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Both Bone Forearm Fractures in Children and Adolescents,
Which Fixation Strategy Is Superior — Plates or Nails?

A Systematic Review and Meta-Analysis of
Observational Studies

Keith Baldwin, MD, MSPT, MPH,* Martin J. Morrison III, MD,* Lauren A. Tomlinson, BS,*
Rey Ramirez, MD,† and John M. Flynn, MD*

Objectives: To determine which method of operative fixation, plate
and screw, or intramedullary nails (IMN) fixation is superior for
pediatric both bone forearm fractures (BBFF).

Data Sources: PubMed, EMBASE, and Cochrane, from 1980 to
2011, in English.

Study Selection: We selected for detailed review all studies with
children or adolescents with comparative data (or individual patient
data) for BBFF fixed with IMN or open reduction internal fixation
with plates and screws. Selected studies also required outcomes of
interest including fracture union, complications, functional outcome,
cosmesis, and the need for hardware removal.

Data Extraction: Data were extracted from each study; publica-
tion bias was assessed using funnel plots and Egger statistic. Study
quality was assessed using the standardized method described by
Zaza et al.

Data Synthesis: A DerSimonian and Laird random-effects model
was used to assess differences between dichotomous variables. A
continuity correction was applied in cases of zero events. A sensitivity
analysis was performed with studies that separated out older children
and adolescents.

Conclusions: All studies identified were observational. IMN and
plate and screw constructs are acceptable options in the fixation of
pediatric BBFF. The literature fails to demonstrate a difference
between IMN and plate and screw constructs. Outcomes were
excellent in nearly 9 of 10 patients regardless of fixation strategy.
Delayed unions and nonunions were rare and slightly more common

in IMN, although the difference was not statistically significant.
These results suggest that complication rates are similar, although
the type of complication may vary. IMN provides improved
cosmesis but, in general, requires a second operation to remove
hardware.

Key Words: children, adolescent, forearm fracture, radius and ulna
fracture
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INTRODUCTION
Both bone forearm fractures (BBFFs) are a common

injury in children and adolescents. There are many debates
in the field of pediatric orthopaedics, including when to
operate, what constitutes an acceptable reduction and what
age does remodeling capability inherent to children become
less effective. Younger children, with more growth remain-
ing, have a larger remodeling capacity than adolescents.
Other tenets of pediatric fracture healing dictate that
deformities in the plane of motion are more tolerated and
have a higher tendency to remodel as do fractures closer to
more active physes.1 Most fractures are able to be treated
nonoperatively, with closed reduction and cast application.
Less than 10% of pediatric BBFFs require surgical inter-
vention.2,3 In general, the most common indications for
surgical fixation in children and adolescents are open frac-
tures and the inability to maintain an acceptable closed
reduction in a cast. Unacceptable reduction can be deter-
mined by measurement of displacement, angulation, or loss
of radial bow. As children near skeletal maturity, tolerance
for displacement nears adult-like parameters. Over the last
decade, operative management of these fractures has
become increasingly more common.3

When the decision is made to operate, there is some
debate about the best strategy to provide internal fixation
to the fracture of both bones. The evidence informing this
decision currently has no level I or II data supporting it.4 A
recent Cochrane review reported no findings, because
there were no clinical trials that examined this decision.4

This finding, although revealing in itself, is less than help-
ful to clinicians who have to manage these children’s
fractures.
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In light of this quandary, several questions exist. When
the decision is made that operative fixation is warranted, what
constitutes the optimum treatment in this population? We
performed a systematic review of the literature to address the
following questions: which method of fixation has superior
outcomes in regard to union rates, complications rates,
outcomes, cosmesis, and more favorable perioperative vari-
ables. Additionally, we hoped to answer the question if age
played a significant role in the effectiveness of each implant.

MATERIALS AND METHODS

Data Sources
Two reviewers (K.B. and M.J.M.) independently car-

ried out a comprehensive search (last search date: December
31, 2011) of Medline, EMBASE, and Cochrane computerized
literature databases for randomized control trials, quasi-
randomized control trials, and cohort studies (both prospec-
tive and retrospective) that evaluated the clinical outcomes of
children and adolescents with BBFF, which compared out-
comes of plating versus intramedullary nailing (IMN). Series
were also used that were comparative for the purposes of the
systematic review, that is, had outcomes of both patients who
underwent nailing and plating of BBFF.

