angle.2 Preoperative radiograph is
still the most commonly used auxiliary examination for
prosthesis mould measurement during preoperative
planning for THA. The current study was planned to
investigate the differences in the medullary cavity
morphology between patients with and without DDH.

Materials and Methods

The retrospective study was conducted at Peking
University Third Hospital (PUTH), Beijing, China, and
comprised data of adult patients of either gender who
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underwent THA from January 2009 to August 2015. The
data included related to patients with a diagnosis of
primary osteoarthrosis, avascular necrosis of the femoral
head, or DDH.

Data was exluded in cases with imperfect imaging data
and irreqular radiographs. Data was also exluded for
patients having non-DDH conditions that may influence
the morphology or bone quality of the proximal femoral
medullary cavity, such as a history of long-term hormone
use, a history of proximal femoral osteotomy or internal
fixation, or a history of proximal femoral bone tumours.

Paients with a diagnosis of primary osteoarthrosis or
aseptic necrosis of the femoral head were taken as the
control group A, while patients with DDH in group B were
taken as the cases.

Preoperative medical records and anteroposterior (AP)
and lateral radiograph films of the affected hip were
accessed. The radiograph films were standard AP
radiographs of the hip for which the patients were placed
in the supine position at a distance of 100cm from the
camera, centered at the level of the lesser trochanter. In
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the process of taking radiographs, a 2cm marker ball ws
used to calibrate the magnification. The femoral head was
internally rotated so that the femoral neck was presented
in the coronal plane. After obtaining the radiographic
images, the imaging information was converted into
digital information and fed into a computer. A picture
archiving and communication system was used for image
processing.

The parameters of the proximal femur were measured
using the technique cited in literature3 (Figure-1a). The
centre of the femoral head was determined using a Mose
circle. The central axis of the femoral neck was
determined by a line passing through the centre of the
femoral head and dividing the upper and lower edges of
the femoral neck. The central axis of the femoral shaft was
determined by the midpoints of three vertical lines
perpendicular to the direction of the femoral shaft. The
neck-shaft angle (NSA) was measured as the angle
between the central axis of the femoral neck and the
central axis of the femoral shaft. The femoral offset was
measured as the vertical distance from the centre of the
femoral head to the central axis of the femoral shaft. The
width of the medullary cavity at the intertrochanteric line
(T) was measured by creating a vertical line of the central
axis of the femoral shaft over the midpoint of the lesser
trochanter, and the width of the medullary cavity along
this vertical line was the width of the medullary cavity

CFI=A/B

Figure-1: (a) A, femoral offset; B, center of femoral head; C, femoral head position; D,
canal width 20mm above the mid-lesser trochanter line; E, canal width at the mid-
lesser trochanter line; F, canal width 20 mm below the mid-lesser trochanter line; G,
isthmus position below the mid-lesser trochanter line; H, isthmus diameter; |, neck-
shaft angle. (b) The canal flare index (CFl) as defined by Noble et al.(3) is equal to A/B.
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along the intertrochanteric line of the lesser trochanter.
The width of the medullary cavity at 20mm above the
intertrochanteric line of the lesser trochanter (T+20) was
measured by creating a vertical line of the central axis of
the femoral shaft 20mm over the intertrochanteric line of
the lesser trochanter, and the width of the medullary
cavity along this vertical line was the width of the
medullary cavity at 20mm above the intertrochanteric
line of the lesser trochanter. The width of the medullary
cavity at 20mm below the intertrochanteric line of the
lesser trochanter (T-20) was measured by creating a
vertical line of the central axis of the femoral shaft 20mm
below the intertrochanteric line of the lesser trochanter,
and the width of the medullary cavity along this vertical
line was the width of the medullary cavity at 20mm below
the intertrochanteric line of the lesser trochanter. The
femoral head height was defined as the vertical distance
between the centre of the femoral head and the
intertrochanteric line of the lesser trochanter. The isthmus
height was defined as the vertical distance between the
isthmus of the femoral shaft and the intertrochanteric line
of the lesser trochanter. The isthmus diameter was
defined as the diameter of the narrowest part of the
femoral shaft. The canal flare index (CFI)(4) was calculated
also (Figure-1b). CFl <3.0 was the chimney grade, CFl 3.0
to <4.7 was the normal grade, and CFl >4.7 was the funnel
grade.

DDH was classified according to the Crowe classification,5
which classifies DDH from grades | to IV based on the
percent of subluxation of the femur from the acetabulum.

Data was analysed using SPSS 20. Kolmogorov-Smirnov
test was used to test data normality, showing non-normal
distribution. Mann-Whitney U test was used to conduct
pairwise nonparametric tests between the control group
and the DDH group and subgroups. P<0.05 was
considered statistically significant.

