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Abstract

Objectives: Concomitant injuries play an important role when it comes to clinical management of
traumatic brain injury (TBI). We examined the incidence of concomitant injuries and their relev-
ance with respect to hospitalization. Methods: Children aged between 0 - 18 years hospitalized for
treatment of TBI (ICD 10; S06.0 - 9) during 2010-2011 were included. The data relating to conco-
mitant injuries and the course of treatment were evaluated. Statistical analysis included multiva-
riate regressions at a level of significance of p < 0.05. Results: 794 children were treated for head
injury in our hospital. Head injury with other associated injuries had been sustained by 158
(19.9%) children. The face and the extremities were the areas of the body most often affected (p =
0.001). Boys represent the majority within the cohort of multiple injured children (p = 0.0001).
The older the child, the higher the percentage of children with concomitant injuries (r = 0.27; p =
0.034). There was a significant correlation between the severity of the head injury and the occur-
rence of concomitant injuries (r = 0.19; p = 0.046). Children with concomitant injuries were found
to suffer significantly more falls (N = 82; 51.9%) than road traffic accidents (N = 68; 43%) (p =
0.0001). A comparison of different variables revealed that age (7 to 10 years), severity of head in-
jury (mild TBI), and trauma mechanism (fall) were most influential (KB = -1.55; p = 0.023) for
concomitant injuries. Children with concomitant injuries have a significant longer stay in hospital
than those without: mean stay 2.5 to 4.5 days (p = 0.0001). Conclusion: Concomitant injuries are
hints for more severe head injuries and children should be examined with special care.
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1. Introduction

Traumatic brain injury, especially mild brain injury, in children is common. However, given the variable levels
of development of the motor system and balance, as well as mobility, the risk of traumatic brain injury in a de-
veloping child also varies. Epidemiological studies reveal that children, as a special age group, are exposed to
different forces and exertions than adults. This is reflected simply by the fact that children are involved in fewer
car accidents [1]. We find that children aged 1 - 4 years, and in this particular instance boys, are especially at
risk [2]. At such an age, falls from lower heights in the domestic environment, such as from furniture, are com-
mon. They are seldom associated with severe head or brain injuries [3]. Nevertheless, additive injuries in the
event of a traumatic brain (TBI) injury are not uncommon.

The injury pattern in adult patients with multiple injuries and the influence of different injuries as well as their
combination on a patient’s prognosis, have already been studied in depth [4] [5]. However, only few publica-
tions address concomitant injuries in relation to traumatic brain injury in children [6]-[8]. Most of the studies
addressed the extra-cranial injuries more than the intracranial injuries. Unlike adults, infants or babies already
experience serious circulatory disturbances due to slight blood loss in other compartments, such as in the mus-
cles when fracturing a tubular bone, or under the skin. In turn, disturbed blood flow can accentuate the second-
ary brain damage following traumatic brain injury [9]. Traumatic brain injury in a child with multiple injuries is
an important factor when it comes to survival and treatment outcome [ 1] [10].

This study reflects the distribution and relevance of concomitant injuries in children experienced TBI in rela-
tion to age, sex, trauma mechanism and outcome. To the best of our knowledge, the overall connection to
weekday and daytime is hereby described by the first time.

2. Patients and Methods
2.1 Design

This study was designed as descriptive-observational and conducted at a university medical hospital with a cat-
chment population estimated at 170,000. The departments of neurosurgery, paediatrics, paediatric surgery and
traumatology participated in the study.

2.2. Inclusion Criteria

All patients less than 19 years of age admitted with a diagnosis of head injury (ICD 10; S06.0-9) between 1 Janu-
ary 2010 and 31 December 2011 were included. Only symptomatic patients (vomiting, headache, paresis or dis-
turbances of consciousness) or patients without symptoms but radiographic signs of intracranial trauma (ultra-
sound, computed tomography, magnet-resonance-imaging) were admitted for hospitalized treatment and included.

2.3. Exclusion Criteria

Patients with acute neurological deficits or symptoms like vomiting, headache, paresis or disturbances of con-
sciousness without any context of acute traumatic brain injury and patients that were not admitted were ex-
cluded.

