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Introduction

Scaphoid fractures occur in children and adolescents 
accounting for 2.9% of all pediatric hand and wrist frac-
tures.13 Adult literature has shown that the distally based 
vascularity, near complete cartilaginous surface, and numer-
ous carpal articulations make scaphoid fractures susceptible 
to complications such as pseudarthrosis, nonunion, and 
avascular necrosis.3,6,9,13 Early evaluation and appropriate 
treatment are important in avoiding complications. While 
guidelines for treating adult scaphoid fractures have been 
well described,19 the pediatric fracture differs in etiology, 
morphology, and clinical outcomes.3,9 To date, guidelines 
for pediatric fractures have not been well established.

Operative and nonoperative treatments exist for pediat-
ric scaphoid fractures. Nonoperative cast immobilization is 
commonly employed; however, providers prefer different 
casting positions and durations.7,12,15,16,31,35 While most  

providers treat all pediatric fractures with cast immobiliza-
tion, several providers promote surgical intervention under 
certain indications.5,14,18,30 Operative treatments can also 
vary, ranging from closed reduction percutaneous pinning 
to open reduction screw fixation.2,14,30 Ultimately, manage-
ment of pediatric fractures varies significantly across pro-
viders without clear indications for surgical intervention.

Few studies have compared clinical outcomes following 
pediatric scaphoid fractures. The objective of this study was 
to conduct a literature review and systematic quantitative 
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Abstract
Background: Early evaluation and appropriate management of pediatric scaphoid fractures are necessary to avoid 
complications. To date, current management of pediatric fractures varies among providers. The objective of this study was 
to compare clinical outcomes following different treatment modalities. Methods: A PubMed literature search identified 
studies involving acute scaphoid fractures in children. Studies were evaluated for treatment provided and their respective 
effects on union rate, wrist range of motion, and wrist pain. Data were pooled across studies, and quantitative statistical 
analysis was conducted to compare outcomes. Results: Seventeen studies representing 812 acute pediatric scaphoid 
fractures were included in the current analysis. We found 93.5% of scaphoid fractures were treated with cast immobilization 
vs 6.5% treated surgically as 13 of 17 authors treated all fractures with immobilization vs 4 of 17 studies who offered surgical 
intervention. We found pediatric scaphoid fractures had excellent bone union rates (96.2%) with no difference between 
the cast immobilization and surgery groups (P value NS). Long- and short-arm thumb spica immobilization protocols were 
commonly employed; however, we found no difference in the rates of union (P value NS). At follow-up, 99.0% of patients 
treated nonoperatively had normal wrist range of motion and 96.8% were pain free. Conclusions: Pediatric scaphoid 
fractures have excellent outcomes. Nonoperative treatment results in a high rate of union with few posttreatment wrist 
symptoms. Nonsurgical treatment represents an adequate treatment modality in a majority of acute pediatric scaphoid 
fractures, wherein the role for surgery needs to be better defined.
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analysis to compare union rates and posttreatment wrist 
complaints across different treatment modalities. We hope 
the resulting data will help define treatment algorithms for 
providers managing pediatric patients.

Materials and Methods

Search Methodology

A computerized literature search of PubMed databases was 
conducted to identify English-language studies focused on 
scaphoid fractures in children. The following keywords 
were used in our search: “scaphoid,” “fractures,” “children,” 

and “surgery.” We used MeSH keywords and Boolean oper-
ators “AND/OR” to create combined data set searches. We 
reviewed databases for publications prior to 2016. Data-
bases were last accessed on April 2017. Contact with study 
authors was attempted but did not yield additional data. As 
shown in Figure 1, 302 studies were identified from our ini-
tial database search. Duplicate articles were removed yield-
ing 201 articles for subsequent screening. One hundred 
seventy-nine articles were excluded based on the inclusion/
exclusion criteria, and another 5 articles were excluded 
based on incomplete, unclear, or consolidated data that 
could not be statistically analyzed. Ultimately, 17 articles 
were included in our study.

