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Abstract
This paper presents a review of the literature on pseudarthrosis 
of the scaphoid in skeletally immature individuals, taking into 
consideration its epidemiology, diagnosis and treatment, as well 
as its controversies. Knowledge of this subject makes it possible 
for patients to be given appropriate treatment immediately. Pseu-
darthrosis of the scaphoid in skeletally immature patients is a rare 
condition that results from error or lack of diagnosis of a fracture. 
Thus, careful clinical and radiographic examination should be 
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INTRODUCTION

Pseudarthrosis of the scaphoid in immature skele-
tons has been described by some authors, but because 
of the rarity of this lesion, diagnostic suspicion is ra-
rely aroused and there is some controversy regarding 
its treatment(1). Identifying the lesion is made difficult 
because of lack of or error in diagnosing scaphoid 
fractures. This may occur because of the radiological 
difficulties inherent to immature skeletons and be-
cause of the usual tendency to observe only the distal 
extremity of the radius, where trauma occurs much 
more frequently(1-3).

Fractures of the scaphoid in children are rare and 
represent 0.4% of fractures of the upper limbs and 
2.9% of fractures of the wrist and hand. The low in-
cidence in children is probably due to the thickness 
of the cartilage that covers and protects the center of 
ossification, such that considerable energy is needed 
for fracturing to occur. Unlike what occurs in adults, 

fractures of the scaphoid in children affect the distal 
pole in 59 to 87%, the middle portion in 12 to 36% 
and the proximal pole in 0 to 2%. Children also pre-
sent a very low rate of pseudarthrosis (0.8%)(1,2,4-6).

Taleisnik and Kelly(7) reported that the vascular 
supply of the scaphoid does not change with growth. 
Both in adults and in children, the proximal pole 
of the scaphoid has a poor vascular supply because 
of retrograde intraosseous blood flow, thus making 
occurrences of pseudarthrosis possible(3,7).

The natural history of pseudarthrosis of the sca-
phoid in immature skeletons is unknown. The biome-
chanical alterations seen in the wrists of adults have 
not yet been reported in children(8-10). A differential 
diagnosis need to be made with bipartite scaphoid, 
which is usually bilateral, asymptomatic and unrela-
ted to previous trauma. The two halves of a bipartite 
scaphoid are radiologically separate, with similar den-
sities and regular borders(2,3).
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performed in order to confirm or rule out this diagnosis. Several 
treatment methods have been reported and have shown good 
results. These include conservative plaster cast treatment, bone 
graft without osteosynthesis, bone graft with Kirschner wires, 
percutaneous screws and bone graft with compression screws. 
The treatment performed depends on the characteristics of the 
pseudarthrosis and the surgeon’s experience.
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re of the scaphoid in children were reported by Evenski 
et al(5), thus showing that 30% of their patients did not 
present any initial radiographic evidence of a fracture, 
although there was a high level of clinical suspicion. 
These patients presented positive radiographs over the 
course of the follow-up. These authors thus recommen-
ded that physicians should be more attentive to patients 
who presented pain on palpating the scaphoid and on 
mobilizing the wrist. In such cases, the patient should 
be immobilized for two weeks and the examination 
should then be repeated, with new radiographs.

Clarke et al(13) highlighted the importance of ade-
quate orthopedic follow-up and radiological examina-
tions for children with suspected fractures of the sca-
phoid, so as to prevent progressive arthritis and future 
surgical treatment for pseudarthrosis of the scaphoid.

Computed tomography assists in viewing the shape 
and angles of the scaphoid, and magnetic resonance 
imaging (MRI) helps in detecting necrosis of the pro-
ximal pole of the scaphoid. Johnson et al(16) reported 
that MRI is as sensitive among children as it is among 
adults for detecting wrist injuries.

Treatment and controversies
Most fractures of the scaphoid in immature skele-

tons respond well to conservative treatment using a 
plaster cast. Several authors have suggested that short 
plaster casts should be used among children for six 
to eight weeks and among adolescents for eight to 
twelve weeks. However, displaced fractures require 
surgical treatment in order to avoid skewed consoli-
dation or pseudarthrosis(2,6,17).

