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Introduction

INTRODUCTION

Pathology of the hip joint in childhood

There are many diseases in childhood that affect the hip joint. Some diseases are sys-
temic in origin and initially may present themselves as hip disorders, such as rheumatoid
arthritis. Other diseases are localized specifically in the hip joint, such as transient
synovitis and Perthes' disease, mostly unilateral. Neoplastic or infectious diseases arou-
nd the hip joint may also manifest themselves as a painful hip.

If both hips are affected the differentiat diagnosis should include skeletal dysplasias
{multiple epiphyseal dysplasia) and metabolic diseases {hypothyroidism, Gaucher's
disease, mucopolysaccharidoses and mucolipidoses).

From a diagnostic point of view, the most frequently occurring hip diseases can be
categorized in age groups

Age {in years)
0-3 Developmentat dysplasia of the hip
Osteomyelitis
310 Transient synovitls
Perthes' disease
Osteomyelitis/septic arthritis
Juvenile chronlc arthiitis
1017 Slipped capital femoral epiphysis

The most frequently observed diseases that cause a unilateral painful hip will be dis-
cussed briefly in the next paragraphs:

Transient synovitis

Transient synovitis is the most frequent hip disease in children of 3-10 years of age, boys
being affected more often than girls (1, 2).

Symptoms are unilateral, usually have a sudden onset {often at night) and consist of pain
in the groin (extending to thigh and knee), refusal to bear weight and limping. The hip is
fixed in flexion and external rotation,

Physical examination reveals decreased rotation (especially internal rotation} and abduc-
tion. Body temperature is normal, although some patients have a subfebrile temperature (3).
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Mild leukocytosis may be present (3), but some authors report normal leucocyte counts
(1, 4).

The etiology of transient synovitis remains unclear, Trauma, infection, antibody response
to bacterial and viral antigen, or allergic predisposition have all been cited as possible
factors, although the few controlled studies have failed to substantiate any of these
etiologies (1, 5).

The treatment consists of rest and the course of the disease is benign. The pain and
limitation of motion usually subside within several days {2) and the mean duration of
complaints is 13 days (6).

Perthes' disease (7)

Perthes' disease is an avascular necrosis of the epiphysis of the femoral head. The mean
age of the patients is 5 (range 3-11) years. Boys are affected 4 times as much as girls; in
15% of all patients the disease is bilateral.

The symptoms and age of the patients can be identical to fransient synovitis, although
the onset is usually more insidious and the symptoms persist longer,

Physical examination shows an abnorimal gait, a positive Trendelenburg's sign, decreased
range of motion of the affected hip, especially rotation and abduction. Adduction
contracture can simulate leg length discrepancy.

Although it is generally accepted that Perthes' disease is an avascular necrosis of the
epiphysis of the femoral head, the exact cause is unknown. Several etiological factors
have been proposed, such as recurrent trauma, relative hypovascularity at the age of 4-8
years (8, 9) and coagulation disturbances (10),

The prognosis depends on age of onset and on extent of necrosis. The disease follows
distinct stages {initial, fragmentation, reparative and remodeiling stage) and the femoral
head eventually heats with more or less deformity. This process takes approximately 2
years.

Treatment consists of rest, traction, bracing, or femoral varus derotation osteotomy.

Slipped capital femoral epiphysis (SCFE) {(11)

SCFE is a displacement of the proximal femoral epiphysis from its central orientation on
the metaphysis, usually in posterior direction. Two types can be recognized: acute (10%)
and chronic (90%}) slip.

There is a moderate male predilection (2:1), the mean age in boys is 11.5 years and in
girls 13.5 years. A high incidence of obesity is found in patients with SCFE. Bilateral slip-
ping oceurs with significant frequency, reported to range from 16% to 49%.

Symptoms and signs depend on the type of slip. Acute slip occurs suddenly or is of short
duration. Patients complain of severe pain in the groin, buttocks or thigh and are unable
to bear weight. The leg is in external rotation and is shortened. Prodromal symptoms of
dull pain in the affected hip or knee may be present prior to the acute period. Gradual or
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chronic slip is generally slowly progressive over a long period and the complaints consist
of intermittent pain in hip or knee, intermittent limping and progressive limb shortening.
The specific cause of SCFE is unknown. Possible causes include epiphyseal plate weake-
ning due to endocrine factors, mechanical factors related to the angle of the growth plate
and trauma.

Treatment consists of fixation in situ by inserting multiple pins or a single cannulated hip
screw. The prognosis depends on the severity of the slip and is good in cases of minimal
or mederate slip.

IMAGING TECHNIQUES

Patients with diseases of the hip present with a variety of non specific symptoms and
signs (pain in the groin, knee or leg; inability to bear weight and limping; decreased
rotation, abduction and extension). Moreover, other diseases, such as spondylodiscitis and
retrocecal appendicitis can present as a painful hip. Therefore, these patients remain a
diagnostic challenge and their diagnosis depends heavily on imaging techniques. This is
especially true for very young patients in whom the history is often unreliable.

Several imaging techniques can be used to visualize the hip joint: conventional radio-
graphy, conventional tomography, ultrasound, computed tomography, magnetic
resonance imaging and radionuclide studies.

Conventional radiography and tomography

Conventional radiography has proven its value in screening for changes of cortical and
cancellous bone, and follow-up of known osseous abnormalities. It is neither expensive
nor time-consuming, readily available, and has a good reproducibility. However, one
should realize that early disease may not be recognized because: a) a large volume of
bone must be destroyed before it will become visible, and b) periosteal apposition of new
bone (another early sign of disease) takes 1-2 weeks to develop. Moreover, soft tissue
abnormalities are difficutt to depict with conventional radiography; displacement of fat
planes was considered as evidence of hip joint effusion, but this proved to be unreliable
(12-18). Ancther important drawback is ionizing radiation, which should be kept to a
minimum in a pediatric population: the mean effective dose of a pelvic examination (2
radiographs) in the Netherlands is 54 uSv, resulting in a chance of fatal tumor induction
of 1:150,000 (17).

Many of the disadvantages of conventional radiography cannot be overcome by conven-
tional tomography, the radiation dose being even higher. Nowadays conventional tomo-
graphy is replaced by computed tomography in almost every hospital in the Netherlands.

Computer tomography
Computer tomography (CT) had a tremendous impact on diagnostic imaging. CT of the hip
has proven its value in traumatology and diseases of the musculoskeletal system. Effu-
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sion can be detected indirectly by thickening of the capsule (18, 19), However, CT is
limited to the transverse plane, the child has to lie still for at least 30 seconds, and the
radiation dose of a pelvic examination exceeds the dose of conventional radiographs 180
times (10000 pSv) (20, 21). Another disadvantage is the relatively high cost compared
to conventional radiography and US (Table 1).

Although the soft tissues can be seen to a better advantage with CT than with conven-
tional radiography, its role in discriminating different tissues is limited compared with
magnetic resonance imaging.

Table 1. Qutline of the costs of imaging studies of the
lower extremity (22).

Conventional radiography f 3595
Uitrasonography I 81,80
Conventional tomography I 100.00
Radionuclide study f 150,00
Computer tomography (CT) f 360.00
Magnetic resonance Imaging{MRI) f 871.00

Magnetic resonance imaging (23-28)

MRI had an even greater impact on diagnostic imaging than CT bad previously. The hip
can be visualized in muitiple planes and contrast between different soft tissues is very
high. This results in a high sensitivity for effusion (25).

However, because calcium does not have paramagnetic properties, cortical and cancelfous
bone do not generate a signal; also, the fibrous capsule and ligaments have a very low
signal intensity.

Moreover, MRI is expensive, time consuming and not readily available. Because data
acquisition takes 3-4 minutes for each image sequence, children have to be able to lie
motionless for that period of time. Therefore, most of the children under 6 years of age
have to be imaged under general anaesthesia or sedation.

Many of these disadvantages will be overcome in the future due to technical improve-
ment and MRI will definitely play an important role in the diagnostic work-up of the painful
pediatric hip.

14
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Radionuclide studies

The examination offers littfe anatomical details, but gives a good estimation of
vascularization and bone metabolism. The radiation dose in radionuclide studies is
relatively low compared to CT. The radiopharmacon is administered intravenously, which
is a relative disadvantage in childhood.

Ultrasonography
Ultrasonography (US) can visualize the soft tissues and bony contours of the hip joint, but

it can not visualize inside the bony structures, in this way, US is complementary to
conventional radiography. US lacks ionizing radiation, it is relatively inexpensive, readily
available, offers a high spatial resolution, and can be performed as a bedside examina-
tion. Because of the physical contact, US can be considered a modified physical examina-
tion, offering the sonographer the opportunity to correlate US findings with physical signs
immediately.

However, US has several disadvantages. it is operator-depandent as it relies on the skills
of the sonographer to display the anatomy properly and to recognize pathology during the
examination, because it is not possible to recognize these later on the films. Moreover,
most US equipment is unable to provide an overview of the hip joint because high-fre-
quency transducers have a small field of view of a few centimeters only,

The foliowing sections will briefly discuss the basic US principles, the biomedical effecis
and safety.

Basic principles of US

In daily routine, pediatric ultrasonography uses soundwaves with frequencies of 5-10
MHz for visualizing structures in daily routine. The soundwaves are generated, emitted,
and received by the transducer containing a piezoelectric plate. In the work presented
here, the US examinations were done with a linear array transducer with a longitu-dinal
row of elements which are electronically activated in groups one at a time. While traver-
sing tissues, the waves are absorbed, refracted and reflected. The reflected waves are
involved in the imaging. Reflection occurs when there is a difference in acoustic imped-
ance at the interface between two types of tissue.

The reflected signals are received by the same piezoelectric element which emits the
signal and are converted into electric signal that can be processed by the electronics of
the ultrasound system.

The received signals are amplified to compensate for the attenuation; the amount of
amplification generally depends on the time the signal takes to arrive at the transducer.
This depends on the depth at which the tissue reflection cccurred. Early arriving signals
which arise from interfaces nearby the transducer are displayed superficially and signals
that arrive late are displayed more deeply. Interfaces that cause strong echoes are
displayed as bright spots, weak echoes are displayed as dim spots. The appearance of
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the displayed image is further affected by the processing curves and log compression
which distribute the gray shades over a certain range of echoes.

Wavelength and frequency

The relation between wavelength and frequency follows from the equation: v = f X A,
where v is average velocity in solid tissue {1580 m/s), f is the frequency (5-10 MHz in this
thesis), and A is the wavelength (minmimal 0.15 mm in this thesis).

The wavelength affects the spatial resolution which can be expressed as axial and lateral
resolution. The axial resolution is the minimum distance between two points along the
axis of the sound beam that can be separated. For a 10 MHz transducer with a 0.15 mm
wavelength the axial resolution would be, at hest, 0.22 mm.

The lateral resolution is the minimum distance beween two points perpendicular to the
sound beam; it depends on the beam width and on focusing. Generally the |ateral resolu-
tion is 2-3 times the axial resolution. For a 10 MHz transducer, the lateral resolution will
be approximately 0.5 mm (29).

Doppler ultrasonography (30, 31}

The previous paragraph described how the analysis of the amplitude of the reflected echo
generates a gray-scale image. However, analysis of the frequency of the returning echo
also gives important information. When a wave is reflected from a moving target, the
frequency of the wave received differs from that which was transmitted. This difference in
frequency is known as the Doppler shift and depends on the speed at which the target is
moving and whether the motion is toward or away from the receiver. The greater the
relative velocity, the larger the Doppler shift. In diagnhostic US, two applications of the
Doppler principle are frequently used: pulsed Doppler and color Doppler examinations,
Pulsed Doppler: In pulsed BDoppler US the transducer transmits a short pulse of sound
and then listens for the returning echo. Because the speed of sound is constant, the
delay in time between the transmitted signal and the returning echo is proportional to the
distance. By varying the delay between transmission and reception, it is possible to select
a defined point along the Doppler beam from which the signal arises. With this capability,
one can use standard gray-scale US as a road map to visualize the vesseis of interest,
and to position the Doppler sample volume at various points within the vessel. This
combination of gray-scale image with pulsed Doppler is also known as duplex Doppler.
Color Doppler: With duplex Doppler only a small area of flow can be analyzed at any time
as the Doppler sample volume is moved across the image. Color Doppler US offers a
major advantage over duplex Doppler because it is sensitive to Doppler signals throughout
the field of view. Color Doppler US operates by analyzing the returning echoes for ampli-
tude, frequency and phase information. Moving targets produce a phase shift and will be
assigned a color based on the direction of phase shift. The shade of the color will depend
on the mean Doppler frequency shift from the pixel. Stationary objects produce no phase
shift in the direction of the US beam and are assigned a gray-scale value based on
amplitude, as in conventional gray-scale imaging.
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Biomedical effects and safety (32)

Although diagnostic ultrasound has been used for more than 30 years and no harmful
biological effects have been demonstrated, energy is nevertheless absorbed by the
tissues during US examination. Biological effects of this energy transmission can be
heating and cavitation, both of which can cause tissue damage.

- Heating is not & major concern in daily US practice, Several indicators of thermal effects
are used, such as the Thermal Index (Tl}, and Spatial Peak, Temporal Average Intensity
(I} No adverse biological effects have been reported when I, < 100 mW/cm® was
used under conditions that are comparable with the conditions of the US examinations in
this thesis.

- Cavitation has occurred at diagnostic US exposure levels in plants and lower organisms
that contain small air spaces. In addition, lung hemorrhage in mice has been demon-
strated at intensities used in diagnostic US. Therefore, an indicator of the likelihood for
cavitation was introduced; the Mechanical Index (derated peak rarefaction pressure,
divided by the square root of the transducer frequency in MHz). The upper limit of the
mechanical index for tissues with well-defined gas bodies is 0.3. For other tissues no
adverse effects have been reported; nevertheless, the Food and Drugs Administration
(FDA)} has set the upper limit of Ml at 1.9 (33). This is well above the M} used in this
thesis.

Although the risk of biological effects is negligible in diagnostic US, if is advisable to
adhere to the ALARA principle (As Low As Reasonably Achievable). The intensity levels
used in this thesis are well below the safety limits.

PURPOSE AND OUTLINE OF THIS THESIS

Ultrasound of the hip was first described by Kramps and Lenschow in 1979 (34). One
year later, Seltzer et al. showed that hip joint effusion could be demonstrated with US
{35). However, the diagnostic role of US in patients with a paipful hip has been limited to
the detection of joint effusion although state-of-the-art US machines with high frequency
transducers can visualize an abundancy of anatomical details in the hip joint, especialty
the capsule and cartilage.

Proper knowledge of the sonographical anatomy will prevent efroneous interpretation and
inaccurate measurements. Moreover, this detailed anatomical knowledge could help
improve the diagnostic value of ultrasonography in children with a painful hip. The pur-
pose of this thesis was to identify US criteria to improve the diagnostic value of US,

Chapter 1 summarizes the pathology of the hip joint in childhood and discusses briefly
the different imaging technigues,

In chapter 2 the anatomy of the hip joint is studied in a cadaver study with sonographic
and microscopic correlation. In addition, the sonographic anatomy of 58 normal children
is described.
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Chapter 3 describes the sonographic findings in 105 patients with transient synovitis,
utitizing the anatomic knowledge derived from chapter 2.

Chapters 4 and 5 describe a method to measure muscle thickness, and describe the
effects of disease on the thickness of the muscle in 348 children with a painful hip. The
physiological aspects of muscle wasting and the clinical applications are discussed.
Chapter 6 describes the value of ultrasound in the detection of Perthes' disease by
measuring cartilage thickness and muscle thickness,

Chapter 7 introduces color Doppler sonography and duplex Doppler sonography to the
arsenal of potentially useful tools in evaluating the painful hip.

Chapter 8 summarizes the results of the studies in this thesis.
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US, histology and anatomy of the hip joint

ABSTRACT

Purpose; To identify the anatomic components of the anterior joint capsule of the hip.
Material and methods: Five cadaveric specimens (3 adult, 2 fetal} were imaged with
ultrasound (US) with special attention to the anterior joint capsule. Subsequently the
specimens were analyzed by cryosectioning in a parasagittai plane parallel to the femoral
neck, followed by histologic examination. These anatomic findings were correlated with
the US findings in 58 healthy children.

Results: The anterior joint capsule comprises an anterior and posterior layer, mainly
composed of fibrous tissue, lined by only a minute synovial membrane. In healthy children,
both fibrous layers were identified separately at US in 98 of 116 (84%) hips. The synovial
membrane was too thin to be visualized separately with US examination. A small slit-like
indentation is present near the insertion of the anterior layer of the anterior joint capsule
into the acetabular labrum representing the superior articular recess.

Conclusion: Various components of the anterior joint capsute of the hip can be visualized
with high resolution US equipment. Correct identification of both layers, especially the
posterior layer, will prevent erroneous measurements and interpretation, such as mista-
king the posterior layer for delwis, blood, or pathological thickening of the synovial mem-
brane,

Keywords

Children, skeletal system
Hip, anatomy

Hip, US

Joints, US
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INTRODUCTION

The anatomy of the hip joint is known from conventional dissection studies.

The advent of computed tomography (CT) created the need for detailed axial cross-
sectional anatomic studies. Magnetic resonance imaging (MRI) and ultrasonography (US)
are multiplanar imaging techniques, and the need for cross-sectional anatomic studies
extended to other than axial planes, especially coronal and sagittal plane.

US of the hip joint is performed to detect effusion in the anterior recess of the joint
capsute in patients with a painful hip by measuring the difference in thickness of the
anterior recess between symptomatic and asymptomatic hip. The hip is examined in an
unconventional plane (i.e., parasagittal) that paraliels the femoral neck by an anterior
¢ pproach. To our knowledge, however, no detailed cross-sectional anatomic study has
Lieen performed in this plane. Therefore, standardized measurements are not possible
because detailed description of the local anatomy is not available, Moreover, the need for
anatomic detail is increased because US techniques have improved and can depict the
anatomy in greater detail.

The aim of this study was to examine the anatomy of the joint capsule of the hip in a
plane that is relevant to high resolution US imaging.

MATERIAL AND METHODS

This study included {a) study of five cadaveric specimens, and {b) US study of the hip in
58 healthy chiidren.

The study was approved by the institutional review board. In the study of the normal
children, informed consent was obtained from parents and children before the examina-
tion.

Cadaver study

Five cadavers (3 aduit, 2 fetal) were available for imaging, anatomic, and histologic
examinations,

The fetal specimens had a gestational age of 18 and 24 weeks and were fixated with
10% formaldehyde solution. One adult cadaver was embalmed by vascutar infusion of a
preserving fluid (phenol and formaldehyde), The other 2 aduit cadavers were not fixated
during imaging studies.

All cadavers were examined with US by using a high-resolution 7-10 MHz linear array
transducer (Advanced Technical Laboratories, Ultramark 9 HDI, Bothel, Washington,
USA). The adult cadavers were examined in supine position with hips in neutral position.
Both hips were examined by an anterior approach along the fong axis of the femoral neck
to visualize the anterior joint capsule (4, 2),

After imaging, the hips were deep frozen and sawed, by using a bandsaw {5 teeth per
inch), into 5-mm-thick slices parallel fo the femoral neck, identical to the US plane, with
use of a technique described by Entius {3} modified for the hip joint. This was followed by
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histologic examination of the slices; the tissues were fixed in formalin and embedded in
paraffin. Sections 10 pm thick were cut and routinely stained with hematoxylin-eosin,

US in normal children

Fifty-eight asymptomatic children without a history of hip disease were examined with US.
Both hips were examined {n=116). There were 37 hoys and 21 girls; age range 1.7 to
12.5 {(mean 6.7) years. The anterior joint capsule was identified, and the thickness of the
capsule was assessed by measuring the maximal distance between the anterior surface
of the femoral neck and posterior surface of the iliopsoas muscle (4).

Statistical analysis

The difference in thickness of the anterior joint capsule between both sides was tested by
the paired t-test. The correlation between the thickness of the anterior joint capsule and
age was examined by calculating Pearson correlation coefficients. A p value less than
(.05 was considered statistically significant.

RESULTS

Cadaveric study

The anatemic sections show that the space between the iliopscas muscle and the femo-
ral neck is occupied by a fold of the joint capsute. This fold is composed of two layers
{anterior and posterior), each of considerable thickness (2-4 mm), that are separated by
the anterior recess of the joint space (Fig. 1). The anterior layer is slightly thicker than the
posterior layer.

i
Wik, ol

Figure 1a, Figure 1b.

Figure 1. Adult cadaver. {a) A b-mm-thick, parasagittal, gross anatomic section parallel to the femoral
neck. (b} Detall of a. Note the anterior joint capsute {arrows in a), anterior and posterior layer
(arrowheads in b), and femoral cartilage {(arrows in b). Heterogeneous appearance of bone marrow is
caused by metastatic disease.

AR = anterior recess of joint space, F = femoral head, | = lliopsoas muscle, L = labrum.
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Figure 2a. Adult cadaver. A 5-mim-thick, Figure 2b. Normal hip of a 5-year-old child.
parasagittal, gross anatomic section parallel to the US image shows the superior articular re-
femoral neck. Joint space is spread open to view cess outlined by a small amount of
structures to a better advantage. physiologic Joint fluid between the anterior

layer of the capsule and tabrum.

Figure 2c. Aduit cadaver, Low-power Figure 2d . Aduit cadaver. High-power

photomicrograph of the superior articutar recess,  photomicrograph of c. (original magnification, x60.)
between fabrum (L) and anterior layer of the The superior articular recess is ined by synovial
capsule {C}. membrang (small arrows)

Figure 2. Superior articular recess. Superior articutar recess {curved arrow), L = [abrum, F = femoral
head. Arrowheads mark the anterior layer of the joint capsule.