Figure 1.  Study selection process.
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Inclusion/Exclusion Criteria

Inclusion/exclusion criteria were set to identify a specific 
study population. Studies were selected based on the fol-
lowing inclusion criteria: (1) studies evaluating pediatric 
patients defined as age less than 18 years; (2) studies con-
taining a sample size greater than 4 subjects; (3) studies 
evaluating acute fracture presentations; (4) studies detailing 
treatment protocols; and (5) studies evaluating treatment 
outcomes. Studies were eliminated based on the following 
exclusion criteria: (1) studies representing review, meta-
analysis, or case report studies; (2) studies in which frac-
tures included malunions, nonunions, or chronic 
presentations; and (3) studies that did not correlate treat-
ment and clinical outcomes. If studies included additional 
data on adult patients, chronic fractures, or malunions/non-
unions, data were stratified to only include data that met 
inclusion/exclusion criteria.

Data Extraction and Statistical Analysis

Data were extracted independently by 2 members of the 
study team (P.S. and A.S.) and subsequently reviewed to 
ensure data accuracy. Articles were reviewed for patient- 
and treatment-related variables. Patient-related variables 
included patient age and fracture morphology (ie, displaced, 
proximal/middle/distal third fracture). Treatment-related 
variables included the specifics of treatment provided (ie, 
surgical vs nonsurgical, type and duration of immobiliza-
tion, surgical fixation technique). Clinical outcomes evalu-
ated included rate of bone union and posttreatment wrist 
symptoms related to wrist range of motion and wrist pain. 
Data were pooled across studies into a combined data set 
and statistical analysis was conducted. Summary statistics 
using Student t test and analysis of variance tests were used 
where appropriate to evaluate outcomes between treatment 
groups. Statistical significance was set with P value <.05, 
with all tests 2 sided.

This study was conducted using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.22

Results

Characteristics of Literature Reviewed

The current study analyzed 17 studies representing 812 
acute pediatric scaphoid fractures. Studies were most 
commonly published between years 1990 and 2016 but 
included publications from years 1961 to 2016. Geographi-
cal locations of publications also varied. Studies were 
most commonly conducted in the United States5,14,15,35 or 
Europe1,7,12,13,16,18,20,21,23,29,31 but represented the follow 
regions: Belgium,12 Japan,30 the United States,5,14,15,35 
Finland,31 England,7,16,21,29 Sweden,23 Denmark,20 Serbia,13 

Germany,18 Scotland,1 and Canada.27 We found 10 studies 
represented the university setting7,12,13,16,18,20,21,27,29,30 and 7 rep-
resented children’s hospitals.1,5,14,15,23,31,35

Treatment Protocols

Providers treated acute pediatric scaphoid fractures with 
either cast immobilization or surgical fixation. Here, we 
found 13 of 17 providers1,7,12,13,15,16,20,21,23,27,29,31,35 treated all 
scaphoid fractures nonoperatively with cast immobilization 
vs 4 of 17 providers who offered surgical intervention for 
proximal pole, unstable, or displaced fractures,5,14,18,30 based 
on the desire for early return to sports/activities,5 or frac-
tures failing initial trial of casting.14 We found 93.5% (757 
of 810) of scaphoid fractures were treated with cast immo-
bilization and 6.5% (53 of 810) were treated with surgical 
fixation. We found 43.4% of surgically treated fractures 
underwent open reduction screw fixation,14,30 50.9% under-
went percutaneous screw fixation,14,18,30 and 5.7% under-
went an unspecified surgical technique.5 Postoperative 
immobilization protocols were not documented systemati-
cally to draw generalized conclusions.

Next, our review of nonoperative treatments revealed a 
variety of immobilization techniques being employed. 
These most commonly included long-arm thumb spica pro-
tocols, short-arm thumb spica protocols, or a combination 
of short/long-arm thumb spica protocols; several studies did 
not specify their casting protocols. The duration of immobi-
lization ranged from 1 to 16 weeks; however, variability in 
data presentation prevented further analysis to identify pos-
sible trends. Authors did not state their specific rationale for 
the choice of immobilization.