2.4. Data

Data were collected using standardized clinical notes which were entered in a database and evaluated. Data on
the patient’s sex, mechanism of injury, associated injuries, Glasgow Coma Score (GCS), length of hospital stay,
neurosurgical procedures and outcome at discharge were documented [11]. The modified Glasgow Coma Scale
(Frankfurter Glasgow Coma Scale = fGCS) for Children and the Glasgow Coma Scale was used to grade the
traumatic brain injuries and to classify the severity of the head injuries. Injuries were classified in children from
25 months of age on as severe (severe TBI) at a GCS score of 8 or less, moderate (moderate TBI) at a score of
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between 9 and 12, and mild (mild TBI) at a score of more than 12. The classification was adapted for children
aged under 25 months: severe (severe TBI) at a f{GCS score of 11 or less, moderate (moderate TBI) at a score of
between 12 and 16, and mild (mild TBI) at a score of between 12 and 19 [2]. The outcome was defined as good
at a score of >4 on the Glasgow Outcome Scale and < 2 on the modified Rankin Scale, otherwise as unfavorable
[12]-[15]. Concomitant injuries were assigned to 5 different body regions, namely head and neck, face, chest,
abdomen or pelvic girdle, and extremities (Table 1) [16] [17].

We divided the population into 6 groups according to age, namely under 1 year, 1 -4,5-6,7 - 10, 11 - 14,
and 15 - 18 years.

When testing for differences between smaller groups, the Kolmogorov-Smirnov, Kruskal-Wallis test and
Wilcoxon/Mann-Whitney tests were used for non-parametric analysis. Otherwise the t-test, fisher-test, and the
ANOVA were used. Correlations and regressions were performed by Spearmens’ Test as well as Kendalls’ tau
(b and c) and univariate/multivariate regression analysis. We used SPSS® statistical software (IBM Company,
SPSS Inc. Chicago Illinois) to analyze the collected data.

The local university ethic committee approved this study (Nr. 380/14).

3. Results

3.1. Patients

From 1 January 2010 to 31 December 2011, 794 children with head injuries were treated in our hospital (2010 N
=379, 47.7%; 2011 N = 415, 52.3%). The majority of children were between one and four years of age. The
distribution of TBI across the different age groups is described in Table 2. A total of 487 of the patients were
male (61.3%), and in all groups boys were consistently more likely to sustain a head injury.

Mild TBI was noted in 765 (96.3%) patients; 15 children (1.9%) suffered moderate TBI and 14 children
(1.8%) severe TBI. The severity distribution across the age groups is described in Table 2.

3.2. Incidence of Concomitant Injuries

Isolated head trauma was noted in 636 (80.1%) patients. Head injury with concomitant injuries were sustained
by 158 (19.9%) children (80.1% without concomitant injuries: p = 0.0001). In 124 (78.5%) cases only one other
part of the body was injured (e.g. thorax or extremities). In 34 (21.5%) cases concomitant injuries were sus-
tained in more than one additional region of the body (e.g. thorax and extremities). The number of additional
parts of the body suffering an injury totaled 200 (126.5% of the children with additional injuries) (Table 3). A
more precise breakdown of the injuries sustained, and regions involved, can be found in Table 3.

3.3.Sex

Boys sustained significantly more concomitant injuries than girls (p < 0.016) (Figure 1). The greatest difference
in incidences of each part of the body was found in relation to facial injuries (A 19). With lower incidences boys
sustain more abdominal injuries than girls (A 10).

3.4. Age

Age was found to correlate significantly to the incidence of concomitant injuries: the older the child, the higher

Table 1. Division of the body into five regions as per the Injury Severity Score and incidence of a total of 200 concomitant
injuries in the entire study population of N = 794 children and 158 children with concomitant injuries.

Region Localisation Incidence
Head and Neck Neck and cervical spine N=167;33.5%
Face Facial injury N=67;33.5%
Chest Chest, thorax, , diaphragm including thoracic spine N=31;15.5%
Abdomen or Pelvic Girdle Abdomen, lesser and greater pelvis including lumbal spine N=22;11%
Extremities Extremities with fractures and distension, luxation N=13;6.5%
Total 200
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Table 2. Frequency characteristics of the population in terms of the incidence of concomitant injuries and classification ac-

cording to sex, age, severity of traumatic brain injury, trauma mechanism and treatment outcome.