The joint capsule inserts at the outer labrum, runs caudally to form the anterior layer, and
inserts on the intertrochanteric line; here it blends with the periostium. However, many
fibers are reflected upwards, covering the femoral neck, to form the posterior tayer of the
joint capsule. The posterior layer runs upward and ends at the caudal edge of the articu-

lar cartilage of the femoral head (Fig. 1b).
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At the junction of the anterior tayer of the joint capsule with the labrum, a slit-like inden-
tation is identified {Fig. 2a). On macroscopic inspection this simutates an artificial tear.
Microscopically, however, this indentation is lined by synovial cells and therefore repre-
sents an anatomic structure (Fig. 2d). US examination sometimes shows this structure as
a hypoechoic triangular area (caused by a small amount of physiological joint fluid, Fig. 2b).
This slit-like indentation is known from arthographic studies as a small extension of con-
trast material adjacent to the labrum and represents the superior articular recess,
Histologic examination shows that both layers of the anterior joint capsule consist of
collagen fibers, with the inner surfaces lined by a synovial membrane. . The synovial
membrane is a one-three cell thick synovial intima {Figs. 2d and 3} that lies directly on
the fibrous capsule without interposition of fatty or areolar tissue.

Figure 3, Adult cadaver. High-power photomicrograph of synovial

membrane {arrows). {original magnification, x100)
The collagen fibers in the posterior layer run strictly longitudinal; the fibers in the anterior
layer show a mixed pattern because the longitudinal fibers of the capsule are traversed
by circular fibers in the zona orbicularis (Fig. 4).
All the anatomic structures described above could also be visualized in the fetal speci-
mens, the fibrous capsule being relatively thicker and more ceflular (Fig. 5).

The fetal specimens were too small to visualize the anterior recess by US.

in the fixated aduilt cadaver the joint capsule could not be visualized with US because of
the changed tissue echogenicity caused by the fixation process. In the non-fixated adult
cadavers the anterior joint capsule was seen at US as a band of tissue between the
anterior femoral neck and the fascia of the iliopsoas muscle that is composed of iwo
layers, and is isoechoic to the iliopsoas muscle . The interface between both layers is
seen as a linear reflection of increased echogenicity {"stripe-sign™) (Fig. 6).
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Figure 4a.
Figure 4. Adult cadaver.
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Figure 4b.

{a) Photomicrograph of anterior recess of the joint space (AR) shows different orientation of fibers in
posterior {P, predominantiy longitudinal) and anterior {A, mixed) layers. Scale bar indicates 0.8 mm.
{original magnification, x3.5.} F = femur. {b} Photomicrograph of the anterior joint capsule shows no
separate [ayer at the border (arrows) between iliopsoas
capsule,

muscle (IL) and anterior layer (A} of the joint

Figure 5 Fetal specimen, 24
photomicrograph. Antericr and
anterior joint capsule.

gestational weeks. Low-power
posterior layers {arrowheads) of

L. = labrum, F = femoral head, AR = anterior recess of the joint

space.
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Normal children

The anterior joint capsule was easily identified in all hips (n=116) as a layer of tissue

between the femoral neck and overlying muscles {Figs. 7a-c). The mean thickness was

4.7 mm. There was no significant difference in thickness between both sides; the maxi-

mal difference was 1 mm. There was no significant correlation with age (p = 0.1)

In 98 hips {84%) the anterior layer could be differentiated from the posterior layer;

B In 82 hips (70%), a linear reflection was visible centraily in the anterior joint capsule
paralieling the femoral neck, representing the interface between the anterior and
posterior layer of the joint capsule (stripe sign) (Fig. 7a).

B |n seven hips (6%), a small amount of synovial fluid was present in the anterior
recess, separating both layers. (Fig 7b).

H In nine hips {8%), both layers could be distinguished by a dlfference in echogenicity
(Fig. 7c).

Figure 6. Adult cadaver, US image of anterior joint capsule
{arrows}). Interface between anterior and posterior layers
Is seen as a linear reflection (arrowhead), representing an
empty anterior recess,

F = fernoral neck, | = Hiopsoas muscle.

In the majority of the children (81%) the anterior layer of the joint capsule had the same
echogenicity as the posterior layer, being isoechoic to psoas muscle in 48%, hyperechoic
in 31% and hypoechoic in 2%. In 19% of the children both fayers had a different
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Figure 7b.

Figure 7a.

Figure 7. Healthy children, US images of the
anterior joint capsule. F = femoral head, { =
illopsoas muscle. (a) Both layers of the anterior
joint capsule {(between cursors) are hyparechoic
to muscie and can be distinguished by a linear
reflection representing the interface between
both layers {arrowheads). The curved arrow
marks the interface between muscle and capsu-
le. (b} Both layers are separated by a small
amount of physiological synovial Tluid
(arrowheads). {c) Anterior (a) and posterior {p)
layers of the anterior joint capsule {arrows) can
be identified on the basis of a difference in
echogenicity.

Figure 7.

echogenicity; the anterior layer always showed increased echogenicity compared with
that of the posterior tayer (Fig. 8)

in each individual chitd, both hips were identical with respect to the echogenicity of both
layers of the anterior joint capsule.
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——58

h = 45 (39%)

n =2 (2%)

n=13(11%)

n =9 (8%)

Figure 8. Healthy children. Schematics show the echogenicity of the anterior {a) and posterior (D} iayers
of anterior joint capsule in 116 hips. The echogenicity of each layer is expressed as shades of gray
compared with that of the iliopsoas muscle (I). f = femur. In the images on the left, the white line
between the layers represents the interface between the layers, or stripe sign {ss), which was seen at
US as a linear reflection.

In the images on the right, there was no stiipe sign.

DISCUSSION

The US technique for investigation of the hip joint to evaluate a painful hip was first desciibed
by Seltzer et al. (5), to our knowledge, and has not changed thereafter. An anterior
approach is used in the parasagitial plane parallel to femoral neck with the leg in slight
external rotation. Some investigators included additional planes and rotation of the femur
but this did not improve reproducibility (4, 6-12).

in numerous reports, the thickness of the anterior joint capsule is addressed without a
discussion of its separate layers (2, 11, 13-16).

Findings in the present cadaveric study show that the anterior joint capsule is composed of
two layers. Both layers have a thickness, substantial enough to enable US measurements

&
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with state-of-the-art equipment. This was confirmed at sonography in the adult cadavers
that demonstrated both layers of the anterior joint capsule (Fig. 6). Knowledge of this
anatomy is essential for accurate measurements and good interpretation,

The border between the iliopseas muscle and the joint capsule is visible as a hyperechoic
line {Fig. 7a), but does not represent an anatomic structure (Fig. 4b). This line should not
be interpreted as the fibrous capsule (2, 4, 7, 8, 17, 18) but merely represents the inter-
face between muscle and joint capsule, The thickness of this line depends on, among
other factors, the transducer frequency {(19-21).

In previous studies, a wide range of values is reported for thickness of the anterior joint
capsule.

These values can be divided into two main groups: those with a mean of 5 mm, compa-
rable to that in the present study {4, 14, 19, 22, 23}, and those with a mean of 2-3 mm
(1, 13, 24-26). This discrepancy was already observed by Terjesen and Osthus (11), who
found it "difficult to explain, as similar US techniques and anatomic landmarks seem to
have been employed." Apparently, this discrepancy is largely caused by unfamiliarity with
the anatomy. in the latter studies, the distance was measured between the femoral neck
and the interface between both layers of the joint capsule {(stripe sign); therefore only the
posterior layer of the anterior joint capsule was measured instead of the total capsule.
Even the cartilage of the femoral head was sometimes mistaken for anterior joint capsule
(26).

According to Rohrschneider et al. (4} there was no statistically significant correlation
between age and thickness of the anterior joint capsule in normal hips {in children aged
more than 3 years). This finding was confirmed in the present study.

In the present study the difference between both sides did not exceed 1 mm. This diffe-
rence is in agreement with other studies which report a difference of 2 mim as pathologic
limit (1, 4, 8, 11, 24, 26).

Histologic examination shows that both layers of the joint capsule are composed mainly
of collagen fibers lined by only a thin layer of synovial membrane. The thickness of the
synovial membrane is approximately 0.025 mm {27}, which exceeds the spatial resolu-
tion of modern radiologic technigues such as US. Moreover, the synovial membrane of
the anterior recess is of the fibrous type. In contrast to the areolar and adipose types of
synovial membrane-in which the synovial intima is separated from the fibrous capsule by
loose connective tissue or fatty tissue-in the fibrous type, the synovia rests directly on the
fibrous layer {28). This also confributes to the inability of US to visualize the synovial
membrane as a distinct layer.

In the present study, the anterior tayer showed an increased echogenicity compared with
that in the posterior layer in 19% of the hips of healthy subjects. This difference in
echogenicity may, in part, be attributed to the difference in fiber texture of both layers, as
demonstrated in the histologic examination (Fig 4a).
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The superior articular recess can be seen at US as a small band of decreased echogenicity
adjacent to the labrum at the insertion of the joint capsule at the labrum. This should not
be mistaken for a pathological condition, such as a rupture,

CONCLUSION

Findings in this study show that the anterior capsule of the hip joint is composed of
anterior and posterior layers that were visualized separately at US in 84% of healthy
children. Both layers are mainly composed of fibrous tissue (representing the fibrous
capsule) and lined by only a minute layer of synovial membrane, which is too thin to be
visualized separately at US examination, Knowledge of the US anatomy of the capsule of
the hip joint Is essential for future studies, especially since state-of-the-art US equipment
with high frequence transducers allows visualization of the hip joint in greater detail.
Correct identification of bhoth layers, especially the posterior layer, will prevent erroneous
measurements and interpretation, such as mistaking the posterior tayer for debris, blood,
or pathological thickening of the synovial membrane.
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US of the Hip Joint in Transient Synovitis

ABSTRACT

Purpose: To evaluate the sonographic appearance of the anterior joint capsule of the hip
joint in children with transient synovitis,

Patients and Methods: Patients (n=105) with unilateral transient synovitis were examined
with ultrasonography (US) in a prospective study. Special attention was paid to the
anatomy of the joint capsule of the hip, measuring the anterior and posterior layer of the
anterior joint capsule. The symptomatic hip joint was always compared with the
contralateral asymptomatic hip.

Results: Transient synovitis was right-sided in 57 patients and left-sided in 48 patients.
Mean thickness of the symptomatic joint capsule was 9.9 mm, of the asymptomatic joint
capsule 4,9 mm. In all patients the effusion itself was easily visualized, being anechoic in
96 patients and showing reflections in 9 patients. The anterior and posterior layers were
identified separately at US in all hips with transient synovitis and in 83 of 105 (79%}
contralateral normal hips, Overall, the anterior layer was thicker than the posterior layer.
In transient synovitis compared to normal hips, no significant thickening of both layers
was present (p = 0.24 and 0.57 for the anterior and posterior layers, respectively).
Normal variants include plicae, local thickening of the capsule and pseudodiverticula.
Conclusion: Increased thickness of the anterior joint capsule of the hip joint in transient
synovitis is caused entirely by effusion. There is no US evidence for additional capsule
swelling or synovial hypertrophy. Many normal anatomic landmarks can be visualized by
state-of-the-art sonography equipment and should not be mistaken for pathology.

Keywords

Children, skeletal system
Hip, diseases

Hip, US

Joints, fluid

Normal variant
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INTRODUCTION

The role of ultrasonography (US) in children with a painful hip has been limited to detection
of thickening of the anterior joint capsule. Both thickening of the anterior joint capsule
and bulging of the capsule are considered evidence of joint effusion (1-10). However, the
different anatomic components of the anterior joint capsule that constitute the thickening
have not been described in detait aithough nowadays they can be better visualized using
modern US equipment with high frequency transducers. Also, the US aspect of the effu-
sion itself has received little attention {11-13).

The purpose of this study was to investigate the US anatomy of the anterior joint capsule
of the hip joint in patients with transient synovitis.

PATIENTS AND METHODS
This study included (a) prospective US study of 105 children with transient synovitis, and
(b} US study of four cadaveric specimens.

Patient study

Between January 1924 and May 1997, 105 consecutive patients with transient synovitis
were examined with US in a prospective study. Patients with bifateral involvement or fever
were excluded. There were 74 boys and 31 girls; aged from 2 to 12.8 years (mean, 6.0
years). The right hip was involved in 57 patients, the left hip in 48 patients.

Patients with an irritable hip were considered to have transient synovitis if US depicted a
thickening of the joint capsule of more than 2 mm compared with that in the asympto-
matic hip (6, 7, 10, 14) and the complaints subsided completely within 4 weeks without
specific therapy and the patient remained symptom free for at least 6 months thereafter,

Cadaver study

Four adult human cadavers were used for this study. The cadavers were examined prior
to the embalming process. With US guidance, all 8 hip joints were injected with 10 mL of
saline solution (0.9% NaCl). The needle entered the joint cavity at the level of the labrum
to preserve the anatomy of both layers of the anterior joint capsule, Anatomic landmarks,
such as the layers of the anterior joint capsule, were identified before and after admini-
stration of saline solution.

Method

The US examinations were performed by one investigator (SR) with use of US equipment
with high-frequency 7-10 MHz (Uitramark 9 HDI; Advanced Technology Laboratories,
Bothell, Washington, USA) and 7 MHz {model 128 XP10; Acuson, Mountain View, California,
USA} linear array transducers.

The children were examined in the supine position with the hips in neutral position
{(extension and slight external rotation). An anterior approach along the long axis of the
femoral neck was used to visualize the anterior capsule of the hip joint to the best
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advantage (12, 15}, A similar approach was used in the cadaver study. In children with
transient synovitis, the contralateral asymptomatic hip was used as the normal reference.
The anterior joint capsule occupies the space between femoral neck and iliopsoas mus-
cle. it is composed of two layers of joint capsule, separated by an anechoic space in case
of effusion. The anterior joint capsule was identified, and the thickness of the capsule
was assessed by measuring the maximal distance between the anterior surface of the
femoral neck and posterior surface of the iliopsoas muscle (16).

Moreover, the following parameters were examined: (a) identification and measurement
of both layers of the anterior joint capsule in both symptomatic and asymptomatic hips,
{b) identification and characterization (clear or turbid} of the effusion in the anterior
recess of the joint capsule, and (c) evaluation of the anterior contour of the joint capsule.

Statistical analysis

The difference in thickness of the anterior joint capsule between both sides, as well as
the difference in thickness of the various layers of the anterior joint capsule of both hips,
were tested by means of the paired t-test.

The correlation between the thickness of anterior joint capsule and age was examined by
calculating Pearson correlation coefficients, A p value less than 0.05 was considered
statistically significant,

RESULTS

PATIENT STUDY

Anterior joint capsule of the hip joint

The anterior joint capsule could be visualized in all hips, both symptomatic and asympto-
matic. The anterior joint capsule is composed of two layers: the anterior and posterior
layer. in all symptomatic hips, both layers could easily be distinguished from surrounding
bone, muscle and anechoic effusion and could be measured (Table 1 and Fig. 1a),

In the asymptomatic hip, the posterior layer could be differentiated from the anterior
tayer in 83 patients (79%). This was facilitated by: (a) a linear reflection representing the
interface between both layers in 65 patients {62%). This phenomenon will be further
referred to as the stripe sign (Fig. 1b}, (b) a small amount of physiological joint fluid in 12
patients {11%), and (c) a difference in echogenicity between both layers in 6 patients
(6%).

In these asymptomatic hips both layers could be measured separately (Table 1). The
anterior layer was thicker than the posterior layer in hoth symptomatic (p = 0.01) and
asymptomatic hips {p < 0.001). However, there was no difference between symptomatic
and asymptomatic hips with regard to the thickness of the anterior layer (p = 0.24) or
posterior layer (p = 0.57)

The thickness of the anterior joint capsule of the asymptomatic hip showed no correlation
with age (p = 0.1). However, the amount of effusion did show a positive correlation with
age (p = 0.001).

41



Chapter 3

Table 1. Measurements in the anterior joint capsute of both hip joints in
105 patients with unjlateral transient synovitis.

No. of mean
patients thickness {(mmj) SD

Symptomatic hip

Joint capsule 105 9.91 1.71
Anterior layer 105 2.38 0.66
Posterior layer 105 2.44 0.44
Asymptomatic hip

Joint capsute _ 105 4.90 1.02
Anterior layer 83 251 0.63
Posterior layer 83 2.10 0.58

In 50 of the symptomatic hips (48%), a local thickening of the posterior layer of the
anterior joint capsule, referred to as the "hump", was visible. The thickness of this hump
varied considerably but it was invariably localized at the insertion of the posterior layer
near the cartilage of the femoral head {Fig. 2a and 2b). This phenomenon was almost
exclusively observed in hips with effusion. Occasionally an identical structure was seen

on the anterior layer (Fig. 2c).

Effusion
In all symptomatic hips, the effusion in the anterior recess could be clearly differentiated

from the surrounding layers of the anterior joint capsule (Figs, 1 and 2}. The effusion was
anechoic in 95 patients {90%) and showed some reflections in 9 patients (9%) (Fig. 3). In
one patient (1%), an obese boy, the visualization of the anterior recess was insufficient
for reliable evatuation of the clarity of the effusion,

A small amount of joint fluid was also present in the anterior recess of 12 (11%) asympto-
matic hips. The fluid in the anterior recess of the asymptomatic hips was always clear.
The mean thickness of this layer of synovial fluid was 1.0 mm (range 0.2-1.6 mm).
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Figure 1a.

Figured. Anterior joint capsule,
sagittal US image.

Figure da. Transient synovitis. The
anterior {A) and posterior fayers (P} of
the Joint capsule are separated by
anechoic effusion and ¢an be easily
identified and measured {between
cursors, 2.5 and 1.9 mm,
respectively),

Figure1b. Normal hip, The anterior
joint capsute is measured between
cursors. Anterior and posterior layers
are separated by their interface
(arrowheads) and can be measured
separately (3.1 and 2,9 mm,
respectively).

F = fernoral neck, 1 = lliopscas muscle

Figure 1b.
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Figure 2a. Figure 2h.

Figure 2. Hump in hips with transient synovitis and in normal hips.
Sagittal US images. F = femoral neck, | = iliopsoas muscle, C =
cartilage of femoral head.

Figure 2a. Patient with transient synovitls. Local thickening {arrows)
of the posterior (P} tayer of the joint capsule at its insertion near the
articular cartilage of the femoral head.SAR = superior articular
recess, L = labrum.

Figure 2b. Another patient with transient synovitis, Large hump
(arrows) originating from the posterior (P} layer of the anterior joint
capsuls,

Figure 2¢, Lacal thickening (arrows) at the anterior layer (A) of the
Joint capsule in a patient with transient synovitis,

Flgure 2¢. Figure 2d, Cadaver study after injection of saline solution in hip foint.
The hump is clearly visualized {arrows).

Figure 2e). Asymptomatic hip without effusion. The hump is
delineated by the stripe sign (small arrows). Anterior joint capsule is
marked by cursors.

Figure 2d. Figure 2e.
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Anterior bulging of the capsule

The resuits are shown in Table 2.

Convex bulging anterior joint capsule has a sensitivity of 94%, specificity of 91%, positive
predictive value of 92% and negative predictive value of 94% for effusion.

None of the patients with a concave border had an effusion: therefore, the presence of a
concave border virtually rules out effusion.

Table 2. Shape of the anterior border of the anterior joint capsule of
the hip joint in 105 patients with transient synovitis. Data are number

of patients.

Shape Symptomati; Hip Asymptomatic Hip
convex 98 {94%) 2] {9%)
straighit 6 (6%) 31 (29%)
concave o {0%) 65 (62%)
total 105 {100%} 105 {100%)

Figure 3. Sagittal US image
depicts the antericr joint capsule
{cursors}) in a patient with
transient synovitis of 7 days
duration. Small particles (arrows)
are floating in the effusion.
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Figure 4. Plicalike
structure {arrowheads),
traversing the effusion
in a patient with
transient synovitis (a)
and in a cadaver (b}
after intra-articular
administration of saline
solution.

Figure 4a. Figure 4b.

Additional findings

In four patients (4%), a linear structure traversing the fluid-filled anterior recess {Fig. 4a),
demonstrated the same echogenicity and texture as did both layers of the anterior joint
capsule.

In 2 patients {2%), a thin-walled cystic protrusion of the joint effusion was seen. This
arose from the synovial surface of the anterior layer of the capsule and protruded through
the anterior layer into the space between the iliopscas muscle and anterior border of the
joint capsute with a collar-button configuration (Fig. 5).

All patients with additional findings had an uneventful recovery.

CADAVER STUDY

US could visualize the anterior joint capsule in all cadaveric hips, except for one hip that
was replaced by a prosthesis. The anterior joint capsule was seen at US as a hand of
tissue between the anterior femoral neck and the fascia of the iliopsoas muscle. Cen-
trally, a linear reflection was seen in 5 hips, thought to represent the interface between
both layers of the anterior joint capsule (collapsed anterior recess). This was subsequently
proved by means of intra-articular injection of saline solution, after which the linear
reflection was replaced by hypoechoic fluid in the anterior recess (Figs. 6a and b). Obvi-
ously, the presence of this linear reflection (stripe sign) indicates absence of effusion.
After the injection of saline solution, one cadaveric hip showed a plicalike structure within
the fluid-fitied joint space (Fig. 4b), identical to the structure that was seen in 4% of the
hips with transient synovitis (Fig. 4a}, and 2 hips showed a local thickening of the poste-
rior layer (Fig. 2d), corresponding with the hump that was seen in approximately 50% of
the hips with transient synovitis,
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Figure ba. Figure 6b.