Search terms were “forearm fracture” OR “both bone”
OR “radius and ulna” AND “fixation,” and we placed limits
of 1980 to present day (to limit for modern fixation and
plating strategies), all children (0–18), human subjects, and
English language. Reviewers traced the bibliographies of the
retrieved articles, including review articles, for citations
missed by the electronic search. The senior investigator
(J.M.F.) also reviewed his personal files and associated bib-
liographies for additional citations.

Study Selection
Two reviewers (M.J.M. and R.R.) reviewed abstract title,

first for relevance, and determined which articles potentially
contained relevant information. If deemed eligible by either
reviewer, the abstracts were retrieved and reviewed in full.
Only studies published in English were reviewed. Studies were
included if they demonstrated the following: (1) a minimum of
3 subjects (ie, not a case report), (2) defined data in patients
younger than 20 years, (3) clinical and/or radiographic out-
comes, (4) a BBFF, (5) English language, (6) children only or
data for children could be separated from adults in the body of
the paper or in tables, and (7) level I, II, III therapeutic or
prognostic studies (comparative data for the purposes of the
review). Exclusion criteria included studies: (1) not meeting
inclusion criteria, (2) not performed on human subjects, or (3)
in which outcomes of children could not be distinguished from
adults. The review of pertinent abstracts was performed by 3
reviewers (K.B., M.J.M., and R.R.). If any abstract was
deemed relevant by any reviewer, the article was reviewed in
full text. The full-text articles were then reviewed by the same
3 reviewers. If 2 of the 3 reviewers felt the article should be
kept, then it was included in the review. Disagreements at the
full-text stage were resolved by consensus. Figure 1 documents
the flow of studies through the review.

Of a total of 602 unique results found in the initial search,
12 studies met all of the inclusion criteria and none of the
exclusion criteria. The majority (504) of studies were excluded
by filtering the title as they were clearly unrelated to our study
goals. Forty-four were excluded by reviewing abstracts and
noting they were commentary, review articles, or not meeting
our inclusion criteria. Eight required thorough review of the
study: 2 had inseparable age groups, 1 each was excluded due to
exclusively looking at plate and screw open reduction (OR)
IMNs, 1 had inseparable fracture locations, 1 was a review
article, 1 was an epidemiologic study, and 1 grouped all
operative techniques together (Fig. 1) The 12 included studies
had a total of 525 unique patients. There were 0 level I studies,
0 level II studies, and 12 level III studies. No randomized con-
trolled trials were identified, as such all studies identified were
observational. Ages in these studies ranged from 3 to 17 years.
16.6% were open fractures, whereas the remainder had failed
closed reduction. Full demographic study is available in Table 1.
Characteristics of the fractures treated are listed in Table 2.
86.4% were diaphyseal fractures, 5% were nondiaphyseal frac-
tures, and the remainder were not described by the parent ar-
ticles. Monteggia, Galeazzi, combined ipsilateral fractures, and
other fracture variants were eliminated from analysis.

Data Extraction
Two reviewers (K.B., M.J.M.) independently extracted

data, including general information (author and publication
year), type of study, number of open fractures, mean age,
number of each treatment, and outcomes. Outcome variables
including union rates, complication rates, cosmetic results,
functional outcomes, hardware removal, and intraoperative
data were collected. We also collected these differentially for
each type of treatment.

Two reviewers (K.B., R.R.) assessed the methodolog-
ical quality of the studies according to Zaza et al.15 Zaza
et al15 described a systematic quality assessment for observa-
tional studies. This method of assessing quality spans 5 major
areas of study design: a description of the population and
intervention, sampling, measurement, data analysis, and inter-
pretation of results. No summary score is generated for this
tool. The reviewers resolved disagreement by discussion and
consensus by majority.

Data Synthesis
A meta-analysis with a DerSimonian and Laird ran-

dom-effects model16,17 was then constructed to compare
dichotomous outcomes between studies for cohorts treated
with IMN versus plates and screws. The random-effects
model was selected because it is most appropriate to use in
the setting of significant study heterogeneity. In cases where
there were no events in a given study, a continuity correction
of 0.5 was added to each cell to allow for analysis as
described in the Cochrane handbook.18,19

We also report values of individual studies where not
enough clinical information exists to summarize. We per-
formed a sensitivity analysis of studies, which primarily
concerned older children and adolescents, or studies that
separated data for younger and older children, where
comparisons were possible.12,14
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Forest plots were generated to qualitatively assess
study heterogeneity and to provide summary estimates.
Funnel plots (see Appendix, Supplemental Digital
Content 1, http://links.lww.com/BOT/A82, that shows
the funnel plot for our primary outcome of union) and
Egger intercept method were used to assess publication
bias due to small study effects. We performed an I2

range to assess study heterogeneity and found the range
to fall between 0% and 60.2%, which demonstrated the
potential for heterogeneity of studies. As such to be
conservative while using data including different types of
patients with different injury severity, we selected
a random-effects model to provide a conservative method
of combining effects of multiple studies.16,17

FIGURE 1. Flow of studies through
the review.

