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 Introduction

Significant variations in the sizes of the bones in the hand, 
and relative portions of the ossified bone, occur in children of 
different ages. Motion artefact and suboptimal positioning 
can occur due to difficulty in keeping the hand still, particu-
larly following significant injury. Failure to straighten the 
digits prevents clear definition of the joint spaces. Parents or 
caregivers may hold the child’s hand flat and help placing 
items adjacent to the child’s hand to obtain optimal imaging.

 Skeletal Development of the Hand

• Skeletal maturity occurs in a specific pattern over a pre-
dictable timeline which is determined by [1]:
 (a) Development of ossification centres.
 (b) Level of calcium accumulation.
 (c) Bone structure and dimension.
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• Rate, duration and amount of growth and maturation vary 
widely.

• Females, at any age, have advanced bone age compared to 
males and this is more marked following pubertal onset.

• Epiphyseal region closes approximately 2 years earlier in 
girls.

• Skeletal maturation lasts longer in males [2].

 Carpal Bone Ossification

• Carpal bones are not ossified at birth (Fig. 1).

Figure 1 Hand radiograph in a 1-month-old neonate demonstrates 
lack of ossification of the carpal bones
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Table 1 Lists the mean 
age of ossification centre 
appearance in this order: 
capitate (1), hamate (2), 
triquetrum (3), lunate (4), 
trapezium (5), trapezoid 
(6), scaphoid (7)  
and pisiform (8)

Carpal bone
Capitate 1–3 months

Hamate 2–4 months

Triquetrum 2–3 years

Lunate 2–4 years

Trapezium 4–6 years

Trapezoid 4–6 years

Scaphoid 4–6 years

Pisiform 8–12 years

• Significant variation in carpal development due to varying 
order of appearance, bone fusion or partitioning and 
development of accessory elements from cartilage [3].

• Approximately one ossification centre appears per year, 
up to the age of 7 years, except for the pisiform, which as a 
sesamoid appears during adolescence (Table 1).

 Determination of Skeletal Maturity

• The hand and wrist have bones that develop over a clearly 
defined timeframe and can be easily assessed on a single 
posterior-anterior radiograph.

• These are key predictors which can aid the determination 
of skeletal maturity dependent on age [3]:
 1. Infancy (carpal bones and radial epiphyses).
 2. Toddler (number of epiphyses visible in long bones of 

the hand—Fig. 2).
 3. Prepuberty (ossification centres for phalangeal epiph-

yses are as wide as metaphyses and increase in thick-
ness—Fig. 3).

 4. Early and mid-puberty (size of phalangeal epiphyses 
and epiphyses begin to overlap the metaphyses—Fig. 4).
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Figure 2 Hand radiograph in a 3-year-old male demonstrates ossi-
fication of the capitate and hamate

 5. Late puberty (fusion of epiphyses to metaphyses in the 
long bones of the hand in this order: distal phalanges 
[first], metacarpals [second], proximal phalanges [third] 
and finally fusion of middle phalanges).

 6. Post-puberty (extent of epiphyseal fusion of radius and 
ulna).
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Figure 3 Hand radiograph in a 5-year-old male demonstrates ossi-
fication centres for phalangeal epiphyses are becoming as wide as 
the metaphyses

Hand



118

Figure 4 Normal radiograph in a 13-year-old female showing that 
the phalangeal epiphyses begin to overlap the metaphyses
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• Most common technique used to determine the level of 
bone maturation of the nondominant hand (in years) is 
Greulich and Pyle (G&P).

• Chronological age (in years) is determined from the child’s 
birth date.

• Observers are more likely to interpret the radiograph as 
normal when chronologic age is known than when it is not.

• Ultrasound can be used to assess endochondral ossifica-
tion and is of particular use to assess growth by assessment 
of distal radial and ulna epiphysis, using gender- and 
ethnicity- based algorithms [4].

