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Abstract

Background: Treatment of facial fractures in children and adolescents has always been a challenge for oral surgeon.
The choice of treatment type must take into account several factors. This systematic review aimed to evaluate clo-
sed versus open reduction of facial fractures for pediatric facial fractures.

Material and Methods: A systematic review of the literature was conducted in three databases (PubMed/MED-
LINE, Embase and The Cochrane Library) in accordance with the PRISMA statement. The PICO question was:
Conservative treatment is more appropriate than surgical treatment for reducing facial fractures in children and ado-
lescents? The full papers of 41 references were analyzed in detail. Eleven papers were included in this systematic
review: one prospective study and ten retrospective studies. All studies evaluated the complication rate.

Results: A total of 73 (7.68%) of the 950 patients experienced complications. Among these patients, 24 (3.85%) had
been treated with conservative treatment and 49 (15.03%) with surgical treatment. The fixed-effects model revealed
a lower complication rate with conservative treatment than surgical treatment (P < 0.00001; RR: 0.18; 95% CI:
0.11-0.28). Heterogeneity was low for the complication rate outcome (X2: 5.64; P = 0.69; 12: 0%).

Conclusions: The present findings show that conservative treatment is more commonly performed for pediatric
facial fractures and complications occur more with surgical treatment. Therefore, surgeons must evaluate all va-
riables involved in choosing the most appropriate treatment method to ensure greater benefits to the patient with
fewer complications.
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Introduction

Facial fractures in children are relatively rare and eva-
luated separately due to their particular diagnostic and
treatment aspects. In children, bones have greater elasti-
city and there is less pneumatization of the sinuses, grea-
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ter thickness of the surrounding adipose tissue and good
stability of the maxilla and mandible due to the presence
of unerupted teeth. Due to these characteristics, conside-
rable energy is required to cause a fracture in developing
bones (1). The prevalence of facial fractures in children
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and adolescents is approximately 10%. The majority of
fractures occur past the age of five years, with peaks of
incidence at school age and in adolescence, when the
characteristics of craniofacial traumas are similar to tho-
se found in adults (2).

Social, cultural and environmental factors are responsi-
ble for altering the epidemiology of craniofacial trauma.
The incidence of facial fractures in the pediatric popula-
tion is higher among boys at almost all ages, with a ratio
of up to 3:1 in comparison to girls (3,4).

Divergent opinions are found in the literature regarding
the treatment of facial fractures in pediatric patients, but
there is a consensus that changes in growth should be
prevented and more conservative treatment (non-surgi-
cal) is indicated, whenever possible (5). In many cases,
however, it is necessary to perform open fracture reduc-
tion, for which an absorbable fixation system or titanium
miniplates are commonly used (6).

Within this context, the aim of the present study was to
perform a systematic review of the literature to evaluate
closed versus open reduction of facial fractures for pe-
diatric facial fractures.

Material and Methods

-Registry protocol

This systematic review was structured following the
PRISMA checklist (7) and was performed in accordance
with models proposed in the literature (8,9). The me-
thods used in this systematic review are registered with
the international prospective register of systematic re-
views (PROSPERO: CRD42018094847).

Search strategy and information sources

Two independent reviewers (CAAL and CCM) perfor-
med the article selection process using pre-established
eligibility criteria. Studies were pre-selected on the basis
of the titles and abstracts and assessed according to the
inclusion and exclusion criteria. The reviewers analyzed
and discussed the articles until a consensus was reached.
Any disagreements were resolved through discussions
with a third reviewer (BCEV).

The following databases were searched for the iden-
tification of relevant articles: PubMed (http://www.
ncbi.nlm.nih.gov/pubmed), Web of Science (http://

Table 1: Eligibility criteria.
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appswebofknowledge.ez27.periodicos.capes.gov.br/
WOS_GeneralSearch_input.do?product=WOS&-
search_mode=GeneralSearch&SID=6AgXsKu6D9Ih-
bLBoyku&preferencesSaved=) and The Cochrane Li-
brary (http://onlinelibrary.wiley.com/ cochranelibrary/
search/). The following keywords were used: ((((pedia-
tric OR children OR adolescents OR child OR paedia-
tric)) AND (facial trauma OR facial fracture OR maxillo-
facial fracture OR maxillofacial trauma OR mandibular
fracture OR mandibular trauma OR midface)) AND
(Open reduction OR Miniplate OR screw devices OR
Titanium plate OR Resorbable plate OR internal fixation
OR ORIF OR osteosynthesis)) AND (Conservative OR
closed reduction OR immobilization OR Arch bar OR
Close observation OR non-invasive treatment OR IMF).
-Selection criteria

