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Outcome of diaphyseal pediatric forearm fractures 
following non-surgical treatment in a Level I Trauma 
Center

Introduction

Fractures in children are common scenarios facing physicians.[1] 
Forearm fractures in childhood account for 25% of all other 
injuries.[2] Some authors believe it accounts for 30%–50% of all 
pediatric fractures.[3-6] Forearm diaphyseal fractures constitute 
around 6% of all other children’s fractures.[7] Children between 

5 and 14 years of age have the highest fracture incidence.[8] 
The risk of fracture for children <16 years of age is 42% in 
boys compared to 27% among girls.[2] Although conservative 
treatment, depending on the case presentation, is usually 
preferred to avoid complications of surgical treatment, several 
studies showed that treatment of diaphyseal forearm fractures 
has increasingly become surgical.[9-12] The increased rate was 

Original Article

Bander S Alrashedan1, 
Ayman H Jawadi2, 
Samir Omar Alsayegh3, 
Ibrahim F. Alshugair4, 
Mohammed Alblaihi1, 
Tariq A. Jawadi3, 
Anas Ahmed Hassan2, 
Abdulrahman Mohammed 
Alnasser3, 
Nawaf Bakhit Aldosari5, 
Mishary Abdulaziz Aldakhail5

1Department of  Orthopedic Surgery, King 
Saud Medical City, Ulaishah, 7790 Al Imam 
Abdul Aziz Ibn Muhammad Ibn Saud, Riyadh 
12746, Saudi Arabia, 2Department of  Pediatric 
Orthopedic Surgery, King Saud Bin Abdulaziz 
University for Health Sciences, King Abdullah 
Specialized Children Hospital, National Guard 
Health Affairs, Ar Rimaya, 2869, Riyadh 
14611, Saudi Arabia, 3Department of  Pediatric 
Orthopedic Surgery, King Abdullah Specialized 
Children Hospital, National Guard Health 
Affairs, Ar Rimaya, 2869, Riyadh 14611, Saudi 
Arabia, 4Department of  Family Medicine, Prince 
Sultan Military Medical City, As Sulimaniyah, 
As Sulimaniyah, Riyadh 12233, Saudi Arabia, 
5College of Medicine, Alfaisal University, Al 
Maather, Riyadh 11533, Saudi Arabia

Address for correspondence: 
Bander S. Alrashedan,  
Department of Orthopedic Surgery,  
King Saud Medical City, Ulaishah, 7790,  
Al Imam Abdul Aziz Ibn Muhammad Ibn Saud,  
Riyadh 12746 3617, Riyadh 12746.  
Phone: 00966505535598.  
E-mail: B.alrashedan@gmail.com

ABSTRACT

Objectives: Pediatric diaphyseal forearm fractures are common injuries of childhood. 
Conservative modality of treatments is usually preferred when they are possible. We 
identified factors that may affect closed reduction success or lead to redisplacement 
in forearm diaphyseal fractures in children.

Methods: This was a retrospective study from a level I trauma center on patients up 
to 18 years of age who presented with forearm diaphyseal fractures from January 1, 
2007, to December 31, 2015. Cases were obtained from medical records. Data were 
collected and confirmed by plain films and medical files.

Results: We included 145 patients in this study. The majority (86.2%) were boys. 
Around 29% of trials of closed reduction failed, and the patients were subsequently 
treated surgically. Following trials of closed reduction, 82.4% of both bone cases 
were successfully reduced compared to 42.9% of radius shaft cases (P = 0.006). 
Redisplacement following non-surgical treatment in the first follow-up was found 
in 32% of both bone cases and 13.3% of radial shaft cases. All Galeazzi cases that 
were successfully treated with closed reduction presented with no redisplacement on 
follow-up.

Conclusion: Immediate surgical management might be considered in older children, 
especially above 12 years of age since they have a higher failure rate of closed reduction 
than younger ones. Fracture site should be taken into account when following pediatric 
diaphyseal forearm fractures following conservative treatments as cases with both 
bone involvement have a high success rate of closed reduction and considerably high 
rate of redisplacement compared to others.

Keywords: Childhood injuries, children fractures, diaphyseal fractures, forearm 
fractures, pediatric fractures
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attributed due to immediate complications of non-surgical 
treatment such as redisplacement and loss of mobility.[13] The 
focus on this subject in the literature varies when it comes to 
forearm shaft fractures treatment and outcome.[14] Treatment 
of forearm shaft fractures can be divided as non-surgical or 
conservative (cast only or closed reduction and cast application) 
or surgical (percutaneous intramedullary nails or plate and 
screws fixation). Loss of reduction is the most common 
complication of pediatric forearm fractures.[8] Redisplacement 
rate during follow-up ranges from 7 to 27%.[15-18] 

Recognition of potential predictors of redisplacement 
may improve the effectiveness of cast immobilization and 
identify patients who need surgical intervention rather than 
conservative management. Our aim in this study is to identify 
factors that lead to failure of closed reduction or redisplacement 
in children with diaphyseal forearm fractures.