• Magnetic resonance (MR) imaging is useful in growth 
assessment as it allows accurate assessment of the tubular 
and carpal bones.

• Epiphyseal cartilage, morphological appearance and size 
of the epiphyses, physeal structure/closure (bone bridges), 
zone of provisional calcification and progression of ossifi-
cation are well assessed using MR imaging [5].

 Carpal Angle

• Defined as the angle between:
 (a) Line from proximal surface of the scaphoid and lunate.
 (b) Line through the proximal triquetrum and lunate.

Normal value = 130°.
Increased (>139°): trisomy 21 and Pfeiffer syndrome.
Decreased (<118°): Hurler’s syndrome, Morquio syn-

drome and Madelung deformity (Fig. 5).
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a b

Figure 5 (a) Normal carpal angle, measured between the line from 
the proximal surface of the scaphoid and lunate (white dotted line) 
to the line through the proximal triquetrum and lunate (white bold 
line). (b) Reduced carpal angle in a case of Madelung deformity

 Carpal Height

• Defined by the distance between the midpoint of the distal 
radial epiphysis ossification center and the proximal end 
of the third metacarpal [6].

• Useful in assessing congenital malformations, particularly 
when the carpus is not fully ossified.

• Carpal height increases as the child gets older.
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• Carpal height ratio in children is similar to that seen in 
adults [7].

• The normal range of the carpal height ratio (calculated by 
dividing the carpal height by the length of the third meta-
carpal) is between 0.51 and 0.57 [8].

• Shortening of the carpus: multiple epiphyseal dysplasia, 
otopalatodigital syndromes, Turner syndrome, arthrogry-
posis and juvenile idiopathic arthritis (Figs. 6 and 7).

a b

Figure 6 (a) The carpal height (white dotted line) is the distance 
between the midpoint of the distal radial epiphyseal ossification 
center (white line) and proximal end of the third metacarpal (black 
line). This is reduced due to carpal crowding in a 13-year-old (b)
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Figure 7 7-year-old with spondyloepiphyseal dysplasia. Reduction 
in carpal height due to hypoplasia of the carpal bones; the carpal 
height ratio has been calculated by dividing the carpal height (white 
dotted line) by the length of the third metacarpal (yellow dotted 
line). The midpoint of the distal radial epiphyseal ossification center 
is indicated by the white line and the proximal end of the third meta-
carpal depicted by the black line
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 Scapholunate Distance

• Scapholunate distance of less than or equal to 2  mm is 
used to assess for soft tissue injuries in adults [9].

• In younger children, this distance is normally wider due to 
the larger chondral component of the scaphoid and lunate, 
and this decreases with age [10].

• Boys have a longer distance than girls due to earlier skel-
etal maturity and develop adult values from 12  years of 
age (Figs. 8 and 9).

• Mean Scapholunate Distance According to Age [11]
6 Years: 7–9 mm
7 Years: 6–8 mm
8 Years: 5.5–7.5 mm
9 Years: 5–6.5 mm
10 Years: 4.5–6 mm
11 Years: 4–5 mm
12 Years: 3.5–4.5 mm
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Figure 8 12-year-old male with a scaphoid waist fracture and wid-
ening of the scapholunate distance (dotted yellow line) secondary to 
a scapholunate ligamentous injury
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Figure 9 Coronal CT image of a 15-year-old male with significant 
widening of the scapholunate distance (dotted yellow line) measur-
ing 10 mm; incidental note of lunotriquetral coalition

 Carpal Instability

• Scapholunate and capitolunate angles can be used on lat-
eral radiographs or sagittal imaging to assess carpal 
instability.

• This is possible when the carpal bones are ossified appro-
priately, for example, when the proximal and distal poles 
of the scaphoid are discernible [12].

• Capitolunate angle: angle between the long axis of the 
capitate and the mid-axis of the lunate.

