Summary

Aim: This study aimed to determine
whether tissue harmonic imaging,
used for the assessment of infant hip
in terms of examination, contributes
or not to conventional gray-scale
ultrasonography.

Methods: Nine anatomic regions were
defined as standard views and assessed
with the use of a scoring system (1:
not seen, 2: seen uncertainly, 3: seen
acceptably, 4: well seen, and 5: very
well seen). Tissue Harmonic Imaging
was compared with conventional gray-
scale ultrasonography.

Results: When the overall average
score was considered, tissue harmonic
imaging was, in general, higher than
conventional gray-scale ultrasonog-
raphy in all anatomic regions. The
highest score was obtained in prom-
ontorium and the lowest in cartilagi-
nous acetabular rim. Tissue harmonic
imaging was significantly better than
the plain conventional gray-scale
ultrasonography (P <. 001).

Conclusion: /n the sonographic exam-
ination of infants between four and six
weeks, it was found that conventional
tissue harmonic imaging can provide
better reproducibility and demonstra-
bility than conventional gray-scale
ultrasonography.

Key words: Hip, scoring system, har-
monic imaging, ultrasonography.
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Introduction

Although developmental dysplasia of the hip (DDH) is defined
as abnormal development and abnormal size, shape or unsuitable
alignment of femoral head and acetabulum or both, there is no con-
sensus on a strict definition [1, 2, 3, 4]. Recently, frequency of DDH
has been reported as 0,7 to 20 infants per 1000 births [2, 4, 5, 6] and
these values can vary due to differences in diagnosis methods and
examination time.

Premature degenerative changes, impaired walking and
painful arthritis are predisposing factors in children with DDH. It is
recommended not to delay the early diagnosis of DDH and when
diagnosed, treatment must be started immediately [2, 7, 8, 9]. With this
background, it has been reported that clinical screening programmes
have an important role for the surgical treatment incidence which
may be required in future.

Routine clinical screening for DDH in neonates and infants was
firstimplemented by Ortolani, Von Rosen, while US utilization was in-
troduced by Graf et al., Berman and Klenerman, Harcke et al., Clarke et
al.[10, 17, 20]. Clinical tests that are used by Barlow and Ortolani are
simple tests with high sensitivity, which can be conducted in short
time for hip instability in neonates [1, 14, 15].

In several studies, clinical and ultrasonographic examination is re-
commended within several days following birth. However, it has been
determined that ultrasonography (US) is the basic imaging method
for infants younger than 3 months. During this period, conventional
radiology cannot be used (as the femoral nucleus of ossification is
not yet fully developed, thus it is necessary to wait until 3-4 months)
[7,16,17].

USis a simple, reliable and non-invasive examination method in
DDH 1, 9]. Additionally, when no abnormality can be found in clinical
examination, it is also a useful and adjunctive examination method
for detecting pathology [17, 18, 19, 20, 21, 22]. Accuracy is defined
as over 90 % [23]. Moreover, the most significant advantages of US
are lack of X-rays and the direct imaging of acetabulum and other
structures [22].

Tissue harmonic imaging (THI) is a new sonographic technique
relative to conventional sonography and it provides a potentially
better image quality (24). Recently, THI is being widely used and the-
re are also studies on several organs such as breast [25, 26], thyroid
gland [27], liver [28], gall bladder [29], carotid arteries [27] and bile
duct [30]. Kendi et al. suggested that THI has a positive contribution
to the visualization of ligamentous structures such as scapholunate
ligament [23]. Moreover, it presents no difficulty in use as it can be
activated by pushing a single knob [31, 32]. Some advantages of THI
are: improvement of signal-to-noise ratio, narrowing of the width of
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the ultrasound beam and reduction of side-lobe and
reverberation artifacts [29, 33, 34].

There are many studies suggesting that ultra-
sonography plays a fundamental role in assessing
developmental dysplasia of the hip [1]. Additionally,
there is a great number of studies about the potential
of tissue harmonicimaging forimproving the image
quality. All these studies drew the conclusion that
tissue harmonic imaging (THI) can provide a much
better image quality than conventional gray-scale
ultrasonography [25, 26, 27, 28, 29, 30].

