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Abstract

Purpose This study aimed to determine via systematic review
and meta-analysis the proportion of maxillofacial trauma
resulting from different etiologies among children and
adolescents.

Methods A systematic review of articles published from 2006
to 2015 (10 years) in English language was performed. The
following databases were used: PubMed/MEDLINE, Scopus,
and Web of Science. Observational studies reporting the num-
ber of children and/or adolescents who suffered maxillofacial
trauma resulting from different etiologies were included.
Studies were selected by two independent reviewers
(Kappa = 0.737). A proportion meta-analysis using random-
effect models was performed to estimate the pooled preva-
lence and the 95% confidence intervals (CI) using Der-
Simonian and Laird weights. Heterogeneity among studies
was assessed using the * statistics.

Results A total of 27 studies remained after qualitative analy-
sis including 402,339 patients. The male/female ratio ranged
from 1.5:1 to 3.5:1. Road traffic accidents corresponded to the
main etiology agent of maxillofacial trauma (34%; 95% ClI,
25-44), followed by falls (31%; 95% CI, 25-37), violence
(11%; 95% CI1, 4-19), sports (4%; 95% CI, 3-5), and others
(5%; 95% CI, 2-8). Heterogeneity among studies was high,
even stratifying by world region. The adapted version of the
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Newcastle-Ottawa scale for observational studies showed an
intermediate score for most of the included studies.
Conclusions Results suggest that road traffic accidents repre-
sent the main cause of maxillofacial trauma among children
and adolescents. However, results should be interpreted with
caution due to the high heterogeneity.
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Introduction

Trauma is an important cause of morbidity and deaths among
children and adolescents [1, 2], and when the face is affected,
it can lead to esthetic, functional [3, 4], and psychological
problems [5, 6]. Maxillofacial trauma comprises both facial
fractures and soft tissue injuries. In terms of epidemiology,
children and adolescents are less affected than the adult pop-
ulation [7-9]. Fractures can be considered a rare event in chil-
dren [10-13], but facial injuries including soft tissues occur
more frequently [3, 14]. Several studies have described that
less than 15% of all cases of maxillofacial fractures occur to
the pediatric population [2, 13, 15-22].

There are some factors that distinguish the young popula-
tion from the other age groups, for example, the facial bone of
a child is distinct from that of an adult [23, 24], the cranium/
face ratio is incredibly large at birth (8:1) and decreases to
2.5:1 in adults [2]. The small size of the face during childhood
can influence the decrease of maxillofacial trauma and be a
protective factor; however, the cranium absorbs most of the
impact in trauma events [11-13].

A great number of mechanisms of occurrence related to max-
illofacial trauma have been reported in children and adolescents,
but the main causes remain road traffic accidents (RTA), falls,
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violence, and sports. Studies carried out worldwide are consider-
ably divergent regarding the predominant etiology. Some authors
have hypothesized that factors such as social environment, econ-
omy, and cultural differences can play a significant role on max-
illofacial trauma causes [8, 9, 25, 26].

Although its epidemiology in children and adolescents has
been extensively studied, no systematic review has been pub-
lished to summarize the best literature about its etiology in the
young population. Boffano [27] reported a systematic review
of maxillofacial trauma; however, the authors included only
facial fractures and studies were not specific to children and
adolescents. To date, understanding of maxillofacial trauma
etiology among young populations is controversial and
limited.

In this context, this study aimed to determine via systematic
review and meta-analysis the proportion of maxillofacial trau-
ma resulting from different etiologies among children and
adolescents. This systematic review can contribute to the ad-
vancement of scientific knowledge and provide a better un-
derstanding of the etiology of maxillofacial trauma among
young people in different regions worldwide, which is the
key point to develop public policies aimed at prevention,
health promotion, and rehabilitation.

Methods
Search strategy

The present systematic review was performed based on the
main consideration of PRISMA Statement—Preferred
Reporting Items for Systematic Reviews and Meta-analyses
[28] and some points of the Cochrane Handbook for
Systematic Reviews of Interventions (version 5.1.0, updated
March 2011). Although the Cochrane Handbook is more fo-
cused on interventions, some considerations are appropriate
for other types of reviews [29]. Prior to the search of all rele-
vant studies carried out from 2006 to 2015, a protocol was
written to guide the review phases. This protocol included the
following: (a) authors’ participation and contributions, dates
of the review process, and innovation; (b) literature back-
ground up to the present moment, objectives, and design
method (including databases, descriptors, idiom, inclusion
and exclusion criteria, and qualitative analysis).

