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1. Introduction

The distal forearm, particularly the distal radius, the radio-carpal joint and surrounding soft
tissues are commonly affected by acute and chronic disorders. Ultrasonography has gained
increasing importance in both the evaluation of acute injuries and chronic disorders in adults
and in the diagnosis and follow-up of fractures in children and adolescents!4. In children, the
use of ultrasonography allows the chondral parts of the epiphyseal region to be better
evaluated without exposure to radiation than using standard radiographic techniques.

The main advantage of sonography over CT and MRI is the possibility of performing
dynamic examinations, resulting in exact clinical functional evaluation of the muscles,
tendons and joints in question3>¢. Furthermore, the contralateral limb can be examined in
direct comparison when initial findings are uncertain.

It is the aim of this study, to demonstrate the normal ultrasonographic findings in the distal
forearm region in children and adolescents, as this area is frequently involved in injuries.

2. Probands and methods

We studied 100 children and adolescents 2 months - 18 years old (mean * standard deviation
[SD] = 7.1 £ 4.5 years) and 25 healthy adults aged between 20 and 60 years. Children were
recruited from our institution's paediatric surgical outpatient clinics. The patients had been
admitted for unrelated disorders, requiring surgery, and the ultrasound study of the distal
forearm was obtained together with the ultrasound study of the abdomen, urinary tract or soft
tissue small parts. The area of the distal forearm was used first to demonstrate the painlessness
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46 Orthopedic Surgery

of the ultrasound examination to the child and the parents. Thereafter the linear ultrasound
scanning probe was adjusted at the beginning of the ultrasound study, and the sonography of
the distal forearm together with the ultrasound examination of the abdomen, retroperitoneum
or small part region of interest was carried out. Consent was obtained from the parents, or in
the case of older children, from both the children and parents. Patients with a history of
forearm trauma or pathology were excluded from this investigation. However, a limited
number of these patients are shown to demonstrate different pathological ultrasound findings
(like fractures and osteomyelitis) in a separate chapter.

A 12-5 MHZz linear probe ( Philips-ATL®, HDI 5000, Philips®, Bothell, WA, USA ) and high
frequency probes ( 7.5 - 12 MHz) (Siemens® Acuson® and Elegra®, Siemens®, Erlangen,
FRG) were used for static and dynamic examination of the distal forearm region
concentrating on the distal radius, the radiocarpal joint and surrounding soft tissues.

All 100 children and adolescents were examined in 3 longitudinal and 2 transverse standard
planes and Doppler colour sonography was used to demonstrate vessels running within the
cartilage of the distal radius supplying the epiphysis of the distal radius(Fig. 1). The wrist
joint was examined in neutral position with the child sitting in front of a table either on a
chair or on a parent's lap.

Radial, artery Pronator quadratus muscle

Vessels supplying epiphysis Palmar periosteum

y ——

Radius

Secondary

ficati
ossification Growth plate
center of : )

. . of distal radius
epiphysis

Fig. 1. Palmar-radial longitudinal colour coded duplex sonography scan in a boy aged 3
years showing the radial artery and an epiphyseal vessel. The ossification centre shows an
echogenic reflex with dorsal acoustic shadow; the pronator quadratus muscle is visualised
transversely beneath the radial artery.

www.intechopen.com
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The median nerve was visualized during static and dynamic ultrasound investigation. No
standoff pad was used. Instead, a liberal amount of coupling gel was applied. For young
children pre-warmed contact gel was used. The contra-lateral limb was also investigated to
allow comparison.

For evaluation of age-related changes, the patients were divided into 4 groups (25 children
per group). Group 1 included infant and toddler children from 2 months - 3 years old; group
2, young children 4 - 6 years old; group 3, pre-adolescent children 7 - 11 years old; and
group 4, adolescent and teenage children 12 - 18 years old.

3. Technique of examination / standard planes

A dorsal, radial and volar longitudinal plane and corresponding transverse sections were
investigated. The radius was defined as the leading structure for longitudinal scans. By
moving the probe distally, the cavity of the radiocarpal joint was localised and positioned in
the centre of the image. From this standard position, the probe was moved in both a radial
and ulnar direction, maintaining an "orthograde" probe position to avoid hypo-echogenicity
of tendons caused by a non-orthograde transducer position’.