Figure b. Sagitial {a) and transverse {b) US image of the anterior jeint capsule in a patient with
transient synovitis depict a cystic protrusion of effusion through the anterior [ayer (A) of the joint
capsule is seen, with the aspect of a pseudo-diverticulum (arrows).

DISCUSSION

The anterior joint capsule in transient synovitis

Until recently, thickening of the anterior joint capsule of the hip joint was considered as
evidence of effusion. However, the continuous improvement of US equipment enables the
sonologist to visualize anatomic structures that could not be seen in the past. Cadaveric
studies showed that the anterior joint capsule of the hip joint is composed of two layers
of joint capsule (17). Both layers consist of fibrous tissue and are thick enough to be
visualised by US. The posterior layer is a continuation of the periosteal membrane, the
anterior layer blends with the iliofemoral figament. The synovial membrane is lined by a
ane to three cells thick {20-40 umeter) layer of synoviocytes {18), This layer of synoviocytes is
too thin to be seen on US.

The results of the present study are compatible with those in the above-mentioned
cadaveric study: Both layers of the joint capsule can be readily visualized and measured
separately with US in alfl hips with transient synovitis, facilitated by the effusion. In all
these hips the effusion itself could be readily discerned from the joint capsule as a
separate hypoechoic or anechoic layer. In the contralateral normal hip, the thickness of
the anterior and posterior layers of the anterior joint capsule could be measured in 79%
of the patients and compared with measurements in the symptomatic hip.

In both symptomatic and asymptomatic hips the anterior layer of the joint capsule was
significantly thicker than the posterior layer {Table 1), which is consistent with the
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i
findings in a previous cadaveric study (17). The anterior layer is thicker probably because

it is reinforced by the iliofemoral ligament and the orbicular zone.

Figure 6a. Figure 6b.

Figure Gc. Figure 6d.

Figure 6. The stripe sign in a cadaver and a patient,

The stripe sign is marked by smali arrows in a cadaver (a). It disappears after intreduction of saline
solution (arrowheads) into the anterior recess of the joint capsule (large arrows) (b).

The reverse process is seen in a normal hip. The stripe sign (small arrows) appears when a physiclogical
effusion, marked between arrowheads (¢}, is squeezed out of the anterior joint capsule by compression
of the transducer (d).
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Moreover, the anterior and posterior layers of the anterior joint capsule showed no
statistically significant difference between the symptomatic and asymptomatic sides
{Table 1). Synovitis apparently does not cause a measurable thickening of the anatomic
components of the anterior joint capsule, Theoretically, the synovial membrane is
thickened in synovitis, but because it forms only a minute part of both layers of the
anterior joint capsule, its thickening cannot be appreciated at US.

In many articles dealing with transient synovitis, both layers of the anterior joint capsule
are either not identified or not mentioned, probably due 1o use of inadequate equipment
or unfamiliarity with the anatomy of the anterior joint capsule. However, those articles
that do describe both layers erroneously identify them as synovium or synovial hypertro-
phy or thickening (3, 9, 12, 13, 19), According to the results in the present study, neither
of the layers of the anterior joint capsule are diffusely thickened in transient synovitis.
Moreover, "synovium or synovial membrane" is a misnomer because the anterior joint
capsule is compased of a fibrous capsule with only a minute layer of synovial membrane.,
Because (a) both layers of the anterior joint capsule are not thickened, and (b) the effu-
sion was always discernibie, it seems more rational to detect effusion by visualizing the
effusion itself rather than by relying on indirect signs such as differences between hips in
measurements of the joint capsule (4-10, 19). In cases of poor US visualization of the
joint capsule, this indirect method can bhe a good alternative, although it should be
realized that it fails when bilateral effusions are present,

Hump of the posterior layer

This phenomenon was almost exclusively observed in hips with effusion, probably be-
cause the effusion facilitates demarcation of the synovial surface. This hump could be
interpreted as debris or flocculation, but several facts argue against this. (a) In some
patients, we were able to demonstrate vessels in this hump at Doppler US; and (b) in the
supine position, the hump does not migrate to the most dependent section of the recess.
The stripe sign phenomenon does not offer enough anatomic detail to confirm the pre-
sence of such a local thickening in hips without an effusion. However, evidence of a
hump was present in one asymptomatic hip (Fig. 2e), and moreover we observed this
structure in two cadaver hips (Fig. 2d). Apparently this focal hump is not restricted to
synovitis but should be regarded as a normal anatomic tandmark representing the inser-
tion of the capsule in the femoral neck. Marchal et al. {15) observed an identical local
thickening in a patient with septic arthritis, but the findings in the present study demon-
strate that this sign certainly is not pathognomonic for septic arthritis,

Effusion

Because both layers of the anterior joint capsule are not thickened in transient synovitis,
the widening of the anterior joint capsule can be attributed solely to effusion, In all
symptomatic hips, the effusion could be readily discriminated from the layers of the
anterior joint capsule and measured separately,
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In 9 patients, the effusion was not completely clear. None of these patients had clinical
signs of septic arthritis, and all had an uneventful recovery, This phenomenon was also
observed by Dorr et al. (13) and Marchal et al, (15) in 21% and 10% of their patients,
respectively, and Zawin et al. {3} demonstrated that turbid effusion is not diagnostic for
infection. We found that the mean duration of complaints in patients with turbid effusion
was considerably longer than in patients with a clear effusion (7.2 versus 4 days, p < 0.001).
This may be the result of progressive accumulation of cellutar debris in effusion of longer
duration. Obviously, the presence of turbid effusion is associated with the duration of the
disease, but it has no further diagnostic value.

Suprisingly, the amount of fiuid in transient synovitis shows a positive correlation with age
(p < 0.001). Assuming that the pathophysioclogical mechanism of transfent synovitis is
age-independent, this correlation must be attributed to geometrical factors. Because the
anterior recess is larger in older children, the same pressure will induce more expansion,
according to the physical law of Laplace.

A small layer of joint fluid in the anterior recess of the asymptomatic hip was present in
12 patients {(11%), with a mean thickness of 1.0 mm and a maximum of 1,6 mm (Figs. 6¢
and d). This finding is similar to that of Rohrschneider et al. (16), who found this in 12%
of healthy children, with a maximum thickness of 1.5 mm. Therefore, 2 mm seems to be
a sound threshold to differentiate a pathologic from a physiological effusion. This is in
keeping with a difference of more than 2 mm between both symptomatic and asympto-
matic anterior joint capsules that is considered pathological in several reports (7, 8, 12,
14-18, 19). The stripe sign, representing the collapsed anterior recess, can be of addi-
tional value in excluding small amounts of effusion in the joint. This sign is visible only
when both layers lie close together, that is, in the absence of effusion (Figs. 6¢ and d).

Bulging of the capsule

Some authors consider anterior bulging of the joint capsule the best criterion for effusion
{1-3). However, the contour of the anterior joint capsule depends on rotation, being
concave in external rotation and convex in internal rotation (16), Mareover, joint capsules
of normal hips can have a straight or convex contour (16). This is also true in the present
study, in which 9% of the asymptomatic hips showed anterior bulging in the absence of
effusion, making this sign less reliable. Six percent of the symptomatic hips had no
convex cortours, despite the fact that a substantial amount of effusion was present.

it seems more rational to detect effusion by visualizing the effusion itself than by relying
on indirect signs such as contours of the capsule. On the other hand, a concave border of
the anterior joint capsule seems to be a reliable indicator for the absence of effusion
because in the present study, none of these hips showed joint fluid on US.
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Plica

in 6 patients {6%) a platelike structure traversed the effusion, mostly running from the
hump of the posterior layer to the anterior layer. The structure and echogenicity were
identical for both layers of the anterior joint capsule. This structure was also demonstra-
ble in one of the cadaver hips after intraarticular injection of saline solution. i probably
represents a plica, comparable with the welli-known plicae in the knee joint.

None of the patients with such a plica had previous complaints, and all had an uneventful
recovery.

Diverticulum

The cystic protrusion of joint effusion through the anterior layer of the anterior joint
capsule probably represents a herniation of the synovial membrane through a defect in
the fibrous capsule, which creates a pseudodiverticulum of the synovial membrane. The
thin wall also suggests it is a pseudodiverticulum of the synovial membrane rather than a
real diverticulum of the joint capsule.

CONCLUSION

Findings in this study show that no measurable thickening of both layers of the anterior
joint capsule is present in transient synovitis. Therefore, enlargement of the anterior joint
capsule in transient synovitis is caused solely by the presence of effuston.

it is more rational to detect effusion by visualizing the effusion itself than by relying on
indirect signs such as contours of the capsule or differences in joint capsule measure-
ments between hips. These indirect methods can be good alternatives only in cases of
poor US visualization of the joint capsule, although the latter method fails when bilateral
effusions are present.

Moreover, findings in this study describe normal variants that can be visualized by state-
of-the-art US equipment, such as local humps of the posterior layer of the joint capsule,
the stripe sign, pseudodiverticula, and plicae. Sonologists should be aware of these
findings to prevent misinterpretation of normal variants mistaken for pathologic condi-
tions.
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Atrophy of the quadriceps muscle in children

ABSTRACT

Objective: To study the degree of muscle wasting of various components of the quadri-
ceps muscle in children with a painful hip.

Methods: Between January 1994 and September 1997, 327 consecutive patients with a
unilateral painful hip and/or limping were evaluated prospectively with ultrasonography
{US). Quadriceps thickness was measured on both sides, Moreover, muscle thickness
was measured in 59 control subjects,

Results: The patients were divided into 8 groups; transient synovitis (n=134), Perthes
disease {n=35), slipped capital femoral epiphysis (n=5}, osteomyelitis (n=4}, non-specific
synovitis (n=5), rheumatoid arthritis (n=3), miscellaneocus (n=16). In 125 patients no
sonographic and radiological abnormalities were found and during follow-up the com-
plaints disappeared ("no pathology" group).

Ipsilateral muscle wasting was present in all patient groups, whereas the contral subjects
showed no significant difference between both legs.

The degree of muscle wasting was compared between transient synovitis, "no pathology’
group, Perthes' disease, and control subjects. For both quadriceps and vastus intermedius
muscles there was a significant difference between these groups, except between control
subjects and "no pathology" group. For the rectus femoris muscle there was a significant
difference between these groups, except between transient synovitis and "no pathology"”.
Muscle wasting showed a positive correlation with duration of complaints and preexisting
muscle mass.

Conclusion: Different diseases show different degrees of muscle wasting and different
patterns of muscle wasting of various components of the quadriceps femoris muscle.

Keywords
Atrophy

Muscle
Ultrasonegraphy
Childhoed
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INTRODUCTION

The development of muscfe atrophy as a result of inactivity is a well-known phenomenon
{1-4). Especially the effects of decreased activity on the muscles of the leg have been the
subject of many investigations. Most of these investigations have focused on: a} animal
models (5-9), b) experimental studies in adults (10-13), or ¢) immobilization studies in
adults {14-16). The effect of (subclinical)} inactivity on muscle wasting in children with
various orthopedic diseases has not been the subject of investigation, except for one
study that describes muscle atrophy in Perthes' disease (17).

Ultrasonography {US) is a noninvasive technique that can visualize muscles to a good
advantage (18). Because it is not time-consuming and it is readily accepted by the
patients, US is an ideal modality for screening large patient groups. Moreover, US mea-
sures the muscle itself, which is an advantage over tape measurements, because the
latter is an indirect method that also includes the skin and subcutanecus fat.

The purpose of this study was threefold: 1) to study the presence and degree of muscle
wasting in various pediatric diseases of the musculoskeletal system that cause a painful
hip or limping; 2) to investigate the influence of several factors on the degree of muscle
wasting; and 3) to study the recovery from atrophy.

PATIENTS AND METHODS

Patients

Between January 1994 and Septemher 1997, 348 consecutive children who had clinical
symptoms of hip disease were evaluated prospectively. There were 221 boys and 127
girls; age range 1.1 to 15.9 (mean 6.3) years. Patients with bilateral complaints were
excluded.

A control group was composed of 59 children without complaints or previous orthopedic
disease. There were 37 boys and 22 girls; age range 1.7 to 18.1 {mean 7.4) years.

The study was approved by the institutional Medical Ethical Review Board. Informed
consent was obtained before the examination,

US measurements

All patients and control subjects were examined sonographically by the same investigator
{SR). High-resolution 7-10 MHz {Advanced Technical Laboratories, Ultramark © HDI,
Bothell, Washington, USA} and 7 MHz (Acuson 128 XP10, Mountain View, California, USA)
linear array transducers were used. Patients were examined in supine posttion with hips
in neutral position. Both hips were examined, in which the contralateral asymptomatic hip
was used as normal reference.

Because US is sensitive to bias (the investigator is aware of the symptoms), the use of a
standardized US measurement technique is mandatory: the transducer is placed on the
anterior thigh in the transverse plane, at the mid-point between the superior border of the
patella and anterior superior iliac spine, Any pressure of the transducer on the skin is

%
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eliminated by using an excess amount of echogel to avoid compression of the muscle
(Figs. 1 and 2). Moreover, the patient's attention is diverted to optimize muscle relaxa-
tion. Three parameters were measured: 1) the thickness of the rectus femoris muscle as
the distance between postericr and anterior fascia, 2) at the same level, the vastus
intermedius muscle as the distance from the femoral cortex to the anterior fascia of the
vastus intermedius muscle, 3} total thickness of the quadriceps muscle (both rectus
femoris and vastus intermedius) as the distance from the femoral cortex to the anterior
fascia of the rectus femoris muscle (Fig. 1).

Echogel

Subeutansous fal SKin

M. rectus femorls

M. quadrceps
. vastus mediafs

M, vastus Inlermedius

Figurs ia, Figure 1b.

Figure 1.

a) Schematic drawing of transverse ultrasound image at the mid-thigh position. b} Transverse
ultrascund image, Quadriceps muscle is measured between electronic calipers. Notice generous use of
contact gel to aveld any compression of muscle.

All measurements were performed on both sides and the differences between the normal
and symptomatic side were calculated. In the control group the difference hetween left
and right side was calculated. These differences will be denominated A quadriceps,
Arectus femoris and A vastus intermedius (asymptomatic side minus symptomatic side).
The final clinical diagnosis was established 6 months after presentation by reviewing the
medical and radiological records,

Reproducibility study

In 21 legs of normal children (age range 4 to 14 years), two independent measurements
with an interval of 5-10 minutes were performed of all muscles to assess the degree of
reproducibility. First, the measurement site was determined and marked on the skin by a
pen on both legs, followed by the US measurements. Prior to the second set of measure-
ments, the skin markings were erased and the measurement sites were defined again.
The skin marks could he easily rubbed off by wads of cotton wool drenched in 70%
ethanol,
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Follow-up study

In 38 patients with transient synovitis follow-up US examination was performed to verify
the resorption of the effusion, At the same time, the muscles were measured again as
described above. There were 24 boys and 14 girls, mean age was 5.6 (range 2.0-9.2)
years., Mean duration between initial US examination and follow-up examination was 39
{range 8-86) days.

Figure 2a. Figure 2b,

Figure 2. Fiveyear-old boy with Perthes' disease, duration of symptoms is 40 days. Transveirse
ultrasound images show severe muscle wasting.

a) Asymptomatic right side. Quadriceps thickness is 22.3 mm.

b} Symptomatic left side. Quadriceps thickness is 13,4 mm

Statistical analysis

For statistical analysis the Statistical Package for the Social Sciences (SPSS version 7.5,
Chicago, USA) was used.

The paired t-test was used to evaluate left/right differences within groups. Analysis of
variance, with multiple comparison procedure of Bonferroni, was used to analyse the
differences in muscle wasting batween the various groups. Univariate correlation studies
were performed by calculating Spearman's coefficients of correlation. Multiple regression
analysis was performed to simultaneously evaluate various factors such as age, duration
and preexisting muscle mass. In this analysis the duration of complaints was
logarithmically transformed to eliminate the influence of outlying data. A p-value of <0.05
was considered statistically significant. Reproducibility of the measurements for each
muscle was evaluated by calculating the mean coefficient of variation.
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RESULTS

Reproducibility study

In this group, the mean muscle thickness for quadriceps, rectus femoris, and vastus
intermedius muscle was 32,6, 18,68, and 13.2 mm, respectively, The reproducibility of US
measurements was excellent: The mean difference between both quadriceps, rectus
femoris and vastus intermedius muscle measurements was 0.4 mm (sd 0.6), 0.3 mm
{sd 0.3} and 0.4 mm (sd 0.3}, respectively. This resulted in a mean coefficient of variation
for the quadriceps muscle measurements of 1%, for the rectus femoris muscle 1%, and
for the vastus intermedius muscle 2%.

Table 1. Descriptive statistical data on the patient population (n = 327) and control

subjects
number of
Diagnosis patients mean age median duration of
(years) symptoms in days (range)

Transient synovitis 134 8.0 3 (1-120)
“No pathology“ 125 6.5 21 (1-1100)
Perthes disease 35 5.4 42 {2-360)
SCFE 5 127 35 (21-100)
Osteomyelitis 4 7.3 21 {14 - 21)
Non-specific synovitis 5 10.3 21 (5-120)
Rheumatoid arthritis 3 7.7 21 (5-60)
Miscellaneous 18 8.7 14 (2-210)
Control subjects 59 7.4

Patients and control subjects

In 21 patients muscle measurements were not possible or considered to be unreliable,
because of anxiety and agitation. These patients (mean age 4.5 years) were generally
younger than the other patients {mean age 6.4 years).

The remaining patients {n=327) could be divided into 8 groups; the final clinical diagno-
ses are given in Table 1.
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B The "no pathology" group consists of 125 patients without sonographic and radiologi-
cal abnormalities, No definite diagnosis could be made and in all patients the com-
plaints disappeared without specific treatment and remained symptom-free thereaf-
ter. This group includes 8 patients with the tentative diagnosis of postinfectious or

parafebrile arthraigia.

B The non-specific synovitis group includes patients with reactive (postinfectious)
synovitis.

#8  The "miscellanecus" group consists of patients with neoplasms (n=4), occult frac-
tures (n=2), synovitis of the knee {n=2), septic arthritis, and Baker's cyst, retrocecal
appendix, ureteric calculus, juvenile osteoporosis, leukemia, lymphadenitis, bone
marrow edema eci, and (all n=1).

The muscle measurements are given in Table 2, including the calculated values of
Avastus intermedius, Arectus femoris and Aguadriceps. Figure 3 shows the mean value
of Aquadriceps for each diagnosis group.

Ne significant difference in thickness between left and right quadriceps muscles
{Aquadriceps) was present in control subjects. Maximal difference between both legs in
control subjects was 3 mm.

The number of patients with SCFE (n=5), osteomyelitis (n=4), aspecific synovitis {n=5),
and rheumatoid arthritis (n=3) was considered too Jow to perform a reliable statistical
analysis. Also, the "miscellaneous" group did not undergo statistical analysis because of
its heterogeneity.

Therefore, the difference in muscle wasting was tested between transient synovitis, "no
pathology” group, Perthes' disease, and control subjects: for both Aquadriceps and
Avastus intermedius there was a significant difference between all groups, except be-
tween control subjects and "no pathology”. For Arectus femoris there was a significant
difference between all groups, except between transient synovitis and "no pathology"
(Table 3).

In Perthes' disease a significant positive correlation (r=0.67, p<0.001) was found be-
tween Avastus intermedius and Arectus femoris. Multiple regression analysis demon-
strated that this relation was independent of the duration of the complaints. In transient
synovitis and "no pathology" group, the degree of wasting of both rectus femoris muscle
and vastus intermedius muscle did not appear to be related.

Muscle wasting versus age and gender

There was no correlation betweaen age and muscle wasting for quadriceps muscle, rectus
femoris muscle and vastus intermedius muscle in separate disease groups (Table 4).
However, multivariate analysis demonstrated a significant weak correlation (p=0.02)
between age and atrophy for the vastus intermedius muscle when the groups were
combined (i.e. transient synovitis, "no pathology” and Perthes' disease). per year the
average increase of wasting was 0.06 mm. None of the groups showed a significant
correlation between the degree of muscle wasting and gender.

60



Atrophy of the quadriceps muscle in children

Table 2. Absolute musecle thickness (in mm), and A quadriceps, A rectus femoris and A vastus
Intermedius, in patient groups and control subjects.