The PICO strategy was originally designed for systematic
reviews of Randomized Clinical Trials to help healthcare pro-
fessionals to choose the best evidence for clinical practice [30,
31]. For the present review, the PICO question was not as
appropriated as it could, then we assumed an alternative strat-
egy question for observational studies, the PECO question
proposed by Maia and Antonio [32]. The authors consider
the following stepwise for systematic reviews: P (Patient
Population), I (Intervention or Exposure—in case of
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observational studies), C (Comparison), and O (Outcomes).
Thus, the PECO approach used for the present systematic
review was Population (children and adolescents with maxil-
lofacial trauma), Exposure (etiology of maxillofacial trauma),
Comparison (the different continental regions: Africa,
America, Asia, and Europe), and Outcome (prevalence of
maxillofacial trauma for each etiology).

The search for relevant studies was carried out on 29
November 2015. The following databases were used:
PubMed/MEDLINE, Scopus, and Web of Science.
Additional source was conducted by hand searching on
Journals of included studies and with the reference list. The
search for relevant studies was carried out on 29 November
2015. An additional search was performed on 01 January
2016, to verify if any important study was published or ac-
cepted between 30 November and 31 December.

The MeSH terms chosen for the search were facial injuries,
maxillofacial injuries, etiology, epidemiology, child, pediat-
rics, and adolescent. In order to specify the search, the
Boolean operator NOT was used to exclude the following
MeSH terms: animals, burns, facial nerve, and eye, since a
high number of studies are linked with these terms if we do
not exclude them. The search history used on databases search
was “(facial injuries OR maxillofacial injuries) AND (etiology
OR epidemiology) AND (child OR pediatrics OR adolescent)
NOT animals NOT burns NOT facial nerve NOT eye.”

For the selection of studies, first, those that met the follow-
ing inclusion criteria were selected: studies published between
2006 and 2015 related to non-fatal victims, in English lan-
guage and studies with the clear objective of investigating
the etiology of maxillofacial trauma in children and/or adoles-
cents. The concept of maxillofacial trauma in this review in-
volves both facial fracture and/or soft tissue injury. Studies
with the following characteristics were excluded: specific for
one type of mechanism (e.g., specific for traffic accidents,
falls, sports, or firearm) and studies regarding only one type
of maxillofacial trauma (e.g., specific for orbital/nasal/zygo-
matic fracture, nasal epistaxis, dentoalveolar trauma, mandib-
ular fracture, or soft tissue only), since the aim of the present
review was to analyze maxillofacial trauma as a whole. In
addition, 14 studies with no abstract available, 1 book chapter,
and 1 study published in another language were also excluded.

The initial search (titles and abstracts) was based on read-
ing, and the judgment decision to include or exclude was
related to the eligibility criteria. After this, studies that did
not meet the eligibility criteria were excluded. The second
phase of the search process involved the analysis and full
reading of included studies that apparently were related with
the focus of the present review. On this occasion, two inde-
pendent reviewers (KGNB and IMB) read the full articles and
the Kappa coefficient was used to test the inter-reviewer
agreement according to the inclusion and exclusion criteria
(Kappa = 0.737). These articles were obtained on Portal
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Journal Capes-BR (accessed via university login). Finally, af-
ter the independent analysis and agreement assessment, diver-
gent opinions were discussed by consensus.

Data extraction

Data extraction was performed by two independent re-
searchers (KGNB and IMB). The authors used a form to ex-
tract the required information from each study under analysis.
The form was developed considering the following items: (1)
study objective, (2) description of the etiology of maxillofacial
trauma, and (3) quality analysis (described above). For each
study included after the final qualitative analysis, the follow-
ing items were extracted: study period, country, study type,
sample size, age (children/adolescents), source of information,
type of maxillofacial trauma analyzed, main cause of maxil-
lofacial trauma, male/female ratio, and quality score of quali-
tative analysis.