• Mean capitolunate angle is 11° (SD ± 7°).
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• This angle is increased in dorsal intercalated segment 
instability and volar intercalated segment instability; the 
scapholunate angle is used to differentiate between these 
two entities.

• Scapholunate angle: angle between line drawn through the 
axis of the scaphoid and lunate.

•  Mean scapholunate angle is 47° (SD ± 8), and if this angle 
is >80°and the lunate is extended, features are suggestive 
of dorsal intercalated segmental instability.

 Metacarpal Index

• This is a measure of the slenderness of the metacarpals.
• Metacarpal index increases from lower values in early 

childhood to adult range by 10 to 11 years in normal chil-
dren [13].

• Ratio of mean length to mean width of second to fifth 
metacarpals, measured at their midpoints.

• A second method involves dividing the sum of the lengths 
by the sum of the widths of the metacarpals.

• Normal metacarpal index <7–9 (Fig. 10) but in arachnodactyly 
it is >8.5 (metacarpals are longer and thinner than normal).

• Arachnodactyly is associated with Marfan syndrome, 
osteogenesis imperfecta, dystrophia myotonica, homocys-
tinuria and Ehlers-Danlos syndrome [14].

• It is important to note that the metacarpal index is a poor 
discriminator of patients with tall stature or clinical signs 
of arachnodactyly; these patients should still be examined 
for additional signs of Marfan syndrome or other inherited 
disorders of connective tissue.
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Figure 10 Metacarpal index in a 13-year-old girl, within the normal 
range (value was 7). The metacarpal index is determined by dividing 
the length of each of the last four metacarpals (white lines) by the 
width of the midpoint (black lines) and averaging the values
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 Metacarpal Sign

• Assesses the lateral three metacarpals by drawing a tan-
gential line along the distal fifth and fourth metacarpals.

• Normally, this passes distal to the head of the third meta-
carpal, but if this intersects the third metacarpal, the fourth 
metacarpal is considered short.

• Can be seen as normal variant, Turner syndrome, pseudo-
hyperparathyroidism, acrodysostosis and occasionally 
homocystinuria (Fig. 11).

• This sign is negative if all metacarpals are short or if there 
is greater shortening of the third metacarpal than the 
fourth metacarpal [15].

a b

Figure 11 In image (a), a tangential line drawn along distal fifth and 
fourth metacarpals (white line) passes distal to head of the third 
metacarpal (dotted line). In image (b), the tangential line (white 
line) drawn along distal fifth and fourth metacarpals extends to the 
mid-shaft of the third metacarpal in a patient with Turner syndrome
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 Brachydactyly

• Congenital: shortened hands due to absence or rudimen-
tary development of metacarpals and/phalanges; inherited 
(usually dominant trait) but can be part of a syndrome 
(Fig. 12).

• PA view of the hands is the first-line investigation.
• Brachyphalangy (abnormal short phalanges), brachybaso-

phalangia (proximal), brachymesophalangia (middle) and 
brachytelephalangia (distal).

Figure 12 This image of a 5-year-old patient with mucopolysacchari-
dosis (MPS) type IV demonstrates brachydactyly with widened and 
shortened tubular bones, shortening of the metacarpals, pointing of 
the second through fifth metacarpals and irregular carpal bones
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• Most used index of digit length: ratio of middle finger (cm) 
to hand length (cm)—measured with hand open from fin-
gerprint to the principal crease where finger joins the palm 
and the palm joins the wrist; middle finger length (50th 
centile): 5 cm (4 years), 6 cm (8 years), 7 cm (12 years) and 
8 cm (16 years) [16].

 Joint Fluid

• Even small effusions (1 mm) can be detected in the hand 
joints with an interobserver agreement of 79% using ultra-
sound [17].

• Dorsal recesses are measured using ultrasound in a mid- 
sagittal view.

• The hand is kept in a neutral position as flexion leads to 
reduction or disappearance of the fluid (Fig. 13).

• Mean depth of radiocarpal recess = 0.4 mm (SD 0.5, range 
0–2.9) [18].