TABLE 1. Study Demographics

Author Year Journal Level of Evidence
Patients

(P&S/IMN)
Number Open
(P&S/IMN)

Average Age
(P&S/IMN)

Vainionpaa et al5 1987 Acta Orthop Scand III T 9/4 0/0 6.8/8.75

Wyrsch et al6 1996 J Pediatr Orthop III T 16/4 5/2 13.3/6.5

Ortega et al7 1996 J Pediatr Orthop III T 8/9 3/0 10.5/9.4

Van der Reis et al8 1998 J Pediatr Orthop III T 23/18 5/3 11/10

Fernandez et al9 2005 Injury III T 19/43 4/6 11/9

Carmichael and English10 2005 Orthopedics III T 16/15 1/1 13.3/9.7

Smith et al2 2005 J Pediatr Orthop III T 15/21 4/6 11.3/9.7

Kose et al11 2008 J Orthop Surg III T 11/21 2/5 13/12

Reinhardt et al12* 2008 J Pediatr Orthop III T 12/19 5/2 14.5/12.5

Teoh et al13 2009 J Child Orthop III T 17/17 0/0 9.5/9.3

Shah et al14* 2010 J Orthop Trauma III T 46/15 7/3 14.1/13.3

Flynn et al3 2010 J Pediatr Orthop III T 44/10 22 (total) 12.7/10.6

*Primarily concerned with adolescents or older children.
P&S, plates and screws.
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RESULTS

Union
Nonunions and delayed unions were relatively uncommon

in all series. Only a total of 4 of 236 patients treated with plates
and screws (1.7%) and 7 of 289 (2.4%) treated with IMN fixation
had nonunions that required revision surgery. There were no
statistically significant differences in the number of nonunions
between groups (P value 0.74; Fig. 2). Although nonunions were
slightly more common in the 2 studies that examined older
children (2 of 58 or 3.4% in children treated with plates and
screws and 1 of 34 or 2.9% of children treated with IMN fixa-
tion), this difference was not statistically significant (P value
0.80).12,14 Delayed unions were more common in the intramedul-
lary group (16 of 289 or 5.5%) compared with the plate and
screw group (2 of 236 or 0.8%). These numbers favored plate
and screw fixation, but the difference was not statistically signif-
icant (P value 0.06). In older children, there were 4 of 34 delayed
unions (11.8%) compared with 2 of 58 (3.4%) in plate and screw
fixation; these differences were not statistically significant (P
value 0.46; see Figure 2, Supplemental Digital Content 2,
http://links.lww.com/BOT/A126). Four studies provide data on
time to union, only one study provided standard deviations, and
thus, no data synthesis was possible. Mean union for plate and
screw constructs ranged from 8.9 to 9.3 weeks, and mean time to
union for IMN fixation ranged from 8.1 to 9.2 weeks.3,10,11,14 Of
note, Flynn et al3 noted a linear increase in time to union with
increasing patient age.

Complications
Complications were split into 2 categories: major com-

plications and minor complications. Major complications were
considered to be nonunion, hardware failure, deep infection,
compartment syndrome, unintended return to OR in the
immediate postoperative period, refracture, nerve injury, neu-
ropathy, RSD (complex regional pain syndrome I), and arterial
injury. Minor complications were considered all other compli-
cations. Table 3 describes complications in each group. There
was a 16.5% complication rate with plates and screws and an
18.7% complication rate with IMN. Major complications as
described above were in 7.2% of plate and screw patients and
9% in IMN patients. On meta-analysis, no significant difference
was found between techniques (see Figure 3, Supplemental
Digital Content 3, http://links.lww.com/BOT/A127).; P value
0.68). For the subgroup of older children, there also was no
significant difference found (P value 0.73). Although the
overall effect favors plating, there was no significant
difference in major complications in all studies or the
adolescent subgroup (P value 0.41 and 0.52, respectively).