Results

Of the 835 hips, 571(68.4%) were in group A and
264(31.6%) in group B. The mean age of the patients at
the time of surgery was 58.3£12.3 years. Overall, there
were 404(48.4%) hips of male patients; 59(22.3%) in group
B. There were 431(51.6%) hips of female patients;
205(77.7%) in group B. In group B, 186(70.5%) hips were
graded |, 38(14.4%)grade Il, 22(8.3%)grade Ill, and
18(6.8%) hips were graded IV.

Anatomical parameters of proximal femoral medullary
cavity in all the participants were calculated (Table-1).

There were significant differences in femoral offset,
height of the femoral head, and CFl of the metaphysis
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Table-1: Anatomical parameters of proximal femoral medullary cavity in control group and DDH groups.
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[Median (Q1- Q3)]

Control Group

Grade |

Grade Il

Grade 1l

Grade IV

Femoral offset
Femoral head position
T+20

1

T-20

Isthmus width
Isthmus position

NSA

CFI

38.6(34.2,43.2
59.7(54.7,64.7
56.8(52.2,60.9
28.8(25.9,31.7
21.9(19.9,23.7

)
)
)
)
)
13.2(11.7,153)

1283 (119.0,139.2)
132.8(128.9,136.3)

43(3.7,4.8)

32.0(28.3,37.0)
56.4(51.5,61.3)
52.9(48.8,57.0)
26.8(24.1,29.1)
19.9(18.2,21.8)
12.0(10.3,13.9)

124.0(113.2,133.1)
136.2(131.8,141.2)

45(3.9,5.1)

31.5(28.5,36.5
55.8(50.4, 60.4
51.0(46.0, 54.2
26.7 (24.8,29.0
19.8(17.8,22.8

)
)
)
)
)
12.3(10.4,13.3)

1226 (115.7,136.3)
138.1(133.7,143.1)

43(35,5.2)

25.4(23.3,313)
54.8(52.5,59.8)
47.9(38.1,51.1)
28.9(26.8,32.4)
20.5(19.6,23.4)
12.7(11.2,13.6)

131.6(125.9, 139.5)
140.2 (135.1,143.6)

3.8(2.8,43)

25.6(20.2, 28.6)
47.8(42.8,51.7)
32.3(26.2,39.9)
22.9(16.2, 24.8)
14.0(12.1,16.0)
9.0(7.9,10.4)
121.0(105.5,128.9)
132.2(123.1,137.4)
3.3(2.6,43)

DDH: Developmental dysplasia of the hip, CFl: Canal flare index,NSA: Neck-shaft angle, Q1: First quartile, Q3: Third quartile.

(p<0.05) (Table-2).

Table-2: Pairwise comparison for each anatomical parameter.

Grade | Gradell Grade lll Grade IV Discussion

DDH can cause changes in the proximal femoral
Femoral offset TR ; s

medullary cavity, increasing the difficulty of surgery and
Control Group <0.001 <0.001 <0.001 <0.001 . . Lo .
Grade | 0.022 0,004 the risk of surgical complications, such as prosthesis
Femoral head posion dlslocajclon an‘d Ioos'enmg. A'study diagnosed and. studied
Control Group <0.001 <0.001 0.005 <0.001 DDH via pelvic radiograph in 1925.6 Other studies have
Grade | 0.012 shown that the morphology of the femoral medullary
T+20 cavity of patients with DDH can be characterised by a
Control Group <0.001 <0.001 <0.001 <0.001 smaller femoral head, increased NSA, straight and narrow
Grade 0.004 <0.001 medullary cavity, and increased incidence of coxa valga.”8
Grade I 0.016
T The NSA is an important parameter for the reconstruction
Control Group <0.001 <0.001 of the normal anatomy in THA. Studies have shown that
grage:” 060(?(?1 NSA in DDH varies from varus to valgus. Sugano et al.?
T_’;oe < reported coxa vara in 11% of patients with DDH and in 0%
Control Group <0.001 <0.001 of patl.ents in the control group, and DDH patlgnts were
Grade | <0.001 more likely to have coxa vara than coxa valga. Liu et al.0
Grade ll <0.001 reported that the NSA of Crowe I-lll hips were similar to
Grade ll <0.001 those of controls, while Crowe IV hips had significant
Isthmus width varus of 122.8°. However, Steppacher et al.’" showed that
Control Group <0.001 0.011 <0.001 the NSAs in DDH were consistent with coxa valga. In the
Grade | <0.00 present study, although there was a significant difference
Grade Il <0.001
Grade <0.001 between the Crowe I-lll groups and the control group, the
NSA ' NSA was significantly smaller in patients with Crowe
Control Group <0.001 <0.001 0.002 grade [l DDH (121.4° £ 12.4°) than in patients in the
CFl control group, indicating coxa vara. In our measurement
Control Group <0.001 of Crowe grade IV hips, although not significantly
Grade | 0.002 0.008 different from the control group, the mean NSA reached