The inclusion criteria for the initial selection were pu-
blications in English with no restriction imposed on the
date of publication, studies involving human subjects,
specific studies on treatment for facial fractures in chil-
dren and adolescents and descriptions of the number
of patients treated, proposed treatment (surgical access
and osteosynthesis materials), postoperative characte-
ristics, complications, follow up and conclusions. After
the pre-selected articles had been submitted to full-text
analysis, the criteria listed in Table 1, were used for the
final selection of papers for inclusion in the present re-
view. The selection criteria were established by the au-
thors prior to the onset of the study.

An inter-examiner test (kappa) was performed to de-
termine the level of agreement regarding the pre-se-
lection of studies based on the titles and abstracts. The
following kappa values were found for the different da-
tabases: PubMed/MEDLINE: 0.83; Embase: 0.80; Co-
chrane: 1.0.

-Criteria for the selection of studies

The first phase of the article selection process was
analysis of the titles and abstracts of the papers retrie-
ved during the searches of the databases. Articles having
passed this first step were submitted to full-text analy-
sis based on the eligibility criteria. The PICO question
recommended in the PRISMA statement was determi-
ned as follows: (P) Population: children and adoles-

Systematic reviews and meta-analyses, randomized clinical trials, prospective and retrospective clinical studies,

case series

Number of patients treated

Demographic characteristics

Location and treatment of fractures (surgical or non-surgical)

Postoperative follow-up

Eventual complications of each treatment modality
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cents with facial fracture; (I) Intervention: open treat-
ment (surgery); (C) Comparison: closed (conservative)
treatment; (O) Outcome: complications (inflammatory
process; facial growth). The following was the guiding
question: Conservative treatment is more appropriate
than surgical treatment for reducing facial fractures in
children and adolescents?

-Exclusion criteria

The following were the exclusion criteria: in vitro stu-
dies, animal studies, reviews, case reports, case series,
studies in which complications are not reported, oral
communications, posters and studies that do not report
the type of treatment performed to reduce fractures.
-Analysis of methodological quality

The methodological quality of the studies was assessed
independently by the same two investigators. The mate-
rials and methods, results and discussion sections were
analyzed using the Cochrane Collaboration tool for as-
sessing the risk of bias.

The quality of the selected studies was evaluated based
on the PRISMA criteria, using the 27 questions establi-
shed by Moher et al. (7). Therefore, the studies were se-
parated into categories of randomized clinical trials and
prospective studies.

-Meta-analysis

The Reviewer Manager 5 (Cochrane Group) software
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program was used for the meta-analysis, which was ba-
sed on the Mantel-Haenzel (MH) method. The dichoto-
mous outcome (complication rate) was analyzed using
risk ratios (RR) and respective 95% confidence intervals
(CI). Data were considered significant when P <0.05. In
cases of statistically significant heterogeneity (P < 0.10),
a random-effects model was used, whereas a fixed-
effects model was used in cases of a non-significance
difference (10). A funnel plot (plot of effect size versus
standard error) was created to evaluate the occurrence of
publication bias.

Results

-Search results

The electronic searches were performed in April 2018
and yielded 307 references in PubMed, 80 in Embase,
and 20 in The Cochrane Library. No additional studies
were identified in the manual searches. After the remo-
val of duplicates, 391 potentially relevant references
were assessed, 41 of which were submitted to full-text
analysis. The application of the eligibility criteria led
to the exclusion of thirty articles. Thus, eleven articles
were found to be clinically or technically relevant to the
subject of the study and were included in this systematic
review. The AQUORUM flow diagram giving an over-
view of the selection process is presented in Fig. 1.

