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Abstract

Purpose Open fractures are considered an orthopaedic
emergency and are generally an indication for operative de-
bridement. Recent studies have questioned this approach for
the management of Gustilo-Anderson Type | open fractures
in the paediatric population. This meta-analysis studies the
non-operative management of Type | open paediatric fore-
arm fractures.

Methods An Ovid MEDLINE and PubMed database literature
search was performed for studies that involved a quantified
number of Gustilo-Anderson Type | open forearm fractures
in the paediatric population, which were treated without op-
erative intervention. A fixed-effect meta-analysis, weighting
each study based on the number of patients, and a pooled
estimate of infection risk (with 95% confidence interval (CI))
was performed.

Results The search results yielded five studies that were eli-
gible for inclusion. No included patients had operative de-
bridement and all were treated with antibiotics. The number
of patients in each study ranged from 3 to 45, with a total
of 127 paediatric patients in the meta-analysis. The infection
rate was 0% for all patients included. The meta-analysis esti-
mated a pooled infection risk of 0% (95% CI 0 to 2.9).

Conclusions The five included studies had a total of 127 pa-
tients with no cases of infection after non-operative man-
agement of Type | open paediatric forearm fractures. The
infection rate of Type | fractures among operatively managed
patients is 1.9%. The trend in literature towards non-opera-
tive treatment of paediatric Type | open fractures holds true
in this meta-analysis.
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Introduction

Open fractures are considered an orthopaedic emergency
due to the potential for infection.’* Open fractures only
comprise 2% of paediatric fractures.®” The standard of
care for open fractures generally includes antibiotics and
formal debridement in the operating room.®° This man-
agement decreases the risk of infection by decreasing the
bacterial burden and removing devitalised tissue.>* The
infection rate of Type | fractures among operatively man-
aged patients is 1.9%.'° It is generally accepted that open
paediatric fractures have better outcomes than adults,
but there is a call for high quality studies to explore this
further.>89112 However, the management of Gustilo-An-
derson Type | fractures in the paediatric population is con-
troversial, with recent studies questioning the utility and
cost-effectiveness of this approach.> The theory behind
this approach lies in the fact that while there may be some
soft-tissue damage associated with all Gustilo-Anderson
Type | open fractures, these fractures generally have pre-
served blood supply to the injured area resulting in less
soft-tissue ischemia, oedema and necrosis that could pro-
mote infections.’® Operative intervention is associated with
the risks of anaesthesia, damage to neurovascular struc-
tures and increased cost associated with surgery.>101314

Several recent articles have published data on the
non-operative treatment of open paediatric forearm frac-
tures.>*101516 The published results demonstrate a nearly
universal degree of success in achieving low infection rates
with non-operative management. The treatment protocols
proposed vary, but each includes non-operative debride-
ment and irrigation in the emergency department and
antibiotics. These fractures are typically closed reduced,
immobilised and discharged for outpatient follow-up.

For this meta-analysis, we have examined available data
regarding Gustilo-Anderson Type | fractures of the fore-
arm in paediatric patients managed non-operatively.> To
our knowledge, this study provides the largest collection
of data on this topic.
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Methods

The Gustilo-Anderson classification of open fractures char-
acterises the soft-tissue injury based upon the size of the
skin defect and the extent of soft-tissue damage. Specifi-
cally, Type linjuries have a 1 cm or less skin defect and are
typically lower energy injuries.

A literature search was performed using the Ovid MED-
LINE and PubMed databases. The search terms ‘open
fracture’, ‘pediatric’, ‘forearm’ and ‘treatment’ were
used. Articles were limited to English-language published
peer-reviewed articles without date limitations. Only ran-
domised controlled trails, cohort studies and case-control
studies were included in the meta-analysis. Inclusion crite-
ria were set to include studies that investigated outcomes
after non-operative treatment of Type | open fractures of
the forearm in the paediatric population. Once results
were gathered based on search terms, studies were first
reviewed based on title, abstract and results. The studies
were further narrowed to a subset that authors deemed to
fit inclusion criteria for full text review. Following evalua-
tion, the citations of eligible studies were also reviewed for
additional studies that might fit inclusion criteria.

The authors reviewed the full text of the included
studies and extracted and recorded relevant data into a
spreadsheet, including study identification (e.g. authors,
journal, publication date), total number of patients
included in the study, total number of forearm fractures
included in the study, mean age, age range, gender, IV
antibiotic use, oral antibiotic use, infection rate and com-
plication rate.

1148 Publications Considered

For each study, the number of paediatric patients with
non-operative treatment of a Type | open forearm fracture
were counted, and the percentage of those patients with
a post-operative infection was calculated, including the
95% confidence interval (Cl) of that percentage based
on an exact binomial distribution. The authors then per-
formed a fixed-effect meta-analysis, weighting each study
based on the number of patients, and a pooled estimate
of infection risk (with a 95% CI) was calculated.