Outcomes
Eight studies reported clinical outcomes of their treat-

ments.2,5,7–11,14 The majority of studies used a variation of the
outcome described by Price et al20 (Table 4). The others used
similar methodology but had different cutoff values. 86.8% of
patients who underwent plating had excellent outcomes, and
85.1% of patients who underwent IMN had excellent

TABLE 2. Fracture Characteristics

Study Fractures Diaphyseal Nondiaphyseal

All diaphyseal

Van der Reis
et al8

41 41 0 All 41/41
diaphyseal

Fernandez
et al9

62 62 0 All 62/62
diaphyseal

Carmichael
and English10

31 31 0 All 31/31
diaphyseal

Kose et al11 32 32 0 All 32/32
diaphyseal

Reinhardt
et al12*

31 31 0 All 31/31
diaphyseal

Teoh et al13 34 34 0 All 34/34
diaphyseal

Shah et al14* 61 61 0 All 61/61
diaphyseal

Flynn et al3 54 54 0 All 54/54
diaphyseal

Mixed

Vainionpaa
et al5

14 5 9 Mixed 5/14
mid-1/3

Wyrsch et al6 22 18 4 Mixed 18/22
mid-1/3

Ortega et al7 17 6 11 Mixed 6/17
mid-1/3

Unknown

Smith et al2 36 375 24 Mixed:
unspecified

*Primarily concerned with adolescents or older children.

TABLE 3. List of Complications by Plates & Screws, ORIF, and
IMN

Complications ORIF IMN Total

Delayed union 5 14 19

Superficial infection 2 11 13

Refracture 5 3 8

Nerve palsy 2 (ulnar nerve),
3 (radial nerve)

3 (radial nerve) 8

Nonunion 4 3 7

Paresthesia/sensory
neuropathy

2 5 7

Symptomatic hardware 1 5 6

Loss of motion 3 (supination),
1 (finger
extension)

1 (supination) 5

Hardware failure 2 (breakage) 1 (nail backout) 3

Malunion 1 2 3

Hypertrophic scar 3 — 3

Compartment syndrome — 2 2

Osteomyelitis 1 1 2

Carpal tunnel syndrome 2 — 2

Bursitis — 2 2

CRPS type 1 1 — 1

Hematoma 1 — 1

Retained hardware — 1 1

Total 39 54 93

CRPS type 1, chronic regional pain syndrome type 1; ORIF, open reduction internal
fixation.
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outcomes. Only 3.6% of patients who underwent plating and
13.2% of patients who underwent nailing had a poor outcome.
The overall effect (see Figure 4, Supplemental Digital Con-
tent 4, http://links.lww.com/BOT/A128). favored plating in
terms of increasing the odds of an excellent outcome,
although the difference was not statistically significant
(P value 0.13).

Perioperative Variables
Owing to lack of standard deviation data, we were

unable to aggregate data on perioperative variables except
hospital length of stay. Four studies compared total operative
time for the 2 techniques.9,11,12 These times varied widely
between studies. Average OR time for plate and screw appli-
cation ranged between 78 and 138 minutes, whereas average
IMN fixation OR time ranged between 48 and 103 minutes.
These times generally favored IMN fixation but were operator
dependent between studies. One study examined total fluo-
roscopy time between treatments. They found plating to be
associated with lower fluoroscopy times 2.2 minutes on aver-
age compared to 4.5 minutes with IMN fixation.9 Two studies
had information on hospital length of stay.9,14 Although when
summed together there was a mean difference of 2.9 days
favoring IMNs, it should be noted that the data in Shah
et al14 was skewed by 1 patient with an excessive length of
stay due to polytrauma, and when this patient was eliminated
in their study, the mean LOS in their plate and screw group
was 1.7 days, similar to their IMN group (1.6 days). One
study examined implant cost, and they found the plate and
screw construct to be significantly more expensive than intra-
medullary fixation ($25 vs. $350). They used elastic nails as
intramedullary devices.11 Reinhardt et al12 also looked at esti-
mated blood loss and tourniquet time and found no difference
in blood loss (21.5 mL in plating vs. 22.9 mL in nailing) but
an increased tourniquet time in plating (89.5 minutes for plat-
ing vs. 35.6 minutes for nailing). Shah et al14 also found no
difference in mean immobilization time (6.3 weeks in plating
vs. 6.7 weeks in nailing).