The treatment for pseudarthrosis of the scaphoid in 
adults is well established. However, for children, there 
is still some controversy regarding the best protocol to 
follow(2). Several methods have been reported to pre-
sent good results, including conservative treatment with 
plaster casts, bone grafts without osteosynthesis, bone 
grafts with Kirschner wires, percutaneous screws and 
bone grafts in association with compression screws(1,4).

Weber et al(18) proposed prolonged treatment with 
plaster-cast immobilization for pseudarthrosis of the 
scaphoid in the cases of six children, for a mean pe-
riod of five months (i.e. until consolidation was attai-
ned). They reported that no stiffness or osteoporosis 
was seen in their cases and that full wrist mobility was 
achieved. Chloros et al(10) and Duteille et al(19) did not 
agree with the use of a plaster cast for a prolonged 
period because in their view, it might not provide the 
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Louis et al(11) studied 196 human fetuses and re-
viewed 11,280 radiographs of children’s hands, and 
did not find any examples of bipartite scaphoid. From 
this, they concluded that this condition is acquired 
through trauma, which results in asymptomatic pseu-
darthrosis of the scaphoid.

In cases of late presentation or negligence at the 
time of the injury (with continuing mobility at the fo-
cus of the fracture), there is the possibility that pseu-
darthrosis might occur. When such diagnoses are made, 
patients need to receive the appropriate treatment.
Classification

Pseudarthrosis of immature skeletons is classified 
by most authors into four types, as prescribed by Filan 
and Herbert(12): D1 – fibrous union; D2 – pseudarthro-
sis; D3 – sclerotic pseudarthrosis; D4 – avascular ne-
crosis. This classification provides a guide for surgeons 
regarding the type of treatment to use(1,8,9,12) (Figure 1).

Figure 1 – Filan and Herbert classification(12). 

Clinical condition
The clinical condition varies from asymptomatic 

states to presence of symptoms like persistent pain 
and edema. Physical examinations on symptomatic 
cases show that the anatomical snuffbox is sensitive 
to palpation and that wrist mobility is limited. Most 
cases present previous histories of trauma(1,10,13,14).

Diagnosis through imaging
Radiographs in anteroposterior and lateral views are 

fundamental in making the diagnosis. They may also be 
complemented by specific views for the scaphoid(8,9,13). 
Masquijo and Willis(1) reported that the presence of 
sclerosis, cystic formations and bone reabsorption defi-
ne pseudarthrosis on radiographic images. On the other 
hand, Osterman and Mikulics(15) defined pseudarthrosis 
of the scaphoid as a situation in which consolidation 
had not occurred three months after the injury.

Initial negative radiographs at the time of the fractu-
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solution for the potential problems of pseudarthrosis 
of the scaphoid (shortening of the scaphoid), which 
could potentially cause degenerative conditions of the 
wrist. Suzuki and Herbert(20) reported on two cases 
of spontaneous correction of the scaphoid after pseu-
darthrosis, over a four-year follow-up period, without 
corrective osteotomy or bone grafting. Fabre et al(21) 
recommended that the initial treatment should be with 
a plaster cast, and that if there was no clinical or ra-
diological improvement after three months, surgical 
treatment would become the best option.

Pick and Segal(22) described a case of fracture of 
the scaphoid in an eight-year-old child who, despite 
adequate immobilization, evolved to non-consolida-
tion. However, the lesion became completely asymp-
tomatic without any type of treatment. Radiologically, 
pseudarthrosis of the scaphoid takes the form of a 
bipartite scaphoid. Furthermore, Clarke et al(13) re-
ported the case of an 11-year-old child who achieved 
spontaneous consolidation of the scaphoid two years 
after the fracture, without any type of treatment.

Henderson and Letts(23) evaluated 20 cases of pseu-
darthrosis of the scaphoid in immature skeletons that 
were all initially treated using a plaster cast for four 
months without success. These authors then recommen-
ded surgical treatment, using Herbert screws and bone 
grafts in 11 cases; bone grafts without fixation in six 
cases; bone grafts and Kirschner wires in two cases; and 
only a Herbert screw in one case. Thus, they showed 
that consolidation occurred with all the surgical treat-
ment techniques among these children, and reported 
that that only the cases with bone grafts alone required 
a longer duration of immobilization. Therefore, these 
authors indicated surgical treatment as the best method 
for this type of lesion.