Diagnosis
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Quadr. sympt 247 258 223 286 201 261 259 253|282

Quadr. asympt 255  26.2 25.2 340 236 279 29.6 27.1 284
Rectus sympt 13.6 138 12.3 13.8 12.4 14.3 15.3 12.9 16.1

Rectus asympt 14.0 441 14.0 16.3 13.7 16.2 15.8 13.5 16.2

VI sympt 11.4 i1.2 10.1 14.8 7.7 i2.1 10.7 13.2 12.4

Viasympt 11.6 12.0 11.4 17.7 9.9 12.9 13.8 14.3 12.4

A Quadriceps 0.8 0.3 29 5.5 36 1.8 36 1.8 0.2
SE 0.4*%* Q1% 0.4*%% oM 2.4 1.4 1.6 0.5 0.2%

A Rectus fem, 0.3 0.2 1.7 2.5 1.3 0.9 0.5 0.6 ot
SE 0.4%% Q4% Q.2%% QT 1.24 0.94 1.0M 0.3 0.1%

AV 0.5 01 1.3 3.0 2.2 0.8 3.1 1.1 0.0
SE 04%% 044 Q2% 13V q12¥ 0.8 0.6* 0.4 g.2"s

A quadriceps = quadriceps asymptomatic side minus symptomatic side
Arectus femoris = rectus asymptomatic side minus symptematic side
A Vastus intermedius (Vi)  vastus asymptomatic side minus symptomatic side
{in control subjects=  left minus right)
NS= not statistically significant left/right difference
NT= not tested because number of patient was too small
SE= standard error
*=  0.06>p>0.01
k= p<0.01
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Table 3. Differences in muscle wasting between various disease groups

A quadriceps and Perthes “No pathology” Transient synovitis
A vastus intermedius

+

Conirol subjects * NS *
Transient synovitis * *
“Na pathology” *
A rectus femoris Perthes “No pathology” Transient synovitis
Control subjects * * *
Transient synovitls * NS
“No pathology” *
* = gignificant (p< 0.05)
NS = not significant

Muscle wasting and duration of complaints (Table 4}

In Perthes' disease a positive correlation was found between duration and wasting for
quadriceps muscle, rectus femaris muscle and vastus intermedius muscle, also when the
effect of age was taken into account. For each doubling of the duration, Aquadriceps,
Arectus femoris and Avastus intermedius increased with 0.7 mm (p=0.007), 0.3 mm
{p=0.05) and 0.4 mm {p=0.002), respectively. For transient synovitis similar findings
were found for Aquadriceps and Arectus femoris: 0.3 mm (p=0.003), and 0.2 mm
{p=0.02), respectively.

Muscle wasting and preexisting muscle mass {Table 4)

The muscles of the asymptomatic leg were considered to represent the preexisting
muscle mass,

A statistically significant positive correlation between preexisting muscle mass and
degree of muscle wasting was found in a) transient synovitis for both quadriceps muscle
and vastus intermedius muscle, b} "no pathology" group for the vastus intermedius
muscle, and ¢) Perthes' disease for the rectus femoris muscle. All these correlations
remained unchanged after adjustment for age and duration by muitivariate analysis.
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Figure 3, Boxplot of mean muscle atrophy in various diseases. The lower and upper boundaries of the box
represent 25th and 75th percentile, respectively. Whiskers represent smallest and largest values.
i=transient synovilis, 2="no pathology’, 3=Perthes' disease, 4=SCFE, 5S=ostecmyelitis, G=aspecific
synovitis, 7=rheumatoid arthritis, 8=miscellaneous.

Follow-up study
Thirty-eight patients with transient synovitis had a follow-up US examination after a mean

interval of 39 (range 8-86) days. Mean Aquadriceps at the initial US examination was 0.7
{range -1.8 to 5.6) mm. At the follow-up US examination it was 0.0 (range -2.6 to 2.4)
mm. This difference was tested by the paired t-test and was significant (p=0.003). All pa-
tients were symptom-free at the time of the follow-up examination.

DISCUSSION

Inactivity induces many changes in muscles; functional {strength, electromyographically,
contraction characteristics), structural (muscle weight loss, fiber size reduction, histologic
changes), and biochemical changes, Most data are derived from experimental and/or
animal studies. Modern imaging techniques can visualize the structural changes that
occur in muscle atrophy both quantitatively (13, 19, 20) as well as qualitatively (18, 21,
22),

US is an ideal modality to examine a large pediatric patient population. First, US is readily
available, easy to perform, relatively inexpensive, not time-consuming, painless, lacks
ionizing radiation, and is reproducible (coefficient of variance for various components of
the quadriceps muscle is 1-2%, which is even slightly better than reported in previous
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Table 4. Spearman correlation coefficients between atrophy and age, atrophy and duration of
complaints, and atrophy and preexisting muscle mass for various muscles.
Numbers between parentheses denote p-values

age and wasting

A quad Arect A vast
Transient synovitis Q.08 (0.34) -0.05 {0.56) 0.16 (0.07)
“No pathology” 041 (0.20) 0.03 {0.76) 0.12 (0.18)
Perthes disease 0.03 {0.86) 0.10 {0.54) -0.08 (0.65)

duration and wasting

A quad Arect A vast
Transient synovitis 0.21 (0.01) 0.17 {0.05) 012 (0.16)
“No pathology* 0.03 (©.71) 0.15 {0.10) 0.00 {0.97)
Perthes disease 049  {0.003) 045  {0.008) 0.54 {0.001)

preexisting muscle mass and wasting

Aquad A rect A vast
Transient synovitis 0.20 (0.02) 0.11 {0.21) 0.30 {<0.001)
“No pathology 014 {0.12) 0.09 (0.30) 0.30 {0.001)
Perthes disease 0.33 {0.05) 0.37 {0.03) 0.20 (G.24)

studies (23-28)}, This method is accepted very well by the patients, as is reflected in the
fow number of patients that could not be investigated in the present study (6%).

Secondly, in many institutions US is part of the evaluation of children with a painful hip
and/or limping, so measuring the muscles is only a small extension of the investigation,
We measured muscle thickness (11, 19, 23, 27-29) instead of cross-sectional area
{CSA), because the latter method is elaborate, is more sensitive to sources of error, and
requires a compound ultrasound scanner that is no longer used in daily routine (13, 26,
30}
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US of normal skeletal muscle has been described in normal children and adulis {23, 26,
27, 31}. Ultrasonographic assessment of muscle architecture and/or wasting is reported
in children with neuromuscular disease {27, 28, 31-34) and leukemia (19, 29). One study
describes muscle atrophy in Perthes' disease (17}, hut no other sonographic literature is
available on muscle atrophy in patients with a painfui hip, In the present study we eva-
iuated muscle thickness in patients with various diseases and in control subjects.

Presence of muscle wasting

In each disease group a difference in thickness between both quadriceps muscles
(Aguadriceps) was present. Invariably, the muscle thickness on the symptomatic side was
less than on the contralateral asymptomatic side. This difference was most pronounced
in SCFE (5.5 mm) and smallest in transient synovitis (0.8 mm) and "no pathology” group
{0.3 mmy). The difference is small in the latter groups, but highly significant, due to the
large number of patients in these groups. Although a substantial difference was present
in several groups (SCFE, osteomyelitis, aspecific synovitis and rheumatoid arthritis) the
number of patients in these groups was considered too low to perform statistical analysis.
In the control subjects no significant difference between both quadriceps muscles was
present, Obviously, muscle wasting is a subclinical phenomenon that occurs in many
diseases, even "benign" diseases of short duration, such as transient synovitis, and in
self-limiting diseases in which no diagnosis can be made {"no pathology" group).

Difference in muscle wasting between various diseases

Several patient groups (transient synovitis, "no pathology", and Perthes' disease) were
large enough to test the difference in muscle wasting (Table 3).

Patients with Perthes' disease and transient synovitis demonstrated a statistically signifi-
cant wasting of all muscles compared to normal children. Morsover, patients with Perthes'
disease show significant more wasting than patients with transient synovitis and patients
of the "no pathology” group.

However, there was a difference in behaviour between the rectus femoris muscle and the
vastus intermedius muscle as shown in Table 3. Moreover, in Perthes' disease a signifi-
cant positive correlation was found between Avastus intermedius and Arectus femoris. In
the transient synovitis and "no pathology" groups the degree of wasting of both rectus
femoris muscle and vastus intermedius muscle was independent.

Obviously, there is not only a different response of muscles in different diseases, but also
a different response between muscle groups. The possible causes of these differences
will be discussed in the following paragraph.
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Factors that influence muscle wasting

Muscle atrophy in patients with a painful hip probably results from decreased ipsilateral
postural and locomotor activity, There are several factors that influence the degree of
muscle atrophy (2, 35}

B duration and degree of inactivity

®  preexisting muscle mass

B fiber type and extensor/flexor type of muscle

B age and gender

The influence of these factors on muscle wasting in the patients of the present study will
be discussed briefly:

Duration

The influence of duration of symptoms on the degree of muscle wasting could be con-
firmed by the present study for Perthes' disease and transient synovitis (Table 4}. The "ho
pathology" group showed no significant correlation between duration of complaints and
muscle wasting for all muscle groups.

The positive correlation between duration and wasting of the quadriceps muscle in
transient synovitis (median duration 3 days) implies that the process of muscle wasting
has a rapid onset.

Degree of inactivity

This is an important contributor to muscle wasting, however, no reliable parameter was
availabte to quantify the degree of inactivity in childhood, It is therefore difficult to draw
conclusions regarding the effect of degree of inactivity on muscle wasting. For instance,
the muscie wasting in Perthes' disease is more pronounced than in "no pathology™ group
and transient synovitis {Table 2), but this can be attributed to the longer duration of
complaints (42 versus 21 versus 3 days, respectively), However, the difference between
Perthes' disease and "no pathology” group, and the difference between "no pathology”
group and transient synovitis cannot be explained by a difference in duration. Obviously,
in patients within the "no pathofogy" group the degree of inactivity is less pronounced,
probably because they experience less discomfort.

Preexisting muscle mass

The present study confirms the correlation between preexisting muscle mass {in which
the contralateral asymptomatic muscle is considered to represent the preexisting muscle
mass} and the degree of muscle wasting for several muscles in Perthes' disease, tran-
sient synovitis and "no pathology" group (Table 4}, even after correction for differences in
age and duration. In other words, thicker muscles show more pronounced wasting.
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Fiber type and flexor/extensor function

Inactivity induces more atrophy in type | fibers ("slow® muscles} than in type i fibers

("fast” muscles) (2, 6, 7, 36). Additionally, extensor muscles atrophy to a greater extent

than their antagonists (2, 7, 36). In the present study the rectus femoris shows a diffe-

rent pattern of wasting than the vastus intermedius:

® in the "no pathology" group the rectus femoris muscle shows wasting, whereas the
vastus intermedius does not {Table 2).

@ the vastus intermedius muscle shows a significant difference in wasting between
transient synovitis and "no pathology", whereas the rectus femoris muscle does not
{Table 3).

B the degree of wasting of the vastus intermedius muscle showed a positive correlation
with age, whereas the rectus femoris muscle did not.

B also, both muscles show a different response to the duration of the complaints and
preexisting muscle mass (Table 4).
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Figure 4. Muscle thickness versus age of asymptomatic legs of the patient groups (n=327). Drawn curves
represent the mean thickness + 2 SD. Mean values are obtained by quadratic regression.
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This different behavior between both muscles is probably caused by different fiber type
composition and different function; The rectus femoris is composed of more type Il fibers
{37) and acts both as a hip flexor and knee extensor, the other three heads of the quadri-
ceps muscle act solely as knee extensors. In the present study, the separate contribution
of fiber type and muscle function to muscle wasting could not be determined.,

Age and gender

According to Heckmatt et al. (23), there is a good correlation between age and muscle
thickness in normal legs and this could be confirmed in the present study as shown in
Figure 4 {r= 0.7, p<0.001), Moreover, the response of muscle to inactivity is age ‘depen-
dent (35). In addition, Steffen and colleagues demonstrated that atrophy occurs at a
faster rate in young animals that were immobilized compared to adult animails (6).

No correlation between age and muscle wasting could be demonstrated for the diagnos-
tic groups separately, However, multivariate analysis showed a weals, though significant,
positive correlation between age and degree of muscle wasting of vastus intermedius
musclte when the groups of patients that were large enough to be tested {Perthes' disease,
trahsient synovitis, and "no pathology” group) were combined. There was no such correla-
tion for rectus femoris and quadriceps muscle.

Obviously, in general there is no influence of age on the degree of muscle wasting in
childhood, except for a weak correlation for the vastus intermedius muscle, found by
multivariate analysis. Therefare, in evaluating muscle wasting in individual patients, it is
not necessary to consider the age of the patient.

There was no significant difference in degree of wasting between boys and girls, neither
in the whole study group, nor in separate diagnostic groups, Cbviously, in childhood,
gender has no influence on the development of muscle wasting, probably because most
of the children in this study were prepubertal and no influence of gonadotrophic hor-
mones could be expressed. Therefore it is not justified to extrapolate the findings of this
study to pubertal and postpubertal age group.

Recovery from atrophy

The muscle wasting that was induced by transient synovitis had completely disappeared
within a mean period of 39 days. Apparently, minor degrees of muscle wasting, acquired
in a short time, recover fast. This is consistent with the results of Rosemeyer, who demon-
strated a positive correlation between duration of immobilisation and time to recover
from atrophy (38). Moreover, the fact that young individuals respond more rapidly to
changes in locomotor and postural activity might also contribute to this fast recovery {6).
Other studies that examined recovery from atrophy, demonstrated prolonged atrophy
after immobilization; almost complete recovery from atrophy is possible although the
recovery phase is often much longer than the immobilisation period {2, 4, 7, 14, 38).
However, these latter studies refer to recovery from severe atrophy, which explains the
discrepancy with the findings in the present study.
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CONCLUSION

This study shows that the guadriceps muscle mass in childhood is very sensitive to
changes in activity patterns: many diseases in childhood that cause a painful hip
demonstrate ipsilateral muscle wasting. Different diseases show different degrees of
muscle wasting and different patterns of muscle wasting of various components of the
quadriceps femoris muscle. Minor degrees of wasting, acquired in a short period, recover
within several weeks,

To a certain extent this clinical study confirms the findings from experimental and animatl
studies that several parameters can influence the degree of atrophy, such as the dura-
tion of inactivity, muscle type, preexisting muscle mass, and disease-specific parameters,
such as degree of inactivity.

The clinical relevance of these findings is speculative:

Muscle wasting is an objective clinical sign and the severity of the atrophy might reflect
the severity of the disease. This can be a helpful diagnostic tool, especially in very young
children, in which the history and physical examination Is often unreliable. Therefore the
recognition of muscle wasting could change the clinical attitude.
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Differential Diagnosis of Children with a Painful Hip

ABSTRACT

Objective: Muscular components respond rapidly to changes in activity patterns. In a
prospective ultrasound study we evaluated quadriceps muscle thickness in children with
a painful hip to determine the clinical value of muscle wasting.

Methods: Between January 1994 and September 1997, 348 consecutive patients with a
painful hip and/or limping were evaluated prospectively. Quadriceps thickness was
measured at mid-thigh. A control group of 69 children with no symptoms was also mea-
sured.

Resuits: In the control group (n=69) the mean difference between both quadriceps
muscles was 0.1 £ 2,7 mm (2 standard deviations). Therefore, pathological wasting was
defined as a difference of more than 2.7 mm hetween both guadriceps muscles.

In 327 patients the muscles could be measured; these patients were divided into 2 groups:
Group A {n=270) had selfdimiting diseases (e.g. transient synovitis) or no sonographic
and radiological diagnosis with spontaneous disappearance of symptoms during foliow-
up.

Group B (n=57) had severe pathology requiring specialist treatment or hospitalization
{e.g. Perthes' disease, slipped capital femoral epiphysis, low grade osteomyelitis, osteoid
osteoma).

increasing degrees of ipsilateral muscle wasting result in an increasing probability of
severe disease. A threshold of 2,7 mm muscle wasting results in a positive predictive
value of 64%, negative predictive value of 92%, sensitivity of 61% and specificity of 93%
for severe pathology.

Conclusion: The degree of muscle wasting is an indicator of the severity of the disease in
children presenting with a painful hip or limp, and may be used as guideline for further
radiological work-up.
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INTRODUCTION

Clinical diagnosis of a painful hip in childhood can be difficult because many underlying
diseases produce the same clinical picture, such as Perthes' disease, transient synovitis,
slipped capital femoral epiphysis, juvenile chronic arthritis, neoplasms, trauma and non-
accidental injury, and even low-grade osteomyelitis. The symptoms are non-specific:
localized or referred pain, limping, refusal to bear weight, and limitation of movement of
the hip. Because the medical history is often less reliable in childhood, especially in the
very young, the diagnosis in children depends heavily on imaging studies. The role of
conventional radiographs is limited and recently ultrasonography (US) has been introdu-
ced as an additional diagnostic modality, but its use in general has mainly been restricted
to the detection of effusion.

Muscle volume responds rapidly to changes in activity patterns, as can occur in disease.
Therefore, further studies on muscle behavior are justified. US is an excelient modality to
visualize the musculature and has been employed in many studies to measure the
muscles {1-b} and to analyze muscle fiber pattern {6, 7). Almost all these studies were
experimental or post-immobilization studies, It has not been investigated whether muscle
thickness might contribute to the diagnosis in children presenting with a painful hip,
except for one study that shows muscle wasting to be helpful in identifying Perthes'
disease (8).

In a prospective study the quadriceps muscle was measured to: a} define the physiologi-
cal left/right difference in asymptomatic children and to evaluate muscle wasting in
disease; and b) to determine the clinical value of muscle wasting in children with a
painful hip and/or limp.

PATIENTS AND METHODS

Between January 1984 and September 1997, 348 consecutive children who had clinical
symptoms of unilateral hip disease were evaluated prospectively. There were 221 boys
and 127 girls, aged 1.1 to 15.9 (mean 6.4) years. Patients with hilateral symptoms were
excluded,

A control group was composed of 69 children without symptoms or previous orthopedic
disease: there were 46 boys and 23 girls, aged 1.7 to 18.2 (mean 7.1) years.

The study was approved by the Institutional Review Board. In the study of the normal
children, informed consent was obtained from parents and children before the examina-
tion,

All patients and control subjects were examined with US by the same investigator (SR).
High-resolution 7-10 MHz (Ultramark 9 HDI, Advanced Technology Laboratories, Bothell,
Washington, USA) and 7 MHz (Model 128 XP10, Acuson, Mountain View, California, USA}
linear array transducers were used, Patients were examined supine with hips in neutral
position (extension and slight external rotation). Both hips were examined, the
coniralateral asymptomatic hip was used as normal reference.
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Figure 1a, Figure 1b.

Flgure dc. Figure 1d.

Figure 1. Normal anatomy and the effest of compression of the transducer on guadriceps muscle thick-
ness in a Byear-old boy. F = femur,
A} Schematic shows the transverse anatomy at mid-thigh position.
B) Transverse US image. Quadriceps muscle is measured between cursors {22 mmy). Notice
generous use of ultrasound gel to avoid any compression of the muscle.
C) The effect of the campression caused by the weight of the transducer. Muscle thickness is

18.7 mm.
D} The effect of manual compression. Muscle thickness is 10.5 mm,

Firstly, the anterior joint capsule was examined for the presence of effusion, according to
the US protocol for children with a painful hip (8)

Secondly, the transducer was pfaced on the anterior thigh in the transverse plane, at the
mid-point hetween the superior border of the patella and anterior superior iliac spine. At
this level the thickness of the quadriceps muscle (both rectus femoris and vastus
intermedius) was measured as the distance from the femoral cortex to the anterior fascia
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of the rectus femoris muscle (Figs, 1A and 1B}. Any pressure of the transducer on the
skin was eliminated by using an excess amount of ultrasound gel to avoid compression of
the muscle (Figs. 1C and 1D). Moreover, the patient's attention was diverted to optimize
muscie relaxation.

The measurements were performed on both sides and the differences were calculated (in
patients asymptomatic minus symptomatic side, in contro! subjects left minus right side),
further referred to as Aquadriceps.

The final clinical diagnosis was established 8 months after presentation by reviewing the
medical and radiological records.

Statistical analysis

For statistical analysis the Statistical Packages for the Social Sciences (SPSS version 7.5,
Chicago, USA) was used.

The paired t-test was used to evaluate the difference in quadriceps thickness between
the symptomatic and asymptomatic leg. The Mann-Whitney rank sum test was used to
analyze the differences between the patient groups with seif-limiting diseases, with
severe disease and control subjects. Logistic regression was used to calculate the proba-
bility of severe disease for each degree of quadriceps muscle wasting. To evaluate the
diagnostic performance of muscle wasting a Receiver Operating Characteristic (ROC)
curve was calculated.

Table 1. Descriptive statistical data on the patient population (n = 327} and control

subjects,

Diagnosis age (years) median duration

n of complaints

days range

Transient synovitis 134 6.0 3 1- 120
"No pathology” 125 6.5 21 1- 993
Perthes' disease 35 5.4 42 2 - 360
SCFE: 5 12,7 35 21 - 100
Osteomyelitis 4 7.3 21 14 - 21
Nonspecific synovitis 5 10.3 21 5 - 120
Rheumatoid arthritls 3 7.7 21 5 - 60
Qeeudt fracture 2 8.4 36 3- 90
QOsteoid osteoma 2 7.9 20
MisceHaneous 12 6.7 i4 2 - 210
Control subjects 69 7.1

n = number of subjects
! = slipped capital femoral epiphysis
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RESULTS

Patients

Muscle measurements were not possible, or considered to be unreliable, in 21 (6%)
patients because of anxiety and movement. These patients (mean age 4.5 years) were
generally younger than the other patients {imean age 6.4 years),

Therefore, 327 (94%) patients could be evaluated. The final clinical diagnoses are given
in Table 1,

In 125 patients no definite diagnosis could be made and in ail these patients the symp-
toms disappeared without specific treatment and remained symptom free thereafter. This
group is denominated as "no pathology” group, and includes 8 patients with the tentative
diagnosis of postinfectious or parafebrile arthralgia,

Table 2. Mean quadriceps muscle thickness and A quadriceps in patient groups and
controt subjects

Diagnosis Quadriceps Quadriceps A Quadriceps (SO}
symptomatic asymptomatic
(mmy} {mam}
Transient synovitis 24.7 255 0.8 (L&
"No pathelogy” 258 26,2 03 (18}
Perthes' disease 223 252 2.9 (25
SCFE! 286 340 85 (2.0
Osteomyelitis 20,1 23.6 36 (4.2
Nonspecific synovitis 26.1 27.9 1.8 (2.5
Rheumatoid arthritis 259 29.6 36 (2.8
Ocoult fracture 29.2 31.8 268 (08
Osteoid osteoma 26.2 29.2 29 (18"
Miscellanaous 245 25,9 1.4 2.40%
Quadriceps Quadriceps A Quadriceps {(SD)
right (mm) left {mm}
Control subjects 27.7 27.6 -0.1 (1.3

A quadriceps = quadriceps asyimptomatic side minus symptomatic side
{in controf subjects left minus right}

NS =p>0.05
NT = not tested due to insufficient number of patients
*  =p<0.05
** =p <001

! = glipped capital femoral epiphysis
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Nonspecific synovitis was diagnosed when effusion was present in the hip joint (n=5)
without the classical presentation of transient synovitis {(10) and without clinical and
serological signs of rheumatoeid arthritis. Discharge diagnosis in this group was often
reactive or postinfectious synovitis.

