
INTRODUCTION 

Pediatric carpal fractures are clinically rare due to anatomical fac-
tors and diagnostic challenges. The carpal bones develop via sec-
ondary ossification, meaning that at birth, the ossification centers 
are surrounded by spherical growth plates, which act as protec-
tive barriers against injury. The lunate has no calcification until 
after the age of 2 years. As a child reaches adolescence, the critical 
bone to cartilage ratio is attained, resulting in an increased risk of 
carpal bone fractures. These injuries are difficult to detect due to 
the low sensitivity of radiographs in the cartilaginous immature 
skeleton, potential obscuration with physeal lines, and incom-
pletely ossified carpal bones; therefore, subtle pathology may be 

Delayed union of a pediatric lunate fracture in the United 
Kingdom: a case report and a review of current concepts of 
non-scaphoid pediatric carpal fractures 
Timothy P. Davis, MRCS1 , Elizabeth Headon, MRCS2 , Rebecca Morgan, MRCS3 , Ashley I. Simpson, FRCS1  
1Department of Trauma and Orthopaedics, Guy’s and St. Thomas’ NHS Foundation Trust, London, UK 
2Department of Trauma and Orthopaedics, Queen Elizabeth Hospital, London, UK 
3Department of Trauma and Orthopaedics, Royal National Orthopaedic Hospital, London, UK 

Pediatric carpal fractures are rare and often difficult to detect. This paper reviews the current litera-
ture on pediatric non-scaphoid carpal fractures, with a case report of a lunate fracture associated 
with a distal radius and ulnar styloid fracture, managed nonoperatively in a 12-year-old boy. There 
is lack of consensus regarding the management of these fractures due to the low number of reported 
cases. A frequent lack of long-term follow-up limits our understanding of the outcomes, but good 
outcomes have been reported for both nonoperative and operative management. This case report 
brings attention to the current time period for the definition of delayed union in pediatric carpal 
fractures, and emphasizes the need for prolonged follow-up for the detection of delayed complica-
tions leading to functional impairment. 
Keywords: Pediatrics; Lunate bone; Carpal bones; Closed fractures; Ununited fractures

Review Article
J Trauma Inj 2023;36(4):315-321
https://doi.org/10.20408/jti.2023.0038

Received: May 15, 2023 
Revised: September 23, 2023 
Accepted: October 5, 2023 

Correspondence to 
Ashley I. Simpson, FRCS
Department of Trauma and 
Orthopaedics, Guy’s and St. Thomas’ 
NHS Foundation Trust, Westminster 
Bridge Rd, London SE1 7EH, UK 
Tel: +44-20-7188-7188 
Email: ashley.simpson@nhs.net  

easily missed. Furthermore, this particular patient group may 
struggle to express and localize pain, and may be difficult to ex-
amine. 

Pediatric carpal fractures are commonly seen in combination 
with other fractures or dislocations [1,2], particularly distal radi-
us fractures; therefore, the initial assessment requires a thorough 
review for secondary injuries. Damage to pediatric bones, partic-
ularly around the physeal plates and growth centers, may have 
long-term consequences with the potential for delayed complica-
tions [3]. The most appropriate management pathway in pediat-
ric patients remains elusive, as does the understanding of the 
long-term sequalae of carpal delayed unions or nonunions in this 
cohort, due to their rarity. 
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This paper reviews the current literature on pediatric carpal 
fractures, utilizing our own case report as an example of delayed 
complications after nonoperative management. It highlights the 
need for long-term follow-up and vigilance for possible compli-
cations resulting from injury to the immature bones.  

CASE REPORT 

A 12-year-old boy presented following a fall onto his dominant 
hand from his bicycle with a closed right wrist injury (Figs. 1, 2). 
Radiographs demonstrated a dorsally displaced Salter-Harris 
type III fracture of the distal radius associated with a displaced 
lunate (equivalent to type IV in the Teisen classification) and ul-
nar styloid fracture. The patient complained of reduced sensation 
and “tingling” in the median nerve territory; however, the motor 
power remained Medical Research Council grade 5 in all muscle 

groups. The wrist was placed in a dorsal back-slab, after which 
computed tomography (CT) scanning further delineated the 
fracture pattern. 

The following morning, the patient underwent manipulation 
under anesthesia with reapplication of a dorsal plaster as demon-
strated in Fig. 3. Satisfactory reduction of the distal radius frac-
ture was achieved; however, the lunate and ulnar styloid fractures 
remained displaced. Sensation started to return to normal the 
next day, but it did not settle completely. 