Methods

A retrospective study was done in a level I trauma center 
after the approval from the ethical committee. All patients 
up to age 18 years who presented with complete fractures 
of radius and/or ulna bone diaphysis from January 1, 2007, 
to December 31, 2015, who were treated and followed up in 
outpatient clinics until discharge were included in the study. 
We did not include any pathological fracture case. Moreover, 
patients who had no follow-up after their initial presentation 
in the emergency department were excluded from the study. 
167 patients had presented with diaphyseal forearm fractures. 
Twenty-two cases were excluded, 21 were due to the absence of 
follow-up, and a case due to pathological fracture secondary to 
end-stage renal disease.. The aim of this study is to determine 
potential predictive factors that may lead to redisplacement or 
failure of closed reduction which are demographics (age and 
gender), affected bone (radius, ulna, or both bone), fracture 
pattern (proximal, middle, and distal third), degree of initial 
angulation, and involvement of radioulnar joint (RUJ). Angle 
measurements were obtained from X-ray films, and patients’ 
demographic data, treatment type, and follow-up information 
were obtained from medical files. Data collected using 
X-ray films were degree and direction of angulation, site of 
fracture, and proximal or distal RUJ involvement. Regarding 
information taken from medical files, we obtained age, gender, 
hospital course on presentation (cast immobilization, closed 
reduction, or operative reduction), and time of follow-up from 
initial presentation. In our institution, orthopedic residents 
manage all orthopedic cases in ER with senior supervision. 
All closed reductions were done under conscious sedation. 
All patients were scheduled for follow-up 1 week after the 
emergency room (ER) presentation. Above elbow full cast 
was used in all cases that were managed non-surgically. SPSS 
software (Version 21.0, IBM Corp., Armonk, NY) was used for 
data analysis. Descriptive analyses were carried out in terms of 
frequencies and percentages for categorical variables and mean 
and standard deviation for continuous variables. Statistical 

differences between groups were tested using the Chi-square 
test. P < 0.05 was considered to be statistically significant.

Results

The average age of the patients was 10.16 years (SD: 4.82). 
We found 125 male cases and 20 female cases with a ratio of 
(6.25:1). Most fractures involved the distal 1/3 of the diaphysis 
of both bones (45.5%). Left-sided fractures were 103 (61.68%), 
right-sided were 62 (37%) review, and bilateral diaphyseal 
fractures were seen in two cases (1.2%). Seventy-two (49.7%) 
cases were successfully managed by open reduction and 
internal fixation by plating and screws, and 25 (17.2%) were 
managed with closed reduction and intramedullary nails 
without any further redisplacement. 24 (16.6%) cases were 
managed with cast only, and another 24 (16.6%) were managed 
with closed reduction and cast application in the ER.

Of 48 patients who had a trial of closed reduction in the ER, 
14 (29.2%) patients had unsuccessful closed reduction and 
were subsequently treated surgically. Thirty-four (70.8%) 
had initial successful closed reduction, of which 10 (29.41%) 
cases had their fractures redisplaced in the first follow-up 
visit (after 1 week) and were subsequently treated surgically. 
The average age was 9 years (SD: 4) in successful closed 
reduction group and 12 years (SD: 3) in the failed closed 
reduction group with statistical significant difference between 
the two groups (P = 0.02). The average initial angulation was 
20.3° (SD: 10.8) in the successful closed reduction group 
and 24.9° (SD: 8.2) in the failed closed reduction group. Of 
34 both bone fractures, which were managed initially with a 
closed reduction in the ER, 82.4% (n = 28) were successfully 
reduced while 42.9% (n = 6) of radial shaft fractures were 
successfully reduced with statistical significant difference (P 
= 0.006). Successful closed reduction was achieved in 70.7% 
(n = 29) of dorsally displaced fractures and in 71.4% (n = 5) 
of fractures with volar displacement. In cases with distal RUJ 
involvement, 62.5% (n = 5) had failure of closed reduction 
compared with cases that were successfully treated with closed 
reduction 37.5% (n = 3) with statistical significant difference 
(P = 0.02). Successful closed reduction was achieved in 
90.9% of middle third fractures of both bone, 78.3% of distal 
third fractures of both bone, 60% of middle third fractures of 
the radius, and 33.3% of distal third fractures of the radius 
diaphyseal fractures with statistical significant difference 
(P = 0.02) [Table 1]. Sixty-seven patients had non-surgical 
treatment initially, 33 (49.3%) were treated with cast only 
while 34 (50.7%) were treated with closed reduction and 
cast immobilization. Of the 67 patients who were managed 
conservatively, 19 (28.4%) presented with redisplacement on 
follow-up. In patients who presented with redisplacement, the 
average age of presentation was 10.5 years (SD: 5), male-to-
female ratio was 16:3, and the average initial angulation was 
13.6° (SD: 11.8). Out of both bone diaphyseal fractures, 32% 
(n = 16) presented with redisplacement while 13.3% (n = 2) 
of radial diaphyseal fractures presented with redisplacement. 
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There were three Galeazzi cases successfully managed with 
closed reduction and cast in the ER, none of which redisplaced 
and they achieved proper alignment. Of all cases in the study, 
we found 28.6% (n = 2) of volar displacement cases presented 
with redisplacement and 28.3% (n = 17) of dorsal displacement 
cases presented with redisplacement [Table 2].

