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Evidence-based current concepts in the radiological diagnosis and
follow-up of developmental dysplasia of the hip

Gelisimsel kalca displazisinin radyolojik tani ve izleminde kanita dayali yeni goriisler

Hakan OMEROGLU, Alper KAYA, Berk GUCLU

Ufuk University Faculty of Medicine, Department of Orthopaedics and Traumatology

Bu derlemede gelisimsel kalga displazisinin (GKD) rad-
yolojik tani ve izleminde son beg yilda ortaya konan kani-
ta dayalr bazi yeni goriisler ozetlenmistir. Graf yontemiy-
le kalga ultrasonografisinde standart plan elde etme ora-
minin 1-6 yaslar arasinda %066 ile %93 arasinda degisti-
gi ve bu oramin ozellikle 1-3 yas arasinda %90’ n iizerin-
de oldugu belirtilmistir. Gerek Sharp’in asetabuler agisi-
nin gerekse merkez-kenar acisinin dlgiimlerinde asetabu-
lum tavaninin en dis noktasi yerine asetabuler subkondral
sklerozun en dis noktasinin él¢iim noktast olarak kullanil-
masinin kalca eklemindeki patolojiyi daha dogru tanimla-
yabilecegi bildirilmistir. Patolojiyi daha etkin bicimde ta-
mimlayabilmek amaciyla, asetabulum ve femur bast mer-
kezleri arasindaki uyumu degerlendirmede MZ uzakligini
olcmek icin iki alternatif yontem geligtirilmistir. Bugiine
kadar yalnizca bilgisayarli tomografide 6lciilebilen ase-
tabuler anteversiyon icin standart én-arka pelvis grafi-
sinde asetabuler anteversiyon agisi 6l¢iimii tanimlanmig-
tir. Bu agimin diiz grafide tanimlanan 6n ve arka asetabu-
ler duvar cizgileri arasinda 6lciildiigii ve bilgisayarli to-
mografi ile elde edilene son derece yakin degerler verdi-
gi ortaya konmugtur. Diger yontemde, proksimal femurun
degerlendirilmesinde femur basi merkezi ile biiyiik tro-
kanterin iist ucunun birbirlerine gore konum ve uzaklikla-
rinin milimetre cinsiden 6l¢iildiigii merkez-trokanter
uzakligr tammlanmustir. Geligimsel kalga displazisi sagal-
tim sonuglarinin radyografik degerlendirmesinde Severin
siniflamasinin yetersiz kalmasi lizerine, asetabulumun
egimi, proksimal femurun gekli ve asetabulum-proksimal
Sfemur iliskisinin sayisal olarak degerlendirildigi yeni bir
radyografik degerlendirme ve skorlama sistemi gelistiril-
mistir. Kanita dayali bu yeni goriigler klinik uygulamada
kullanilabilir nitelikte bulunmustur.

This review summarizes some new concepts introduced in
the past five years for the radiological diagnosis and fol-
low-up of developmental dysplasia of the hip (DDH). It
has been found that the rates of obtaining a standard
plain in hip ultrasonography using the Graf method range
from 66% to 93% between I and 6 years, being greater
than 90% between 1 and 3 years. It has been reported that
taking the lateral point of acetabular subchondral sclero-
sis as the measuring point, instead of the lateral point of
the acetabular roof, while measuring both the Sharp’s
angle and the center-edge angle could better define the
global hip pathology. To define the pathology more accu-
rately, two alternative methods have been developed to
measure the MZ distance that delineates the congruency
between the centers of the acetabulum and the femoral
head. Measurement of the acetabular anteversion angle
on standard anteroposterior pelvis radiography have
been defined, that would otherwise be measured only on
computed tomography. This angle is measured between
the anterior and posterior acetabular wall lines on a
plain radiograph, yielding very close values to those
obtained by computed tomography. The other method
measures the center-trochanter distance in millimeters
between the center of the femoral head and the uppermost
point of the greater trochanter to evaluate the proximal
femur. As the Severin classification proved to be insuffi-
cient for the radiographic evaluation of the treatment
results in DDH, a new radiographic classification and
scoring system has been developed, that numerically
evaluates acetabular inclination, shape of the proximal
femur, and the relation between the acetabulum and the
proximal femur. These evidence based new concepts are
considered useful in the clinical practice.
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Several imaging techniques are used in both
diagnosis and the follow-up of developmental dys-
plasia of the hip (DDH). Accepted golden standard
for diagnosis is hip ultrasonography for the first 4-6
months of life and anteroposterior pelvis radiogra-
phy for the rest of the life. Anteroposterior pelvic
plain radiography has still been accepted as the gold-
en standard during the follow-up after treatment.
Computerized tomography (CT) and magnetic reso-
nance imaging (MRI) are not referred as primary
methods since they both require sedation and the
first one a doze of radiation and the latter is eco-
nomically costly. However, MRI is used specifically
for the diagnosis and follow-up of redislocation or
complications like avascular necrosis of the femoral
head after treatment and as an additional imaging
method to plain radiography for the evaluation of
joint cartilage. Together with the classical informa-
tion, medical science advances in the light of new
concepts and inventions. In this review, some evi-
dence based new concepts on radiological diagnosis
and follow-up of DDH introduced within the last
five years will be discussed.