Ten days postoperation, radiographs demonstrated maintained 
reduction of the distal radius (Fig. 4); therefore, the patient was 
switched to a lightweight cast for 5 further weeks. At 7 weeks, ra-
diographs demonstrated satisfactory union of the distal radius 
but no signs of healing of the ulnar styloid or lunate fractures. 

Fig. 1. Wrist x-ray images at presentation. Salter-Harris III fracture 
of distal radius dorsally displaced, ulnar styloid fracture, and lunate 
fracture. (A) Anteroposterior view. (B) Lateral view.
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Fig. 2. Coronal computed tomography image of wrist confirming dis-
tal radius and lunate fracture.

Fig. 3. Intraoperative fluoroscopy demonstrating reduction of distal 
radius.

Fig. 4. Wrist x-ray images at 6 weeks, demonstrating union of distal 
radius fracture with no evidence of healing of lunate and ulnar styloid 
fractures. (A) Anteroposterior view. (B) Lateral view.
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The median nerve sensory symptoms had completely resolved. 
The cast was removed, and range of motion exercises began. The 
wrist was initially stiff, with no tenderness to palpation over the 
distal radius, ulnar or lunate and movements were pain-free. The 
patient and parents declined physiotherapy input. 

Eight weeks postinjury, magnetic resonance imaging demon-
strated a nonunited fracture of the lunate without signs of avas-
cular necrosis (Fig. 5). At 6 months the patient had no symp-
toms, with a full, pain-free range of motion at the wrist, without 
tenderness. The patient returned to sports without any functional 
deficit. Radiographs were deemed unnecessary due to the ab-
sence of any symptoms. 

Three years following the injury, the patient developed pain in 
the ipsilateral wrist. His Disabilities of the Arm, Shoulder and 
Hand (DASH) questionnaire score was 8.3 and his Mayo Wrist 
Score was 90, with moderate pain in the arm and hand, mild dif-
ficulty during recreational activities requiring force or impact 
through bone, and slight limitation to social activities. His range 
of movement was limited in flexion and extension compared to 
the noninjured side. Pronation and supination were unaffected. 
These results are demonstrated in Table 1. 

Radiographs revealed abnormal posttraumatic morphology 
(Fig. 6): partial closure of the distal radial physeal plate or post-
traumatic bony bridging with evidence of distal radius growth ar-
rest resulting in a (new) positive ulnar variance. 

It should be noted that the case we present was additionally 
complex due to the presence of a concomitant distal radius frac-
ture. The standard management of distal radius fractures was de-

scribed by Carson et al. in 2006, who stated that “fractures of the 
distal radial physis … heal quickly … requiring only 3 to 4 weeks 
of immobilization” [4,5]. In addition, the evidence suggests that 4 
to 8 weeks of immobilization is appropriate for conservative 
scaphoid fracture management [4,6]. There is very sparse further 
research available to recommend how to manage other carpal 
fractures in the pediatric population; therefore, we used this evi-
dence. Furthermore, a clinical examination is preferred to a ra-
diographic evaluation in young children with hand and wrist in-
juries for two reasons: (1) reducing exposure of the patient to 
ionizing radiation; and (2) incomplete ossification of the carpal 
bones, which makes fracture assessment difficult on plain radio-
graphs. Thus, we provided immobilization until clinical union 
(i.e., the absence of pain at the fracture site on palpation, stressing 
of the fracture, or during range of motion exercises). 

Ethics statement 
Informed consent for publication of the research details and clin-
ical images was obtained from the patient.  

Fig. 5. Coronal magnetic resonance imaging of the wrist confirming 
no evidence of healing of lunate fracture.

Table 1. Range of movement in the noninjured limb versus the injured 
limb, 3 years after injury 

Movement
Range of movement (°)

Left (noninjured) Right (injured)
Flexion 85 75
Extension 70 60
Pronation 90 90
Supination 90 90

Fig. 6. Wrist x-ray images showing early closure of the distal radial 
growth plate and consequent ulnar variance. (A) Anteroposterior 
view. (B) Lateral view.
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DISCUSSION 

The lunate’s anatomical position and surrounding structures may 
explain why lunate fractures are often associated with other bony 
and soft tissue injuries, and may result in instability and pain. 
The lunate is the central carpal bone in the proximal row, and its 
position makes it difficult to view radiographically as there is sig-
nificant overlap with other carpals on many radiographic views 
[7]. It is crescent-shaped, with a convex articular facet facing the 
radius, and a concave single or dual articular surface distally, fac-
ing the capitate. Along with the triquetrum and scaphoid, the lu-
nate forms the distal articular surface of the radiocarpal joint and 
it articulates with the triangular fibrocartilage complex. Multiple 
ligamentous attachments of the lunate, including the scapholu-
nate and lunotriquetral ligaments, indicate dislocation as an in-
herently severe injury. One proposed mechanism of lunate frac-
ture is direct axial compression, driving the capitate into the lu-
nate. There are few evidence-supported risk factors for lunate 
fractures, but one appears to be positive ulnar variance [8]. 