The miscellaneous group (n=12) consisted of patients with malignant osseous tumors
(n=2), synovitis of the knee (n=2), Baker's cyst, lymphadenitis, edema of bone marrow
e causa ignota, retrocecal appendix, ureteric calculus, juvenile osteoporosis, leukemia,

and septic arthritis (all n=1).

Control subjects
Control subjects showed no significant difference in thickness between left and right

quadriceps muscles (Aquadriceps). Mean difference was -0.1 mm + 2.7 (two standard
deviations). Therefore 2.7 mm {25SD) was considered as the upper limit of normal left/right

difference.
The muscle measurements of patients and control subjects are given in Table 2 and

Figure 2.
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1 2 3 4 5 6 7 8 9 10
Disease groups

Figure 2. Boxplot of mean muscle atrophy in various diseases. The lower and upper
boundaries of the box represent the 25th and 75th percentiles, respectively. Whiskers
represent smaliest and largest values.
1 = transient synovitis, 2 = "no pathology”, 3 = Perthes' disease, 4 = SCFE,
5 = osteomyelitis, 6 = aspecific synovitis, 7 = rheumatoid arthritis, 8 = occult fracture
9 = osteoid osteoma, 10 = miscelaneous,
A quadriceps = difference in quadriceps thickness (asymptomatic side minus
symptomatic side, in control subjects left minus right side).
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§

To determine the clinical value of US detection of muscle wasting, the patients were

divided into 2 groups:

Group A:  Consisting of 270 patients with self-imiting diseases: transient synovitis
(n=134}; "no pathology" group (h=125); nonspecific synovitis {n=5}; miscella-
neous self-timiting diseases {n=6),

Group B:  Consisting of 57 patients with severe diseases requiring hospitalization or a
consultation with an orthopedic surgeon: Perthes' disease (n=35); SCFE
(n=5); osteomyelitis (n=4}); rheumatoid arthritis {n=3); cccult fracture (n=2};
osteoid osteoma (n=2); and miscellaneous severe diseases (n=6).

Table 3 and Figure 3 give data on the measurements of muscle thicknass in group A and

B, compared with control subjects. All groups differed significantly {p<0.001) from each

other.

Figure 4 presents the ROC curve of quadriceps muscle wasting in differentiation between

self-limiting and severe diseases. This curve confirms the significant difference in muscle

wasting between self-limiting diseases and severe pathology and shows that a quadri-

ceps wasting of >2.7 mm (upper limit of physiologicat left/right difference) can serve as a

threshold between severe and self-limiting diseases. Using this threshold for severe

disease, the positive predictive value is 64%, the negative predictive value 92%, the

sensitivity 61%, and the specificity 93% (Table 4).

Figure 5 shows the probability of severe disease as a function of the degree of wasting,

and the number of patients for each degree of wasting.

Table 3. Absolute muscle thickness, and A quadriceps, in patients groups and control

subjects
Diagnosis Quadriceps Quadriceps A Quadriceps
symptomatic asyimptomatic
side {mmy) side (mm)
Seif-limiting disease (n =270) 25.3 25.9 0.6 (1.6)"
Severe disease (h =57) 23.3 28,5 3.2 (25"
Quadriceps Quadriceps
left side (mm)  right side (mm)
Control subjects (n =69) 27.7 276 0.1 (1.3

Data are mean values, with standard deviation in parentheses
A quadriceps = quadriceps asymptomatic side minus symptomatic side
{tn control subjects keft minus right)

NS =p>0.05
** =p<0.01
n = number of subjects
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Figure 3. Boxplot of mean muscle atrophy In contro! subjects, in patients with self-
limiting diseases, and in patients with severe diseases. The boundaries of the box
represent 256th and 75th percentile, respectively. Whiskers represent smallest and
largest values.

A quadriceps = difference in guadriceps thickness (asymptomalic side minus
symptomatic side, in control subjects left minus right side).

Area under ROC curva = 0,7917 A Quad > 0,0
1.00 N AQuad>05 ) i >
A Quad >1,0
0,76 -

AQuad > 2.7 —
ﬁ_‘ e

Z
F050
g
[
0.26 —
000 1§ O Quadriceps wasling {mm)
I I I | I
0.00 0.26 0.50 0.76 1.00
1 - Specificity

Figure 4, Receiver operating characteristic curve shows sensitivities and
specificities of muscle wasting in differentiation between selflimiting
and non self-fimiting disease, Four cut-off levels are indicated. The area
under the ROC curve equals 0.79. The diagonal line represents an
imaginary test without discriminative power.
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Table 4: Value of quadriceps wasting for the diagnosis of severe ortho-
pedic disease, using 2.7 mm as a threshold value

Severe Self-timi- Total
disease ting
A quadriceps > 2.7 mm 35 20 55
A quadriceps < 2.7 mm 22 250 272
Tota! number of patients 57 270 327
100 ™3 100

80 [~ 80
£ =
& g
2 60 _ - 60 g
% 58
bt 29
3 g%
£ n
2 40 Savere disaase 40% s
[[] Settmiting [l
diseasa
20 — 20
3 [‘{|‘ o
)
A

N U U A
Muscle wasting (mm}

Figure 5. Curve showing the probability of severe disease {right axis)

versus the degree of wasting. The absolute number of patients (feft

axis) for each degree of wasting is given as bars. Muscle wasting is

defined as the difference in quadriceps thickness (asymptomatic side

minus symptomatic side).

DISCUSSION

Although US is an excelient modality to visualize the musculature, its clinical application
in childhood has been limited to study the atrophy and aspect of muscles in
neuromuscular diseases {11-186). Another clinical application was the assessment of the
skeletal muscle protein reserve in children after bone marrow transplantation and in
newly diagnosed acute leukemia (17, 18). One study describes muscle atrophy in Perthes'
disease (8), but no other sonographic literature is available on muscle atrophy in patients
with a painful hip.

In many institutions, US is part of the evaluation of children with a painful hip. Because
{a) muscles respond rapidly to changes in activity pattern, (b) early diagnosis of severe
orthopedic disease is important for the prognosis, especially in childhood, and (c) as US
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Figure 6a, Significant wasting of the right quadriceps muscle
{27.0 mm, between cursors) is present versus the
asymptematic teft side (31.2 mmy}.

Figure 6¢. An additional radiograph of
the right femur was made because of
ipsilateral muscle wasting, revealing
cortical sclerosls (arrows) that was
caused by an osteoid osteoma.

Figure 6b. Radiograph of the hips was normal,

Figure 6. A 12-year-old girl with a painful right hip for 3 weeks. US showed no effusion, Definite diagnosis
was osteoid osteoma of the right femur.,

muscle measurement is not time-consuming and easy to perform, it is justified to extend
the US examination with muscle measurements. This is supported hy the fact that ali
patients in the present study showed more or less muscle wasting compared with the
control subjects. SCFE showed the most severe wasting, the "no pathology" group the
least wasting. However, because the differences between various diseases are small and
there is much overlap (Fig. 2}, it is not justified to even attempt making a diagnosis based
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Figure 7a Figure 7b

Figure 7. A 6-year-old boy with a painfut left hip for 6
days. Definite diagnosis was Perthes' disease.
Figure 7a. Evident muscle wasting {2.9 mm) of the
left quadriceps muscle.

Figure 7h. Radiograph of the hips {frog-leg view)
shows no osseous abnormalities (radiograph with
hips in neutral position was also normat).

Figure 7¢. Radiograph was repeated 6 weeks later
because of persisting symptoms. Increased bone
density and height foss of left femoral epiphysis
{arrows) are consistent with Perthes' disease.

Figure 7¢

solely on the degree of muscle wasting. However, Figure 3 shows that there is consider-
ably less overlap when patients are divided into 2 groups: self-limiting diseases and
severe diseases. The difference in muscle wasting between these two groups was statisti-
cally significant (p<0.001). Moreover, both groups showed a significant wasting com-
pared with the control group (Fig. 3). The significant wasting in patients with severe
diseases compared to patients with self-limiting diseases reflects different factors that
influence the degree of muscle wasting. The most important factors are duration and
severity of inactivity, the latter being proportional to the severity of pain. Apparently,
severe diseases have a longer duration of inactivity and/or have a more pronounced
inactivity compared with self-limiting diseases. Both factors (duration of symptoms and
degree of inactivity) are difficult to objectify and guantify in childhood, especially in the
very young,; the medical history can be unreliable, and minor degrees of discomfort can
be ignored because it is relisved by a subtle change in activity patterns, eventually
resuiting in evident limping. Therefore muscle wasting is an objective measurement
enabling the quantification of two unreliable clinical parameters, i.e. duration and degree of
inactivity.
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Figure 8a. Sagittal US image of the left hip
Jjoint shows large effusion (E). ¥ = femur.

Figure 8. A 7-year-old boy with a
painful right hip for 2 days. Definite
diagnosis was translent synovitis.

Figure 8b. Transverse US images of both
quadriceps muscles show symmetrical muscle
thickness (23 mm versus 24 mm, measured
with calipers).

As demonstrated in Figure 3, muscle wasting can be a potential US criterium to discrimi-
nate hetween severe pathology and self-limiting diseases,

In order to extrapolate these findings to individual patients we tested several threshold
values for Aquadriceps for differentiating severe pathology from selflimiting diseases by
establishing a ROC curve, and by calculating a probability curve for severe disease (Figs,
4 and 5). These curves confirm the difference in muscle wasting among patients with
severe and self-limiting disease. Assuming the consequences of a false-positive result
and a false-negative result to be equal, the optimal threshold value for muscle wasting to
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differentiate between both patient groups is 2,7 mm, which is also the upper limit of the
95% confidence interval of physiological left-right difference (Figs. 6-8).

This threshold value results in a sensitivity of 61%, positive predictive value {(PPV) of 64%,
specificity of 93%, and negative predictive value (NPV) of 92%, suggesting that muscle
wasting is more effective in ruling out severe disease than in predicting it. However, it
should be noted that the capability of muscle measurements to rule out severe disease
should not be overestimated based on these data: there is a discrepancy between the
number of patients with selflimiting disease and severe disease {b:1). Therefore, a NPV
of 93% means that 22 patients {39%)} with severe disease will still go unrecognized,
Moreover, we assumed that the consequence of a false-negative result equals the conse-
quence of a false-positive result. This assumption may not be correct because a false
negative result is clinically more detrimental than a false positive result. From this point
of view, a lower threshold value would be more acceptable. For instance, a threshold
value of O mm would resuit in only 7 patients with severe disease {12%) not being de-
tected {Fig. 5). Therefore, although 2,7 mm seems an optimal threshold value to discrimi-
nate between both disease groups, its clinical use is limited. However, in terms of radia-
tion protection in a pediatric population, this threshold value can be useful: some authors
recommend US as the examination of choice for painful hips, omitting radiography in
uncomplicated cases {8, 19-24). Assuming that additional radiographs of the hips were to
be obtained if the US indicates wasting of more than 2.7 mm, then only 19 of 270 pa-
tients with self-limiting diseases {7%) in our study population would have received need-
less radiation. }t is even justified to extend the radioclogical examination to the whole limb
if the radiograph of the hip is normai (Fig. 6). On the other hand, a threshold value of less
than O mm muscle wasting will protect 88 patients with self-limiting disease (33%) fram
needless radiation.

In conciusion, patients submitted for US because of a painful hip can benefit from addi-
tional muscie measurements, because this technigue can determine those individuals at
high risk for severe disease; in patients with pathological quadriceps muscle wasting
(more than 2.7 mm on the ipsilateral side), additional examinations or control examina-
tions are mandatory (Fig. 7). Patients without muscle wasting (less than 0 mm on the
ipsilateral side) are at low risk for severe disease and additional radiographic examina-
tions shouid be omitted {Fig. 8). However, it should be emphasized that the results of the
present study should always be held in perspective with regard to the clinical degree of
suspicion.
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ABSTRACT

Purpose:

To evaluate the combined use of several ultrasonographic (US) criteria in the detection of
Perthes' disease.

Material and Methods:

In a prospective study, 144 consecutive patients with a painful hip underwent US, The
thickness of the (&) joint capsule, (b) cartilage of femoral head, and {c} quadriceps muscle
were assessed.

Sixty-gight children with no symptoms, the control group, were also examined.,

Resuits:

The final diagnosis was transient synovitis(n = 58), Perthes' disease(n = 21), slipped
capital femoral epiphysis {SCFE; n = 5), or miscellaneous {n = 6). Fifty-four patients had
no US or radiological abnormalities, and symptoms disappeared during follow-up. The
anterior joint capsute in patients with transient synovitis was significantly wider than that
in the other patients and control subjects (P < 0.001). Patients with Perthes' disease
showed significant cartilage thickening in the symptomatic hip compared with the other
patients and control subjects (p<0.001). Patients with Perthes’ disease and patients with
SCFE showed significant atrophy of the ipsilateral quadriceps muscle compared with all
other groups (p<0.001),

The combined use of these US criteria for the diagnosis of Perthes’ disease resulted in a
positive predictive value of 94%, a negative predictive value of 95%, a sensitivity 71%
and a specificity 99%

Conclusion:

The combination of several US criteria increases the diagnostic value of US of the painful
hip in patients with Perthes’ disease.
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INTRODUCTION

The pediatric hip is susceptible to a farge variety of diseases that may manifest as loca-
lized or referred pain, limping, refusal to bear weight, and limitation of movement of the
hip. These symptoms, however, are nonspecific, and many diseases produce the same
clinical picture (eg, Perthes’ disease, septic arthritis, slipped capital femoral epiphysis
[SCFE], osteomyelitis, juvenile chronic arthritis, neoplasm, trauma, and non-accidental
injury).

Some authors recommend ultrasonography (US) as the examination of choice for painful
hips, omitting radiography in uncomplicated cases {1-6). Unfortunately, the role of US has
been limited to the detection of effusion; moreover, because several diseases are accom-
panied by effusion, the discriminatory value of US is limited. Other US criteria, however,
such as cartilage thickening and muscle atrophy, have the potential to be useful.
Thickening of articular cartilage is recognized as an early US sign of Perthes’ disease (b,
7). Muscle atrophy is important because muscular components respond rapidiy to chan-
ges in activity patterns (8}, and clinical studies have reported considerable muscle atrop-
hy in patients with Perthes’ disease (9, 10).

In this prospective study, the thickness of musculature, joint cartilage and anterior joint
capsule were assessed in all patients presenting with a painful hip, We performed this
study to determine whether the use of a combination of these criteria increased the US
capacity to help differentiate between various diseases and to help detect Perthes’ disease in
a population of children with painful hips.

MATERIAL AND METHODS

Between january 1994 and August 1995, 144 consecutive children with clinical symp-
toms of hip disease were examined in a prospective study. There were 88 boys and 56
girls aged 1,1 to 15.6 years {mean, 6.4 years). Patients with bilateral symptoms were
excluded.

We also examined 68 children without symptoms or previous orthopedic disease. This
control group comprised 45 boys and 23 girls aged 1.6 to 14,3 years (mean, 6.7 years).
The study was approved by the institutional medical ethical review board. Informed con-
sent was obtained from parents and children before the examination.

All patients and control subjects were examined with US by the same investigator
{S.G.F.R); 7-10 MHz (Ultramark 9 HDI, Advanced Technology Laboratories, Bothell,
Washington, USA) and 7 MHz (model 128 XP10, Acuson, Mountain View, California, USA)
linear array transducers were used. Patients were examined in supine position with hips
in neutral position, Both hips were examined; the coniralateral, asymptomatic hip was
used as normal reference. The thickness of the (a) joint capsule, (b) articular cartilage of
the femoral head, and (¢} quadriceps muscle were assessed,

To evaluate the anterior joint capsule, an anterior approach along the long axis of the
femoral neck was used. The anterior joint capsule is seen as a stripe of tissue between
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e

Figure 1. (a} Schematic shows the anterior recess
of a normal right hip. M. = musculus. (b, ¢€)
M. Reclus Femoris Parasagittal US scans of (b} the normal right hip
and (c) the left hip with effusion (anechoic space)
that caused widening of the anterior recess of the
joint capsule in a 4-year-old boy with transient
synovitis. The width of the anterior joint capsule
was measured with the calipers.

M. lliopsoas

Famgreit>)

Femoral
Neck Anterior joinl capsiie
Growth Plate

Infedace batween both layers
of the anterior Joint capsute

Figure 1a.

Figure 1b. Figure 1c.

the anterior femoral neck and the fascia of the iliopscas musele. It consists of two
fibrous layers that in the case of an effusion are separated by an anechoic space (Fig. 1).
The maximal width of the joint capsule perpendicular to the femoral neck was measured
(14).

To evaluate the articular cartilage of the femoral head, the transducer was placed on the
anterior femoral head and aligned parallel to the femoral neck. Subsequentiy it was
moved laterally and simultaneously angulated slightly in the anterior oblique plane to
depict the cartilage of the femoral head at the level of the labrum to the best extent
possible {Fig. 2}. The cartilage was seen as a hypoechoic rim around the femoral head,
and the thickness of it was measured perpendicular to the femoral head at the fevel of
the labrum.

To evaluate the quadriceps muscle, the transducer was placed on the anterior thigh in
the transverse plane, at the midpoint between the superior border of the patella and
anterior superior iliac spine. Any pressure of the transducer on the skin was eliminated by
using an excess amount of uitrasound gel to prevent compression of the muscle, More-
over, the patient's attention was diverted to optimize muscle relaxation.
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Figure 2. {a) Schematic shows a normal right hip.

M.lliopsoas Fibrous Capsule M. = museutus, (b, ¢} Parasagittal US scans of (b)
the normal right hip and (¢} the affected [eft hip in

Labrum a Byearold boy with Perthes' disease. The

cartilage thickness (arrows) was 1.8 mm in b and

A&%‘%?é’é%r 3.5 mm in ¢. Note the mild flattening of osseous
Eg;m{gg nucleus (arrowheads) in ¢.

Femoral
Head

Figure 2a.

Figure 2b. Figure 2¢C,

The distance from the femoral cortex to the anterior fascia of the rectus femoris muscle
was measured (Fig. 3).

All measurements were performed in both hips and the differences between the asymp-
tomatic and symptomatic hips were calculated {for cartilage thickness, symptomatic
minus asymptomatic hip; for joint capsule thickness, symptomatic minus asymptomatic;
for muscle thickness, asymptomatic minus symptomatic).

Additional imaging Studies

Additionat radiographs of both hips (frontal and lateral frog-leg views [Lauenstein views;
anteroposterior radiographs with the thighs in abduction and external rotation, projecting
the hips in a lateral fashion]) were obtained in all patients immediately after US examina-
tion. In selecled cases, radiographs of the upper and lower parts of the leg were also
obtained.

If no abnormalites were found and the symptoms persisted after a period of rest, addi-
tional imaging studies were performed {eg, control radiography, bone scintigraphy,
magnetic resonance [MR] imaging, computed tomography [CT]); the choice of imaging
study depended on the individual symptoms.

in patients with classic signs of transient synovitis (eg, acute onset of symptoms, irritable
hip, effusion at US, absence of fever, age of 4-10 years) (12}, however, radiography was
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not performed at the initial examination. Radiographs were obtained only if the symptoms
persisted for more than 4 weeks,

Figure 3a. Figure 3b.

Figure 3, Transverse US scans of guadriceps muscles (arrowheads) in a 9-year-old boy with a left hip
affected by Perthes' disease. {a) US scan of the normal right quadriceps muscte {muscle thickness,
31,9 mm). (b} US scan of the left quadriceps muscle demonstrates muscle atrophy {(muscle thickness,

23.7 mm}.

Diagnostic Criteria

Patients with an irritable hip were considered to have had transient synovitis if US de-
picted effusion of any size (or a difference in thickness of the anterior recess between
both hips of more than 2 mmy), the symptoms subsided completely within 4 weeks with-
out specific therapy, and the patient remained symptom-free for at least 6 months there-
after. if the symptoms persisted, radiographs of the hips {frontal and {ateral views) were
obtained.

Perthes' disease was diagnosed with radiography. A patient was considered to have
Perthes’ disease if the typical changes of avascular necrosis appeared on serial radio-
graphs {ie, condensation, subchondral fracture, collapse, and, eventually fragmentation
(Table 1).

SCFE was diagnosed if the epiphysis slipped at radiography of the hip.
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in patients with fever, septic arthritis was diagnosed with hacteriologic analysis of aspi-
rated fluid. Neoplasm (eg, osteoid osteoma) was diagnosed with histologic analysis.