NSA: Neck-shaft angle, CFI: Ccanal flare index.

between groups A and B (p<0.05). There was no
significant difference in the morphology of the marrow
cavity between subgroups Il and Ill. The femoral offset,
height of the femoral head, canal flare index of the
metaphysis and medullary cavity isthmus were
significantly smaller in the subgrop IV than group B
(p<0.05). There was significantly greater stenosis in the
diaphysis in subgroup IV than in the remaining subgroups
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143.0° + 8.4°, indicating coxa valga. We believe that this
result is related to the more variable anatomic
morphology of DDH patients compared to the control
group. The abnormal morphology of the femoral head
makes it difficult to find the centre of the femoral head,
which also has a certain impact on the results. Although
some patients with DDH have coxa vara or valga, it is
more likely that patients with DDH have a normal NSA.9.12

Reconstruction of femoral offset is essential for THA and
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can effectively improve the stability of the hip joint,
reduce wear of the prosthesis, improve the function of the
prosthesis, and prolong the service life of the prosthesis.!3
The femoral offset is much smaller in patients with than
without DDH, and it further decreases as the degree of
dislocation increases.’? In the present study, however,
although the femoral offset gradually decreased from
grade Il to IV, there was no significant difference between
any two groups. This was likely due to the small sample
size or the greater variation in the medullary cavity
morphology of DDH patients.

The present study found no significant difference in the
medullary cavity morphology between DDH grades Il and
[ll. The metaphysis, isthmus and CFl of DDH patients were
significantly lower than those of patients in the control
group, indicating that the metaphysis of the medullary
cavity was more strictured than the distal end, and that
the medullary cavity tended to be chimney-shaped. This
phenomenon is particularly true in patients with Crowe
grades Ill and IV. Therefore, in patients with highly
dislocated DDH, small straight-stem prostheses should be
preferred during surgery. Notably, the AP radiograph
often overestimates and the lateral radiograph often
underestimates the diameter because of the rotation of
the femur when taking the radiographs.#

In addition to bone structural changes, patients with DDH
also have the risk of joint capsule hypertrophy, abduction,
adductor muscle group contracture, femoral nerve and
sciatic nerve variation, and nerve traction after reduction.
DDH patients are also often relatively young and may
require revision surgery in the future after receiving THA.15
Therefore, a detailed preoperative plan should be
established, and the patients' anatomical morphology
should be thoroughly evaluated. During the operation, the
soft tissue should be released as much as possible to
protect the nerves, the proximal femur should be moved
down, the length of the lower limbs should be restored,
and the acetabular centre should be reconstructed into the
true acetabular position to the greatest extent possible.

At PUTH, patients with Crowe grades | and Il DDH are
often treated with a primary THA stem to correct the
length and anteversion of the lower femur. For patients
with Crowe grades Il or IV DDH, subtrochanteric
osteotomy is often required to restore the femoral head
to the normal anatomical site. Subtrochanteric osteotomy
has demonstrated effective results in patients with DDH,
with a survival rate of around 75% at 14 years.'¢
Subtrochanteric osteotomy includes transverse, oblique,
Z-shaped, and double-chevron osteotomy. Muratli et al.’”
evaluated the stability of these four techniques and found
no difference in the stability of these technologies. We
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often choose transverse osteotomy and strictly abide by
the principle of "less is better than more" to simplify the
operation steps and avoid complications of joint
relaxation and dislocation due to excessive osteotomy.

The current study has several limitations. First, it was a
retrospective study. Second, it is difficult to measure
femoral anteversion in a two-dimensional morphological
study. The femoral anteversion angle increased
significantly and varied widely among patients with DDH.
In a study by Liu et al.,'® femoral anteversion in patients
with DDH ranged from -3.2° to 58.2° (average 22.2°), while
thatin normal patients averaged only 10.8°. This is difficult
to calculate from radiographs, and the use of computed
tomography (CT)-assisted measurements for preoperative
planning of patients with grade Ill and IV DDH is
recommended. Third, the small sample size of patients
with Crowe grade lll and IV DDH in the current study may
have biased the findings.

Conclusion

There were significant differences in the femoral offset,
femoral head height and T+20 level between DDH grades
and the control group. The surgical treatment plan for
patients with DDH should be individualised according to
the development of the pelvic-medullary cavity to
improve the matching of the mortar head and bed joints,
to restore the body length of both lower limbs, and to
improve the hip joint function.
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