The aim of the present study has been two-fold:
first, to compare CUS and THI in the assessment of
hip morphology and second, to assess the variation
between examiners.

Methods

Several authors suggest that it would be ap-
propriate to conduct ultrasonographic examination
right after birth, whereas others consider that 4-6
weeks of age would be more suitable for ultrasono-
graphic examination. In general, the most suitable
period is reported as between 4 and 6 weeks of age,
although additional studies are warranted on this
issue [1, 35, 36]. Consequently, the patient group
of the study consisted of healthy infants, with ages
ranging between 4 and 6 weeks, who were admitted
to pediatric outpatient clinic of Gulkent Hospital for
general examination. All the patients had undergone
physical examination for DDH and normal individuals
were subjected to sonographic examination.

Sonographic examinations were conducted for
108 hips of the 54 infants (23 boys and 31 girls). The
Graf technique was used in ultrasonographic exa-
mination of the hips. Each hip anatomic region was
systematically assessed by using a scoring system.

During the examination, 9 anatomic structu-
res, stated below as ‘definition of anatomic region,
were taken into consideration. These structures
were first examined using conventional gray-scale
ultrasonography (CUS) and then each anatomic
region was scored according to the scoring system
and their angles (alpha and beta) were measured.
Later, assessments were made with the help of THI,
following the same procedure. Consistent with
these results, patients were categorized according
to Graf classification. During this period, iliac bone
and promontorium were examined and classified in
terms of shape.

A single score between 1 and 5 points was
obtained for each anatomic structure examined in
the hip. Each hip was examined by 2 separate radio-
logists, who gave scores for anatomic structure in
accordance with the predefined criteria.
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All measurements were performed using a
CDI set: Logiq S6 (GE Medical System, Milwaukee,
Wisconsin, USA) with a 4.0-11.0 MHz multifrequency
linear transducer.

Statistical methods

The statistical analysis was performed by Sta-
tistics Package for Social Science (SPSS) 13.0 com-
puter software. A p value of < 0.05 was considered
statistically significant. Data were presented as mean
+ SD. When comparing means of the 9 anatomic
structures in the hip (comparison of conventional
gray-scale imaging with tissue harmonic imaging),
the Mann-Whitney U test was used. When compa-
ring means of the 9 anatomic structures separately
(comparison of conventional gray-scale imaging
with tissue harmonic imaging) the Independent
Samples T test was used.

Definition of scores

1. Not seen: not even suggestive of a structure.

2. Seen uncertainly: suggestive of a structure, but
structure cannot be clearly distinguished.

3. Seen acceptably: structure can be clearly distin-
guished.

4. Well seen: structure can be very well distinguis-
hed.

5. Very well seen: structure can be very well distin-
guished, no better visualization possible.

Definition of anatomic structures

1) lliac bone (Baseline shape): Shape of the ilium
was recorded in 3 types: straight, convex and con-
cave. Image clearance of ileal perichondrium and
periosteum was scored.

2) Promontory (Promontory of osseous acetabular
rim): Edge of the superior acetabular rim is represen-
ted as the point at which the flat surface of the ilium
meets the acetabular cavity. This was recorded in 3
types: angular or sharp, rounded or flattened and
insufficient scan quality.

3) Acetabular rim of the iliac bone (Bony moul-
ding): Evaluation of this structure was performed by
the image clearance.

4) Triradiate cartilage: Examination was madein
terms of image clearance.

5) Ischium: Judgement was made in terms of
image clearance.

6) Cartilaginous acetabular rim (Hyalinized
cartilage between the bony acetabulum and the
limbus): Examination was made in terms of image
clearance.

7) The Labrum acetabular (The limbus acetabular,
Echogenic lateral limbus, Fibrokartilage of the limbus)
and CLC (capsule-ligament complex): Thisis represen-




ted by the triangular echogenic structure extending
laterally from the cartilaginous rim.

8) Gluteus minimus, gluteus medius, gluteus
maximus and fibrofatty plane between these three
muscle planes: Examination was made in terms of
image clearance.