Cosmesis
Two studies looked at cosmesis after surgery.9,11

Fernandez et al9 rated their results in terms of excellent, good,
and poor by patient report. Kose et al11 came up with a rating
system, but their system was effectively a self-report of satis-
faction. IMN patients were 17.5 times (5.7, 54.0) more likely to
rate their cosmetic outcome as excellent compared with plating

patients (P value, 0.001). Teoh et al13 also found that patients
who underwent plating had a worse Manchester scar score.

Hardware Removal
Only 4 studies reported on hardware removal for both

cohorts of patients.6,8,10,14 Forty-nine and a half percent of
patients with plates and screws underwent hardware removal
compared to 94.2% of patients with IMNs (P value , 0.001).

Publication Bias
Our funnel plots (see Appendix, Supplemental Digital

Content 1, http://links.lww.com/BOT/A82) showed no
qualitative evidence of publication bias through small study
effects. Additionally, the Egger intercepts for all outcomes
(union, outcome, complications, cosmesis, and hardware
removal) were nonsignificant, which quantitatively suggests
no publication bias for these outcomes.

Quality Assessment
A quality assessment was performed using the method

of Zaza et al.15 All 12 studies provided an adequate descrip-
tion of their population and intervention. Some studies pro-
vided more detailed surgical methods than others, but all but
one provided enough information to determine what implants
were used in both groups.6 Eight studies used the entire avail-
able population and had adequate descriptions of inclusion
and exclusion criteria, and in 4 studies, it was unclear if the
entire population was used or if the cases were consecu-
tive.2,6,7,11 Two studies had independent raters that judged
their outcomes.13,14 No study used multiple raters to assign
outcome values. Three studies used no statistical analysis,5,6,10

one study had statistical analysis that was not specifically
described,8 4 studies described their statistical methods but
did not use nonparametric statistics where they would be
appropriate,2,3,11,14 and the remainder had appropriate statisti-
cal methods. No study adjusted for multiple tests or for con-
founding factors. In one study, it was unclear whether the
population had more than 80% follow-up.6 All studies were
therapeutic level III for the purposes of this analysis (ie, had
information on both plate and screw patients and intramedul-
lary device patients for comparison). Mean time to union was
variable in the studies, but all were similar among devices.

DISCUSSION
BBFFs are among the most common injuries sustained

by children and adolescents. A large clinical series showed
that 93.3% of these can be successfully treated by cast
immobilization alone.3 The most common indications for sur-
gery in the reviewed series were unacceptable reduction and
open fracture.2,3,5–14 IMN of BBFFs is a popular technique for
many long-bone fractures in children. In the forearm specif-
ically, adult traumatologists will more often select direct ana-
tomical OR and compression plating or bridge plating
depending on fracture pattern. Both techniques are used in
the pediatric population, but there is considerable debate as to
which technique is superior. The only randomized trial of
plate versus nail fixation was performed in adults, and we
were unable to find it published in full text.21 Although this

TABLE 4. Forearm Functional Outcomes*

Outcome Clinical ROM

Excellent No complaints with activity Loss of #10 degrees of ROM
(FA rotation)

Good Minor complaints with
strenuous activity

Loss of 11–30 degrees of
ROM

Fair Minor complaints during
normal daily activities

Loss of 31–90 degrees of
ROM

Poor Major complaints Loss of .90 degrees of ROM

*Adapted from Price et al.20
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trial favored plate fixation, its population, and the fact that it
was a study of adults, calls into question the external validity
of its results to a pediatric population. As such, we performed
a systematic review of the literature to determine if an optimal
fixation strategy exists for children and adolescents.

Nine studies we reviewed did not fully segregate older
children and adolescents.2,5,7–11,13 One study was divided by
age and did a separate analysis but did not do so in such
a way that the data were extractable for meta-analysis.3 Two
studies had older cohorts of children that they compared.12,14

These studies showed a nearly 12% delayed union rate in older
children with IMN compared to a 3.4% rate with plate and
screw constructs. Although not statistically significant, these
results suggest that IMN may result in a higher rate of delayed
union. It should however be noted that no study used indepen-
dent or multiple raters to define union. Although this is the
case, we showed no publication bias, so presumably any error
due to misclassification is likely random throughout the stud-
ies. Notably, Flynn et al3 demonstrated an increased time to
union with IMN as age increases. This is an important finding
in light of the fact that the average age of patients was younger
(although not always significantly so) in IMN in every study.