Uppermost age limit for hip

ultrasonography by the graf’s method

Graf and Wilson'" reported that uppermost age
limit age for their method is one year and after that
the method is not useful since femoral head ossifica-
tion center may obscure the definition of lower edge
of ilium (deep point) which is crucial for standard
plan hip ultrasonography. However, if only bone
edge and cartilage frame require to be evaluated, this
method can be used instead of more invasive meth-
ods such as arthrography." Ozcelik et al.”’ in a clinic
study found the standard plan obtaining ratio in hip
ultrasonography by the Graf method as 93% between
13-24 months, 91% between 25-36 months, 84%
between 37-48 months, 79% between 49-60 months
and 66% between 61-72 months. It was also reported
that hip ultrasonography by Graf method might be
used in addition to plain radiography which was the
golden standard between 1 and 5 years of age for the
evaluation of both bone and cartilage frames of the
hip joint if a standard plan could be obtained. Besides
the availability of Graf method over one year of age,
Terjesen”’ method can be used effectively in older

children. We evaluate bone and cartilage frame using
hip ultrasonography specifically in children between
1 year and 3 years of age among anteroposterior plain
pelvic radiography that we use in daily clinical prac-
tice in DDH diagnosis and follow-up of older chil-
dren.

Measurement of acetabular slope in the
frontal plane on a plain radiograph
(acetabular angle of Sharp)

Acetabular angle of Sharp" that has been defined
for the measurement of acetabular slope on a stan-
dard anteroposterior pelvis roentgenogram is one of
the two frequently used methods. It has been
described classically on anteroposterior pelvis gra-
phy as the angle between the line combining both
lower edges of the teardrops and the line drawn
between the outermost point of acetabulum and the
lower edge of the teardrop. Agus et al. ' described a
modified acetabular angle measurement method and
proposed to use the lateral point of subchondral scle-
rosis in acetabulum instead of the most lateral point
of acetabular bony roof as the index point. They
reported that both measurements done by classical
and newly defined method were effective in deter-
mining the inclination of acetabulum in the frontal
plane. However measurements done by classical
methods on dysplastic hips may introduce more
optimistic results whereas measurements by newly
defined methods can reveal acetabular inclination in
the frontal plan more correctly because it has been
reported that acetabulum which is distant to its later-
al point (type 4 acetabulum)® and of which sub-
chondral sclerosis is deformed has insufficiency in
middle-superior and posterior walls in the transverse
plane. It has also been reported that there is approx-
imately 2 degrees of error margin in measurements
done by newly defined method so reliability of this
method is sufficient.” Moreover, Ozgelik et al.”
reported that Turkish people’s upper limit for the
Sharp’s acetabular angle by the classical method was
2-3 degrees higher than the ones of other races, so
this must be considered during evaluation. In our
daily clinical practice we measure Sharp’s acetabu-
lar angle by both methods, but also bear in mind the
newly defined method especially for hips with insuf-
ficient bony roof.
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Measurement of the lateral coverage of
the femoral head in the frontal plane
by plain radiography (Center-edge
angle)