In the dorsal transverse plane, the scan began in the distal forearm region, identifying the
radius and ulna as osseous leading structures.

The dorsal longitudinal scans were used to measure the width and investigate the
echogenicity of the epiphyseal growth plate cartilage and to document the ossification of
the secondary ossification centre of the distal epiphysis of the radius. From the dorsal
radio-ulnar position, the probe was moved distally along the distal forearm, the wrist
joint and the carpus.

The musculo-tendinous junction of the dorsal forearm muscles and the course of the
extensor tendons was examined.

In order to evaluate the tendons, the probe was placed in an orthograde position and slow
active and/or passive movement of the tendons and muscles was performed to demonstrate
the function of the forearm muscles and their tendons.

The volar region of the distal forearm and wrist was examined using a similar technique.

To identify the median nerve the probe was placed in the transverse volar position and the
focus was adjusted to a position just beneath the level of the skin. The median nerve was
identified in its course running between the palmaris longus tendon and the flexor carpi
radialis tendon.

The volar longitudinal scans were used to search for branches of the radial artery supplying
the distal epiphysis of the radius.

4. Ultrasonographic findings in adult probands (n = 25)

In all planes, the osseous structures were shown as bright echogenic lines with dorsal
acoustic shadows, due to the difference in impedance of bone when compared to the
surrounding soft tissue. The radiocarpal joint was identified as an echo-free gap between the
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radius and the carpal bones. The proportion of articular cartilage of the carpal bones that
could be visualized was dependent on the functional position of the hand. This should be
considered when anechoic formations or structures (e.g. ganglia; intraarticular effusions) are
evaluated.

Dynamic examination in a dorsal radio-ulnar plane allows the course of the extensor
tendons to be accurately evaluated. Special attention has to be paid to the course of the
extensor pollicis longus tendon in the region of Lister's tubercle, as the tendon crosses the
underlying tendons of the extensor carpi radialis longus and brevis muscles. In the region of
the musculo-tendinous junctions of the forearm extensor muscles, the tendons are
occasionally surrounded by a thin hypoechoic muscular layer. Ultrasonographically, this
small hypoechoic area must not be confused with extensor tenosynovitis3.

The radial neurovascular bundle on the volar aspect of the distal forearm was identified by
its pulsation by grey-scale ultrasound and confirmed by its flow characteristics by colour
Doppler sonography in all probands. The course of the radial artery and its distribution can
be depicted by distal movement of the probe. Due to the width of the soft tissue coverage on
the volar aspect, identification of a single tendon is easier when compared to the dorsal
distal forearm region. By functional evaluation, the superficial and deep flexor tendons were
depicted in the longitudinal plane. Both the carpal joint and the median nerve were clearly
identified. The flexor retinaculum is difficult to separate from the surrounding tissue8. The
flexor retinaculum was identified in 13 of 25 patients (52%), suspected in 3 patients (12%)
and not seen in 9 patients (36%). The main problem encountered with the identification of
the flexor retinaculum was its hypoechogenicity, which was similar to the echogenicity of
the overlying subcutaneous fat. The median nerve is characterised by its lower
echogenicity when compared to its neighbouring tendons and its course between the
superficial and deep flexor tendons is easily followed in a proximal direction346. Whilst
the proband is moving his or her fingers, a characteristic transposition and change in the
transverse shape of the median nerve can be noted. The median nerve is easily detected as
it runs between the tendons of the flexor sublimis and flexor carpi radialis, and rather
towards the radial side of the tendon of the palmaris longus. The palmaris longus tendon
shows no longitudinal displacement during finger movements. The interosseous
membrane and the pronator quadratus muscle on the volar aspect were identified easily
in the transverse plane in all patients.

5. Ultrasonographic findings in children

Depending on the age of children various sonographic findings of the distal forearm region
were observed.