Adult lunate fractures are categorized using the Teisen classifi-
cation system, based on the anatomic orientation of fracture pat-
terns [9]; however, these do not provide prognostic value. They 
can be recognized by disruption of the radius-lunate-capitate axis 
on a lateral radiograph (normal axis demonstrated in Fig. 7), if it 
is not clear on the anteroposterior view [10]. 

In adults, the lunate is mainly covered in cartilage, and it is 
therefore relatively insensate [11]. Its vascular supply is often 
twofold, with dorsal and palmar surfaces supplied by the radio-
carpal and intercarpal arch; however, 20% of all lunates have a 
single-vessel supply [12]. This means that missed lunate fractures 
may lead to avascular necrosis and resulting chronic pain, which 
is termed Kienböck disease [13]. Only one case report [14] thus 
far has documented the progression of a pediatric lunate fracture 
to Kienböck disease, with unclear original pathology. However, 
there may be reporting bias regarding this possibility due to a 
lack of thorough follow-up. 

Pediatric fractures involve a growth plate in 15% to 30% of cas-
es [15], often at the distal radius. The most commonly fractured 
carpal bone in children is the scaphoid, with an incidence of 
0.4% of all pediatric fractures [16]. Of carpal bone fractures, 
scaphoid fractures are the most common (73.5%), followed by 
triquetral fractures (18.0%), with lunate fractures making up a 
significantly smaller proportion of the total (0.5%) [9]. 

Pediatric lunate fractures are rare, and as a result, little high- 
level evidence has been published. The evidence found in a litera-
ture search is presented in Table 2 [14,17–27]. Current manage-

Fig. 7. Demonstrating the radius-lunate-capitate view on a lateral an-
atomically normal x-ray.

ment is often based on case series and reports of other carpal 
fractures, often in adult populations. 

Nonunion of pediatric carpal fractures is extremely rare, with 
the first reported nonunion of a pediatric scaphoid fracture de-
scribed by Southcott and Rosman [28] in 1977. Despite their 
scarcity in the literature, more recently, Rodriguez-Alejandro et 
al. [27] reported the case of a hook of hamate nonunion in a 
12-year-old baseball player. This case likely resulted in nonunion 
due to repeated misdiagnoses on sequential plain radiographs by 
multiple healthcare professionals. The definitive and successful 
management involves surgical excision of the hook of hamate. 
That case report described a full return of function and no pa-
tient complaints 2 years after operation. 

Previous case reports have demonstrated good long-term re-
sults from both nonoperative and operative management of pe-
diatric carpal fractures, but the length of follow-up has often 
been a limitation. Most reports only have a 3-year follow-up, 
which may not be sufficient to understand the long-term conse-
quences of these injuries. 

https://doi.org/10.20408/jti.2023.0038318 www.jtraumainj.org

Davis, et al. Delayed union pediatric lunate fracture



Ta
bl

e 2
. C

as
e r

ep
or

ts 
of

 p
ed

iat
ric

 ca
rp

al
 fr

ac
tu

re
s (

ex
clu

di
ng

 sc
ap

ho
id

 fr
ac

tu
re

s)
 

St
ud

y
C

ar
pa

l
D

isp
la

ce
m

en
t

A
ge

  
(y

r)
Se

x
D

et
ec

tio
n

Im
ag

in
g

M
ec

ha
ni

sm
 o

f 
in

ju
ry

M
an

ag
em

en
t

O
ut

co
m

e
X-

ra
y f

in
di

ng
Ra

ng
e o

f  
m

ot
io

n
A

dl
er

 a
nd

 S
ha

fta
n 

[1
7]

 
(1

96
2)

C
ap

ita
te

N
on

e
17

M
al

e
Im

m
ed

ia
te

X-
ra

y
Fa

ll
C

U
ni

on
Fu

ll

Yo
un

g 
[1

8]
 (1

98
6)

C
ap

ita
te

N
on

e
10

M
al

e
Im

m
ed

ia
te

X-
ra

y
Fa

ll 
(fr

om
 2

 m
)

C
3 

m
o

U
ni

on
Fu

ll
G

ib
bo

n 
an

d 
Ja

ck
so

n 
[1

9]
 (1

98
9)