Methodological quality assessment

The quality of studies included after the eligibility process was
peer reviewed by KGNB and IMB. It involves the subjective
analyses of each reviewer and the observation of some pre-
established aspects, such as objective, description of mecha-
nisms, and overall quality of studies. To help with a better
understanding of quality, an adapted version of the
Newecastle-Ottawa scale (NOS) [33] was used for observation-
al studies, awarding stars to eligible categories (selection,
comparability, and exposure/outcome) for each article. The
scale scores range from 0 (lowest grade) to 6 (highest grade).
The original NOS was developed for case-control and cohort
studies; however, some authors have adapted it for cross-
section studies [34], using the applicable items for this type
of investigation. The item comparability of NOS was not used
because it is not applied for the purpose of articles included in
the analysis, thus the maximum value attributed for each study
is four stars.

The following NOS items used were:(a) sample selec-
tion criteria (case definition; representativeness and selec-
tion of patients) and (b) trauma evaluation (diagnosis and
sample loss). For sample selection criteria, one star is
attributed if the study was conducted with a clinical ex-
amination or medical record with a validated instrument
or referred from a hospital. In the representativeness item,
one star is attributed for studies that reported patient’s
trauma in a defined hospital or clinic, in a defined area,
health maintenance organization, communities, or random
sample and sample calculation. The diagnosis item
awarded one star for clinical examination reporting the
use of a standardized scale or report of observer agree-
ment Kappa, and the sample loss item consider one star

Table 1 Quality assessment criteria used for observational studies
through an adapted version of Newcastle-Ottawa Scale for observational
studies

Observational studies and their assessment ratings

Sample selection criteria
1. Case definition

a) With independent validation (clinical examination or medical
record with validated instrument, or referred from a hospital)%

b) Without clinical examination, or based on self-reports
¢) No description

2. Representativeness and selection of the patients with maxillofacial
trauma

a) Patients with maxillofacial trauma in a defined hospital or clinic, in
a defined catchment area, health maintenance organization,
communities or random sample, sample calculationk

b) Not satisfying requirements in part (a)
¢) Not stated

Comparability on the basis of the design or analysis®
1. Control for confounders

a) The exposure of interest (etiology for maxillofacial trauma) is
adjusted for the one confounderk

b) The exposure of interest (etiology for maxillofacial trauma) is
adjusted for two or more confounders*

¢) No description related to the adjustment analysis for confounding
factors

Evaluation of maxillofacial trauma
1. Diagnosis of maxillofacial trauma

a) Clinical examination reporting the use of a standardized scale or
report of observer agreement (Kappa)x

b) Based on self-reports or not satisfying requirements in part (a)
¢) No description
2. Sample loss
a) Rate of sample loss <20%%
b) Rate of sample loss >20%
¢) Not stated
Summary score (stars)
1-2 (low)
34 (intermediate)
5-6 (high)*

#Not applied for the present systematic review

for studies reporting sample loss <20%. Table 1 shows the
complete scale description.

Statistical methods and data synthesis

A proportion meta-analysis using random-effect models was
performed to estimate the pooled prevalence and the 95%
confidence intervals (CI) using Der-Simonian and Laird
weights. The random model was used in order to minimize
the effect of heterogeneity among studies [35]. The variance
of raw proportions was stabilized using the Freeman-Tukey
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double arcsine transformation [36]. Metaprop command was
used so that no study with 0% or 100% proportions was ex-
cluded from the meta-analysis [37]. Heterogeneity among
studies was assessed using the P statistics, which describes
the percentage of total variation due to inter-study heteroge-
neity [38]. Forest plots were constructed using the estimated
proportion/prevalence of maxillofacial trauma resulting from
each etiology. Analyses were performed using Stata version
14.0 (Stata Corp., College Station, USA) and StatsDirect ver-
sion 3.0 software (StatsDirect Ltd., Altrincham, UK).