• Mean depth of midcarpal recess = 0.5 mm (SD 0.6, range 
0–2.4).

Figure 13 Dorsal recess (outlined in dotted line) of the radiocarpal 
joint has been measured using ultrasound in the mid-sagittal view
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• No differences according to sex, but increasing depth of 
the recesses by age.

• One or more vessels are seen in 8% of the radiocarpal and 
4% of the midcarpal recesses (Fig. 14).

• There is a considerable variation in normal synovial thick-
ness, up to 5 mm [19] (Fig. 15).

Figure 14 Mid-sagittal view of the midcarpal joint using ultrasound 
demonstrates a normal vessel

a b

Figure 15 This coronal (a) and axial (b) STIR MR images in an 
11-year-old girl demonstrate joint fluid in the middle finger metacar-
pal joint, synovial proliferation (yellow arrow in the axial view), and 
erosions at the metacarpal head (white arrow in the coronal view) 
and proximal phalanx of the middle finger (dotted arrow in the 
coronal view)
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 Tendon Pathology

• There is a strong linear relationship between tendon thick-
ness and age, with the tendon thickness increasing with 
age.

• Minimal fluid (0.3 mm) can be seen in the tendon sheaths 
of children; a hypoechoic rim can be detected around the 
finger tendon sheath particularly on the palmar aspect of 
the metacarpal [20].

• Ultrasound is superior to MRI in depicting dynamic 
pathology and allowing comparison with the opposite side 
(Fig. 16).

a b

Figure 16 4-year-old who presented with hand swelling. Transverse 
ultrasound image (a), with colour Doppler flow, demonstrates thick-
ening of the synovial sheath (8 mm thickness) of the extensor digi-
torum tendons (white arrow), increased vascularity (dotted arrow) 
and peritendinous subcutaneous oedema (asterisk). Coronal STIR 
image on MR (b) performed subsequently also demonstrates fluid 
(yellow arrow) and synovial thickening (dotted yellow arrow) sur-
rounding the extensor digitorum tendons
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 Paediatric Trigger Thumb

• Results in abnormal flexion at the interphalangeal joint 
due to thickening of the flexor pollicis longus tendon (sec-
ondary to abnormal synovial proliferation, collagen 
degeneration).

• Triggering occurs when the cross-sectional area of the 
flexor pollicis longus exceeds the cross-sectional area 
demarcated by the A1 pulley (Fig. 17); unilateral triggering 
and a trigger ratio (maximal cross-sectional area of 
involved FPL to uninvolved FPL) <1.5 are at risk for 
developing triggering bilaterally [21, 22].

Figure 17 Longitudinal ultrasound image in an 11-month-old dem-
onstrates the metacarpal joint of the thumb with developmental 
mismatch between the thickened FPL tendon (yellow arrow) and 
the area under the A1 pulley (white arrow)
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 Carpal Tunnel

• Carpal tunnel syndrome is best assessed by looking at the 
median nerve echogenicity, proximal to the retinaculum 
flexorum, and by identifying the site of greatest nerve 
enlargement.

• Wrist-to-forearm ratio of proximal and distal cross- 
sectional area measurement of the median nerve is also 
helpful for assessment [23] (Fig. 18). Wrist-to-forearm ratio 
in normal circumstances approaches 1. In carpal tunnel 
syndrome, there is thickening of the nerve at the wrist.

• Prominent signs of carpal tunnel syndrome include 
hypoechogenicity or a wrist-to-forearm ratio >1.5.

• Moderate signs of carpal tunnel syndrome include 
hypoechogenicity and a wrist-to-forearm ratio >2.

Figure 18 Transverse ultrasound image of the right median nerve 
(outlined) at the level of the carpal tunnel, proximal to the retinacu-
lum flexorum, in a 9-year-old female, demonstrates enlargement and 
reduced echogenicity consistent with carpal tunnel syndrome
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