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Abstract

Plain X-ray radiography is frequently used for the diagnosis of developmental dislocation
of the hip (DDH). The aim of this study was to construct a diagnostic support system for DDH
based on clinical findings obtained from the X-ray images of 154 female infants with confirmed
diagnoses made by orthopedists. The data for these subjects were divided into 2 groups. The Min-
Max method of nonlinear analysis was applied to the data from Group 1 to construct the diagnostic
support system based on the measurement of 4 items in X-ray images:the outward displacement
rate, upward displacement rate, OE angle, and alpha angle. This system was then applied to the
data from Group 2, and the results were compared between the 2 groups to verify the reliability of
the system. We obtained good results that matched the confirmed diagnoses of orthopedists with
an accuracy of 85.9%.
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Plain X-ray radiography is frequently used for the diagnosis of developmental dislocation of the hip 
(DDH).  The aim of this study was to construct a diagnostic support system for DDH based on clinical 
findings obtained from the X-ray images of 154 female infants with confirmed diagnoses made by 
orthopedists.  The data for these subjects were divided into 2 groups.  The Min-Max method of nonlin-
ear analysis was applied to the data from Group 1 to construct the diagnostic support system based on 
the measurement of 4 items in X-ray images: the outward displacement rate,  upward displacement 
rate,  OE angle,  and α angle.  This system was then applied to the data from Group 2,  and the results 
were compared between the 2 groups to verify the reliability of the system.  We obtained good results 
that matched the confirmed diagnoses of orthopedists with an accuracy of 85.9ｵ.
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evelopmental dislocation of the hip (DDH) is the 
most common cause of coxarthrosis and 

accounts for more than 80ｵ of the cases in Japan.  
Complete recovery from DDH by the initiation of 
treatment at an early stage is preferable; otherwise,  
coxarthrosis can develop with aging,  and concomitant 
progressive pain and dysbasia can affect patients and 
limit their daily activities.  When symptoms progress 
further,  surgical treatment such as arthroplasty is 
necessary.  As the mean life expectancy of the world 
population continues to increase,  coxarthrosis is 

becoming an increasingly important issue.
　 The severity of DDH is likely to be reduced by the 
use of a Pavlik harness within 6 months after birth,  
and use of such a harness can lead to improved hip 
joint morphology after infancy,  which demonstrates 
the significance of early diagnosis [1-4].
　 Ultrasonography and MRI have recently been used 
for the diagnosis of DDH,  but the simplest system,  
plain X-ray radiography,  is the most commonly used 
[5-8].  However,  the hip joints of early infants are 
mostly comprised of cartilage,  and thus the interpre-
tation of images remains difficult until the ossification 
center of the proximal femoral epiphysis appears at 
about 6 months after birth,  presenting a difficulty for 
the orthopedists involved [9-11].  Although many 
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measurement indices of X-ray images of the hip joint 
have been reported,  there are no clear differential 
diagnostic criteria between DDH and subluxation of 
the hip (SDH) or between SDH and acetabular dyspla-
sia,  and orthopedists are currently required to make 
a subjective diagnosis.  Since the incidence of these 
cases has decreased,  orthopedists do not experience a 
sufficient number of cases to ensure a high level of 
accuracy in X-ray radiographic diagnosis [9].
　 Therefore,  we have attempted to develop an infant 
hip joint diagnostic support system employing nonlin-
ear multivariate analysis based on multivariate clinical 
findings from X-ray radiography,  such as displace-
ment of the proximal metaphysis of the femur and the 
degree of acetabular formation.

Patients and Methods

　 Plain X-ray images of the bilateral hip joints of 
154 female infants aged 3-6 months obtained at 
Okayama University Hospital between 1963 and 1995 
were examined.  There were 28 infants with DDH,  44 
with SDH,  55 with acetabular dysplasia,  and 27 with 
normal joints.  The original data (154 subjects) were 
classified into 2 groups: Group 1 (76 subjects) for 
system construction and Group 2 (78 subjects) for 
application of the system.  The assignment of subjects 
into groups was random.
　 Confirmed diagnoses were made by orthopedists on 
the basis of clinical examinations,  such as click tests,  
X-ray images,  and soft tissue analysis using ultraso-
nography or hip joint arthrography.
　 The diagnostic support system measures 4 items 
that correspond to 4 diagnoses: DDH,  SDH,  acetab-
ular dysplasia,  and normal state.  For the construc-
tion of the system,  we employed the Min-Max method 
of nonlinear multivariate analysis.  We constructed the 
system using the data from Group 1,  applied the sys-
tem to the data from Group 2,  and compared the 
results between the 2 groups to verify the reliability 
of the system.  We calculated the rate of agreement 
between the results obtained using the system and the 
confirmed diagnoses made by orthopedists.  The statis-
tical method of two-sample test for equality of propor-
tions was used for analyzing the difference in the 
accuracy rate of the 2 groups.  The significance level 
was set at α＝0.05.
　 This study was approved by the Ethics Committee 