Discussion

Recently, diaphyseal forearm fractures in children have become 
increasingly common.[19] Some studies showed that there is an 
increased interest in surgical treatment of diaphyseal forearm 
fractures.[9-12] It was reported that there is an increase in the rate 
of complications following non-operative treatment compared 
with operative treatment which could be the reason that 
they have become more surgical.[13] Complications included 
redisplacement, decreased in range of motion, delayed union, 
residual deformity, and refracture.[13,20] Of these complications, 
redisplacement was our main concern along with failure of 
closed reduction and factors that lead to them. Sinikumpu 
et al.[21] did not support the recent trend that forearm fractures 
are becoming more surgical as they found a good long-term 

outcome following non-operative treatment. Sinikumpu et al.[8] 
found that the incidence of plating in pediatric diaphyseal of 
forearm fractures to be 5% compared with 30% incidence of 
elastic medullary nailing. We found that around 50% of the 
cases were managed by rigid fixation with plating making 
it the major treatment modality compared with 17% of the 
cases managed by intramedullary nailing. In our population, 
97 (67%) of all cases were treated operatively, around 34% (n 
= 33) of them were treated initially with non-surgical treatment 
modalities (closed reduction and cast or cast only) but failed 
due to initial closed reduction failure or redisplacement on 
follow-up. We support the recent trend of surgical treatment 
as we found a considerably high rate of surgically treated 
cases primarily or due to failure of conservative treatment 
modalities. Closed reduction and cast immobilization are 
considered the gold standard in the treatment of pediatric 
forearm fractures.[16] Due to higher tendency for fractures to 
remodel in children, closed reduction is the recommended 
choice of treatment, especially in children aged 9 years or 
younger even with high degree of displacement in both radius 
and ulna fractures as some authors suggested.[22,23] Closed 
reduction is indicated in patients whose age is 0–8 years with 

Table 1: Closed reduction failure versus success
Variables Closed reduction outcome P value 

Failed Success

Count Row n (%) Count Row n (%)

Gender

Female 1 16.7 5 83.3 0.47

Male 13 31.0 29 69.0

Side

Left 10 37.0 17 63.0 0.17

Right 4 19.0 17 81.0

Fracture type

Distal third of both bone 5 21.7 18 78.3 0.02

Middle third of both bone 1 9.1 10 90.9

Distal radius 6 66.7 3 33.3

Middle radius 2 40.0 3 60.0

Angulation Direction

Dorsal 12 29.3 29 70.7 0.97

Volar 2 28.6 5 71.4

Bone involvement

Both bone 6 17.6 28 82.4 0.006

Radius only 8 57.1 6 42.9

RUJ* involvement

RUJ not involved 9 22.5 31 77.5 0.02

RUJ involved 5 62.5 3 37.5

Age

Mean (SD) 12 (3) 9 (4) 0.02

Initial angulation

Mean (SD) 24.9 (8.2) 20.3 (10.8) 0.15
*RUJ: Radio-ulnar joint
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fracture angulation of >15° if they are in the middle and distal 
third, and more than 10° if it is in the proximal third.[24] Loss 
of reduction is the most common complication in pediatric 
forearm fractures and especially in both bone involvement.[8] 
29% of cases who underwent closed reduction in the ER failed 
in our study. We found that they had a higher average of initial 
angulation degree, higher average age at presentation, had more 
RUJ involvement, and there were a higher number of cases 
involving distal third of radius fractures when we compared 
them to successful closed reduction group with statistical 
significant difference (P < 0.05). More than half of the distal 
third of radial diaphyseal fractures were not successfully 
treated with closed reduction alone, unlike the other sites.

The usual treatment modality used for Galeazzi fracture-
dislocation is surgical in adults and conservative in children.[25,26] 
Closed reduction has shown good outcome in pediatric cases 
with Galeazzi fracture.[27,28] We found that 62.5% (n = 5) 
of Galeazzi cases had failure of closed reduction alone, 

while the rest were successful, with no redisplacement that 
necessitated surgical treatment with good functional outcome 
until discharge. Eberl et al.[29] found that only 15% of pediatric 
Galeazzi cases needed further surgical treatment, which is more 
satisfactory than what we found (62.5%).