Results
Study characteristics

The review process yielded 1296 records, including duplicat-
ed documents. Of these, 121 were duplicated on the databases
and needed to be excluded. Therefore, 1175 documents were
screened by reading titles and abstracts and only 40 articles
were included according to the eligibility criteria. The inter-
reviewer agreement was 0.737 (Kappa coefficient). In terms
of number, this Kappa value represents the disagreement of
four studies. Two of them were excluded after consensus (one
related to gender analysis and one review article). The final
number of studies after the qualitative analysis was 27, thus,
13 of the 40 original articles were excluded. Figure 1 shows
the flow diagram with all phases of the review process, includ-
ing identification, screening, eligibility, and included studies.

The results of studies are described in Table 2, including
study period, country, study type, N (number of patients), age,
source of information, type of maxillofacial trauma, etiology,
male/female ratio, and quality score.

Data synthesis

Figures 2, 3, 4, 5, and 6 show the estimated proportion/
prevalence of maxillofacial trauma resulting from different
etiologies among children and adolescents. The combined
prevalence of RTA was 34% (95% CI, 25—44) among the 27
studies. This represents the most common cause of maxillofa-
cial trauma in children and adolescents (14 of the 27 included
studies). Falls were the second leading cause of maxillofacial
trauma (11 of 27), and only one study [27] did not report the
number of falls. The combined prevalence was 31% (CI 95%,
25-37). Violence was the third mechanism, showing a pooled
prevalence of 11% (CI 95%, 4-19). Only one study did not
report events of violence [42]. The last mechanism was sports
(4% 95% C1, 3-5), and none of the studies presented sports as
the first cause of maxillofacial trauma in children and
adolescents.

Eight studies [9, 23, 39, 42, 45, 46, 48, 50] did not report
the number of sport-related events. Other mechanisms
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obtained combined prevalence of 4% (95% CI, 2-8). Ten
studies [8—10, 14, 23, 39, 42, 46—48] did not report prevalence
for other mechanisms. When the study region was considered,
it was observed that the frequency of traffic accidents is higher
in Africa and Asia and lower in Europe (which presents higher
prevalence of falls). For violence events, North America,
Africa, and South America regions exhibited the highest pro-
portions. Sports and “others” were similar considering the
etiology distribution.

Quality assessment

The quality of studies was evaluated using an adapted NOS,
which identified four studies with the highest score [46—48,
54]. All other studies received a score of 3 according to NOS
(adapted). The main points not reported in articles are related
to item “sample loss.”

Heterogeneity

Differences among studies were assessed for each continent.
For all etiologies, the heterogeneity observed was consider-
ably high, even stratified by world region. It could be ob-
served for RTA that Europe, North America, and South
America presented the largest confidence interval range, as
can be observed by the diamond size (Fig. 2). Falls exhibited
the highest variability in Europe, showing large diamond size
(Fig. 3). The violence variation was considerable more evident
in North America, as can be observed in Fig. 4, and sports
showed the lowest diamond size and lower variability in all
studies (Fig. 5).

Other study characteristics

The period of each study was variable. However, most of them
were conducted from 2000 to 2010. The distribution of studies
according to the continents was the following: five from North
America [23, 44, 46-48], five from South America [25,
52-55], six from Europe [1, 3, 7, 49-51], two from Africa
[9, 39], and nine from Asia [8, 10, 14, 24, 40-44].

Almost all studies were retrospective, and only one multi-
center research had a prospective design [7]. There was no
standard for age group, and some authors considered children
those aged >12 years. Most studies were conducted based on
National Data Banks [45, 46, 48] and presented a large sample
size. The male/female ratio was not so discrepant and ranged
from 1.5:1 to 3.5:1.

Most articles included performed descriptive statistical
analysis, but four studies [45, 46, 48, 49] consider logistic
regression analysis for data. All 27 studies included evaluated
maxillofacial fractures, and nine [1, 3, 14, 24, 25, 41, 50, 53,
55] of them added information on soft tissue injury. Table 2
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shows the complete information of characteristics mentioned
above and presents the quality score (stars) of each study.

Discussion

A total of 27 studies remained after the qualitative analysis,
including 402,339 patients. The first point to consider is that
RTA represents the main cause of maxillofacial trauma among
children and adolescents. As can be observed in Fig. 2, in all
continents, the total prevalence was higher than 20%. In fact,
in Africa and Asia, the pooled prevalence for road accidents,
which involves motor vehicle, motorcycle, bicycles, and pe-
destrians, was higher than 40%. This reflects the alarming
situation of road traffic injuries in Africa, which was reported
by the World Health Organization in the document: “Road
Safety in the WHO African Region: The Facts 2013.”