of Okayama University Graduate School of Medicine,  
Dentistry and Pharmaceutical Sciences.
　 Measurement of 4 items. For the interpreta-
tion of plain X-ray images of the bilateral hip joint,  
the position of the proximal metaphysis of the femur 
was observed relative to the dislocation and the ace-
tabular developmental condition.  For the discrimina-
tion of DDH on the basis of clinical findings from 
X-ray images,  we employed the measurement of 4 
items: outward displacement rate,  upward displace-
ment rate,  OE angle,  and α angle.
　 Outward displacement rate (a/R) and upward 
displacement rate (b/R). The line passing 
through the lowest iliac ends in contact with the bilat-
eral triradiate cartilages in Fig.  1 is regarded as the 
X axis,  and the line oriented perpendicularly to the X 
axis drawn from the lowest iliac end is the Y axis.  
The coordinates of the middle point of the proximal 
metaphyseal border of the femur from the point of 
intersection,  (a) and (b),  were measured [12,  13].  A 
hypothetical vertical line was drawn from the middle 
point of the pubic symphysis to the X axis,  and the 
distance (R) between the point of intersection and the 
lowest iliac end on the affected side was determined.  
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Fig. 1　 Determination of the outward and upward displacement 
rates.  The X axis is a line connecting the lowest iliac ends in con-
tact with the bilateral triradiate cartilages.  The Y axis is a vertical 
line drawn from the lowest iliac end to the X axis.  The coordinates 
of the middle point of the proximal metaphyseal border of the femur 
from the point of intersection of the X and Y axes were designated 
a and b.  A vertical line was drawn from the middle point of the 
pubic symphysis to the X axis,  and the distance between the point 
of intersection and the lowest iliac end on the affected side was 
designated R.
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The outward displacement rate was measured as (a/
R).  The upward displacement rate was measured as 
(b/R).
　 OE angle. The angle formed by a line connect-
ing the middle point of the proximal metaphyseal bor-
der of the femur and the lateral edge of the acetabu-
lum and a vertical line drawn from the X axis to the 
middle point of the proximal metaphyseal border of the 
femur was designated as the OE angle (Fig.  2) [14].
　α angle. The angle formed by a line connecting 
the lowest iliac end and the lateral edge of the acetab-
ulum and the X axis was designated as the α angle 
(Fig.  3) [13,  14].
　 Rationale of the diagnostic support system.
We developed a diagnostic support system for infant 
hip joints by using a nonlinear multivariate analysis 
based on clinical findings obtained from X-ray images 
and diseases (Fig.  4).  Multivariate analyses are used 
for the statistical analysis of multivariate data,  and 
are either linear or nonlinear.  Discriminant analysis 
[15,  16] is one of the types of linear multivariate 
analysis,  while types of nonlinear multivariate analysis 
include the fuzzy theory [17-22] and the neural net-
work theory [23,  24].
　 We employed a nonlinear multivariate analysis of 
the Min-Max method with attribute probability func-
tions to produce the diagnostic support system.
　 Attribute probability function. We con-

structed attribute probability functions for 4 groups
―the DDH (Y1),  SDH (Y2),  acetabular dysplasia 
(Y3),  and normal case (Y4) groups―based on the dis-
tribution of data for 4 items: the outward displace-
ment rate (X1),  upward displacement rate (X2),  OE 
angle (X3),  and α angle (X4).  These functions corre-
spond to membership functions [17,  20-22] of the 
fuzzy theory.  We optimized the functions to maximize 
the accuracy of the simulation.  The distribution of the 
attribute probability function of the OE angle is shown 
as an example in Fig.  5.
　 Min-Max method. For the diagnostic support 
system,  all possible pairings were made using 2 of the 
4 items (the outward displacement rate (X1),  upward 
displacement rate (X2),  OE angle (X3),  and α angle 
(X4)),  resulting in the 6 combinations (X1,  X2),  (X1,  
X3),  •••,  (X3,  X4).  The attribute probabilities for 
each disease from the combinations were determined 
using the Min-Max method.
　 We designated the attribute probability function to 
find Xi as f (Xi),  and the attribute probability for 
disease Y as Pi,  where
　　Pi＝f (Xi).
We described the attribute probabilities of diseases 
(A,  B,  C,  D) based on (Xi,  Xj) of the 4 variates (X1,  
X2,  X3,  X4) as PA,  PB,  PC,  and PD,  respectively.  
The attribute probability PA for disease A is formu-
lated as follows:
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Fig. 2　 Measurement of the OE angle.  The OE angle is formed 
by a line connecting the middle point of the proximal metaphyseal 
border of the femur and the lateral edge of the acetabulum and a 
vertical line drawn from the X axis to the middle point of the proxi-
mal metaphyseal border of the femur.
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Fig. 3　 Measurement of the α angle.  The α angle is formed by a 
line connecting the lowest iliac end and the lateral edge of the 
acetabulum and the X axis.
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　　PA＝Max {Min (P1,  P2),  Min (P1,  P3),  •••,  
Min (Pi,  Pj),  •••,  Min (P3,  P4)}.