The final clinical diagnosis was established 6 months after presentation by reviewing the
medical and radiological records,

Six patients with the tentative diagnosis of transient synovitis did not show up for regular
checkups. To confirm the assumption that the symptoms had disappeared, the parents
were interviewed by telephone, All patients appeared to have had a fast and complete
recovery and stayed symptom free thereafter.

Table 1. Summary of data for 21 patients with Perthes' disease

Difference Gifference
Patient Duration of incartilage  in Quadriceps
No./Sex/ Complaints Thickness Muscle
Age (y) (d) Stage * Remarks {mm){ Thickness
{mm)}{
1/M/7.0 10 initial small subchondral fissure 0.4 0.0
2/M/6.6 14 Initiaf no osseous abnormalities 0.2 -0.9
3/M/4.4 14 Initial no osseous abnormalities 0.9 1.0
4/M/3.9 14 Initial no osseous abnormalities 0.7 43
5/M/6.6 36 Initial small subchondrat fissure 0.3 2.6
6/M/7.1 51 Initial small subchondral fissure 0.4 3.7
7/M/4.9 60 lnitéal no osseous abnormalities 0.0 1.5
8/F/6.4 70 Initial Height loss 0.6 4.5
9/F/B.1 [0 Imitial Subchondral fissure 0.6 51
10/M/5.9 a0 Initial Subchondral fissure 1.7 4.3
11/F/11.7 a0 Initial Height loss 1.5 -2.0
12/M/A.7 a0 Initiak Height loss, sclerosis -0.1 3.4
13/M/3.2 120 Initial Reight loss, sclerosis 0.8 1.2
14/F/5.7 150 Initial Subchondral fissure 1.5 3.5
15/F/5.2 150 Initial Incipient sclerosis, helght loss 0.4 5.0
16/M/4.9 150 Initiaf sclerosls, Helght loss 1.8 0.7
i7/F/3.9 180 Initial Inclpiant sclerosis, anterior collapse 1.1 4.4
18/M/9.3 180 Initial Inciplent sclerosis, height loss 0.1 5.8
19/M/4.7 180 Initial Height loss, sclerosis 0.6 3.1
20/M/8.0 180 Fragmentation  Fragmentation, sclerosis, collapse 0.3 1.9
21/M/6.5 360 Initial no osseous ahnormalities 14 34

* according to Edgren (13).
1 difference between the two hips.

Statistical Analysis

For statistical evaluation of measurements among different patient groups the Kruskai-
Wallis one-way analysis of variance and the Mann-Whitnhey rank sum test were used. The
correlation between measurements and age was analyzed by using Pearson correlation
coefficients, A p value of less than .05 was considered statistically significant. Multivaria-
te analysis (logistic regression) was used to differentiate between groups. This analysis
proceeded in two stages. At the first stage, patients with Perthes' disease were differenti-
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ated from both those with no visible abnormality and those with transient synovitis. At the
second stage, the latter two groups were differentiated from each other.

RESULTS

The final clinicat diagnoses are given in Table 2. Fifty-four patients had no joint effusion at
US, normal radiographs, and spontaneous resolution of symptoms without specific
therapy.

Table 2. Final diagnoses and descriptive data

Duration of Symptoms
before US (d)

Final Hagnosis Mean Agely) Mean Range
Transient synovitis (n=58) 6.1 7.2 1-89
No visible abnormality (n=54) 8.6 67.4 0-720
Perthes’ disease (n=21) 59 1085 10 - 360
SCFE (n=5} 12.6 49.2 21 - 100
Occult fracture (n=2) 8.5 25
Septic arthritis (n=2) 3.7 3.7
Articular hemorrhage (n=1) 115 1.0
Osteoid osteoma (n=1) 3.2 90.0

Table 3. Mean Thickness of the Anterior Recess according to Diagnosis

Mean Thickness of the
Anterior Recess {mm)

Painful Normal Difference between
Hip Hip Hips {mm)

Transient synovitis (n=58}) 8.8 4.8 4.0 19*
No pathology (n=54) 4.5 4.5 00 06"
Perthes’ disease (n=21) 6.8 4.9 1.9 i5*
SCFE (n=5) 5.7 4.5 13 08"
Qccult fragture (n=2) 4.0 4.0 00 03"
Septic arthritis (n=2) 8.0 4.9 3.1 005"
Articular hemorrhage {n=1) 15.7 9.3 6.4
Osteoid osteoma (n=1) 35 2.8 0.7

Note.-In the 68 comtrol subjects, the mean thickness of the anterior recess was 4.6 mm for
the left hip and 4.7 mm for the right hip (difference, -0.1 mm +0.4 [standard deviation]).
* is the standard deviation

Five patients with Perthes’ disease showed no osseous abnormalities on initial radio-
graphs (Table 1). These patients had symptoms that persisted and changes typical of
avascular necrosis on serial radiographs.
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Two patients had an occult fracture: One patient, a 15-year-old boy, had an avuision
fracture of the minor trochanter, and the cother, a 2-year-old boy, had a fissure of the
fibula. These fractures were diagnosed with radiography.

One patient with hemophilia had a large hyperechoic effusion after a minor trauma. The
tentative diagnosis of articular hemorrhage was made and the patient recovered com-
pletely after intravenous administration of coagulation factor VIIl.

The numbers of patients with occult fracture, articutar hemorrhage, septic arthritis, or
osteoid osteoma were too smali for statistical analysis,

Differenice between Hips in Anterior Joint Capsule

Patients with transient synovitis and patients with Perthes’ disease showed statistically
significant thickening of the anterior joint capsule as compared with the control subjects
and the patients with no visible abnormality (p < 0.001) (Table 3). Moreover, the diffe-
rence between the symptomatic and asymptomatic hips in the mean thickness of the
anterior joint capsule in patients with transient synovitis was significantly different from
that in patients with Perthes’ disease (p < 0.001). No significant difference was present
among other groups.

Table 4. Mean articular cartilage thickness according to diagnosis.

Mean Articutar Cartilage
Thickness {mmj}

Diagnosis Painful Normal Difference between
Hip Hip Hips (mm)

Transient synovitis {(n=58) 2.4 2.4 0.0 0.2°%

No Visible abnormality (n=54) 2.3 2.3 0.0 02*

Perthes' disease (n=21) 3.2 25 07 0s8*

SCFE (n=5}) 1.5 14 01 o1t

Oceult fracture (n=2) 2.0 2,0 00 0.0°*

Septic arthritis (n=2) 3.0 3.0 00 0.0*

Articutar hemorrhage {(n=1) 1.5 15 0.0

(Ostecid osteoma (n=1) 2.4 25 -0.1

Note.—In the 68 control subjects, the mean articular cartiiage thickness was 2.3 mm
for both the left and right hips (standard deviation, 0.2 mmj}.
* standard deviation
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Figure 4. Graph shows the difference In quadriceps muscle thickness versus the
difference In articular cartilage thickness between the painful hip and the normal

hip for all patients {n = 144).
@ = patients with Perthes’ disease; O = other patients.
The dotted line indicates the threshold of a 0.5-mm difference In articular

cartitage thickness.

Difference between Hips in Femoral Articufar Cartilage Thickness

The femoral articular cartifage of the symptomatic hip was significantly thicker in patients
with Perthes’ disease than it was in the other patient groups and control subjects
{p<0.001)(Fig.4, Table 4). The other patient groups did not show statistically significant
cartilage thickening. Figure 4 shows that all but one patient with cartilage thickening
greater than 0.5 mm had Perthes’ disease, The patient with thickening and no Perthes’
disease was a 1.7-year-old boy who had unexplained cartifage thickening and an uneventful
recovery.

Use of the threshold of 0.5-mm cartilage thickening to diagnose Perthes' disease resulted
in a specificity of 99% (122 of 123). The sensitivity was 57% (12 of 21), the negative
predictive value was 93% (122 of 131), and the positive predictive value (PPV) is 92%
{12 of 13). No statistically significant correlation was found between the difference in
cartilage thickness between hips and age for all groups, including control subjects.

Difference between Hips in Quadriceps Muscle Thickness

Statistially significant ipsilateral muscle wasting was present in the patients with Perthes'
disease and in the patients with SCFE as compared with muscle wasting in the other
patients and control subjects (p < 0.001)(Fig. 5, Table 5} The difference in muscle
wasting between patients with Perthes' disease and those with SCFE showed a trend but
was not statistically significant (p = 0.079). The patients with no visible abnormality did
not differ significantly from those with transient synovitis (p = 0.93),

£
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or control subjects (p = 0.33)} in terms of muscle wasting. The difference bstween the
transient synovitis group and the control group, however, was statistically significant (p =
0.02).

No statistically significant correfation was found between the changes in quadriceps
muscle thickness and age for all groups, including control subjects.

Table 5. Mean quadriceps muscle thickness according to diagnosis.

Mean Quadriceps Muscle
Thickness {(mm})

Difference between

Diagnosis Paintul Hip Normal Hip Hips (mm)
Transient synovitis (n=58) 23.8 24.4 0.6 1.4%
No Visible abnormality (n=54) 24.0 24,2 0.2 4.7
Perthes' disease (n=21) 224 251 2.7 24%
SCFE (n=5) 28.4 333 49 15*
Occult fracture (n=2) 30.6 326 2.0 10
Septic arthritis (n=2) 23.1 22,5 -06 25
Articular hemorrhage (n=1) 30.5 31.0 05
Osteeid osteoma {n=1) 20.0 216 1.6

Note.-In the 68 control subjects, the mean guadriceps muscle thickness was 28.1 mm for the
{eft hip and 28.2 mm for the right hip (difference, -0.1 mm t 1.4 [standard deviation]}.
¥ standard deviation

When we compared the patients with Perthes' disease with the patients with no visible
abnormality and the patients with transient synovitis combined, we found that the opti-
mal combination of the difference between hips in cartilage thickness and the difference
between hips in quadriceps muscle thickness that enabled differentiation of both groups
could be written as follows: 6 x (A cartilage) + 0.75 x (A quadriceps), where A cartilage is
the difference beween hips in the cartilage thickness (symptomatic hip minus asympto-
matic hip} and Aquadriceps is the difference between hips in the quadriceps muscile
thickness (asymptomatic side minus symptomatic side}.

When we compared patients with transient synovitis with those with no visible abnormali-
ties, we found that only the difference in anterior joint capsule thickness had a discrimi-
natory value. Figure 6 shows the total (in millimeters) derived with the formula (vertical
axis) versus the difference between hips in in the anterior joint thickness (horizontal axis}
for all patient grotps.

As shown in Figure 6, all but one patient with a total of at least 5 mm had Perthes’ disease. The
patient with a total of more than 5mm and no Perthes’ disease was a patient with SCFE
who had considerable muscie atrophy.
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Figure 5. Graph shows the difference in guadriceps muscle thickness between
the painful hip and the normal hip in all groups. Controt = control subjects, No
Pathol = patients with no visible abnormality, TS = patienis with transient
synovitis, PD = patients with Perthes' disease, SCFE = patients with Slipped
Capital Femoral Epiphysis, Misc= patients with miscellaneous abnormalities.

Therefore, the positive predictive value for Perthes’ disease was 94% when the total of
6 x (A cartilage) + 0.75 x (A quadriceps) was at least 5 mm. The sensitivity was 71%, the
specificity was 99%, and the negative predictive was 95% (Table 6).

Table 6. Value of the Formula 6 x (A Cartilage) + 0.75 x (A
Quadriceps) in the Diagnosis of Perthes’ Disease, with a
Total of 5 mm as a Threshold.

No. of
No. Of Patients
Patients without
with Perthes' Perthes'
Total {mim) Disease Disease Totatl
> 5 15 i 16
<h 6 122 128
Total 21 123 144
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Figure 6. Graph shows the total of 6 x (A cartilage) + 0.75 x (A quadriceps),
where A carlilage is the difference in cartilage thickness {sympto-matic hip
minus asymptomatic hip) and A quadriceps is the difference in gquadriceps
thicness (asymptomatic hip minus symptomatic hip) between the painful hip
and the normal hip, versus the difference in the anterior joint capsule thickness
between the painful hip and the normafl hip. All but one patient with a total of at
least 5 mm had Perthes' disease, @ = patients with Perthes' disease; O =
patients with transient synovitis; @ = other patients.

DISCUSSION

US of the joint was first described by Kramps and Lenschow in 1979 (12}. One year later,
Seltzer et al.{14) showed that fluid collections as smalt as 10 mL could be demonstrated
in the hip with US {14). Subsequently, the results of several studies confirmed that US is
more sensitive for detecting hip effusion than is conventional radiography (6, 15-20).
Although there is excellent correlation between US and CT for the detection of intra-
articular effusion (21, 22), US is preferable because it is less expensive, requires no
sedation, and is not associated with ionizing radiation.

Although US is operater-dependent, the anatomical fandmarks in the present study are
easy to depict.

The present study depends heavily on the comparison of the abnormal hip joint with the
contralateral normal hip joint; therefore, patients with bilateral disease were excluded.
This is a limHation of the study, however, the number of patients with bilateral hip pain
was negligible. Moreover, hilateral synchronous involvement is very rare in Perthes’
disease and transient synovitis, with reported frequencies of 0.4% and 1%, respectively
(23-24).
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Hip Joint Effusion

Until recently, the role of US in patients with a painful hip has been limited 1o the detec-
tion of joint capsule thickening as evidence of joint effusion. Unfortunately, many
diseases cause an increase in the capsular joint space (eg, transient synovitis, Perthes'
disease, SCFE, rheumatoid or septic arthritis (3, 5, 18, 25-31). Although the mean capsu-
lar joint widths in Perthes' disease, transient synovitis, and septic arthritis differ signifi-
cantly, there is considerable overlap in individual patients (5, 28, 32). In the present
study, all patients with Perthes’ disease had capsular joints widths within the range seen
in patients with transient synovitis.

The duration of the effusion can be of help in differentiating transient synovitis from other
diseases. An effusion lasting 3-6 weeks is suggestive of Perthes’ disease {2-4, 33-35);
however, this observation can not be applied at presentation. Moreover, other diseases,
such as rheumatoid arthritis, show effusions that persist.

Therefore, the US detection of effusion is useful in identifying the hip joint as the source
of the symptoms, but the discriminatory role of US is limited when only the presence of
effusion, the amount of effusion, or both are evaluated.

Cartilage Thickness

The cartilage of the femoral head also can be depicted with US. There is a good correla-
tion between bone age and articular cartilage thickness (36). Thickening of the articular
cartilage in Perthes' disease is a well-known phenomenon in both experimental and
clinical studies (37-40). This cartilage thickening is attributed to swelling (41-42), hyper-
plasia (39, 43-44), or ceased enchondral ossification in combination with continued
cartilaginous growth (40, 45-46).

To our knowledge, few reports have emphasized the importance of cartilage thickening in
the differential diagnosis of the painful hip (5, 7). Unfortunately, in alt of those studies,
Perthes’ disease was compared with transient synovitis. Other entities that cause a hip to
be painful were not included.

To overcome that drawback, we included all patients with a painful hip in our study and
correlated the US criteria with the final diagnosis. Patients with Perthes' disease showed
a statistically significant increase in the cartilage thickness of the symptomatic hip
compared with the other patient groups; cartilage thickening in other patients was virtu-
ally absent. Among the patients with cartilage thickening of more than 0.5 mm, all but
one - a 1.7-year-old boy with cartilage thickening of 0.7 mm - had Perthes’ disease (Fig.4).
At this age, cartilage thickening can be caused by irregular mineralisation of the osseous
nucleus of the femoral head.

A threshold value of more than 0.5 mm seems, therefore, to be a reliable discriminator
for Perthes' disease {positive predictive value, 92%; negative predictive value, 93%;
specificity, 99%). Unfortunately, some patients with Perthes' disease had no evident
cartilage thickening, resulting in a sensitivity of 57% (Table 1}.
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St

Muscle Atrophy

US of normal skeletal muscle has been described in healthy children and adults (47,48).
US assessment of muscle wasting has been performed in children with neuromuscular
disease {49-52) and in children with acute leukemia (63). To our knowledge, however,
there are no reports in the US literature about muscle atrophy in patients with a painful
hip. Muscle atrophy in patients with a painful hip probably results from decreased
ipsilateral postural and focomotor activity.

In our study, the maximatl difference between the left and right quadriceps muscles in the
control group was 3 mm (Fig. 5). Therefore a decrease of more than 3 mm on the side
with the symptomatic hip can be considered as atrophy.

Patients with Perthes' disease and patients with SCFE showed a statistically significant
decrease in ipsilateral quadriceps muscle thickness compared with patients with tran-
sient synovitis, patients with no visible abnormality, and conirol subjects. In addition,
patients with transient synovitis showed slight, although statistically significant, muscle
wasting compared with the control subjects. According to Wills et al. (54), several factors
can influence the degree of muscle atrophy, including duration and degree of inactivity.
These factors probably contribute to the differences in muscle atrophy among patients
with transient synovitis, Perthes’ disease, and SCFE. Apparently, muscle atrophy can be a
potential US criterion for detecting abnormalities. There was considerable overlap,
however, among the groups (Fig. 5), so it is hazardous to extrapolate these findings to
individual patients.

Twenty-four patients had muscle atrophy (quadriceps muscle wasting at the ipsilateral
side of >3 mm), 17 of whom had a severe abnormality {12 had Perthes’ disease, four had
SCFE, and one had an occult fracture) and seven of whom had selflimiting diseases
{three had transient synavitis and four had no visible abnormality). Therefore, a threshold
of at least 3 mm for muscle wasting results in a positive predictive value of 50% (12 of
24} for Perthes’ disease, a negative predictive value of 92% (111 of 120}, and a specific-
ity of 80% (111 of 123). The relatively low sensitivity of 57% (12 of 21}, however, indi-
cates that many cases of Perthes' disease will go undetected.

The results of the present study show that each US criterion (thickness of anterior joint
capsule, thickness of the cartilage, and muscle atrophy} can be useful for differentiating
among various diseases,

Combining these criteria and applying thresholds for muscle atrophy {3 mm) and carti-
lage thickening (>0.5 mm)} can improve the diagnostic performance of US.

Multivariate analysis optimizes this multiparameter approach with the use fo the formula
6 x (A cartilage) + 0.75 x (Aquadriceps). All patients with a total of at least 5 mm had
severe hip abnormality (15 had Perthes' disease, and one had SCFE}. This results in a
positive predictive value for Perthes’ disease of 94%, a negative predictive value of 95%,
a sensitivity of 7:1%, and a specificity of 99% (Table 6}.

US of the hip joint is very sensitive in the detection of even small amounis of synovial
effusion. Several frequently encountered diseases {eg, transient synovitls, Perthes’
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disease and SCFE)}, however, can manifest as hip joint effusion. The resulis of this study
show that the role of US should not be limited to the detection of effusion,

Patients with a painful hip who have ipsilateral cartilage thickening, muscle atrophy, or
hoth at US are highly suspected of having Perthes’ disease, regardiess of the duration of
symptoms. Conventional radiography should be performed in these patients to confirm
Perthes’ disease. If the conventional radiographs are negative, additional investigations,
such as radionuclide studies or MR imaging, are justified to confirm or rule out early
Perthes’ disease.
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ABSTRACT

Objective: To examine Doppler ultrasonography (US) for the feasibility of in vivo demon-
stration of the smali feeding arteries to the femoral head in children, and to examine
waveform characteristics in normal and diseased hips.

Subjects and Methods: in a prospective study 224 hips in 112 patients (mean age 5.9
years) with a painful hip were examined with US. The anterior ascending cervical arteries
of the hip were identified with color Doppler US, and the resistive index (RI) was mea-
sured with pulsed Doppler US. Eleven hips with transient synovitis were re-examined after
4-6 weeks.

Results: In 137 of 224 hips (61%) a Doppler signal could be obtained. In asymptomatic
hips (n = 64) the mean R was 0.58. In symptomatic hips the definitive diagnoses and
mean Rl's were as follows: transient synovitis {n = 31) 0.92; Perthes' disease (n = 9)
0.67; miscellaneous {(n = 5) 0.68. |n 28 symptomatic hips no definite diagnosis could be
made and the complaints disappeared spontaneously during follow-up, the mean Rl was
0.57. There was no statistically significant difference in RI of symptomatic versus asymp-
tomatic hips except in children with transient synovitis {p < .001)

in 11 hips with transient synovitis that were re-examined after 4-6 weeks the Ri returned
to normal (0.57).

The Rl in the symptomatic hips showed a positive correlation with the amount of effusion
{r = 0.73, p < 0.001). In both symptomatic and asymptomatic hips there was no correla-
tion with age {p = 0.9 and 0.1, respectively).