Results

The search results yielded 1148 publications. These results
were reviewed based on title and abstract to yield 17 pub-
lications, which fit the study criteria. The full text of these
17 publications were reviewed and five of the papers were
deemed eligible for inclusion (Fig. 1).>%1%1516 These five
studies included four retrospective cohort studies as well
as one prospective cohort study; all five studies investi-
gated outcomes after non-operative treatment of Type |
open fractures of the forearm in the paediatric population.
The excluded publications included studies in which all
study participants received operative treatment of their
open fractures, as well as review articles that were not
independent studies. The included studies ranged in size
from three to 45 patients and collectively included 127
paediatric patients with a Type | open forearm fracture.
All included patients were treated with antibiotics (i.v. or
oral) without formal open debridement and irrigation in
the operating room.

1131 Publications Excluded Based

On Titles and Abstracts

17 Publications Fully Considered

12 Publications Excluded:

10 With All Patients Receiving
Debridement and Irrigation

1 Survey of Resident Teaching

1 Survey of Current Practice

5 Publications Included Based on
Inclusion Criteria

Fig. 1 Flow diagram representing literature search and study inclusion.
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There were no cases of infection after non-operative
treatment of the forearm fractures in the five studies
examined, giving all individual studies an infection rate
of 0% (Table 1). Three patients did undergo an operative
treatment for loss of reduction of the forearm fracture, but
did not experience infections after the initial non-oper-
ative treatment. There were two cases of infection after
non-operative treatment of Type | open tibia fractures in
these studies, but these results were not included in the
meta-analysis calculation. Results of the meta-analysis esti-
mate a pooled infection risk of 0% (95% Cl 0 to 2.9) and
are shown in Figure 2.

Discussion

To our knowledge, this meta-analysis is the first such
review to analyse non-operative treatment of open pae-
diatric forearm fractures and, to our knowledge, provides
the largest collection of data on the topic. With a total of
five included studies and a patient pool of 127 paediatric
patients, there is no difference in the risk of infection for
non-operative management of open paediatric forearm
fractures compared with operative management. The

Table 1. Studies and results included in meta-analysis.

infection rate of Type | fractures among operatively man-
aged patients is 1.9%.' The trend in the literature towards
non-operatively treatment of paediatric Type | open frac-
tures holds true in this meta-analysis.

There are unique characteristics of Type | forearm frac-
tures and paediatric populations that enable non-operative
treatment. Compared with more severe grades of Gustilo
Anderson open fractures, Type | fractures have small defects
with minimal contamination. A common mechanism for
this skin defect is an ‘inside-out’ puncture wound caused
by a fragment of bone.® While all open fractures, including
Gustilo-Anderson Type | open fractures, are associated with
some degree of soft-tissue injury, Type | open fractures are
more likely to have preserved blood supply to the injured
area.'® Since devitalised soft tissue can be a nidus for infec-
tion, the lack of soft-tissue damage may factor into a lower
rate of infection. Some authors also point out differences
in apparent infection risk based on the location of the Type
| open fracture. Some of these authors report high risk of
infection in lower extremity fractures.>'%* This could be the
result of less soft tissue overlying the tibial shaft and ankle
translating into a higher risk of infection. Finally, the thick,
richly vascularised periosteum of paediatric patients allows
for enhanced immune response, perfusion and antibiotic
delivery to the fracture site. These factors provide an ideal
environment for rapid healing and decreased risk of infec-

Paediatric tions, giving paediatric patients a more favourable outlook
Type | open Forearm for non-operative treatment of fractures.
forearm fractures infections £ . lvsi | |
e () ) in study (n) . I‘n performing our analysis, we ack.now edge severa
Bazzi et al (2014)° 27 o Ilrpl'Fat{ons. Our review focqses on Gustilo-Anderson Type
| injuries, those typically involving low-energy trauma
lobst et al (2014)" 45 0 . .. . . .
with limited fracture site contamination. Our results are
Doak and Ferrick (2009)3 20 0 . . .
not applicable to high-energy or grossly contaminated
i i 0 . . . . .
lobst, Tidwell and King (2005)' 32 0 injuries classically treated with emergent operative
Yang and Eisler (2003)** 3 0 debridement and irrigation. Our analysis is further
Number of Number of Infection Risk %
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Tobst (2014) 45 o— 0 010,7.9]
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Fig. 2 Forest plot of included studies.
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limited to paediatric forearm fractures and we note that
the studies analysed included two cases of infected tib-
ial fractures. We acknowledge that there may be a greater
risk of infection in fractures at body sites other than the
forearm, potentially related to differences in soft-tissue
coverage or to mechanisms of impact. Our literature and
database search was thorough and used our best efforts
to locate applicable studies; however, a meta-analysis has
the possibility of publication bias. Similarly, the accuracy
of a meta-analysis is dependent on that of the individual
studies analysed; we did not observe apparent bias in the
studies discussed here, but cannot exclude the possibil-
ity of error on an individual basis. The sample size of the
included studies was limited, ranging from three patients
to 45 patients. Finally, we note that in each of the studies
analysed here, it was impossible to blind the patients and
physicians to the treatment utilised.