In this Min-Max method,  the minimum values (Min) for 
the two-item combination of (Pi,  Pj) were calculated,  
and the maximum value (Max) among the 6 probabili-
ties was determined as the probability of exhibiting 
the disease.  We designated the final judgment of the 
attribution based on the variates (X1,  X2,  X3,  X4) as 
Y,  where
　　Y＝Max (PA,  PB,  PC,  PD).

Results

　 By applying this diagnostic support system to the 
data for the 78 subjects in Group 2,  we obtained the 
results of classification and recorded their agreement 
with the confirmed diagnoses made by orthopedists,  as 
shown in Table 1.  The rate of agreement with the 
confirmed diagnoses by orthopedists was designated 

the accuracy rate.  Overall,  the accuracy rate of the 
diagnostic support system was 85.9ｵ ((14＋19＋23
＋11)/78).
　 Table 1 also shows that the system diagnosed DDH 
in 14 of 14 cases,  SDH in 19 of 22,  acetabular dys-
plasia in 23 of 28,  and a normal state in 11 of 14.  
Moreover,  the accuracy rate for DDH and SDH with 
this system was 91.7ｵ ((14＋19)/(14＋22)).
　 Misdiagnosis. This system showed that 14.1ｵ 
((3＋4＋1＋3)/78) of cases were misdiagnosed in 
Table 1.  Specifically,  3 SDH cases were misdiag-
nosed as cases of acetabular dysplasia,  5 acetabular 
dysplasia cases were misdiagnosed as either SDH (4 
cases) and or a normal state (1 case),  and 3 cases of a 
normal state were misdiagnosed as acetabular dyspla-
sia.
　 System verification. We also examined the 
reliability of the system by comparing the accuracy 
rates for Group 1 (the data used for system construc-
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Fig. 5　Attribute probability function of the OE angle.  The distribution of the attribute probability function of the OE angle for the disease 
groups is presented.

Clinical findings on X-ray radiography Diagnostic results

OE angle (X3)

Outward displacement rate (X1)

α angle (X4)

Upward displacement rate (X2)

DDH (Y1)

SDH (Y2)

Acetabular dysplasia (Y3)

 Normal (Y4)

Diagnostic
logic by
nonlinear
multivariate
analysis

Fig. 4　 Diagnostic support system for DDH,  SDH,  Acetabular dysplasia,  and Normal state.  The diagnostic support system relates the 
outward displacement rate (X1),  upward displacement rate (X2),  OE angle (X3),  and α angle (X4) to the diagnostic results: DDH (Y1),  SDH 
(Y2),  acetabular dysplasia (Y3),  or a normal hip joint (Y4).  To assess these,  multivariate analysis was performed regarding the clinical find-
ings (X1-X4) as input data and diagnostic results (Y1-Y4) as output data.
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tion) and Group 2 (the data used for application of the 
system).  The accuracy rate for Group 1 was 89.5ｵ 
(68/76) and that for Group 2 was 85.9ｵ (67/78),  
with no significant difference between the groups (p＝
0.499＞0.05).  This demonstrated the reliability of the 
infant hip joint diagnostic support system.
　 System employing discriminant analysis.
The diagnostic support system employing discriminant 
analysis,  a method of linear multivariate analysis,  was 
applied to the data of Group 2.  The accuracy rate 
using this system was 82.1ｵ (64/78).  The accuracy 
rate achieved with the system employing discriminant 

analysis and that achieved with the system using the 
Min-Max method were compared using two-sample test 
for equality of proportions,  but no significant differ-
ence was observed (p＝0.512＞0.05).
　 Inconsistent cases. We demonstrated the cases 
in which the diagnoses made by the 2 systems (the 
system using the Min-Max method and the system 
using discriminant analysis) were inconsistent with 
those made by orthopedists,  as shown in Table 2.  
Both systems misdiagnosed some cases of SDH,  some 
cases of acetabular dysplasia,  and some cases of nor-
mal state.
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Table 1　 Results of the diagnostic support system employing the Min-Max method