García-Mata(3) reported on four cases of pseudar-
throsis in children under the age of 15 years who were 
treated surgically with bone grafts alone, and recom-
mended this technique for cases in which reconstruc-
tion of the shape and length of the scaphoid was re-
quired. This author believed that, for children, there 
was no need for osteosynthesis because their poten-
tial for cure was greater than that of adults. Hamdi 
and Khelifi(24) and Maxted and Owen(25) believed that
using Kirschner wires on the bone graft was useful for 
achieving union and that this method was an impor-
tant addition for the procedure. Waters and Stewart(14) 
recommended the use of vascularized bone grafts in 

association with internal fixation for cases of avascu-
lar necrosis and pseudarthrosis of the scaphoid in im-
mature skeletons. Southcott and Rosman(26) indicated 
surgical treatment with a bone graft from the radius 
by means of an anterior route, while Caputo et al(27) 
indicated the same technique, but via a dorsal route.

Mintzer and Waters(28) and Mintzer et al(29) re-
ported the results from 13 cases of pseudarthrosis 
of the scaphoid in immature skeletons treated surgi-
cally. Four cases were treated using the Matti-Russe 
procedure(30) and nine cases with a bone graft plus a 
Herbert screw. All the cases evolved to bone union. 
They also reported that one small Herbert screw could 
be used in a small scaphoid without complications. 
Fugioka et al(31) also reported that using a cannulated 
screw provided consolidation without interference in 
scaphoid growth. Most series have shown that it is 
safe to use compression screws in children over the 
age of 11 years, without risks of complications.

Masquijo and Willis(1) reported on 23 cases of 
pseudarthrosis in immature skeletons, which were 
successfully treated by means of a surgical approach 
with a bone graft and fixation using a compression 
screw (Herbert or Acutrak®) and indicated this proce-
dure for cases of unstable pseudarthrosis in which the 
association of bone graft and internal fixation would 
combine the biological properties of the graft and 
the mechanical advantages of the compression screw. 
Jeon et al(8,9) recommended percutaneous fixation 
with a Herbert screw for cases of stable pseudarthrosis 
with minimal bone reabsorption and without defor-
mities. Slade et al(32) reported that in selected cases 
of fibrous union or cases of non-union with minimal 
sclerosis that had the biological capability to achieve 
consolidation but lacked mechanical stability for cure 
to be attained, percutaneous fixation with a Herbert 
screw would be enough for consolidation. Finally, Toh 
et al(33) reported on 46 cases of pseudarthrosis of the 
scaphoid in children, which was not considered to be 
a rare injury in their study, and they indicated surgi-
cal treatment with internal fixation as the best option.

CLINICAL CASE

A 14-year-old female patient sought our service 
because of pain in her left wrist, in the region of the 
anatomical snuffbox. She did not have any history of 
trauma. Anteroposterior and lateral radiographs on the 
wrist showed pseudarthrosis of the scaphoid (Figure 2). 
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She underwent surgical treatment consisting of a vas-
cularized bone graft and fixation using a Herbert screw, 
via a dorsal route. During outpatient follow-up, antero-
posterior and lateral radiographs on her wrist showed 
consolidation of the scaphoid three months after the 
operation (Figure 3).

At a follow-up assessment of wrist function one year 
after the operation, the Green and O’Brien assessment 
system was used(34). This classified the patient’s func-
tional ability as excellent, since the score presented was 
greater than 90 (Figure 4).

Figure 2 – Anteroposterior and lateral radiographs showing pseu-
darthrosis of the scaphoid in the middle third.

Figure 3 – Anteroposterior and lateral radiographs showing con-
solidation of the scaphoid.

Figure 4 – Functional result.

FINAL REMARKS

Pseudarthrosis in skeletally immature patients is a 
rare event. However, appropriate attention needs to be 
given to children with wrist trauma, in order to avoid 
missing the diagnosis of fracture of the scaphoid and 
its correct treatment at the time of the initial trauma. 
There is still no standard treatment to follow. A va-
riety of protocols have been used by a wide range of 
authors, who have all reported that the treatment used 
in the cases reported. Therefore, the treatment to be 
used depends on the characteristics of the pseudar-
throsis and the surgeon’s experience.
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