According to WHO [56], the Africa region showed the
highest fatality rates, an incredible rate of 27.8 deaths per
100,000 inhabitants during 2010. A curious fact is that al-
though Africa shows the highest traffic-death rates, it remains
the least motorized of the six world regions. It is important to
consider that in Africa, pedestrian, cyclists, persons riding
two- or three-wheeled vehicles and young men are the popu-
lations most at risk for RTA; however, little has been done to
increase the space and safety for these group; in addition, the
law supporting road traffic is insufficient and inadequate.

In our review, road traffic accidents in Africa obtained an
estimated prevalence proportion of 61% (CI 95%, 53-69), the
highest one. In terms of maxillofacial trauma, both studies
included in the review [9, 39] reported only fractures. It should
be considered that RTA in Africa is more expressive in ado-
lescents than in children, once when children grow up and
became more independent, the risk of injuries related to
high-velocity events increases, especially when motorcycles

@ Springer



Oral Maxillofac Surg (2017) 21:131-145

136

TI-01
JuaIsA[OpE 69 200T-€661
/€ 191 X samyoeL] [endsoH Ays1oAmun | +UApIYD S0 8LE  oandadsonay puequLy 68610861 [6t] waroyL
SI-C1
1L
Juddsa[ope L
/€ 1T X Amfur onssn os + samoery [endsoH | +UapIY) €0 7901  eAndadsonay 3N 9002-C00T [1] eyoar03
L1-S1
Y101
Juddsa[ope 6—S
24 €T X SoIMoBL] aseqeye( uonedu  Spryy + waIp[IyD s> €eL'6e  eAndadsonay vsn 6002000 [8t] rueunsjog
Jusdsa[ope
244 Ig'¢ X SoIMOBL TaJU0)) BUINEI], [ [9AS'] +waIp[y) 810 687 dApoadsonoy vsn T102-000T [Lt] addoy
1281
LI-S1
PI-11
01-9
S
odureg juounredoq JUDISI[OpE 1<
4 1:6'C X SsamoeL] AdudGiourg opImuoneN + uaIpyIyy > $C1°9ge  oandadsonoy vsn 0102-800C  [9v] Apparefy
81-CI
Jud0sa[ope 11-9
/€ 17T X SoImoeL] [endsoH | +WIpIYD 50 TLL  oandadsonay vsn $007-000C  [eT] wpremunin
8161
Y1-01
6-S
Jusdsajope T
/€ 17T X SoIMOEL Sjueq ejeq Bwnel], [eUoneN +UWIPYD [0 GELTI  oandadsonay vsn $00Z-100T [st] exeqeuy
Juddsa[ope SI—¢€1
/€ 1:9'1 X SaIMoRL| [endsoy AnsmoAun | +uamppy) 710 761 dandadsonay BUIy) 6007000 [] noyz
ST-€1
TI-01
6L
Judsa[ope 9
/€ 181 X SoIoeL] [endsoH | +wIpIy) €0 L8T  oandadsonay uedep 1107-1861  [cp] oourew g
Jusdsa[ope
/€ 61 X SoImoeL] [endsoH | +WaIp[YD 910 01T oandadsonay eIpuy 21028002 [zv] reysurs
JUd0sI[OpE
/€ 1:$°C X Amifur onssy yos + sarmoer| [endsoy Apsioatun | + waIp[yd - S0 0Ly eAndadsonoy eury) 0102-000C  [1¢] urg-Sumgy
JU0SA[OpE
/€ I1e X SomoeL] [endsoy | +uaIpy) 919 005 andadsonay eIpu| T102-800C (o] purary
/€ I'v'e X SoIPOBL] [endsoH | waIpIyD 710 Sy eanoadsonoy eIpuy 2002-000T [01] wmey
JUDISI[OpE [+1]
¥/€ 12 X Amfur onssn Jos + SaIorL] [endsoy a59[10D | + uwaIp[yd 910 6  oAnoadsonay eIpUL 8007-€007  Awemserewnyy
/€ 19 X samyoel] [endsoH As1oAmun | wpryy 710 87T oandadsonay eury) 900T—L661 [8] 1 pue Iy
91-11
Jud0sa[ope 01—-¢
/€ 1:6'C X Amfur anssy yos + samoer] s[endsoH ¢ + w40 1S dandadsonay eIsKe[e]N 10026661 [+7] uvewnyey
T+
/€ 161 X SoImoeL] [endsoH | wpr) €0 LOT  oAndadsondy  eOLYY (Inos $00T-6861 [6€] sv uea
S1-C1
SJudIsA[Ope 11-9
/€ [ES X soimoel  [endsoH Sulyoeay, ANsioAtun | + w60 Lg  oanoodsonoy BLOSIN $00T—L661 [6] amomun3o
siodg  ooudjoIA  S[led DI
(s1e18) onjer euunRI pazAeue (yuoned) Apms
21095 Ajiend) A/IN  [BIOBJO[[IXBW JO SNBD UIR[\  BUUNRI) [RIORJO[[IXBIA! UONLRULIOUI JO 90INOS a3y N Jo odA7, Anuno)  pouad iy Joyne ISI|