In group 1 children (2 months - 3 years old), no ossification of the distal radial ossification
centre was seen in 5 infants (aged up to 6 months). The echogenicity of the cartilage at the
region of the distal radial growth plate was either anechoic with weak reticular echogenic
pattern (5 children, aged from 0 - 3 months) or anechoic with weak echogenic spots (10
children). In 8 of 25 children (32 %) colour Doppler identified at least one small vessel
within the cartilage of the volar distal radial epiphysis (Fig.1). Due to investigator problems
(like coupling problems, more frequent forearm movements of infants, and very small
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structures) the median nerve was documented by ultrasound in only 18 of 25 children (72
%). Other sonographic characteristics of the distal forearm region are presented in Table 1.

ossification centre
of the distal radius

Group 1 Group 2 Group 3 Group 4

(2 months - 3 years) |(4 - 6 years) (7-11years) |[(12-18 years)
Proximodistal 20319 _i30£6
diameter of the 416+1.16 (2.8 - 6.0) [2.65+0.49 219+047 ( ‘rowt.h late
distal radial growth |(n =20 / 25) (1.8-3.8) (1.4-3.5) srow'1p

late: ml fused in 5

plates children)
Absent ossification
of the secondary |55 1) o) 0/25 0/25 0/25

Sonographic
characteristics of
the distal radius
growth plate and
epiphyseal cartilage

- Anechoic

10/25 (40 %)

2/25 (8 %)

1/25 (4 %)

4/25 (16 %)

- Mixed type

(echogenic spots /
bands / reticular

pattern) within
anechoic cartilage

15/25 (60 %)

23/25 (92 %)

24/25 (96 %)

16/25 (64 %)

- Epiphyseal 0
growth plate fused 0/25 0/25 0/25 5/25 (20 %)
Presence of vessels

within the 8/25 (32 %) 0/25 1/25(4%) 0/25
epiphyseal cartilage

Visualisation of the
median nerve

18/25 (72 %)

25/25 (100 %)

25/25 (100 %)

25/25 (100 %)

Identification

of the radial
neurovascular
bundle (grey scale
and Doppler
sonography)

25/25 (100 %)

25/25 (100 %)

25/25 (100 %)

25/25 (100 %)

*data are for n = 100 children (25 per group)
! mean * standard deviation; range are shown in parenthesis.

Table 1. Sonographic characteristics of the distal forearm region in children and adolescents
according to age groups”.
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The majority of children in group 2 (4 - 6 years old) showed weak punctuated echoes (76 %)
or weak echogenic bands (16 %) within an anechoic growth plate cartilage(Fig.2). The
median nerve was seen in all children on grey scale sonography. On colour Doppler
sonography, no vascularisation was noted in the cartilage of the distal radial epiphysis or
growth plate.

radialis

Tendon of
Pronator Primary ossification center of flexor carpi
quadratus Growth plate epiphysis

K-ML, L 5 A™.,
06-02-03-112308
Abdomen P 2

Palmar longitudinal transducer position along the distal radius

Fig. 2. Boy, 5 years of age; palmar longitudinal transducer position. Linear 12-5 MHz probe
is placed along the distal radius. Anechoic cartilage of the growth plate and epiphysis of the
radius shows small hypoechoic band-like spot within the growth plate cartilage (solid
arrow).

In group 3 children the proximal-distal diameter of the distal radial growth plate was
smaller when compared to group 2 (mean values 2,19 mm; 2,65 mm respectively). The
appearance of the distal radial growth plate cartilage and epiphyseal cartilage in group 3
children (7 - 11 years old) resembled the appearance in group 2 children (4 - 6 years
old)(Fig. 3-8). No problems were encountered during visualisation of the median nerve in
group 3 children. On colour Doppler sonography, no vascularization was found in the
cartilage of the growth plate. However, in one of these children a vessel was visualized
entering the cartilage of the epiphysis from the palmar aspect of the epiphysis of the distal
radius(Fig. 4).
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B (M), M 9 JAHRE
06-02-03-103909 UKBB

Abdomen Growth plate

— "

Periosteum of radius Epiphysis

Pronator
quadratus

Scap.hoid

Palmar longitudinal transducer position
along the distal radius and scaphoid

Fig. 3. Boy, 9 years of age; palmar longitudinal transducer position. The linear 12-5 MHz

probe is placed along the distal radius.

B (M), M 9 JAHRE
06-0: 5 UKBB

bd ’17”] en b

[=
)

Pronator’
quadratus

Periosteum Tf radius

Growth plate

G
PR

5.0 12.0 !