PRISMA 2009 Flow Diagram
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Fig. 1: QUORUM flow diagram of the article selection process.
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-Types of studies

Among the eleven papers included in this systematic re-
view, ten were retrospective studies (11-20) and one was
a prospective study (21). Table 2 displays the characte-
ristics of these studies, that were divided by region of the
affected face, mandibular condyle (11,13,20), mandible
(12,16,17,19,21) and all regions of the face (14,15,18).
The Cochrane Collaboration tool for assessing the risk
of bias could not be applied due to the type of studies
included in this systematic review. Consequently, the
Newcastle-Ottawa scale (NOS) for assessing the quality
of non-randomized studies was used (Table 3).
-Meta-analysis

All studies evaluated the complication rate. A total of 73
(7.68%) of the 950 patients had complications. Among
these patients, 24 (3.85%) had been treated with con-
servative treatment and 49 (15.03%) had been treated
with surgical treatment. Two studies reported no com-
plications in either group evaluated. The fixed-effects
model revealed a significantly lower complication rate
with conservative treatment compared to surgical treat-
ment (P < 0.00001; RR: 0.18; 95% CI: 0.11 to 0.28).
Heterogeneity was considered low for the complication
rate outcome (X2: 5.64; P =0.69; 12: 0%) (Fig. 2). The
funnel plot demonstrated symmetry in the studies with
regard to the complication rate, suggesting an absence
of publication bias (Fig. 3).

Discussion

The issue of facial fractures in children and adolescents
is important. However, the difficulty in managing these
patients imposes limitations on the types of study con-
ducted to address this subject. Thus, there is an absence
of clinical trials due to the required sample size and the
variety of types of treatment (conservative or non-surgi-
cal and surgical) (6,22).

In the studies analyzed, mean age was 10.2 years, de-
monstrating a greater occurrence of facial trauma in
adolescence, as reported previously (23,24). This type
of trauma generally occurs as a child becomes more in-
dependent from family life and has greater contact with
contact sports, urban violence or physical aggression at
school or on the street (2,25,26).

In nearly all studies, the prevalence of facial trauma was
higher in the male sex (11-19,21). This trend is also ob-
served in studies involving adults, as males in all age
groups are more exposed to violence and accidents, such
as traffic accidents at an older age and domestic violence
at a younger age (24,27).

The present study divided the fractures of the face by
affected bone to facilitate the analysis and understan-
ding, so that it is possible to show the differences be-
tween them, regarding the type of treatment and the
complications, for example.

In relation to the etiology of trauma, traffic accidents
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were the most prevalent (13,16,19,21). While this cau-
se has declined due to laws requiring seat belts and car
seats for children, such precautions are often neglected,
leaving children unprotected and exposed in the event of
an accident (28,29).

The literature reports that the mandible is the most affec-
ted in children and adolescents (30-31). In the present
review, eight studies (11-13,16,17,19-21) reported cases
of mandibular fracture, which may be explained precise-
ly by this high prevalence rate. Moreover, the treatment
of this type of fracture poses a challenge in both chil-
dren and adults, with different forms of conservative and
surgical treatment proposed, depending on the affected
region of the mandible (32,33).

Regarding the type of treatment, conservative methods
were more commonly employed, regardless of age, al-
though it has been reported that conservative treatment
is generally used for younger children, depending on the
energy and location of the trauma (34,35). Open treat-
ment is generally performed with rigid internal fixation,
especially titanium plates (36,37).

Among the studies analyzed, the most prevalent conser-
vative treatment was intermaxillary fixation for a period
of two weeks, which is in agreement with data reported
previously (11,15). However, other forms of conser-
vative treatment were also used, such as intraocclusal
block (12,13,19), kinesiotherapy (11,21), splint (16) and
orientation (14,17). However, Neff ef al. (38) reported
that surgical treatment for facial fractures in children has
been increasingly more frequent in recent years, espe-
cially as children get older.

The difference between treatments with regard to com-
plications was significant, with a lower prevalence
found for conservative treatment (12-17,19). This fin-
ding was expected, as the possibility of complications
in open treatments is inherently greater due to the use
of fixation materials and the risk of infection or nerve
injury (6). The complications following conservative
treatment were generally related to small asymmetries
or deviations, which are expected in certain types of
trauma (11,19).