(LT = u) syadse [eorSojoruapide pue own-0oeds 0} SUIPI0OE SAIPNIS POPNOUL A JO SONSLIAJORIRYD) T JqEL

pringer

Qs



137

Oral Maxillofac Surg (2017) 21:131-145

o[eWI}/o[BUL /A ‘SAYSEIO OJRI} PROI )y

SI-€1
1u22S3[0pE -9 [s¢]
/€ LT X Amfur onssn yos + samyoer [endsoy | +uwpr) 0 L19L  eAmdadsonay D 6007-900T  Z3[¥ZU0D-0[[0)
719
144 181 X SoImoeL [endsoy | wIppryp S0 01T oandadsonay [izeig 1102-800C [#6] stpreN
JUd0SI[OpE SI—€1
/€ I'C wy Amfur onssn os + sarmoery [endsoy | +wIpy) 711 b6 eAndadsonay Tizexg 6007-L00T  [£5] nueorese)
JUd0sI[OpE wM_mM
/€ 1T X SoInoeL] [endsoy | +uwIpIy) 90 Y9y dAndadsonoy lzeig 2002-000C  [zs] oraourary)
JU0SA[OpE
/€ 161 X Amfur onssn yos + samoer] [endsoy | +uaIpny) 810 €01  woanoadsonay [izexg 00029861 [sz] roureog
JU0SA[OpE
/€ [HX3 X SoInoBL] [endsoy | +uap[y) 810 91yl dAndadsonay [eSn0g T107-€661 [1¢] earorrog
SI-11 (12
JU0SA[OpER 019 -uRonjnLL)
/€ 19T X SoImoeL] S[eNdsoH €1 +uaIpIy) 0 vl aAndadsorg adomyg €107-T10T [L] ouegrog
JUS0SA[OpE
/€ 1:8°1 X Amfur onssn yos + samoer| [endsoy Ansioatun | + waIp[y) - 810 9671 oAndadsonay Koy, 110T-110T [0g] wary
/€ (54 X Amfur onssn yos + samnjoes [endsoy [ wIpyd g0 €65 oAndadsonay pue[i00g L00T-900T [e] ppryt
S1-¢€1
siodg ooudporA  s[led DI
(s1e38)  oner ewnen pazAfeue (quoned) Aprys
a100s Ayirend)  J/JN [BIOBJO[[IXEW JO 9SNEO UIR[A]  BUINEI} [BIOBJO[[IXBIA UOIEULIOJUI JO 90IN0S a3y N Jo odA7, Anuno)  pouad owi]  JOyIne ISIL

(ponumuoo) g J[qeL,

pringer

Qs



138

Oral Maxillofac Surg (2017) 21:131-145

Fig. 2 Estimated proportion/ Road Traffic Crashes (RTC)
prevalence (ES) of maxillofacial
trauma resulting from RTC
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and vehicles are used [9]. On the other hand, young children
are more likely to be affected by falls and running over [39].