C
ap

ita
te

N
on

e
9

M
al

e
D

el
ay

 o
f 2

4 
da

y
X-

ra
y

FO
O

SH
C

3.
5 

w
k

Sc
ler

os
is

-

W
ul

ff 
an

d 
Sc

hm
id

t 
[2

0]
 (1

99
8)

C
ap

ita
te

N
on

e
13

Fe
m

al
e

Im
m

ed
ia

te
-

M
TC

C
6 

w
k

U
ni

on
-

W
ul

ff 
an

d 
Sc

hm
id

t 
[2

0]
 (1

99
8)

Tr
iq

ue
tr

um
N

on
e

12
Fe

m
al

e
Im

m
ed

ia
te

-
Fa

ll 
(fr

om
 1

 m
)

C
4 

w
k

U
ni

on
-

W
ul

ff 
an

d 
Sc

hm
id

t 
[2

0]
 (1

99
8)

Tr
ap

ez
oi

d
N

on
e

14
Fe

m
al

e
Im

m
ed

ia
te

-
M

TC
C

4 
w

k
U

ni
on

-

W
ul

ff 
an

d 
Sc

hm
id

t 
[2

0]
 (1

99
8)

H
am

at
e

N
on

e
16

M
al

e
Im

m
ed

ia
te

-
M

TC
C

3 
w

k
U

ni
on

-

Sa
w

an
t a

nd
 M

ill
er

 [2
1]

 
(2

00
0)

C
ap

ita
te

-
12

M
al

e
D

el
ay

 o
f 2

4 
hr

X-
ra

y
M

TC
S

3 
yr

U
ni

on
Fl

ex
io

n,
  

70
° (

vs
. 9

0°
)

Ex
te

ns
io

n,
  

85
° (

vs
. 9

5°
)

N
or

m
al

 g
rip

 
st

re
ng

th
Fe

rli
c e

t a
l. 

[1
4]

 (2
00

3)
Lu

na
te

N
on

e
13

M
al

e
D

ela
ye

d 
pr

es
en

ta
tio

n 
(6

 m
o)

X-
ra

y +
 

M
RI

N
on

tr
au

m
at

ic
S

30
 m

o
U

ni
on

Fl
ex

io
n,

 6
8°

Ex
te

ns
io

n,
 4

5°
Ku

ni
yo

sh
i e

t a
l. 

[2
2]

 
(2

00
5)

C
ap

ita
te

N
on

e
6

M
al

e
D

ela
ye

d 
pr

es
en

ta
tio

n 
(3

 m
o)

X-
ra

y +
 

M
RI

W
ris

t c
au

gh
t i

n 
iro

n 
ga

te
s

C
14

 m
o

U
ni

on
Fu

ll

H
or

ra
s e

t a
l. [

23
] (

20
12

)
Tr

iq
ue

tr
um

Ye
s

14
M

al
e

Im
m

ed
ia

te
M

RI
FO

O
SH

C
6 

w
k

U
ni

on
Fu

ll
C

oo
ne

y a
nd

 S
tu

ar
t 

[2
4]

 (2
01

3)
C

ap
ita

te
M

in
im

al
16

M
al

e
D

ela
ye

d 
pr

es
en

ta
tio

n 
(2

 m
o)

X-
ra

y +
 C

T
FO

O
SH

C 
+ 

de
la

ye
d 

S 
+ 

bo
ne

 g
ra

ft
18

 w
ka)

D
el

ay
ed

 u
ni

on
 

po
st-

O
RI

F
-

H
ur

ni
 et

 a
l. 

[2
5]

 (2
01

5)
Pi

sif
or

m
Ye

s
11

M
al

e
Im

m
ed

ia
te

C
T

M
TC

S
3 

m
o

U
ni

on
Fu

ll
Co

ve
lli

 et
 al

. [2
6]

 (2
01

8)
Pi

sif
or

m
Ye

s
13

M
al

e
D

ela
ye

d 
pr

es
en

ta
tio

n 
(3

 m
o)

M
RI

N
on

tr
au

m
at

ic
C

N
o 

m
en

tio
n 

of
 fo

l-
lo

w
-u

p

-

Ro
dr

ig
ue

z-
A

lej
an

dr
o 

et
 a

l. 
[2

7]
 (2

02
1)

H
am

at
e

N
on

e
12

M
al

e
D

ela
ye

d 
pr

es
en

ta
tio

n 
(3

 m
o)

M
RI

H
itt

in
g 

ba
ll 

w
ith

 
a b

as
eb

al
l b

at
S

Ex
ci

sio
n 

of
 

ho
ok

 o
f 

ha
m

at
e a

f-
te

r n
on

-
un

io
n 

de
-

te
ct

ed

N
on

un
io

n 
(e

x-
ci

se
d 

ho
ok

 o
f 

ha
m

at
e)