Case
Results of diagnostic support employing the Min-Max method

DDH SDH Acetabular dysplasia Normal Total

DDH 14  0  0  0 14
SDH  0 19  3  0 22
Acetabular dysplasia  0  4 23  1 28
Normal  0  0  3 11 14

Total 14 23 29 12 78

Table 2　 Cases misdiagnosed by the systems employing Min-Max and discriminant analysis

Case No. Min-Max system Discriminant analysis system

SDH 19 Acetabular dysplasia × Acetabular dysplasia ×
SDH 26 Acetabular dysplasia × Acetabular dysplasia ×
SDH 28 Acetabular dysplasia × Acetabular dysplasia ×
SDH 27 SDH ○ Acetabular dysplasia ×

Acetabular dysplasia 45 SDH × SDH ×
Acetabular dysplasia 46 SDH × SDH ×
Acetabular dysplasia 57 SDH × SDH ×
Acetabular dysplasia 55 Normal × Normal ×
Acetabular dysplasia 59 SDH × Acetabular dysplasia ○
Acetabular dysplasia 52 Acetabular dysplasia ○ SDH ×
Acetabular dysplasia 49 Acetabular dysplasia ○ Normal ×
Acetabular dysplasia 60 Acetabular dysplasia ○ Normal ×
Acetabular dysplasia 63 Acetabular dysplasia ○ Normal ×
Acetabular dysplasia 64 Acetabular dysplasia ○ Normal ×

Normal 75 Acetabular dysplasia × Acetabular dysplasia ×
Normal 72 Acetabular dysplasia × Normal ○
Normal 76 Acetabular dysplasia × Normal ○

Total: 17 cases
× (11 cases) × (14 cases)
○ ( 6 cases) ○ ( 3 cases)

Misdiagnoses made by the systems employing the Min-Max method and discriminant analysis.  An “×” indicates an inconsistent case,  and 
an “○” illustrates a consistent case.
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Discussion

　 We measured the outward and upward displace-
ment rates and OE and α angles on plain X-ray images 
of the bilateral hip joints of infants that had been 
definitely diagnosed with DDH,  SDH,  acetabular 
dysplasia,  or a normal hip joint,  and developed an 
infant hip joint diagnostic support system based on 
these measurements employing the Min-Max method of 
nonlinear multivariate analysis.  The diagnostic accu-
racy rate by the Min-Max method was 85.9ｵ.  
Otherwise,  the results in Table 1 showed that there 
was an inconsistency between the diagnoses by ortho-
pedists and those by the diagnostic support system.
　 In the therapeutic policy of Okayama University 
Hospital for infants aged 3-6 months,  a Pavlik har-
ness should be applied for 3 months in cases of SDH 
in which the concentricity of the hip joint has been 
slightly lost depending on the position,  and for 4 
months in cases of DDH in which the joint is com-
pletely dislocated regardless of the position.  For 
acetabular dysplasia without dislocation,  orthotic 
treatment is not applied,  and only guidance in daily 
activities is provided.  Therefore,  the identification of 
DDH and SDH for orthotic treatment is important,  
and the accuracy rate for these diseases was 91.7ｵ,  
which is a favorable result.
　 The percentage of cases misdiagnosed by the Min-
Max method was 14.1ｵ (11/78) and that by discrimi-
nant analysis was 17.9ｵ (14/78).  In Table 2,  the 
number of inconsistent cases marked “×” by the Min-
Max method was 11 and that by discriminant analysis 
was 14 for 17 inconsistent cases which were misdiag-
nosed by one system or both systems.
　 Table 2 also shows the classification of inconsis-
tent cases from the point of view of SDH cases,  
acetabular dysplasia cases,  and normal cases.  Among 
the 22 SDH cases,  3 cases were misdiagnosed as 
acetabular dysplasia by both the system using the Min-
Max method and that using discriminant analysis.  
Moreover,  the 4 SDH cases were misdiagnosed as 
acetabular dysplasia by discriminant analysis.  Among 
the 28 acetabular dysplasia cases,  4 were misdiag-
nosed by both systems.  The Min-Max method misdiag-
nosed 5 acetabular dysplasia cases,  while the dis-
criminant analysis misdiagnosed 9 acetabular dysplasia 
cases.  With respect to the 14 normal cases,  however,  
the Min-Max method misdiagnosed 3 normal cases as 