Center-edge angle described by Wiberg™ is one of
the most frequently used angular evaluation method in
DDH. Center-edge angle is recommended for 5 years
old and older people and is described as the angle
between a line drawn parallel to body midline (sacrum)
and a line between the femoral head center (C point)
and the most lateral point of acetabulum (E point).
However, Ogata et al.”’ defined a new measurement
method taking the lateral point of subchondral sclerosis
in acetabulum as the E point. Omeroglu et al. compared
classic and modified measurement methods of center-
edge angle and suggested that specifically classical
method center-edge angle measurements of type 4
acetabulum defined by Ogata et al.”’ might yield opti-
mistic results. They reported that measurement error in
classical method is approximately 3-4 degrees whereas
4-5 degrees in newly defined method but were satisfied
by the reliability of both methods. In Turkish popula-
tion classical center-edge angle normal minimum val-
ues are 15 degrees between 5-10 years, 19 degrees
between 11-15 years, 20 degrees between 16-55 years
and 24 degrees for over 55 years of age."” In our daily
clinical practice, we use both methods, nevertheless we
consider using newly defined method particularly in
dysplastic hips.

Determining the acetabulum and
femoral head relationship on plain
radiography

MZ distance defined by Tonnis is the measurement
of vectorial distance between the acetabular centre (M)
and the femoral head centre (Z), on an anteroposterior
pelvis graphy in millimeters. (Figure 1) The MZ dis-
tance showing consistency or inconsistency between
femoral head and acetabular centers has not received
much acceptance except the German School. Ozgelik
and Omeroglu'™ developed two new methods to mea-
sure MZ distance and argued them to be more useful
than the classical one. In the first described method
vectorial distance was a “+” value if Z point was on
the medial side of M point and “-” value if on the lat-
eral. Thus, it was possible to do an exact determination
of positions and distance of M and Z points with
respect to each other. In the second described method;

distance between the lines parallel to body middle line
crossing M and Z points were measured in millimeters
and this value described as “+” and “-* according to
their position on the medial or lateral respectively. It
was reported that with this method it was possible to
do an exact determination of positions and distance of
M and Z points with respect to each other on the x-
axis. With this study, it was determined that MZ dis-
tance no matter measured by the new or classical
method was in relation with the widely used center-
edge angle. Mean error margin was about 1-2 mm in
both methods."” In our daily clinical practice we use
MZ distance rarely but believe that it is a highly use-
ful measurement and evaluation method when lateral-
ization should be numerically proven with respect to
femoral head acetabulum.

Acetabular anteversion measurement
on a plain radiography

Computerized tomography seems to be the most
effective method to measure acetabular anteversion.""!
However, a simpler, cheaper and less time-consuming
method with less radiation exposure to the patient with
effective and reliable acetabular anteversion measure-
ment on plain graphy has not been defined for many
years. Ozcelik et al."¥ suggested that the method they
described could measure acetabular anteversion on
standard anteroposterior pelvis graphy as reliable and
effective as computerized tomography (Figure 2). In

Figure 1.Measurement of MZ distance by classical
method.!" M: Acetabulum center (middle point of the line

between upper and bottom lateral acetabular edge.); Z:
Femoral head center
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Figure 2. Measurement of acetabular anteversion angle
(*) on plain anteroposterior radiography.'
Measurement of acetabular anteversion angle (*) on plain
anteroposterior radiography. ™ It is the angle between AB line
(anterior wall line) and CD line (posterior wall line). A: lateral
edge of acetabulum (outermost anterolateral edge of bony
roof).”! B: Bottom edge of the curve joining inner and outer
edges of the teardrop (anterior semicylindric cortex of acetab-
ular notch). " C: Outermost edge of subchondral sclerosis
(lateral point of acetabular posterior bony roof) ® D: A little
lucent crescent in the bottom part of acetabulum; posterior
lunate surface sclerosis (the bottom point where the acetabu-
lum reaches to acetabular notch, posteriorly).""

their study performed on thirty-nine volunteers,
acetabulum anteversion was measured in the same
individuals by both CT and plain graphy and it was
found that there was 2.5 degrees difference between
the two methods, moreover plain graphy and CT had a
strong positive correlation. They also reported that

their method had approximately 1.5 degree measure-
ment error.” All measurement points used in this
method were anatomically defined beforehand.” " '
In our clinical practice when acetabular anteversion
measurement is necessary we prefer to use this method
since it is cheaper, simpler and less harmful to the
patient.