Vessel
supplying
epiphysis
of radius

Palmar longitudinal transducer position along distal radius

Fig. 4. Boy, 9 years of age; palmar longitudinal transducer position. Linear 12-5 MHz probe
is placed along the distal end of the radius. Colour coded duplex ultrasound study shows
vessel supplying the secondary ossification centre of the epiphysis.
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B (M), M 9 JAHRE

06-02-03-103909 UKBB
Abdomen  Ulnar artery
12-5 I I

Median nerve

Gn 67
232dB/C5

Flexor digiforum

tendons

Pronator Radius* .
quadratus metaphysis

MI 0.3
TIS 0.1

Radial artery

Flexor carpi
+ radialis

Epiivhysis of
distal radius

Growth plate of
distal radius

G
Lop AR
50 120 ) .
Palmar transverse, slightly oblique transducer position
at the region of the distal growth plate of radius

Fig. 5. Boy, 9 years of age; palmar transverse, slightly oblique transducer position. Linear 12-
5 MHz probe is placed across the region of the growth plate of the distal radius. The

cartilage of the growth plate of the radius appears anechoic.

B (M), M 9 JAHRE
06-02-03-103909

Abdomen

Musc. extensor carpi
radialis longus et brevis

Musc. ext poll.
longus

MI 0.3
TIS 0.1

D

Musc. ext indicis

% proprius

Musc. ext. dig.
communis

Dorsal transverse transducer position

Fig. 6. Boy, 9 years of age; dorsal transverse transducer position. Linear 12-5 MHz probe is
placed across the metaphyseal area of the distal forearm. The extensor tendons are shown.
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B (M), M 9 JAHRE
06-02-03-103909

Abdomen

# Epiphysis

Musc. extensor
pollicis brevior :
Wrist joint cartilage
interface sign

Tendons of extensor carpi
radialis longior and brevior

Growth plate of

N G distal radius
P R
50 12.0

Dorsal longitudinal transducer position

Fig. 7. Boy, 9 years of age; dorsal longitudinal transducer position. Linear 12-5 MHz probe is
placed along the distal radius. The epiphyseal and growth plate cartilage of the distal
epiphysis of the radius appears anechoic. Extensor tendons are overlying the dorsal contour
of the distal radius.

MI 0.5
06-03-12-155506 Philips Medical Systems TIS 0.1

Abdomen £ -

Musc. extensor carpi ;
radialis longus et brevis' Lister's

tubercle Musc. ext indicis

proprius
Radius

Musc. ext. dig.
communis

Musc. ext. 'poll. longus
5.0 A2.0

Dorsal transverse transducer position across tubercle of Lister

Fig. 8. Boy, 10 years of age; dorsal transverse transducer position. Linear 12-5 MHz probe is
placed across Lister's tubercle. The extensor tendons are shown.
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In 5 children of group 4 (12 - 18 years old) the distal radial epiphyseal growth plate was
fused (20 %). In the remaining children, the epiphyseal growth plate cartilage was either
anechoic (16 %)(Fig. 9) or anechoic with weak echogenic spots within the cartilage (64 %).
The median nerve was identified by ultrasound in all children of group 4(Fig. 10). No
vessels were noted penetrating the epiphyseal or growth plate cartilage at colour Doppler
sonography.

During the growth period, characteristic morphologic changes occur within the distal part
of the radius which can be sonographically observed. The secondary ossification centre
within the distal radial epiphysis appears on plain x-ray images as late as three to eighteen
months post partum. However, morphologic changes during ossification are clearly visible:
firstly, towards the end of the first trimester, the epiphyseal centre shows an increasing
echogenicity. Subsequently, a small epiphyseal area with high echogenity and dorsal
ultrasound extinction develops.

Using colour coded duplex sonography, vessels supplying the epiphyseal cartilage during
the first and second year of life can be visualised frequently(Fig.1). Ultrasonographically, the
periosteum is visible as a hyperechoic thin band-like structure, separated from the cortical
reflex by a thin hypoechoic line.