Average age and average initial angulation were found to 
be higher in failed closed reduction than successful closed 
reduction groups. Tarmuzi et al.[30] concluded that children 
with forearm diaphyseal fractures younger than 10 years of 
age with up to 20° of angulation are acceptable to be treated 
conservatively. In comparison to our study, we found that 
the average age of cases who had failure of closed reduction 
treatment was significantly higher than successful cases (mean 
= 12 years with SD: 3 versus mean = 9 years with SD: 4) (P 
value: 0.02). The average initial angulation was higher in 
failed closed reduction group 24.9° (SD: 8.2) compared to 
20.3° (SD:10.8) in successful closed reduction group with no 
statistical significance (P = 0.15).

Table 2: Cases who presented with redisplacement in comparison with stable cases
Variables Displacement P value

Re‑displacement Success

Count Row n (%) Count Row n (%)

Gender

Female 3 27.3 8 72.7 0.93

Male 16 28.6 40 71.4

Side

Left 10 30.3 23 69.7 0.72

Right 9 26.5 25 73.5

Fracture type

Distal third of both bone 14 42.4 19 57.6 0.16

Middle third of both bone 2 12.5 14 87.5

Proximal third of both bone 0 0.0 1 100.

Distal third of radius 2 15.4 11 84.6

Middle third of radius 0 0.0 2 100.0

Middle third of ulna 1 50.0 1 50.0

Angulation direction

Dorsal 17 28.3 43 71.7 0.98

Volar 2 28.6 5 71.4

Bone involvement

Both bone 16 32.0 34 68.0 0.29

Radius 2 13.3 13 86.7

Ulna 1 50.0 1 50.0

RUJ* involvement

RUJ not involved 19 29.7 45 70.3 0.26

RUJ involved 0 0.0 3 100.0

Age

Mean (SD) 10 (5) 8 (5) 0.14

Initial angulation

Mean (SD) 13.6 (11.8) 12.9 (11.1) 0.82
*RUJ: Radio-ulnar joint
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Colaris et al.[31] found that redisplacement was seen in 27% 
of the cases who had a diaphyseal fracture of the forearm, 
which is close to what we found (28.4%). In the literature, the 
chance of redisplacement is between 7% and 27% of the cases 
presented with diaphyseal forearm fractures during follow-
up.[15-18] Both bone fractures are believed to be less stable 
than a single bone fracture.[17,32,33] Admittedly, we found that 
32% of both bone diaphyseal fractures in our study showed 
redisplacement compared to 13.33% of radial diaphyseal 
cases. There were only two cases of ulna diaphyseal fractures 
treated conservatively, a case presented with redisplacement. 
Both bone distal third diaphyseal fractures showed the highest 
rate of redisplacement compared to other sites in the radius or 
both bone. To make sure that the fracture is stable and needs 
no further intervention, we usually follow-up a child with a 
forearm fracture after 1 week from their initial presentation to 
the ER following a non-surgical treatment. Half of the cases 
who presented with redisplacement presented later than 1 week 
in the initial follow-up which might indicate incompliance 
with instructions of the treating physicians. Initial angulation 
is not believed to be a risk factor for redisplacement by some 
authors.[31,34,35] There is no statistically significant difference 
in average initial angulation between the redisplaced and the 
non-redisplaced groups (P = 0.82). However, some authors 
believe that the initial displacement is an important factor 
that might lead to redisplacement.[10,16,23] Fractures in older 
children tend to redisplace more than younger ones.[36,37] We 
found that the average age of children who presented with 
redisplacement is more than those who had stable fractures but 
with no statistically significant difference (P = 0.14).

Our findings are generalizable as all presented patients with 
follow-up visits were included in the study. Future studies 
should be focused on the long-term outcome of children with 
diaphyseal forearm fractures to assess complications following 
all treatment modalities.

Limitations
The data involved a single-center and it would have been better 
if more centers were involved for more representative data.

Conclusion

Fracture site should be taken into account with patients 
following up. Closer follow-up is essential, especially in both 
bone fracture cases, since they were found to have a higher 
rate of redisplacement on follow-up as well as a higher rate 
of initial successful closed reduction in comparison to radial 
diaphyseal fractures with or without distal RUJ involvement. In 
addition, immediate surgical management might be considered 
in older children, especially above 12 years of age, since they 
have a higher rate of closed reduction failure than younger 
patients. Dorsal and volar angulations were nearly similar 
regarding the prevalence rate of close reduction failure, 
success, and redisplacement. Our study supports the recent 

trend of operative treatment in pediatric diaphyseal forearm 
fractures since we found a high rate of cases treated surgically 
as the primary treatment or secondary to failure of conservative 
treatments modalities.
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