Complications were similar between groups. On meta-
analysis in older children, the effect size favors plate and
screw constructs in the older children reviewed.12,14 These
results were not statistically significant, however, and it is
unclear if this questionable difference would stand up to more
rigorous trials. Similarly, complications considered to be
“major” complications were not different between treatments.
The effect size again favored plates and screws for older
children and adolescents was present (see Figure 3, Supple-
mental Digital Content 3). We also found the overall rate of
complications to be higher than we expected. This could be
due to some selection bias in the cases presented. If one
considers that only 1 in 10 of these fractures will need surgery
and only less than 1 in 10 of those will have what we con-
sidered a major complication, a busy pediatric traumatologist
who treats many of these per year will only see a major
complication every few years.

Outcome scores were based on the rating system of
Price et al20; the rate of excellent outcomes was nearly iden-
tical between techniques. Interestingly, almost 10% more pa-
tients with IMN had a “poor” outcome. The significance of
this finding is difficult to understand. Potentially, nerve irri-
tation at the site of the radial entry point may result in dis-
satisfaction on the part of the patient. It should be noted that
Flynn et al3 examined cohorts of younger and older children
in terms of their results for IMN fixation and found that
although 87% of their children younger than 10 years had
an excellent outcome, only 70% had an excellent outcome
older than 10 years. Additionally, cosmesis is important to
many patients. IMN was clearly the most cosmetic choice in
the studies that examined this parameter.9,11,13

Intraoperative variables were widely different
between studies. OR times and tourniquet times generally
favored IMN. However, some series reported quicker
plating than nailing. As such, we must conclude that speed
of application of these devices is operator dependent.
Fluoroscopy time is also probably not a reasonable metric

to judge as fluoroscopy times vary by surgeon and case. One
would expect more fluoroscopy time placing IMN than
plates and screws because of the direct application on the
bone with direct visualization of the fracture site, as
opposed to an IMN, where the reduction (assuming it is
being done closed) is achieved indirectly and guided by
fluoroscopy. Length of stay was longer in the plate and
screw group than in the IMN group. This may be partially
due to 1 patient in the study of Shah et al.14 This particular
patient was a polytrauma patient and stayed in the hospital
for an excessive period for conditions unrelated to the fore-
arm fracture. For studies that expressly noted the ultimate
fate of the hardware, the removal rate was twice as high in
IMN as plates and screws.8,10,13,14 This may be a consider-
ation in some areas where follow-up may be difficult. Addi-
tionally, although the IMN was shown to be cheaper, the
studies that examined cost did not examine total cost of
treatment, follow-up, return trips to the operating room,
complications, and other factors; hence, the true average
cost of each treatment decision is unknown.

Weaknesses of our study include all the weaknesses of
our member studies. We attempt to correct between-study
variability by using a random-effects model, but depending on
the variance of the between-study variability, this model may
underestimate the true effects of that variance.22 All of our
studies were level III therapeutic studies for the purposes of
our review (ie, all contained data on patients with plates and
patients with IMNs), which we aggregated to review. How-
ever, many of the studies had serious methodological flaws,
such as no consensus ratings of outcomes, no fracture descrip-
tions, poor statistical methods, and unclear population descrip-
tions. Many of the studies performed as many controls of bias
as they could, given the design of the study. Additionally, our
review made use of the English literature and the Pubmed,
Embase, and Cochrane databases. Although we feel that the
review is inclusive, one can never be sure that every article on
a subject is being reviewed. With that being said, our assess-
ment of publication bias showed that none was present. As
such, if articles were missed, then they were not missed by
systematic exclusion. Heterogeneity of populations/methods
and techniques is also a problem with retrospective observa-
tional studies. Although there is no perfect way to statistically
adjust for this, we made an attempt to correct for some of it
using a random-effects model.

Strengths of this study are the aggregation of many
previous studies to provide new insights into who may benefit
from each technique. Although this review does not provide
conclusive evidence for one implant over another, it is suggestive
that older children may require the more rigid fixation that is
provided by a plate and screw construct. IMNs on the other hand
are fast, easy, and more cosmetic than plates and screws. We
believe that this systematic review provides the most compre-
hensive look at this topic to date. However, the optimal treatment
has yet to be elucidated. Because the outcomes are so close, we
believe that there is sufficient equipoise for a randomized
comparative study, using the metrics found in this study as
outcome data. For the time being, the clinician should provide
the family with the information from this review to allow them to
make the most informed decision possible.
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