Future research will be valuable in the area of non-op-
erative treatment of open fractures. A randomised con-
trolled trial is needed to further elucidate the treatment;
such a trial is already underway."” Obtaining and analys-
ing a larger patient pool may provide a compelling con-
clusion regarding appropriate treatment and would also
begin to elucidate other potential factors for infection or
complication of Type I fractures.

Received 6 February 2017; accepted after revision 5 April 2017.

COMPLIANCE WITH ETHICAL STANDARDS

FUNDING STATEMENT
No benefits in any form have been received or will be received from a commercial
party related directly or indirectly to the subject of this article.

OA LICENCE TEXT

This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International (CC BY-NC 4.0) licence (https://creativecommons.org/
licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribu-
tion of the work without further permission provided the original work is attributed.

ETHICAL STATEMENT
No funding was received for this study.

ICMJE CONFLICT OF INTEREST STATEMENT
MS reports he is a paid consultant for Orthopaediatrics. All other authors have no
conflicts of interest to declare.

J Child Orthop 2017;11:306-309

REFERENCES

1.Stewart DG Jr, Kay RM, Skaggs DL. Open fractures in children. Principles
of evaluation and management. / Bone Joint Surg [Am] 2005;87-A:2784-2798.

2. Trionfo A, Cavanaugh PK, Herman MJ. Pediatric open fractures.
Orthop Clin North Am 2016;47:565-578.

3.Doak J, Ferrick M. Nonoperative management of pediatric grade 1 open fractures
with less than a 24-hour admission. J Pediatr Orthop 2009,29:49-51.

4. Ibrahim T, Riaz M, Hegazy A, Erwin PJ, Tleyjeh IM. Delayed
surgical debridement in pediatric open fractures: a systematic review and meta-analysis. /
Child Orthop 2014;8:135-141.

5. Gustilo RB, Anderson JT. Prevention of infection in the treatment of one

thousand and twenty-five open fractures of long bones: retrospective and prospective
analyses. / Bone Joint Surg [Am]1976;58-A:453-458.

6.Cheng JC, Ng BK, Ying SY, Lam PK. A 10-year study of the changes in the
pattern and treatment of 6,493 fractures. J/ Pediatr Orthop 1999;19:344-350.

7. Cheng JC, Shen WY. Limb fracture pattern in different pediatric age groups: a
study of 3,350 children. J Orthop Trauma 1993;7:15-22.

8. Pace JL. Pediatric and adolescent forearm fractures: current controversies and
treatment recommendations. J Am Acad Orthop Surg 2016;24:780-788.

9.Bazzi AA, Brooks JT, Jain A, et al. Is nonoperative treatment of pediatric
type | open fractures safe and effective? J Child Orthop 2014;8:467-471.

10. lobst CA, Tidwell MA, King WF. Nonoperative management of pediatric
type | open fractures. J Pediatr Orthop 2005;25:513-517.

1. Pace JL, Kocher MS, Skaggs DL. Fvidence-based review: management of
open pediatric fractures. J Pediatr Orthop 2012,32:5123-5127.

12. Wetzel RJ, Minhas SV, Patrick BC, Janicki JA. Current practice in
the management of Type | Open Fractures in Children: A Survey of POSNA Membership. J
Pediatr Orthop 2015;35:762-768.

13.Lim YJ, Lam KS, Lee EH. Open Gustilo1and 2 midshaft fractures of the radius
and ulna in children: is there a role for cast immobilization after wound debridement? /
Pediatr Orthop 2007;27:540-546.

14. Haasbeek JF, Cole WG. Open fractures of the arm in children. / Bone Joint Surg
[Br]1995;77-B:576-581.

15.lobst CA, Spurdle C, Baitner AC, et al. A protocol for the management
of pediatric type | open fractures. / Child Orthop 2014;8:711-76.

16. Yang EC, Eisler J. Treatment of isolated type | open fractures: is emergent
operative debridement necessary? (lin Orthop Relat Res 2003;410:289-294.

17. Janicki J. The Treatment of Type | Open Fractures in Pediatrics (PROOF). ClinicalTrials.
gov. 2009;NCT00870064.

309