Evaluation of proximal femur on plain
graphy (Center-trochanter distance)

A variety of methods are being used for the radio-
logical evaluation of proximal femur. Most commonly
used methods are plain graphy for head-neck-diaph-
ysis angle, articulotrocanteric distance measure-
ments'", and CT for femoral head anteversion mea-
surement."” Omeroglu et al. proposed a new measure-
ment method called center-trochanter distance (CTD)
on standard anteroposterior pelvis graphy and
described it as the distance between two parallel lines
crossing femoral head center (C) and upper edge of
greater trochanter (T) in millimeters. They pointed out
if M point was over T point, the obtained value should
be defined as “+” and if vice versa the value was
defined as “-“. They also reported that while using
CTD values according to different age groups, this
method had a measurement error approximately 1-2
mm. It has been emphasized that in clinical practice a
significant increase in CTD may depend on increased
head-neck-diaphysis angle and/or femoral head antev-
ersion whereas significant decrease may be resultant of
decreased head-neck-diaphysis angle or a relative
growth of greater trochanter with shortening of
femoral neck." In our daily clinical practice we pre-

Table 1. New radiographic evaluation system available for 5 years old and older cases in developmental dysplasia of th hip®"

Radiographic parameters 2 Points 1 Point 0 Points
Center-edge (CE) angle (°) >15% 0-14* <0*
220%* 5-19%* <5%*
Sharp’s angle (°) <49% 50-55* >55%
<43%* 44-49%* S49%*
Center-trochanter distance(mm) between0+10%* between -1-5 and +11+15 <-5 and >+15%

between-11and+1%*

between-12-17 and +2+7** <—17 and>+7%*

*Hips with incomplete skeletal maturity (one or more of the Y cartilage, proximal femoral growth cartilage or greater trochanter growth cartilage is
open); ** Hips with completed skeletal maturity (all of the Y cartilage, proximal femoral growth cartilage or greater trochanter growth cartilage are

closed).

Corrections (-1 point each)

1) Existence of type 4 acetabulum according to Ogata et al.”’ ; 2)Secondary operation(s) (closed reduction, soft tissue or bone surgery); 3) Early redis-

location or resubluxation.

Total score: 6 Points: Excellent; 5 Points: Good; 4 Points: Fair+; 3 Points: Fair-; <3 Points: Poor; 5-6 points: Satisfactory result; <5 Point(s):

Unsatisfactory result.
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fer to use CTD for plain radiographic evaluation of
proximal femur since it is simple, harmless, reliable
and not time consuming.

Radiographic evaluation of treatment
results (A new and objective classifica-
tion system)

Radiographic assessment system described by
Severin'"” is still used as the golden standard.
However, in two separate studies questioning the
reliability of this classification; limited objectivity,
inclusion of subjective concepts and poor reliability
of the classification were emphasized."*"” Moreover,
the opinion that measurements done by using only
one radiological parameter could not correctly eval-
uate pathologic anatomy of the entire hip especially
in subluxated and dislocated hips, was empha-
sized.”” Radiographical evaluation system devel-
oped by Omeroglu et al.”"! consisted of the evalua-
tion of three different parameters objectively assess-
ing acetabular inclination, type of proximal femur
and acetabulum-proximal femur relationship™ * '
and resultant scoring system after corrections were
done (Table 1). It was reported that not only obser-
vational reliability of the system was satisfactory but
also it assessed whether or not initial treatment was
successful. It was suggested that Severin classifica-
tion yields more optimistic results than the new sys-
tem and in evaluations performed by both systems,
the evaluation done before the skeletal maturity was
more optimistic than the one after the skeletal matu-
rity.”"" We use new evaluation system in our daily
clinical practice.
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