The second region with the highest RTA prevalence was
Asia. The combined prevalence was 41% (CI 95%, 32-50).
Similarly to Africa, this continent presented, according to
WHO document: “Road Safety Status in the WHO South-
East Asia Region,” the rate of 18.5 deaths per 100,000 inhab-
itants during 2010 [57]. On the other hand, Europe had the
lowest prevalence of road accidents in this review, 26% (95%
CI, 5-54). This result is not surprising, since this region
showed a ratio with 9.3 deaths per 100,000 inhabitants due
to traffic accidents [58]. This is true for some European re-
gions, mainly in western countries. The European studies in-
cluded in this review were conducted only on the western
coast, so, it is possible that the number of children and ado-
lescents victims of maxillofacial trauma due to road accidents
is greater than the results presented here.

@ Springer

The “European Facts and Global Status Report on Road
Safety 2015” of WHO explained some reasons why Europe
achieved a reduction in road traffic injuries: “Laws and prac-
tices on key risk factors such as reduction of speed appropriate
to road type, drinking-driving, use of seat belts, motorcycle
helmets, and child restraints have reduced the risk of road
traffic injuries” [58]. None of these factors can alone resolve
the problem of road traffic accidents, but together they can
change this reality in many other regions of the world.

A recent review of maxillofacial fractures in the last
30 years, including all age groups, concluded that RTA is
the most important mechanism worldwide, mainly in Africa
and Asia, which is in agreement with the present systematic
review for the young population. On the other hand, North
America, Brazil, and Europe have shown a tendency to de-
crease RTA, which is partially explained by the more severe
traffic laws [27].
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The results regarding the prevalence of maxillofacial trau-
ma due to RTA presented considerable variation in some re-
gions of the world, notably in Europe, North America, and
South America. It must be considered that the study by
Ferreira [51], a Portuguese study, had a great influence of
the combined prevalence for the Europe region due to its high
proportion (62%) compared with other European studies.
However, this number is lower compared with the numbers
in the past. Since 1994, Portugal Legislation has become com-
pulsory the use of seat belts for the front passenger and the use
of child restraints. After these measures to improve traffic
safety, a decrease in the number of traffic accidents has been
observed [51].

After road traffic accidents, the next most relevant
etiology of maxillofacial trauma in children and adoles-
cents corresponds to falls. It was observed that Europe
and South America showed the same estimated propor-
tion of 42%; however, the confidence interval was

wider for Europe, which is explained by the influence
of two studies [49, 51], which showed low prevalence
of maxillofacial trauma due to falls.

Falls are an important cause of maxillofacial injuries in the
first years of life when the child has a great uncertainty of
motion and does not have good coordination [7]. In addition,
school-aged children have low center of gravity, which can
contribute to the lack of coordination [59], making them more
susceptible to injuries. In the adolescent population, a de-
crease in the incidence of falls and an increase in the occur-
rence of other mechanisms such as fights and sports, as well as
RTA can be observed [23]. According to the included studies,
which showed etiology stratified for children and adolescents,
a clear tendency of falls in childhood and increased incidence
of RTA in adolescents can be observed. This is an important
key to maxillofacial trauma prevention in children, mainly in
schools, home, and playground, which is the most common
places frequented by children. Parents or caregivers should be
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aware to avoid events or risks of falls during the first decade of
life.

Violence was the third most important etiology of maxillo-
facial trauma in children and adolescents. Violence includes
fights, assaults, weapons and firearms. The two world regions
with the highest prevalence of violence are North America
(19%;, C1 95%, 4-41) and South America (12%; CI 95%, 5—
20). In the USA, violence is considered an important cause of
maxillofacial fractures in the overall population. Roden [60]
pointed out this fact in a Level 1 Trauma Center study.
According to the author, from 2005 to 2010, violence resulted
by assaults was the second leading cause of facial fractures.

Children are less affected by community violence when
compared with adolescents, but as they grow up and increase
social interaction, they become more exposed to situations
that could result in fights and other risk factors. Domestic
violence is still a serious problem for children health. In
Brazil, for years, children, women, and older adults were the
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groups that most suffered from domestic violence [61].
Unfortunately, studies do not report if violence events are
related to family or community, once this information is not
commonly used in the data bank of hospitals.