Conclusion: 1) The deep capsular vessels of the hip joint can be evaluated with Doppler
US in over 60% of the hips. 2} The Rl is age independent and correlates with the amount
of effusion.
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INTRODUCTION

The blood supply of the femoral head is unique and vulnerable because the epiphysis
and most of the femoral neck is intracapsular. Moreover, after infancy the growth plate
constitutes an absolute barrier to blood flow between the epiphysis and bone metaphysis
{1, 2). The contribution of the artery from the ligamentum teres in childhood is negligible
(1, 3, 4). Therefore, the major source of blood supply to the femoral head is from the
ascending cervical arteries. These vessels arise from the medial and lateral circumflex
arteries and traverse the capsule along its femoral attachment, pass beneath the
synovium, and then branch to supply the metaphysis and epiphysis (Figs. 1 A and B).
Therefore, they are located intracapsutarly and thus, theoreticaily, can be compromised
by high intracapsular pressure, These vessels have been visualized in vitro by various
injection/fixation techniques (1-3) and in vivo by selective angiography (5). The arterial
blood supply to the femoral head can also be studied indirectly by isotope scanning (6-9),
or magnetic resonance imaging {10-12). However, no non-invasive techniques were
available for in vivo real-time evaluation of the arterial flow to the femorat head untit the
introduction of Doppler US equipment, which offers a non-invasive means of real-time
evaluation of the blood flow with color Doppler, duplex Doppler and, more recently, power
Doppler US. Using Daoppler US, Graif et al. (13) examined the medial and lateral circum-
flex arteries with Doppler US in healthy adults, but these vessels have many muscular
branches and do not exclusively supply the femoral head. However, the application of
these technigues is promising because continuing technical improvements enable the
sonographer to visualize even the smallest vessels (14-16). Because of their small size,
children may particularly benefit from these techniques (17); Bearcroft and colleagues
were even able to visualize the vessels within the cartilaginous femoral head in neonates
{18).

The purpose of this study was threefold: a) to examine Doppler sonography for the feasi-
bifity of in vive demonstration of the small feeding arteries to the femoral head in child-
ren; b) to determine the characteristics of the waveform in normal hips; and ¢} to examine
waveform characteristics in diseases that affect the hip joint.
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SUBJECTS AND METHODS

Patients

Between July 1996 and September 1997 all consecutive patients with a painful hip or
limping (n = 112) who were referred to the radiology department were examined with
ultrasonography (US) in a prospective study. The patients were referred from outpatients’
clinics (orthopedic, pediatric and emergency department), as well as from general practi-
tioners. The mean age was 5.9 (range 0.8-15.9) years. There were 81 boys and 31 girls.
The complaints were unilateral in 108 and bilateral in 4 patients, In 10 patients with
transient synovitis (uniiateral in 9 and bilateral in 1) the examination was repeated after
4-6 weeks.

Method

The US examinations were performed by the same investigator {SR) using US equipment
with high frequency 7-10 MHz (Advanced Technical Laboratories, Ultramark 9 HDI,
Bothefl, Washington, USA) and 7 MHz (Acuson 128 XP10, Mountain View, California, USA)
linear array transducers. The patients were examined supine, with their iegs in extension
and slight external rotation. Both hips were examined with US in a plane parallel to the
femoral neck. In this plane the anterior capsule of the hip can be seen to the best advan-
tage.

In patients with unilateral symptoms a pathological amount of joint effusion was diag-
nosed if US depicted a thickening of the anterior joint capsule of more than 2 mm com-
pared with that in the asymptomatic hip (8, 19-21). In patients with bilateral symptoms,
the thickness of the effusion itself was measured (22), and considered pathological if it
exceeded 2 mm.

The dorsal layer of the anterior joint capsule was subsequently examined with Doppler US
to identify the anterior ascending cervical vessels, Low pulse-repetition frequency (1.25
kHz} and wall filter of 50 kHz was used, The color gain was set at a level just below the
disappearance of color noise. When no vessels were found with color Doppler sonograph-
y, another attempt to identify vessels was made with power Doppler. Next, a pulsed
Doppler examination was performed, placing the Doppler sample over the vessel. The
puise-repetition frequency was adapted to the amplitude of the waveform. The resistive
index (RI), defined as the difference between the peak systolic and end-diastolic flow
velocities divided by the peak systolic velocity, was measured at feast twice in each
vessel,

The Doppler examination was limited to 5 minutes for each hip. In an attempt to estimate
the overall vascularization of the femoral head, two parameters were recorded: a) the
number of vessels that could he identified within the fimited time frame; and b} the effort
to find these vessels, expressed as the interval of time (in minutes) between the begin-
ning of the Doppler examination and the actual detection of the first vessel. If no vessel
could be detected within 5 minutes, the time assigned was 5 minutes.

None of the hips with an effusion were aspirated.
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Diagnostic criteria

Afebrife patients with an irritable hip were considered to have had transient synovitis if
US depicted a pathological effusion and the symptoms subsided completely within 4
weeks without specific therapy and remained symptom free for at least 6 months thereaf-
ter.

Perthes' disease was diaghosed with radiography. A patient was considered to have
Perthes' disease if the typical changes of avascular necrosis appeared on serial radio-
graphs (ie, condensation, subchondral fracture, collapse, and, eventually fragmentation).
Aspecific synovitis was diagnosed when effusion was present in the hip joint without the
classical presentation of transient synovitis (23) and without clinical and serological signs
of rheumatoid arthritis. Discharge diagnosis in this group was reactive or postinfectious
synovitis,

The final clinical diagnosis was established 6 months after presentation by reviewing the
medical and radiological records.

Statistical analysis

For statistical analysis the Statistical Package for the Social Sciences {SPSS version 7.5,
Chicago, USA} was used. Kruskal-Wallis analysis of variance was used to analyse the
differences between patient groups. As the differences between the symptomatic and
asymptomatic hips in each patient group were roughly normally distributed, a comparison
of both hips was done using paired t-test. For each patient group, it was verified that
outcomes did not differ significantly, whether or not the measurement on the contralater-
al side was available.

The 97.5 percentile was calculated to determine the upper limit of Rl in asymptomatic
hips.

For guantification of hyperemia, the paired Wilcoxon test was used for comparison
between both hips in each disease group, the Kruskal-Wallis analysis of variance was
used to analyse the differences between patient groups,

The correlation between Rl and age and hetween Rl and effusion was tested by calculat-
ing Spearman’s coefficients of correlation.

RESULTS

in 137 of 224 hips (61%) a Doppler signal could be obtained (Figs. 2 and 3). The diagne-
ses, resistive indices amount of effusion and duration of symptoms are given in Table 1.
All hips with Perthes' disease (n = 9) were in the initial stage according to Edgren (24).
The miscellaneous group (n = 5) consisted of hips with aspecific synovitis (n = 3), occult
fracture of the tibia in a 1.9-year-old girl that was diagnosed with conventional radiogra-
phy, and low-grade osteomyeiitis of the distal tibia in a 1.1-year-old boy that was diag-
nosed with hoth conventional radiography and clinical findings.
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Figure 2a. Color Doppler and duplex
Doppler examination of an asymptomatic
hip of a 5-year-old boy. An ascending
cervical artery, situated In the posterior
layer of the capsule, runs towards the
femoral head parallel to the femorat
neck, The waveform resembies a low-
resistance vasular bed.

Figure 2b. Buplex Doppler examination
of an asymptomatic hip of a 3-year-old
boy. The artery in the anterior layer of
the joint capsule demonstrates a high-
resistance vascular bed, This vessel
does not supply blood to the femoral
head.

Figure 2. Doppler findings in asymptomatic hips.
F = femoral head.

In 47 hips no abnormalities were found at US and conventional radiography, and the
symptoms disappeared without specific therapy and the patients remained symptom free
at six months. This group will be referred to as "no pathotogy” group.

In asymptomatic hips the mean Rl was 0.58 (97.5 percentile = 0.70, 2.5 percentile =
0.45) (Table 1 and Fig. 2). There was no correlation with age (p = 0.1}, Also in symptom-
atic hips there was no correlation with age {p=0.9)

In transient synovitis the Rl of the symptomatic hip is significantly higher compared to the
contraiateral normal hip (p < 0.001) (Fig. 3). In the other disease groups the differences
between symptomatic and asymptomatic hips in Rl were not statistically significant. The
Rl of the symptomatic hip in transient synovitis was significantly higher than in other
disease groups, which showed no mutual differences.
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Table 1. Diagnoses and Doppler results of 224 hips.

Diagnoses Number  Mean Resistive Size of Effusion in Median
of hips Index! mm*2 duration of
without symptoms
Doppler n : (d}
signal

Asymptomatic {n=108) 44 058 (011} 64 0.0 {0.2) N.A.
Transient synovitis (n=44) 13 Q.92 (0.23) 31 4.5 {1.7) 2
Perthes' disease (n=11) 2 0.67 (0.21) 9 26 (2.1) 28
"No pathology” (n=47) 18 0.57 (0.09y 28 0.15 {0.8) 21
Miscellaneous (n=14) g 068 (0.22) 5 35 (3.3) 14

n = number of hips.

' Number in parentheses is the standard deviation

2 The amount of effusion is expressed as the thickness of the layer of effusion in the anterior recess or
as the difference in thickness of the anterior joint capsule between both hips,

MN.A. = not applicable

Table 2. Number and diagnoses of hips with a pathological effusion®

n Transient Perthes' Dise- Non-specific Mean Age (y)
Synovitis ase Synovitis
Riz 0.70 26 24 1 1 5.2
Rl < 0.70 11 6 4 1 6.1

! effusion with a thickness of more than 2 mm or a thickening of the anterior joint capsule
of more than 2 mm compared with that in the asymptomatic hip.

The relation between diagnosis, Rl, and amount of effusion is shown in Figure 4 and
Table 2. There is a linear correlation between Rl and the amount of effusion {r = 0.73,
p <.001).
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Figure 3a. A 4-year-old boy shows Figure 3, A 6-year-old boy with absent diastolic
decreased diastolic velocity resulting in an flow

Rl of 0.81

Figure 3¢. A 3-year-old girl shows reversal of Figure 3d, The same patient as in Figure 3C, one

diastolic flow resulting in an Ri of 1.33 month later; the effusion has disappeared, the
waveform has normalized (Rl = 0.58),

Figure 3: Duplex Doppler sonography in patients with transient synovilis with variable amounts of effusion.

F = femoral neck

E = effusion

In 11 hips with transient synovitis the examination was repeated after 4 to 6 weeks. The
patients were symptom free, the effusion had disappeared and the Rl returned to normal
(0.57, standard deviation 0.07) (Figs. 3 C and D).

The number of vessels that could be identified and the time it took to identify these
vessels are given in Table 3. No significant differences could be found, neither between
symptomatic and asymptomatic hips in all groups, nor between groups mutually,

In 87 hips no vessels could be identified, neither with color- {(or power), nor with dupiex
Doppler US; in 20 hips accurate Doppler measurements were impossible because of
agitation (mean age 3.2 years), the other 67 hips in which no signal could be obtained
had a mean age of 7.8 years (standard deviation 3.6, range 1.6-15.9 years). This is a
significantly older age than the hips in which a Doppler signal could be detected (mean
age 5.4 years, p < 0.001).
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Figure 4. Scatterplot of the resistive index as a function of the amount of effusion {expressed as
distensien of the capsule compared to the contralateral normal hip or thickness of the effusion
itself). Thin line represents the regression fine.

Table 3, Quantification of hyperemia.

Number of Time In
sympt vessels minutes

(SD) sympt

(8D)
Transient synovitis 1.0 {0.6) 1.9 (1.6}
Healed TS 1.0(0.0) 1.8(1.0
Perthes' disease 1.2 {0.4) 1.6 (0.9)
"No pathology” 1.0 (0.4} 1.9 {1.6)
Miscellaneous 1.0 (0.0) 1.0 {0.0}
Asymptomatic hips 1.0 (0.6} 2.1{1.6)

Mumber of vessels that could be identified during the
examination was assessed in symptomatic and
asymptomatic hips., Also the time it took to identify the
first vessel from the beginning of the examination.
Standard deviation is given between parentheses.

121



Chapter 7

DISCUSSION

Feasibility

In the present study only the anterior ascending cervical arteries were examined because
the joint capsufe can be visualized to the best advantage with US using the anterior
approach. The lateral, medial and posterior ascending vessels could not be visualized
reilably because of unfavorable geometrical factors (large distance and overprojection of
the greater trochanter) {Figs. 1A and 1B). However, it seems justified to extrapolate the
findings in the anterior ascending cervical arteries to the latter vessels because all
ascending cervical arteries a) lie in the same anatomic (intraarticular} compartment, b)
share the same origin {femoral artery}, and c¢) form a subsynovial anastomotic ring {1).
We were able to identify the ascending cervical vessels with color Doppler US in 61% of
all examined hips. Doppler evaluation failed in 20 hips due to agitation, usually in very
young children (mean age 3.2 years). In older children it was more difficult to obtain
Doppler signals. This can be attributed to geometrical factors, such as increasing dis-
tance between transducer and femoral neck in older children, but also to the progressive
reduction of the number of vessels with age (1), In adults, it would be even more difficuft
to study the ascending cervical arteries with Doppler US; therefore the use of US contrast
media may be a rewarding subject for further studies in adults.

Asymptomatic hips

In asymptomatic hips the duplex Doppler waveform resembles a low resistance vascular
bed with a mean Rl of 0.58, which was fairly constant. The 87.5 percentile was 0.70 and
considered to be the upper limit of normal. In this context it must be emphasized that it is
important to identify the posterior layer of the anterior joint capsule, because vessels in
the anterior layer characteristically show a high resistive type waveform (Figs. 1B and
2B), and do not contribute to the blood supply of the femoral head. Especially in hips
without effusion special attention must be paid to correct identification of the posterior

layer.

Symptomatic hips

In the present study the Ri in transient synovitis was significantly higher compared to
other disease groups. The Rl in these other disease groups did not show mutually signifi-
cant differences. This difference between transient synovitis and other diseases can be
explained for the most part by a relatively large effusion in patients with transient synovi-
tis (Table 1). in fact, there is a linear correlation between Rl and amount of effusion
{r=0.73, p <.001)Fig. 4); increasing amounts of effusion cause progressive decrease of
diastolic velocity resulting in arrest of diastolic flow (Rl = 1) and, eventually, even in
reversal of diastolic flow (Rl > 1) (Figs. 3 A-D).
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In the present study, distension of the capsule is considered to represent the volume of
effusion because there is a linear correlation between capsular thickening and volume of
effusion (25, 26). A capsular distension of more than 2 mm seems to be a threshold
value beyond which the RI changes: the Rl is constant (mean = 0.58) when the amount of
effusion is less than 2 mm, but if the capsule distension exceeds 2 mm, there is a posi-
tive correlation between the width of the effusion and the RI. This supports the assump-
tion of many studies that a distension of the anterior joint capsule of more than 2 mm is
the threshold between physiofogical and pathological amount of effusion (8, 19, 22,
27-31),

Afthough there is a linear correlation between the amount of effusion and RI, no increase
in Rl was identified, despite a large effusion

{Fig. 4 and Table 2). To evaluate this finding, we divided hips with a pathological effusion
into two groups: group A (n = 26, mean age 5.2 years) with an increased Rl {=0.70}, and
group B (n = 11, mean age 6.1 years) with a normal RI (<0.70){Table 2}. The composition
of diseases within both groups differs significantly. group A consists of only 1 hip with
Perthes' disease (4%), 24 hips with transient synovitis and 1 hip with aspecific synovitis,
whereas group B consists of 4 hips with Perthes' disease {36%), 6 hips with transient
synovitis and 1 hip with aspecific synovitis. Apparently, in many hips with Perthes' disease
a certain amount of effusion does not affect the vascularization to the same degree as in
transient synovitis. An explanation is that the compliance of the capsule increases due to
long standing effusion {median duration of complaints was 28 days in Perthes' disease,
versus 2 days in transfent synovitis} resuiting in less pressure per ml effusion (32). This
hypothesis is supported by animal studies that found a decay of intra-articutar pressure
due to non-elastic capsular stretching (33). According to Wingstrand et al. {28), a positive
correlation between age and capsufar comptiance exists, but this does not contribute to
the differences between group A and B because there is no significant difference in age
(p = 0.31).

it is hazardous to translate the Rl changes to absolute flow changes {(ml/s) to the femoral
head because Doppler sonography measures blood velocity {m/s). However, the finding
‘of diminished, absent or reversed diastolic blood velocity, in the presence of normal flow
characteristics in the contralateral normal hip, indicates increased vascular impedance,
and therefore decreased absolute flow. Theoretically, this increased vascular impedance
can be caused hy venous obstruction (thrombosis or compression), increased intra-
055e0US pressure or extra-osseous compression. Hip joint effusion that causes increased
intra-articular pressure and vascular compromise can be a common denominator, in-
dead, scintigraphic studies (6, 26) showed evidence of compression of blood supply by a
tense joint effusion on bone scintigraphy; also Kallio et al. {32) concluded that the intra-
articular pressure in transient synovitis is capable of causing a reduction of blood flow in
the femoral head with the hip in neutral position.
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Although no intra-articular pressure was measured in this study, there are several rea-
sons to hypothesize that the Rl correlates positively with intra-articular pressure:

#  The Rl show a positive correlation with the amount of effusion. This is analogous to
the positive correlation between amount of effusion and intra-articular pressure, as
found by Kallio et al. {r = 0.562) (25, 32).

8 Both RI {this study) and intra-articular pressure (26, 34) return to normal when the
effusion has disappeared {Fig, 3C and 3D}

B The findings in the present study show no correlation between Rl and amount of
effusion in hips with Perthes' disease. This is analogous to the lack of correlation
between intracapsular pressure and aspirated volume of fluid in Perthes’ disease
{3b). This also indicates a correlation between Ri and intra-articular pressure.

in the present study the hip joints with transient synovitis were not aspirated because, to
our knowledge, there is no evidence for an etiologic relation between transient synovitis
and subsequent development of Perthes' disease (36). Nevertheless, both our study and
others (8, 26, 32) demonstrate that effusion can cause vascular compromise and many
institutions still puncture the hip joint, not only for exclusion of septic arthritis, but also to
avoid complications of long-standing increased intra-articular pressure (37, 38). in these
institutions, Doppier US can be used to identify hips "potentially at risk” {i.e. hips with a RI
2 0.70).

In this respect, it would also be interesting to perform a Doppler US study to establish the
relation of the position of the hip to arterial biood flow, because it is known that the intra-
articular pressure depends on the position of the hip. The technique used in the present
study can also be used to assess the femoral head blood supply in infants and older
children during abduction treatment for hip dysplasia, to identify hips at risk of avascular
necrosis (18).

It is likely that hip joint effusion is the sole cause of increase of Rl. This is supported by
the fact that: a) Rl drops to normal values when the effusion disappears, and b) symptom-
atic hips without effusion show a normal R, regardless of the underlying disease.

In the present study we did not find evidence of decreased perfusion in Perthes' disease.
On the contrary, many patients showed a normal Rl despite considerable effusion. The
finding that the Rl in Perthes' disease is lower than in transient synovitis does not rule out
the importance of intracapsular tamponade in the development of avascular necrosis:
the pressure may have been higher during the preceding stages of the disease.

Table 3 demonstrates that the mean number of ascending cervical arteries that could be
gvaluated was one, and the mean time necessary to depict the vessel was approximately
2 minutes. There were neither statistically significant difference between diseases, hor
between symptomatic and asymptomatic hips. Therefore, we did not find evidence for
hyperemia of the joint capsule in patients with synovitis, which is in accordance with the
study of Strouse et al. (39). These authors made a qualitative evaluation of perfusion by
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visual comparison of both hips using power Doppler sonography, and found no difference
in flow between both hips in children with unilateral transient synovitis. We even found
evidence for decreased flow with a mean Rl of 0.92. Apparently, power Doppler sonography
cannot depict these differences in flow characteristics. In conclusion, the present study
shows the feasibility of in vivo demonstration of the vascularization of the femoral head in
chiidren and this technique provides a tool for further studies on hemodynamic changes
in diseased and normal hips. In chitdren with hip joint effusion a statistically significant
positive correlation with Rl exists, supporting the view that hip joint effusion is potentially
harmful to the vascularization of the femoral head.
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Summary and Conclusion

PURPOSE OF THIS THESIS

Although (a) a painful hip is a fregquently encountered in childhood, and {b) clinical ultra-
sound is commercially available for more than 30 years, the use of ultrasound in children
with a painful hip has been limited to the detection of hip joint effusion. Moreover, the
sonographic anatomy of the hip joint is poorly documented.

The purpose of this thesis is to optimize the use of ultrasonography in children with a
painful hip.

Chapter 1

This chapter is an introduction to (a) diseases in childhood that can cause a painful hip,
and to {b) imaging modalities that can be used to visualize the hip joint.

Moreover, this chapter briefly summarizes the studies in this thesis and puts them into
perspective to define the clinical role of diagnostic ultrasound (US) in children with a
painful hip and/or imp.

Chapter 2

In this chapter the US anatomy of the anterior joint capsule was studied to identify its
anatomical components, For this purpose 5 cadaveric specimens {3 adult, 2 fetal) were
imaged by ultrasound (US) with special attention to the anterior joint capsule. Subse-
quently the specimens were analyzed by cryosectioning in a parasagittal plane parallel to
the famoral neck, followed by histological examination.

Moreover, the anterior joint capsule of 58 normal children was examined with ultrasound.
This study showed that the anterior joint capsule is made up of an anterior and posterior
layer. Both layers are mainly composed of fibrous tissue (representing the fibrous cap-
sule), lined by only a minute layer of synovial membrane. Both anterior and posterior layer
have a considerable thickness and can be visualized separately by US examination in
84% of normal children,

Correct identification of both layers, especially the posterior layer, will: a) prevent errone-
ous measurements, and b) prevent erroneous interpretation, such as mistaking the
posterior Jayer for debris, blood, or pathological thickening of the synovial membrane.

Chapter 3

This chapter describes a prospective study that applies the anatomical knowledge from
chapter 2 to a population of 105 patients with transient synovitis. Special attention was
paid to the anatomy of the joint capsufe of the hip, measuring the anterior and posterior
layer of the anterior recess. The symptomatic hip joint was always compared with the
contralateral asymptomatic hip. The mean thickness of the symptomatic joint capsule
was 9.9 mm, of the asymptomatic joint capsule 4.9 mm. In all patients the effusion itself
could be easily visualized, being anechoic in 96 patients and showing reflections in 9.
Mean thickness of the effusion was 5.2 mm at the symptomatic side, 0.1 mm at the
normal side.