9) The ossific nucleus of the femoral head: 1t
was recorded attributable to its positiveness or ne-
gativeness, as well as medial or lateral location of
baseline.

Angle Measurement Criteria: The ‘alpha’ angle
is located between the baseline and the osseous
roof line, and the’beta’angle is located between the
baseline and the cartilaginous roof line.

alfa angle beta angle

1

Figure 1. Schematic drawing of the hip.

Results

The mean age of the total of 54 infants (23 male
and 31 female) was 34.22 + 3.94 days.

When all anatomic structures in the hip were
assessed in B-mode, the mean score (general mean)
for the first operator was 3,30; among these anatomic
structures the highest score was 3,56 for promonto-
rium and the lowest score was 2,69 for cartilaginous
acetabular rim (see table). When all anatomic struc-
tures in the hip were examined in B-mode, the mean
score (general mean) for the second operator was
3,19; among these anatomic structures the highest
score was 3,56 for promontorium and the lowest
score was 2,53 for cartilaginous acetabular rim (see
table). When B- mode examinations of the first and
second operators were compared, no statistically
significant difference was found (P = 0,599).

THI examinations of the first operator for all
anatomic structures of the hip identified a mean
score (general mean) of 3,92; among these anatomic
structures the highest score was 4,31 for promonto-
rium and the lowest score was 3,13 for cartilaginous
acetabular rim (see table). THI examinations of the
second operator for all anatomic structures of the
hip identified a mean score (general mean) of 3,19;
among these anatomic structures the highest score
was 4,21 for promontorium and the lowest score
was 3,01 for cartilaginous acetabular rim (see ta-
ble). When THI examinations of the first and second
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operators were compared, no statistically significant
difference was found (P = 0,529).

When CUS and THI means of the first operator
were compared, a statistically significant difference
was found between CUS and THI (P = 0,006). When
CUS and THI means of the second operator were
compared, a statistically significant difference was
found between CUS and THI (P = 0,016).

When means of each anatomic structure for
each operator were examined and compared (using
the Independent SamplesT test), a statistically signi-
ficant difference was detected (for both operators,
P <0,05).

In accordance with the measurements of the
first operator with tissue harmonic imaging, hip ana-
tomy was more clearly visible in 65,4% of the cases. In
the conventional gray-scale ultrasonography, it was
more clearly visible in 33,8% of the cases and worse
in only 3,6% (see table). According to the examina-
tion results of the second operator with tissue har-
monicimaging, the anatomy was more clearly visible
in 64,6% of the cases. In the conventional gray-scale
ultrasonography, it was more clearly visible in 35,7 %
of the cases and worse in only 2,5 % (see table).

Following the evaluation of all hips by both
operators, the first operator classified 46 hips as Graf-
la and 62 hips as Graf-Ib, while the second operator
classified 48 hips as Graf-la and 60 hips as Graf-Ib. Ho-
wever, no difference could be found as a result of CUS
and subsequent THI between the two operators.

When infants were classified in terms of risk, 6
infants had breech presentation and 24 infants were
first child of the family.

lliac bones were examined in all hips for baseline
shape. 76 hips were straight, 24 were concave and 4
were convex. According to the shape of promontory,
58 were angular or sharp, 46 were rounded or flatte-
ned. lliac bone evaluation results of both operators
were the same in terms of promontory. Ossified
nucleus was observed in 6 hips and both operators
defined them as medial of baseline. When THIand CUS
were evaluated with two operators, they suggested
that THI provided better image in 6 hips.

Recently, two different methods are being
used for hip US. The first one is a static technique
suggested by Graf [11, 20] and the second one is a
dynamic method defined by Harcke et al. [37, 38,
39]. The static method emphasizes morphology
and classifies the status of the hip on the basis of
angular measurements of alpha and beta angles [7,
21, 40]. The ‘alphg’ angle (the bony roof) is formed
by the intersection of the line parallel to the lateral
wall of the ilium and the line parallel to the osseous
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Tissue harmonic imaging compared with the B-mode ultrasonography