Fu
ll

C
, c

on
se

rv
at

iv
e; 

FO
O

SH
, f

al
l o

n 
an

 o
ut

st
re

tc
he

d 
ha

nd
; M

TC
, m

ot
or

 tr
affi

c c
ol

lis
io

n;
 S

, s
ur

gi
ca

l; 
M

RI
, m

ag
ne

tic
 re

so
na

nc
e i

m
ag

in
g;

 C
T,

 co
m

pu
te

d 
to

m
og

ra
ph

y;
 O

RI
F, 

op
en

 re
du

ct
io

n 
an

d 
in

te
rn

al
 fi

xa
tio

n.
a)

Sc
le

ro
sis

 o
nl

y;
 d

el
ay

ed
 O

RI
F 

+ 
bo

ne
 g

ra
fti

ng
 to

 u
ni

on
, 3

8 
w

ee
ks

 p
os

tfi
xa

tio
n 

un
io

n 
+ 

w
ris

t fl
ex

io
n 

to
 8

0°
, w

ris
t e

xt
en

sio
n 

to
 6

0°
.

Davis, et al. Delayed union pediatric lunate fracture

319www.jtraumainj.orghttps://doi.org/10.20408/jti.2023.0038



A case report by Bhatnagar et al. [29] highlighted a good clini-
cal outcome following nonoperative management of an active 
11-year-old boy with multiple carpal fractures. They demonstrat-
ed asymptomatic full range of motion of the wrist at a 3-year fol-
low-up, despite CT scanning at this stage showing nonunion of 
the hamate fracture. 

Clarke et al. [30] reported a case of an 11-year-old boy with 
spontaneous union 2 years following a conservatively managed 
waist-of-scaphoid fracture. This caused persistent wrist pain be-
tween 18 and 24 months, prior to radiographic evidence of 
union. This may highlight the need to review the pediatric defi-
nition of healing timelines when defining delayed union and 
nonunion in children. 

Similarly, there have been good clinical outcomes with opera-
tive management. Kamano et al. [31] showed effective results in a 
child with multiple carpal fractures treated with wire fixation and 
followed for 29 months. In 2009, Foley and Patel [32] also 
demonstrated similar outcomes in a 10-year-old boy treated with 
Kirschner wires for scaphoid, capitate, and triquetrum fractures. 
In this patient, bone union was achieved and there was pain-free 
full range of movement of the wrist at a 1-year follow-up. 
DeCoster et al. [33] also reported initial good clinical outcomes 
following open reduction with internal fixation of distal radius, 
scaphoid, lunate, and triquetral fractures with gross displacement 
in a 10-year-old boy at 1 year, but described delayed abnormal 
carpal development. Ferlic et al. [14] operatively managed a de-
layed presentation of Kienböck disease with radial shortening. 

There is evidence for management of other carpal injuries, 
with established protocols for scaphoid nonunion in the pediatric 
population to be anatomically reduced with stable fixation, with 
or without bone grafting. The management of other types of car-
pal nonunion in children, and particularly the lunate, is much 
less clear. Wyrick et al. [34] advocated for open reduction and in-
ternal fixation in all displaced pediatric carpal fractures. 

In our case, the patient was nonoperatively managed following 
the initial reduction of the distal radius fracture. However, the 
following questions remain: (1) What follow-up time is appropri-
ate for pediatric carpal fractures to identify delayed consequences 
of injury, and delayed union? (2) Should lunate fixation be per-
formed at the primary operation? (3) Is lunate nonunion detri-
mental to wrist function and does it cause chronic pain? (4) 
Should delayed open reduction with internal fixation, with or 
without bone grafting, be performed simply to achieve union or 
only in the presence of symptoms? 

CONCLUSIONS 

Pediatric carpal fractures are rare and easily missed, and their 
long-term impact remains unknown. A high index of suspicion 
is required in order to make an accurate diagnosis and ensure 
that occult injuries are not missed. No evidence exists regarding 
the specific management of pediatric lunate fractures, and good 
outcomes have been reported in both operatively and nonopera-
tively managed cases. The rate of Kienböck disease is unclear in 
the pediatric population. We present a case of nonoperative man-
agement based on the patient’s symptoms. Although successful in 
the short to mid-term, this has resulted in some limitation of 
function after 3 years. We are still unable to comment on the 
long-term prognosis of this injury, but will continue to follow his 
progress. If a nonoperative approach is to be taken, we recom-
mend immobilization in a cast for a minimum of 4 weeks and a 
maximum of 8 weeks. 
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