131



Chapter 8

The ventral layer of the anterior recess was thicker than the dorsal layer, both in the
symptomatic hip and in the contralateral asymptomatic hip. However, there was no
difference in thickness of both tayers of the anterior recess between both sides. Normal
variants include plicas, local thickening of the capsule and pseudodiverticula.

This study showed that the increased thickness of the anterior recess of the hip joint in
transient synovitis is entirely caused by effusion, there is no evidence for additional
capsule swelling and/or synovial hypertrophy. Many normal anatomical landmarks can be
visualized by state-of-the-art sonography equipment and should not be mistaken for
pathology.

Chapters 4 and 5

These chapters describe a prospective study of 348 patients with a unilateral painful hip
and/or limp. Quadriceps muscle thickness was measured by US in a standardized man-
ner. Sixty-nine children with no symptoms, the control subjects, were also measured.

In chapter 4 the patienis were categorized into 8 disease groups to study physiological
aspects of muscle wasting. Ipsilateral muscle wasting was present in all patient groups,
whereas the control subjects showed no significant difference between both legs. Obvi-
ously, muscles respond to even small changes in activity patterns by wasting. Muscle
wasting showed a positive correlation with duration of complaints and preexisting muscle
mass, but no correlation with age and gender was demonstrable. Moreover, it was dem-
onstrated that muscle wasting, acquired in a short period of time, recovers fast. In chap-
ter 5 the patients were divided into 2 groups to establish the diagnostic value of US
detection of muscle wasting: group A (n=270} with self-limiting diseases (e.g. transient
synovitis), and group B {n=57} with severe pathology requiring specialistic treatment or
hospitalization (e.g. Perthes' disease, slipped capital femoral epiphysis, low grade
osteomyelitis, osteoid osteoma).

Increasing degrees of ipsilateral muscle wasting result in an increasing prohability for
severe disease. A threshold of 2.7 mm wasting results in a positive predictive value of
64%, negative predictive value of 92%, sensitivity of 61% and specificity of 93% for
severe pathology.

Therefore muscle measurements provide the sonographist valuable additonal informa-
tion besides the detection of effusion.

substantial muscle wasting proved to be a predictor of severity of the disease, changing
the diagnostic work-up.

In conclusion, patients that are submitted for sonography because of a painful hip can
henefit from additional muscle measurements, because this technique can depict those
individuals with high risk for severe disease; in patients with pathological quadriceps
muscle wasting { 2.7 mm on the ipsilateral side), additional examinations or control
examinations are mandatary. Patients without muscle wasting { <0 mm on the ipsilateral
side) are at low risk for severe disease and additional radiographic examinations shouid
be omitted.
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Summary and Conclusion

Chapter 6

In this prospective study we evaluated the combined use of several US criteria in the
detection of Perthes' disease in 144 consecutive patients with a painfu! hip. The thick-
ness of the a} anterior joint capsule of the hip, b} cartilage of femoral head, and ¢}
quadriceps muscle were assessed. Sixty-eight children with no symptoms, the controf
group, were also examined.

The final diagnosis was transient synovitis(n = 58), Perthes' disease(n = 21), slipped
capital femoral epiphysis (SCFE; n = 5), miscellaneous (n = 8). Fifty-four patients had no
US or radiographical abnormalities, and symptoms disappeared during follow-up.

The anterior joint capsule in patiens with transient synovitis was significantly wider than
in the other patients and in controf subjects (p<0.001), Patients with Perthes' disease
showed significant cartilage thickening in the symptomatic hip compared with the other
patients and control subjects (p<0.0041).

Patients with Perthes' disease and patients with SCFE showed significant atrophy of the
ipsitateral quadriceps muscle compared with all other groups (p<0.001).

The combined use of these sonographic criterfa for the diagnosis of Perthes' disease
resulted in a positive predictive value of 95%, negative predictive value 95%, sensitivity
71% and specificity 99%

The combination of several sonographic parameters increases the diagnostic value of
ultrasound examination of the painful hip in patients with Perthes' disease.

Chapter 7

In a prospective study 112 patients with a painful hip were examined by Doppler US. The
anterior ascending cervical arteries of both hips were identified by color Dopper US, and
the resistive index was measured by pulsed Doppler US.

in 61% of the hips a Doppler signal could be obtained. in asymptomatic hips (n = 64) the
mean resistive index was 0.58. In symptomatic hips the definitive diagnoses and mean
resistive indices were as follows: transient synovitis (n = 31) 0.92; Perthes' disease {n =
9) 0.67; miscellaneous (h = 5} 0,68. |n 28 hips no definitive diagnosis could be made
and the complaints disappeared spontaneously during follow-up, the mean resistive index
was 0.57. In 11 hips with transient synovitis that were re-examined after 4-6 weeks the
resistive index returned to normal (0.57).

The resistive index in the symptomatic hips showed a positive correlation with the amount
of effusion {r = 0.73, p < 0.001)}. In both symptomatic and asymptomatic hips there was
no correlation with age (p = 0.9 and 0.1, respectively).

This study shows the feasibility of in vive demonstration of the feeding arteries to the
fermoral head. This will facilitate future studies of the vascularization of the femoral head.
In this study the only factor that seemed to influence the perfusion was the amount of
effusion that showed a positive correlation with the resistive index.
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CONCLUSION

In the past, US of the painful hip in childhood has proved to be a valuable too} in diagnos-
tic work-up. However, its use was limited to detect hip joint effusion, and the US anatomy
of the anterior joint capsule was not studied properly and was, for the most part, based
on assumptions. This study describes the US anatomy of the joint capsule of the hip in a
plane that is relevant to high resolution US imaging.

Moreover, the diagnostic value of other US criteria {besides effusion) was examined, such
as cartilage thickening, muscle wasting, and resistive index of the femoral ascending
cervical arteries. The use of these US criteria expands the physiclogical knowledge of
muscle wasting and perfusion, improves the diaghosis of Perthes' disease, and heips
differentiating self-limiting diseases from severe diseases,

As in all imaging studies, it should be emphasized that the results of this study should be
put in the right perspective with regard to the clinical degree of suspicion.
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Samenvatting en Conclusie

DOEL VAN DIT PROEFSCHRIFT

Ondanks het feit dat diagnostische echografie reeds 30 jaar beschikbaar is, is de
toepassing van echografie bij kinderen met een pijnlijke heup steeds beperkt gebleven tot
het aantonen of uitsluiten van vocht in het heupgewricht. Gok de echografische anatomie
van het heupgewricht is slecht gedocumenteerd.

Het dosl van dit proefschrift is de diagnostische waarde van echografie bij kinderen met
een pijnlijke heup te verbeteren,.

Hoofdstuk 1,

Dit hoofdstuk baschrijft de pathologie van het heupgewricht op de kinderleeftijd en de
beeldvormende technieken die gebruikt kunnen worden om het heupgewricht af te
beelden. Tevens wordt een overzicht gegeven van de hoofdstukken in dit proefschrift.

Hoofdstuk 2.

Dit hoofdstuk beschrijft de echografische anatomie van het kapsel van de heup. Vijf
kadavers (3 volwassenen en 2 foetussen) werden eerst echografisch onderzocht, daarna
in coupes gezaagd evenwijdig aan de echografische viakken, en vervolgens histologisch
onderzocht,

Tevens werden de heupkapsels van 58 gezonde kinderen echografisch onderzocht. Uit
deze studie bleek dat het venirale heupkapsel bestaat uit een anteriore en posteriore
laag. Beide lagen bestaan uit bindweefsel, bekleed door slechts een zeer dunne synoviafe
membraan. Zowel de anteriore als de posteriore laag zijn dik genceg om afzonderlijk
echografisch gemeten te worden. in 84% van de gezonde kinderen konden beide lagen
afzonderlijk geidentificeerd warden,

Juiste interpretatie van de anatomie voorkomt verkeerde metingen en verkeerde
interpretatie. Vooral de posteriore laag wordt regelmatig in de literatuur verward met
debris, bloed of pathologische synoviale verdikking.

Hoofdstuk 3.

In dit prospectieve onderzoek werden 105 patiénten met unilaterale coxitis fugax
onderzocht, waarbi} gebruik werd gemaakt van de anatomische kennis uit hoofdstuk 2.
Beide lagen van het ventrale heupkapse! werden gemeten, de symptomatische heup werd
steeds vergeleken met de asymptomatische heup. De gemiddelde dikte van het
heupkapsel aan de symptomatische kant was 8.9 mm, aan de asymptomatische kant 4.9
mm. Het gewrichtsvocht zelf kon in alle patiénten duidelijk onderscheiden worden van het
kapsel. In 96 patiénten was de gewrichtseffusie echoloos, in 9 patiénten waren kleine
reflecties te zien.

De ventrale laag van het heupkapsel was dikker dan de dorsale laag, zowel in de
symptomatische als in de asymptomatische heup. Er was geen verschil in dikte van beide
lagen tussen symptomatische en asymptomatische zijde.

135



Hoofdstuk 8

Normvarianten zijn plicae, locale kapselverdikkingen en pseudodiverticula.

Dit onderzoek toont aan dat kapselverbreding bij coxitis fugax volledig wordt veroorzaakt
door gewrichtseffusie. Kapseloedeem en/of synoviale verdikking kon niet worden
aangetoond. Bovendien werden in dit onderzoek diverse echografische normvarianten
geidentificeerd die niet geinterpreteerd moeten worden als pathologie.

Hoofdstukken 4 en 5.

Deze hoofdstukken beschrijven een prospectieve studie van 348 patiénten met een
unilaterale pijnlijke heup. De spierdikte van de musculus quadriceps werd echografisch
gemeten volgens een gestandaardiseerde methode. Tevens werden de spieren van 69
gezonde kinderen gemeten: de controlegroep.

In hoofdstuk 4 worden de fysiologische aspecten van spieratrofie onderzocht. Hierbij
werden de patiénten verdeeld in 8 ziektegroepen, De controlegroep toonde geen
verschilien in spierdikte tussen beide henen, echier in alle ziekiegroepen was een
ipsilaterale spieratrofie aanwezig. Blijkbaar reageren spieren van het hovenbeen snel met
atrofie op geringe variaties van het bewegingspatroon. Er was een positieve cotrelatie
tussen de mate van spieratrofie en zowel de duur van de klachten als de preéxistente
spiermassa. Er was echter geen correlatie tussen spieratrofie en zowel leeftijd als
geslacht, Bovendien werd aangetoond dat spieratrofie, ontstaan in korte tijd, snel
reversibel is.

Hoofdstuk 5 gaat over de klinische betekenis van echografische spiermeting. Hierbij
werden de patiénten verdeeid in 2 groepen: groep A {(n=270) met self limiting afwijkingen
{(bijvoorbeeld coxitis fugax) en groep B (n=57) met ernstige pathologie waarvoor een
specialistisch consult noodzakelijk was (ziekte van Perthes, epifysiolysis, low grade
osteomyelitis en osteoid osteoma).

Naarmate de atrofie toeneemt stijgt ook de kans op een ernstige afwijking. Indien een
drempelwaarde van

2.7 mm spieratrofie wordt aangehouden is de positief voorspellende waarde voor ernstige
pathologie 64%, de negatief voorspellende waarde 92%, de sensitiviteit 61% en de
specificiteit 93%. Hieruit blijkt dat echografie niet alleen gebruikt kan worden voor het
aantonen van gewrichtseffusie, maar door het meten van spierdikte ook een indicatie
geeft voor de ernst van de ziekte.

Derhalve is het aan te bevelen om van elke patiént met een pijnlijke heup ook
echografisch de spierdikte te meten; patiénten met een spieratrofie van meer dan 2.7
mm aan de ipsilaterale zijde hebben een grote kans op ernstige afwijkingen en
aanvuallende beeldvormende onderzoekingen of controle onderzoekingen ziin
noodzakelijk. Patiénten zonder spieratrofie daarentegen hebben slechts een geringe kans
op ernstige pathologie en een afwachtend beleid is gerechtvaardigd.
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Samenvatting en Conclusie

Hoofdstuk 6.

In deze prospectieve studie van 144 patiénten met een unilaterale pijnlijk heup werd
onderzocht welke echografische criteria gebruikt kunnen worden om de ziekte van
Perthes aan te tonen, De volgende criteria werden geévalueerd: kapselverdikking, dikte
van het gewrichtskraakbeen van de heupkop en spierdikte (musculus quadriceps). Tevens
werden 68 gezonde kinderen geévalueerd als controlegroep.

Achtenvijftig patiénten hadden coxitis fugax, 21 patiénten de ziekie van Perthes, 5
patiénten epifysiolysis en 6 patiénten toonden overige ziektebeelden. Bij 54 patiénten kon
gean definitieve diagnose gesteld worden aangezien deze patiénten geen echografische
gewrichtseffusie vertoonden en evenmin rontgenologische afwijkingen. Bovendien
verdwenen de symptomen van deze patiénten tijdens follow up.

Het heupkapsel van pati€nten met coxitis fugax was duidelijk wijder dan van de andere
patiénten en de controlegroep (P<0.001). Patiénten met de ziekte van Perthes toonden
een statistisch significante kraakbeenverdikking van de heupkop in symptomatische
heupen ten opzichte van de andere patiénten en de controlegroep {P<0.001).

Patiénten met de ziekte van Perthes en patiénten met epifysiolysis toonde statistisch
significante atrofie van de ipsilaterale musculus guadriceps vergeleken met alle andere
groepen {P<0.001).

Indien rekening gehouden wordt met kraakbeenverdikking en spieratrofie is de positief
voorspellende waarde van echografie voor de ziekte van Perthes 94%, negatief
voorspellende waarde 95%, sensitiviteit 71% en specificiteit 99%.

Door gebruik te maken van verschillende echografische parameters verbetert de
diagnostische waarde van echografie voor de diagnostiek van de ziekte van Perthes.

Hoofdstuk 7.

In dit prospectieve onderzoek werden 112 patiénten met een pijnlijke heup onderzocht
met Doppler echografie. De resistive index werd gemeten in de kapselvaten van de
posteriore laag van het ventrale heupkapsel.

in 61% van de heupen kon een Dopplersignaal gemeten worden. In asymptomatische
heupen {n=64) was de gemiddelde resistive index 0.58. In heupen met coxitis fugax was
de resistive index 0.92 {n=31); ziekte van Perthes 0.67 (n=9); overige 0.68 (n=5). In 28
symptomatische heupen kon geen definitieve diagnose gesteld worden waarbij echter de
klachten spontaan verdwenen tijdens follow up. De gemiddelde resistive index in deze
groep was 0.57. Tevens werden 11 heupen met coxifis fugax na 4 tot 6 weken
gecontroleerd waarbij de resistive index normaal geworden was (0.57).

De resistive index van symptomatische heupen toont een positieve correlatie met de
hoeveelheid gewrichtseffusie (r=0.69, p<0.001). Er is geen correlatie tussen resistive
index en leeftijd, noch in symptomatische, noch in asymptomatische heupen.

Dit onderzoek toont aan dat de voedende bloedvaten van de heupkop echografisch
geévalueerd kunnen worden.
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Hoofdstuk 8

De mate van gewrichtseffusie was de enige factor in dit onderzoek die invioed had op de
resistive index en derhalve op de mate van doorbloeding.

Echografisch onderzoek biedt de mogelijkheid om fysiologische processen, zoals door-
bloeding van de heupkop, te onderzoeken, De klinische relevantie hiervan moet nog
geévalueerd worden in toekomstige studies.

CONCLUSIE

De waarde van een echografisch onderzoek bij kinderen met een pijnlijke heup is in het
verleden beperkt gebleven tot het aantonen of uitsiuiten van gewrichtseffusie. In dit
proefschrift wordt allereerst de echografische anatomie van het ventrale heupkapsel
gedefinieerd. Vervolgens wordt aangetoond dat andere diagnostische criteria waardevolie
informatie kunnen geven zoals kraakbeendikte, spieratrofie en Dopplerevaluatie van de
kapselvaten. Deze echografische parameters vergroten de fysiologische kennis van
spieratrofie en heupperfusie, verbeteren de diagnose van de ziekie van Perthes en geven
een indicatie voor de ernst van de ziekte.
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Op de eerste plaats wil ik diegenen bedanken die me niet alleen het meest gesteund
hebben, maar ook zelf het meest geleden hebben. Leonie en Stijn, ik hoop toch dat jullie
genoten hebben van alle "vrije zondagen", omdat ik moest werken,

Het leven op de afdeling kinderradiologie van het Sophia kinderziekenhuis heeft vele
gezichten, maar niet op de eerste plaats een academisch. Dat dit proefschrift toch tot
stand is gekomen zou niet mogelijk geweest zijn zonder de hulp van anderen.

Morteza Meradji: beste Morieza, als ik dit schrijf most ik weer denken aan al de
afscheidsspeeches die ik voor je gehouden heb. Daarin heb ik je nooit bedankt voor\
datgene waardoor dit proefschrift mogelijk werd.

Ten eerste je stellige overtuiging dat dit onderwerp de moeite van het promoveren waard
was. Uiteraard geloofde ik je aanvankelijk niet want je bent eigenlijk altijd van alles stellig
overtuigd, maar je had weer gelijk, en vele editors waren het met je eens.

Ten tweede je onvoorwaardelijke steun zodat ik me regelmatig uit ons pandemonium kon
terugtrekken in mijn kamer op de medische faculteit. Op experimentele rontgen, tussen
potten en zakken kadaver femora achter een 286 PC, bijna onbereikbaar voor de clinici.
Toch heerste daar een klimaat dat ik wetenschappelijk zou willen noemen, en dat zonder
meer aan de basis heeft gestaan van dit proefschrift,

Andries Zwamborn: beste Andries, Jjouw accuratesse en digitale grafische kennis waren
onmisbaar voor de lay-out van dit proefschrift, Je hebt me altijd doen herinneren aan de
vele sergeant-majoors die ik in militaire dienst heb leren kennen. In mijn tijd (en misschi-
en nog steeds) waren die de spil van de landmacht die, als een arachnoide laag, de
scheiding vormde tussen hoger en lager kader. In de medische faculteit bestaat ook zo'n
lagg. Van vele mensen uit deze laag die jij bij mij hebt geintroduceerd zijn vele onmisbaar
geweest voor mijn proefschrift:

Cees Entius, de sergeant-majoor van de afdeling anatomie. Beste Cees, jouw hulp heeft
de basis gelegd voor {wee artikelen, en het was de moeite van het afborstelen van de
bandzaag (2 uur, met pauze) zeker waard. Je was een graag geziene gast op onze
rongenafdeling en ik heb het gevoel dat dat wederzijds is.

Laraine Visser-Isles, je hebt wat rode pennen versieten, maar ik ben ervan overtuigd dat
jouw engelse correcties een aantal reviewers over de streep getrokken heeft, En dan die
snelheid |

Teun Rijsdijk, het valt me moeilijk om iets aardigs over je te zeggen, het is onze gewoonte
niet om verbaal aardig tegen elkaar te zijn, Maar je maakt prachtige foto's voor iemand
die niet weet wat een "vanitas stilleven" is. Dat je beweert dat het werkwoord opstruffen
niet bestaat neem ik je desondanks nog steeds kwalijk.

Wim Hop, als ik koffieviekken op mijn manuscripten zie moet ik weer aan jou denken,
Een bezoek aan jou blijfft een narcistische krenking. |k had altijd het idee dat ik even
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langs zou komen voor enkele kleine aanvullingen. Ik bleef altijd veel langer en werd
geconfronteerd met statistische testen waarvan ik het bestaan liever niet wist, Maar het
was nooit voor niets ! Met name jouw vermogen om een statistisch probleem nooit los te
zien van het klinische probleem heeft bij mij overtuigd van het bestaansrecht van
"biomedische statistiek". Ik hoop in de toekomst nog veel met je te mogen samenwerken.
Ad Diepstraten, van de ruim 400 patiénten uit deze studie kwamen de meesten van jouw
poli. Als ik extra onderzoeken wilde doen, of patiénten wilde terugzien, was dat nooit een
probleem, Zonder jouw gigantische patiéntenbestand was dit onderzoek nooit gestart.
Jan den Hollander, dankzij jouw bemiddeling stonden medewerkers van de afdeling
pathologische anatomie altijd voor me klaar en zonder jouw hulp waren de hoofstukken 2
en 3 niet van de grond gekomen,

Verder vergt een proefschrift een aantal slachtoffers, want het werk gaat gewoon door.
Maarten Lequin, jouw tijd komt nog wel en je wraak zal dan zoet zijn. Jonathan Verbeke,
door jouw onverzettelijke werklust heeft de afdeling gewoon door kunnen draaien, ook
toen Morteza met emiritaat ging.

Alie laboranten en administratieve medewerkers die archieven hebben doorgeploegd
{met spoed), statussen hebben opgevraagd (met spoed), artikelen hebben gekopieerd
{met spoed), me hebben afgeschermd als ik aan het schrijven was, kadavers hebben
gescand, etc., hartelijk dank en ik beschouw het als een persoonlijke bijdrage aan dit
proefschrift.
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De schrijver van dit proefschrift werd geboren op 19 mei 1957 te Tilburg, In 1975
behaalde hii het Atheneum-B diploma aan het St. Paulus lyceum in Tilburg. In 1982
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