Rate of Union

To compare the efficacy of surgical and nonsurgical treat-
ments, we evaluated rates of union between treatment 
modalities. In total, we found pediatric scaphoid fractures 
obtained excellent rates of union at 96.2% across all frac-
tures types and treatment modalities. Patients treated with 
cast immobilization vs surgery showed no difference in 
rates of union (96.0% union in cast immobilization group vs 
98.1% in surgery group; Figure 2) (P value NS). We reeval-
uated union rates after stratifying for surgically indicated 
fracture morphologies (ie, proximal pole, unstable, dis-
placed fractures, fractures failing initial casting trial)5,14,18,30 
and found no difference in rates of union between the cast 
immobilization and surgery groups (P value NS). We found 
only 8 patients with surgical indications underwent cast 
immobilization vs 51 patients who actually underwent sur-
gery. These studies, however, did not further stratify for 
severity of fracture displacement or degree of fracture insta-
bility, which may have influenced whether surgery was rec-
ommended. This may have otherwise affected comparative 
union rates in higher risk fractures.
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Next, we compared union rates across the various cast-
ing protocols. We found no difference in rates of union 
between short-arm thumb spica (97.4%), long-arm thumb 
spica (100%), and protocols that employed a transition from 
long-arm to short-arm thumb spica (95.0%; P value NS) 
(Figure 3). We found the duration of immobilization to 
range from 1 to 16 weeks. We were unable to determine the 
role of immobilization time on union rates as they were not 
uniformly presented nor stratified by immobilization posi-
tion or fracture type. This variability in data resulted in a 
low sample size, underpowered statistical testing, and the 
inability to draw generalized conclusions. Similarly, post-
operative immobilization protocols were not systematically 
documented to draw generalized conclusions.

Posttreatment Wrist Complaints

To determine the incidence of posttreatment wrist sequela, 
we evaluated wrist range of motion and wrist pain follow-
ing treatment. Following cast immobilization, we found 
99.0% of patients treated nonoperatively had normal range 
of motion and 96.8% reported pain-free sequela. Studies 
did not detail whether symptomatic patients represented 
cases of nonunion, malunion, or delayed union. Four studies 
evaluated wrist symptoms following surgical fixation.5,14,18,30  
These studies, however, did not stratify their analysis for 
acute fractures in surgically treated patients to conduct a 
comparative analysis. Similarly, too few studies evaluated 
surgery-related complications to draw generalized conclusions.

Discussion

In this study, we found pediatric scaphoid fractures achieved 
excellent union rates independent of the type of immobili-
zation and whether patients were treated via operative vs 
nonoperative modalities. This likely reflects the fracture 
etiology and morphology specific to the pediatric popula-
tion. Given the sequence of scaphoid ossification and 

delayed ossification of the proximal pole, most pediatric 
fractures occur at the distal pole and heal well given the 
retrograde blood supply of the scaphoid.26 Furthermore, the 
incidence of unstable or displaced fractures is less frequent 
in pediatric patients as the etiology of injury is less severe 
with fewer high-velocity mechanisms.7,9,31 The anatomic 
and physiologic qualities of pediatric scaphoid fractures 
produce superior outcomes relative to the adult population24 
and likely accounts for the excellent union rates.

Nonoperative treatment with cast immobilization avoids 
the negative effects associated with surgery in childhood as 
exposure to anesthesia,13 placement of permanent hard-
ware,26,33 possible growth restriction, and risks of infection, 
among numerous other complications.26 Vinnars et al fur-
ther promoted nonoperative treatment after finding it to be 
cost-effective relative to operative management.33 Other 
providers have suggested that operative treatment should be 
reserved for patients at or near skeletal maturity to prevent 
growth restriction.3 To this end, our study results parallel 
numerous opinions3,11 that most pediatric scaphoid fractures 
heal well with cast immobilization wherein further studies 
are needed to better characterize the fracture patterns that 
would benefit from surgery.