FEM, 13
06-02-03-101814 UKBB

Abdomen Wrist joint cartilage interface sign
' % i

Scaphoid ;
Pronator

i Growth plate quadratus

Epiphysis

Periosteum of radius

Palmar longitudinal transducer position
along distal radius

Fig. 9. Girl, 13 years of age; palmar longitudinal transducer position. Linear 12-5 MHz probe
is placed along the distal radius. The cartilage interface sign is visible between the distal
radius and the scaphoid articular cartilage.
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FEM, 13
06-02-03-101814

Abdomen

Radial ar.t.ery

. * Ulna
Flexor carpi radialis Pronator 23
! quadratus Distal radioulnar joint

Periosteum
of radius

¢ Palmaris longus

Flexor digitorum tendons
Median nerve

Palmar transverse transducer position at
metaphyseal-shaft junction area

Fig. 10. Girl, 13 years of age; palmar transverse transducer position. Linear 12-5 MHz probe
is placed across the distal metaphyseal-shaft junction of the forearm. Note the transverse
muscle fibers of the pronator quadratus muscle. The median nerve and the flexor tendons
are visualized.

The distal growth plate of the radius can not be differentiated from the cartilage of the
epiphysis ultrasonographically, unless the secondary ossification centre is already
discernable within the distal radial epiphysis (Fig. 1). The sonomorphologic characteristics
of the distal radial growth plate are shown in Table 1. Its width gradually decreases during
further development (Tab.1). With increasing age of the child, the chondro-osseous junction
bends towards the epiphysis or appears slightly interdentated. Approaching the age of
fusion of the distal radial epiphysis, it is represented by a narrow gap in the cortical bone
and repetitive echoes can be seen posterior to the surface of the growth plate (Fig. 11).
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Growth plate Extensor carpi rad.
of distal radius longus and brevis

Minimal.ly displgaced

stable Salter-Harris

Type II epiphysiolysis
(intact dorsal metaphseal
cortical contour )

Secondary
ossification
center of
epiphysis

Dorsal longitudinal transducer position

Fig. 11. Girl, 13 years of age; undisplaced Salter-Harris type II epiphysiolysis; This fracture is
considered stable because there is no break in the dorsal metaphyseal corticalis of the radius.
Longitudinal dorsal transducer position. Repetitive echoes are visible within the central part
of the growth plate( marked by solid arrow).

Depending mainly on the gender of the individual, fusion of the distal radial epiphysis
occurs between 15 and 18 years of age. During fusion of the distal radial physis towards the
end of skeletal growth the gap like anechoic remnant of the physis was found to be wider on
the dorsal side when compared to the palmar side of the radius.

General findings: At dynamic investigation using limited, slow movements of the wrist joint a
characteristic change in shape and position of the median nerve was noted, whereas the
palmaris longus tendon and flexor carpi radialis tendon showed longitudinal movements
and nearly no change in shape. In contrast to the fine reticular fibrillary pattern of the flexor
tendons the median nerve showed a coarse-grained fibrillary pattern.

After the occurrence of the hyperechoic secondary ossification centre of the distal radius the
width of the dorsal epiphyseal cartilage was 1 - 2 mm wider when compared to the width of
the volar epiphyseal cartilage (measurements taken between the dorsal contour of the
secondary ossification centre and dorsal boarder of the epiphyseal cartilage); and the volar
contour of the secondary ossification centre and volar contour of the epiphyseal cartilage
(respectively).
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6. Ultrasound applications in the region of the distal forearm

In the hands of an experienced clinician using high frequency linear probes (more than 7
MHz), and adequate equipment, ultrasonography is a suitable technique for the
investigation of cortical structures and surrounding soft tissues®¢. Furthermore, there is the
substantial advantage of dynamic examination, direct comparison to the contralateral limb
and the lack of exposure to radiation>7. As in most joints, the use of linear probes is also
preferable in the distal radius region’. As the soft tissue coverage is relatively thin, high
resolution and low penetration is preferable for this examination. Depending on the
resolution capacity, the use of an echo-free standoff pad to increase the distance to the tissue
can be helpful”.

In the longitudinal plane, tendons are depicted as longitudinal structures of high
echogenicity with parallel echos®57. In the horizontal plane, a punctuated reticular,
hyperechoic tendon fibre structure is seen3>7. The examiner must take into account that the
probe is aligned parallel to the tendon and the sonographic impulse is directed orthograde
to the tendon’. When high frequency probes are used, deviations of 15° from the orthograde
transducer position can change the echogenicity of tendons and nerves. Because of these
physical phenomena, smooth circular surfaces of small dimension create a reflex only in that
area, where the sound impulse arrives perpendicularly. Furthermore, if there is no
"orthograde" alignment, the whole tendon diameter shows lower echogenicity?. Thus, not all
tendons are clearly depicted in a transverse plane and areas of low echogenicity are found.
These artefacts have to be kept in mind especially in the evaluation of pathologic changes of
the peritendinous tissue and fluid accumulation within the tendon sheaths and the carpal
canal, respectively’. However, even tendon aplasia in children can be accurately diagnosed
using this ultrasonographic technique®.