cases of acetabular dysplasia,  while discriminant 
analysis misdiagnosed only 1 normal case.
　 There are several possible causes of these joint 
misdiagnoses by both systems.  First,  fluctuation in the 
measurement data influences the systems.  Since the 
3-dimensional structures are shown in 2 dimensions in 
X-ray images,  positioning-induced changes in the 
concentricity cause fluctuations of the data.  For 
example,  movement of the proximal metaphysis of the 
femur toward the acetabulum improves the concentric-
ity in X-ray radiography [25,  26].  Secondly,  there 
are no distinct diagnostic criteria for SDH and 
acetabular dysplasia using X-ray images of the hip 
joint [9].  Thirdly,  about 90ｵ of cases of DDH and 
SDH are complicated by acetabular dysplasia,  which 
makes diagnosis difficult.
　 SDH is complicated by acetabular dysplasia in many 
cases.  Moreover,  internal rotation induced by abduc-
tion of the leg during the positioning for X-ray imaging 
moves the proximal metaphysis of the femur toward 
the acetabulum and improves the concentricity,  which 
may lead to misdiagnosis as acetabular dysplasia.
　 Acetabular dysplasia is complicated by SDH in 
many cases.  Moreover,  anteversion of the pelvis in 
X-ray radiography decreases the acetabular angle,  
reducing the degree of acetabular dysplasia,  which 
may lead to misdiagnosis as SDH.  Forced parallel 
positioning of the femoris in X-ray radiography leads 
to a loss of concentricity,  which may also lead to 
misdiagnosis as SDH.  In acetabular dysplasia,  when 
the influence of the position is added to pelvic antever-
sion in X-ray radiography,  the proximal metaphysis of 
the femur is moved toward the acetabulum,  improving 
the concentricity,  which may lead to misdiagnosis as a 
normal case.
　 In normal cases,  pelvic retroversion induced by 
positioning for X-ray radiography widens the acetabu-
lar angle,  which may lead to misdiagnosis as acetabu-
lar dysplasia.
　 In contrast,  the diagnosis of DDH was 100ｵ con-
sistent with that made by orthopedists because in 
these cases the joint was completely dislocated in any 
position,  and was thus independent from the position-
ing in X-ray radiography.
　 Therefore,  close attention must be paid to the 
positioning of the hip joint in X-ray radiography.  
Since mild flexion contracture is present in most 
infants,  forced extension of the hip joint causes pelvic 
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anteversion.  Thus,  mild abduction of the leg with 
flexion of the hip joint to a degree that does not cause 
pelvic anteversion is recommended [9].  The pelvis is 
likely to tilt laterally in the presence of limited flexion 
on abduction (frog-leg position),  which should also be 
taken into consideration.
　 It is difficult to establish a diagnostic logic that 
outputs several groups from input data involving many 
items because of the complex interactions among the 
items,  which results in a complex system.  Since this 
complex system relies on data derived from multiple 
items and fluctuations within the items,  the data dis-
tributions of the items are biased.  We adopted the 
Min-Max method of nonlinear multivariate analysis to 
analyze the relationship between the input of many 
items and the multiple output,  and developed a diag-
nostic logic based on the results of this analysis.  One 
problem in regard to the diagnostic logic is that an 
attribute probability function has to be set for each 
disease using the data distribution.  We optimized the 
attribute probability functions by computer simulation 
so as to maximize the accuracy using the data for 
system construction.  However,  no systematic method 
for this procedure has been established,  and,  as such,  
we are planning to design one.
　 Palpation,  lateral differences in the femoral skin,  
and click signs on hip joint movement are taken into 
consideration for comprehensive diagnosis during 
actual clinical practice [27].  These items that are 
subjectively judged by orthopedists can be readily 
added to the diagnostic logic employing nonlinear 
multivariate analysis,  and the addition of new input 
items may increase the accuracy.  The development of 
an accurate diagnostic support system can improve the 
quality of imaging information and reduce the burden 
of X-ray imaging diagnosis of infant hip joints that is 
currently placed on orthopedists.
　 In conclusion,  to support the diagnosis of hip joints 
in infants,  we measured 4 items―the outward and 
upward displacement rates,  and the OE and α angles
―in clinically obtained X-ray images of female infants 
of 3-6 months of age,  and developed an infant hip 
joint diagnostic support system to diagnose DDH,  
SDH,  acetabular dysplasia,  or a normal hip joint,  
employing a newly designed Min-Max method of non-
linear multivariate analysis.  By the application of this 
system to 78 cases,  we obtained a good result with an 
accuracy rate of 85.9ｵ.
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