Surgical intervention, in contrast, is offered by several 
providers.5,14,18,30 Cited indications include proximal pole, 
unstable, or displaced fractures,5,14,18,30 fractures failing a 
trial of nonoperative treatment,14 and patients desiring an 
early return to sports/activities.5 We found union rates were 
no different between cast immobilization and operative 
treatment groups. This analysis, however, did not stratify 
for severity of displacement nor degree of fracture instabil-
ity, wherein more specific indications (ie, >2 mm displace-
ment) may have influenced comparative union rates for 
higher risk fractures. Various studies suggest operative 
intervention can achieve good union rates with less time, a 
quicker return to activities, and may be an attractive alterna-
tive for higher risk injuries.4,25 Several authors have pro-
moted surgical intervention with concern over occult 

Figure 3.  Rates of bone union following different immobilization 
protocols in acute pediatric scaphoid fractures.

Figure 2.  Rates of bone union following cast immobilization vs 
surgical intervention in acute pediatric scaphoid fractures.
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nonunions14 or the changing fracture patterns that resemble 
adults.14,18,27 While surgical intervention likely has a role in 
acute pediatric scaphoid fractures, its indications need to be 
defined beyond those cited in the current literature.

Despite numerous providers offering cast immobiliza-
tion for acute pediatric fractures, we found a variety of cast-
ing protocols being employed. The short-arm thumb spica 
immobilizes the base of the thumb and reduces shear forces 
between the first metacarpal, trapezium, and scaphoid. The 
long-arm thumb spica, in addition, immobilizes the elbow 
to diminish rotational movement across the scaphoid caused 
by pronation and supination.32 Consistent with the literature 
on adult scaphoid fractures,10 our study found no difference 
in union rates across the specified casting protocols (short-
arm thumb spica, long-arm thumb spica, combination long/
short-arm thumb spica). Rather than the extent of coverage, 
Clay et al suggested that the most important factor is the 
quality of casting in its mold to the palm.8

Posttreatment sequela is an important clinical outcome 
marker following fracture treatment. Posttreatment wrist 
symptoms can result from nonunion, malunion, stiffness, 
arthritic development, concurrent soft tissue injury, and 
surgery-related complications, among other etiologies.14,17 
In the current study, we found patients treated with cast 
immobilization achieved excellent wrist range of motion 
and wrist pain scores after treatment. The excellent rates 
following cast immobilization likely reflect the high union 
rates, low incidence of complication, and the remodeling 
potential of children.28,34 Similarly, studies evaluating surgi-
cal fixation found low rates of wrist symptoms after surgi-
cal intervention, but these studies did not stratify data for 
acute fracture presentations. While it appears surgical fixa-
tion can achieve good wrist scores given the high union 
rates and nonstratified study results,5,14,18,30 additional 
research is needed to compare wrist outcomes following 
cast immobilization and surgical treatment.

This study has several limitations. First, our study evalu-
ated retrospective studies and thus risks unmeasured bias 
and uncontrolled variables. Furthermore, while a compre-
hensive review of the literature was attempted, this study 
risks incomplete retrieval of published research and report-
ing biases of published data. Studies reviewed were also lim-
ited in their nonsystematic evaluation of posttreatment wrist 
complaints, lack of consistent stratification of treatment out-
comes by fracture morphology, and lack of details regarding 
postoperative immobilization protocols. Our study did not 
stratify results by patient age as younger children may have 
different fracture morphologies and outcomes relative to 
older adolescents. Similarly, we were unable to evaluate 
whether adolescents/young adults should be treated based 
on pediatric vs adult paradigms as chronological age func-
tions on a continuum. Despite these limitations, we believe 
our study represents a reliable analysis that can be used to 
help guide management in pediatric scaphoid fractures.

Conclusion

Scaphoid fractures in children have excellent outcomes. 
Patients undergoing surgical interventions vs cast immobi-
lization have comparable clinical outcomes. This likely rep-
resents the favorable prognostic factors characteristic of 
pediatric scaphoid fractures relative to adult fractures. Cast 
immobilization results in excellent rates of union with few 
posttreatment wrist complaints and serves as an adequate 
treatment modality for most pediatric fractures. While sur-
gery likely has a role in pediatric fractures, the indications 
need to be better defined.
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