Sports events were the fourth mechanism of maxillofacial
trauma among children and adolescents. Eight studies did not
report the number of maxillofacial trauma due to sports. The
highest prevalence of this mechanism was observed in the
only multicenter study conducted by Boffano [7]. The preva-
lence was 27% (95% CI, 19-36). Other etiologies reported in
studies were pooled on the category “others” and includes
animal bites, domestic accident, play, and other.

One difficulty in the analyses of children and adolescents is
the definition of the age group considered child or adolescent.
Generally, based on pediatric area, a child is supposed to have
12 years or less, and an adolescent to have between 12 and
18 years. However, studies included in this review considered
ages of 13, 15, 16, 17, and 18 years as the pediatric/children
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population. Therefore, it is essential to standardize the age
groups in order to facilitate further study comparisons.

The male/female ratio among studies was not as high as can
be observed for the adult population. It seems that in the pe-
diatric population, differences between males and females are
less evident than in adults, and so the distribution is more
similar. Some African and Asian studies have already reported
ratios, including adult population of 11.1:1 [62], 7.7:1 [63],
7.6:1 [64], 7.5:1 [65], and 4.9:1 [66] of cases of facial frac-
tures. A review of Nigerian studies conducted by Adeyemo
[67] revealed that in this country, the major cause of injuries in
population is RTA and the male/female ratio was incredibly
high in some studies (16.9:1 [15] and 24:1 [68]).

Only two studies reported data from more than one hospital
[7, 24]. Obviously, the three studies that used National Data
Banks are also from several hospitals. The use of more than
one source of information is important to help with a better
description of how trauma mechanisms are distributed among

0s 0.7s

regions. The study of the etiology of maxillofacial trauma in
children and adolescents is predominantly performed in hos-
pitals based on medical records, which means the production
of retrospective data. It is widely recognized in literature the
limitations regarding secondary data.

A study performed by Boffano [7] used a prospective de-
sign, and the number of patients analyzed was not as great as
in other studies included in this review, which is justifiable due
to difficulties to perform longitudinal studies. It is evident that
more prospective analyses about maxillofacial trauma in chil-
dren and adolescents are needed. This could improve the qual-
ity of research information since data would be collected at the
moment of hospital attendance by researchers involved.

Another fact is the great heterogeneity among studies, re-
gardless of regions analyzed. Heterogeneity is not related to
differences among methods, once their designs are very sim-
ilar. Differences are possibly explained by disparities in the
sample size. Therefore, a random model effect was used in
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order not to overestimate the final proportion. In this sense, the
squares of each study on plots have the same size.

The quality assessment showed, in general, sufficient score
according to NOS (adapted), which is compatible with the
subjective analysis performed by each reviewer. After the dis-
cussion about the quality assessment, it was clear that the
studies are not so different regarding their methodologies,
which means that heterogeneity should be carefully
interpreted.

Although our study is a unique contribution to literature, it
has some limitations and biases. The most important biases
include the difference in classifications of causes of injuries,
as well as the victim’s age. Another limitation is related to the
fact that only English language articles published from 2006
to 2015 were included.

Nonetheless, this study represents the first complete review
of the maxillofacial trauma etiology among young people and
summarizes the best literature evidence of the past 10 years.
The proportion meta-analysis has proved to be a useful tool
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and allowed us estimating the proportion/prevalence of max-
illofacial trauma resulting from different etiologies among
children and adolescents.

The findings highlight the importance of public awareness
regarding etiology and preventative measures for maxillofa-
cial trauma around the word. Multicenter, prospective epide-
miological studies should be conducted in order to make im-
provements in this field.

Conclusions
Based on the results of our review, it was concluded that:

1. Similarly to the adult population, road traffic accidents
represent a burden for the young population and remain
for years as a challenge for public health;

Special attention should be given to Africa and Asia,
which presented the highest prevalence of road accidents;
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3. Falls are also a frequent cause of maxillofacial trauma,
especially for schoolchildren;

4. Violence, such as assaults, fights, weapons, and firearms
was more evident in the Americas.
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