Mean score THI and B-mode

B-mode THI Better Same Worse

| Il | Il | Il | I | I
iliac bone 3,45| 4,09| 337| 4,01 72 73 34 32 2 3
Promontorium 356| 4,31 3,56| 4,27 81 78 27 29 - 1
Acetabular rim 3,52| 4,24| 3,55 4,17 77 70 30 34 1 4
Triradiate cartilage 306| 3,67| 2,76| 3,38 71 68 33 39 4 1
Ischium 3,54 412 3,29 391 69 72 32 32 7 4
Cartilaginous Acetabular rim 2,69| 3,13| 2,53| 3,01 56 55 44 50 8 3
Labrum acetabular and CLC 3,23| 3,80| 3,05| 3,69 64 70 42 37 2 1
Gluteus muscle 3,37| 4,02| 3,42| 4,06 75 72 28 33 5 3
Nucleus of ossification (3,33)| (4,33](3,33|(4,33) (6) (6) - - - -
Average mean (score) 3,30 3,92| 3,19| 3,81 70,6 69,8 3,8 55,7 3,6 2,5

(65,4%) | (64,6%) |(31,3%) | (33,1%) | (3,3%) | (2,3%)

n: 54 infants ( male: 23, female: 31) and 108 hips
Score 1: not seen, 2: seen uncertainly, 3: seen acceptably, 4: well seen; and 5: very well seen.
Tissue harmonic imaging is better, the same or worse compared with the B-mode

acetabulum. The ‘betg’ angle (the cartilage roof) is
formed by the intersection of the line parallel to the
lateral wall of the ilium and the line parallel to the
roof of the cartilaginous acetabulum [1]. In the Graf
method, only a single appropriate coronal image is
sufficient for the hip to be examined. The infant shall
be in lateral decubitus position and the hip shall be
in 35 degrees of flexion and 10 degrees of internal
rotation. In this position, the morphological image of
the hip can be examined and angle measurements
can be conducted [1, 15, 41]. In the study, classifi-
cations are made by morphologic examination and
angle measurements are performed with the help of
the Graf method. According to the results obtained
from both operators, there were differences only in
2 hips. However, in both hips, there were no changes
following CUS and subsequent THI.

The rim of the bony acetabulum can be easily
seen in neonates; however, it may not be possible
to completely view image acetabulum in older
children due to the ossified femur head [42]. Ace-
tabulum was one of the structures which obtained
the highest scores both in CSU and THI conducted
by both operators. Cartilaginous acetabular rim
(hyalinized cartilage) in hip is hypoechoic and is
located between two echogenic structures such
as promontory and fibrocartilaginous limbus [22,
42]. Cartilaginous acetabular rim was one of the
structures which obtained the lowest scores both
in CSU and THI conducted by both operators. The
ossific nucleus of the femoral head can be seen as
echogenic femur head associated with hypoechoic
fields in other regions by US between 4-12 weeks
in neonates [42]. In the study, only 6 hips could be
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imaged by both operators and itis observed that THI
provides better image in all of them.

Conclusion

Breech presentation, female sex, positive family
history, firstborn status and oligohydramnios can be
included among the factors affecting DDH. Among
them, intrauterine position, sex and positive family
history are the most important risk factors [2, 4, 43,
44, 45]. None of our patients had family history.When
examined in terms of sex, 31 were female infants.
Six infants had breech presentation history and 24
infants were first child of the family.

The study investigated whether or not THI has
a contribution to conventional gray-scale ultraso-
nography. It was found that, in anatomic structures
defined by examination results of both operators
in US examination of infant hip, THI provides better
image quality than CUS. Although not significant,
it was also found that both examination methods
have a somewhat similar image quality. However,
the striking point is that the imaging quality of THI
was slightly worse than that of CUS in accordance
with the results of both operators.

As a result, it was determined that, in general,
THI is more useful for the evaluation of anatomic
structures than CUS and it provides a significant
contribution to image quality (figures 2a-2b).

We conclude that tissue harmonic imaging
provides a considerably better image quality in the
sonographic examination of the infant hip than CUS
and, thus, it would be beneficial as an adjunction for
CUS in sonographic examination.
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Figure 2. 34 days infant; B-mode (a) and tissue harmonic imaging (b), demon-
strating better visibility with tissue harmonic imaging.
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