In cases of conservative treatment for condylar fractures
in children, complications such as temporomandibular
disorder and ankylosis of the temporomandibular joint
(39) may be observed years after the fracture. However,
as the follow up of these patients is limited, many of
these complications are not reported. With surgical treat-
ment for this type of fracture, the complications are ge-
nerally related to nerve function, especially the temporal
branches, zygomatic branches of the facial nerve and the
auriculotemporal nerve (37). The fixed effects model
was performed with nine articles, since two reported no
complications, and revealed a significantly lower rate of
complications with conservative treatment compared to
surgical treatment. Moreover, the funnel plot demons-
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Table 3: Newcastle—Ottawa quality assessment scale (NOS): range from 0 to 9.

Authors Study design Sample size NOS
results

Theologie-Lygidakis et al., 2016; Greece RS 84 6
Andrade et al., 2015; India RS 74 6
Ghasemzadeh et al., 2015; USA RS 64 7
Hoppe et al., 2014; USA RS 14 7
Kambalimath et al., 2013; India RS 112 7
Glazer et al., 2011; Israel RS 61 7
Munante-Cardenas et al., 2010; Brazil RS 112 7
latrou et al., 2010; Greece RS 156 6
Eskitascioglu et al., 2009; Turkey RS 235 7
Landes et al., 2008; Germany PS 19 Not applicable
Re'mi et al., 2002; France RS 19 6

RS = retrospective study; PS = prospective study.

Conservative Treatment  Surgical Treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Theologie-Lygidakis et al. 2 80 0 4 1.3% 0.31[0.02, 5.60] 2016
Ghasemzadeh et al. 4 54 6 10 14.4% 0.12 [0.04, 0.36] 2015 —_—
Andrade et al. 4 58 10 16  22.3% 0.11[0.04, 0.31] 2015 —_—
Hoppe et al. 1 9 2 5 3.7% 0.28 [0.03, 2.35] 2014 . — —
Kambalimath et al. 0 93 5 19 12.9% 0.02 [0.00, 0.34] 2013 —=——
Glazer et al. 3 53 3 8 7.4% 0.15 [0.04, 0.62] 2011 .
Mufante-Cardenas et al. 2 57 8 55 11.6% 0.24 [0.05, 1.09] 2010 —_—
latrou et al. 0 52 0 104 Not estimable 2010
Eskitasciolglu et al. 6 141 14 94 23.9% 0.29[0.11, 0.72] 2009 —
Landes et al. 0 11 0 8 Not estimable 2008
Remi et al. 2 16 1 3 2.4% 0.38[0.05, 2.94] 2002 = = 0
Total (95% Cl) 624 326 100.0%  0.18 [0.11, 0.28] <l
Total events 24 49
Iy 2 = - = 12 = ' + 4 4
Heterogeneity: Chi’ = 5.64, df = 8 (P = 0.69); I = 0% olo1 o 10 50

Test for overall effect: Z = 7.41 (P < 0.00001) Favours [Conservative] Favours [Surgical]

Fig. 2: Forest plot of heterogeneity for type of treatment and complications rate outcome.
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Fig. 3: Funnel with symmetry of included studies for complications rate.
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trated symmetry among the studies regarding the com-
plication rate, indicating an absence of publication bias.
This systematic review included studies that evaluated
the treatment of facial fractures in children and ado-
lescents, but not all the studies were used in the me-
ta-analysis due to methodological heterogeneity, which
was mainly related to the complications resulting from
treatment, thereby limiting the information available on
these outcomes.

The present findings show that conservative treatment
is more commonly performed for pediatric facial frac-
tures and, as demonstrated by the meta-analysis, leads
to a significantly lower occurrence of complications
when compared to surgical treatment. The most com-
mon forms of conservative treatment are intermaxillary
fixation, intraocclusal block, kinesiotherapy, splint and
only orientation.

The present findings should be cautiously interpreted.
All included studies were retrospective and prospective,
reducing the level of evidence because of the possible
presence of uncontrolled confounding factors. Variables
can not be isolated, such as: age, for example, younger
children up to 10 years, will usually undergo non-surgi-
cal treatment, which can also be observed by the affec-
ted region, such as the mandible (more reported in this
research), often undergoing non-surgical treatment, such
as intermaxillary fixation.

Despite the difficulty of working with these patients
further studies (preferably RCTs) with longer follow-up
periods are recommended to investigate the most appro-
priate treatment for reducing facial fractures in children
and adolescents.
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