Furthermore, it is very important to use an "orthograde" position of the probe towards the
evaluated structure (bone, tendon) (Fig. 5,7). In most cases, it is impossible to find this
position both for tendons and bones within one singular plane.

Ultrasonography can be considered as the gold standard for evaluation of tendinous
disorders357, localization and differentiation of fluid accumulations (possibility of
sonographically guided punction)3, diagnosis of intraarticular effusions!9, diagnosis of soft
tissue tumors (ganglia, cysts, neuromas)3#11 and foreign bodies>1213,

It is especially important in children to consider the radiation exposure during radiographic
diagnosis and follow-up of fractures. At ultrasonography the metaphyseal cortex is easily
identified as a marked hyperechoic line with a dorsal acoustic shadow. Subsequently,
fractures can be clearly evaluated, as well(Fig.11). So, ultrasonography is a reliable tool for
the follow-up of distal fractures of the radius in children. In addition to the evaluation of the
fracture gap, the course of fracture consolidation supplemented by stability tests and
dynamic examination can also be evaluated and estimated!4. So the follow-up of fractures
could be a special field of interest for ultrasonography in the children in the future.
However, primary radiologic diagnosis will not be replaced by sonography, especially in
fractures of the distal forearm region. It must be kept in mind, that obtaining an ultrasound
study is more time consuming compared to obtaining X-rays. Ultrasonography is especially
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suitable for the follow-up of fractures in children and adolescents, when there is no closed
plaster cast applied. The examiner has to pay special attention to the investigation of the
periosteum, as the width of the hypoechoic line between the periosteum and bone surface is
of outstanding clinical relevance in the diagnosis of subperiosteal fluid accumulation, for
example in acute osteomyelitis(Fig. 12). Therefore, it should only be evaluated in
comparison to the contralateral limb. Due to the stable affixation of periosteum /
perichondrium at the region of the growth plate, compared to the diaphyseal and
metaphyseal region, subperiosteal fluid accumulations are only found in the metaphyseal
and diaphyseal region (Fig. 12).

Extensor pollicis brevis Intermuscular Musc. extensor
and abductor pollicis longus 7 oech01c fluid d11torum communis

muscle - vwe '-v-. i adl vy qum--» T s e
ﬂu!- 'b-,,-...-_t f‘-v.h.‘r‘”“--—{_-.".'. oyt - .- o q h "
A SES Amma 13 . ; ﬁ..“ﬂ‘;“ﬂ\m-
£ A o

Ny ‘ﬂgﬂ.‘
1' h“
fw. o
[P Y

-

- o e » ."‘"

T . Extensor:carpi rad.
Periosteum m L
; longus and brevis
of the radius ¢
g : Growth plate of
Subperios‘tal distal radius
hypoechoic fluid

Dorsal longitudinal transducer position
(colour coded duplex sonography)

Fig. 12. Longitudinal distal dorsal-radial ultrasound scan in a boy aged 9 years suffering
from acute osteomyelitis of the distal radius. The periosteum is detached from the corticalis
of the distal radius, there is subperiosteal hypoechoic fluid accumulation with some low
level echos. At operation acute purulent osteomyelitis of the distal radius complicated by
subperiostal abscess formation and phlegmonous infiltration of the intermuscular spaces
between the forearm extensor muscles was confirmed.

However, difficulties might arise during investigation of intra- and extraarticular pathologic
changes of low echogenicity. For example, the differentiation of purely chondral articulating
surfaces is facilitated only by the depiction of the "cartilage interface sign", a smooth,
hypoechoic borderline reflex at the region of the articular gap(Fig.9).
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7. Conclusion

High frequency ultrasonography can yield reliable information about the distal radial
epiphysis and growth plate, the median nerve and the forearm tendons. The sonographic
features of the normal distal forearm during growth described herein may hopefully
contribute to a more widespread use of ultrasound in this anatomic region.
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