No concomitant injuries
(N =636, 80.1%)

Concomitant injuries
(N =158, 19.9%)

Total
(794, 100%)

Sex
Male
Female
TBI Grade
Mild TBI
Moderate TBI
Severe TBI
Age
Younger than 1 year
1 to 4 years
5 to 6 years
7 to 10 years
11 to 14 years
15 to 18 years
Mechanism
Fall
Traffic accident
other
Outcome
Modified Rankin Scale
0
1

AN W kAW

Unfavourable
Good
Glasgow Outcome Scale
1
2
3
4
5
Unfavourable

Good

390 (80.1%)
246 (80.1%)

634 (81.6%)
8 (53%.3)
4(28.6%)

118 (91.5%)
288 (87.8%)
59 (77.6%)
83 (72.2%)
51 (60%
37 (60.7%)

533 (86.7%)
45 (39.8%)
58 (87.9%)

628 (81.2%)
5 (50%)
1 (25%)
0 (0%)
1 (50%)
1 (100%)
0 (0%)
2 (28.6%)
634 (80.6%)

0 (0%)
1 (100%)
2 (50%)

2 (20%)
631 (81.1%)
3 (50%)
633 (80.3%)

97 (19.9%)
61 (19.9%)

141 (18.4%)
7 (46.7%)
10 (71.4%)

11 (8.5%)
40 (12.2%)
17 (22.4%)
32 (27.8%)
34 (40%)
24 (39.3%)

82 (13.3%)
68 (60.2%)
8 (12.1%)

145 (18.8%)
5 (50%)
3 (75%)
3 (100%)
1 (50%9
0 (0%)
1 (100%)
5 (71.4%)
153 (19.4%)

1(100%)
0 (0%)
2 (50%)

3 (80%)
147 (18.9%)
3 (50%)
155 (19.7%)

487 (61.3%)
307 (38.7%)

765 (96.3%)
15 (1.9%)
14 (1.8%)

129 (16.2)
328 (41.3%)
76 (9.6%)
115 (14.5%)
85 (10.7)
61 (7.7%)

615 (77.5%)
113 (14.2%)
66 (8.3%)

773 (97.4%)
10 (1.3%)
4(0.5%)
3(0.35%)
2 (0.25%)
1(0.1%)
1(0.1%)
7 (0.8%)

787 (99.2%)

1(0.1%)
1(0.1%)
4(0.5%)
10 (1.3%)

778 (97.9%)
6 (0.8%)

788 (99.2%)
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Figure 1. Presentation of sex-specific differences in the occurrence of injuries to other parts of
the body.

Table 3. Additional breakdown of injuries by region of the body and incidence (N).

Head and Neck (N) Chest (N) Extremities or Pelvic Girdle (N)
cervical bruise/distortion 24 Bruise or fractures of rips and/or Sternum 10 Knee bruise 33
cervical spine fracture 7 Ellbow bruise 10
Fracture of the thoracic spine 2 Tibia fracture 9
Face (N) Radius and ulnar fracture 6
Nasal bruise/fracture 11 Haemato-pneumo-thorax 1 Humerus fracture 1
Injuries of the eye 21 Abdomen (N) Burns 2
Fracture of mandible 1 Bland abdominal trauma/bruise 12 Shoulder injury 5
Epistaxis 4 Genital-Scrotum 1 Ankle joint distortion 1
Laceration 10 Pelvic fracture 5
Injuries of the lips/teeth 17 Spleen rupture 3
Otorrhea 3 Renal laceration 1 Total N =200

the percentage of children with additional injuries (r = 0.27; p = 0.0001) (Figure 2). The distribution of injuries
in other parts of the body is presented in Figure 3. Within the individual regions injured, there is a significant
difference between the age groups only with respect to the face (r = 0.2; p = 0.0001). However, if the children
are compared separately according to age, namely < 7 years and > 7 years, the age groups are found to have a
significant effect in terms of injuries to the chest, abdomen, extremities and pelvic girdle (p < 0.05). Such inju-
ries occur more often in older children.

3.5. Injury Severity

There was a significant correlation between the severity of the head injury and the occurrence of concomitant
injuries: mild TBI 18.43%, moderate TBI 46.66% and severe TBI 71.42% (r = 0.19; p = 0.046). Only in the re-
gion of the head and neck (r =—1; p =0.0001) and the abdomen (r = 1; p = 0.0001) were there significant corre-
lations between the severity of the head injury and the occurrence of concomitant injuries (Figure 4). The more
severe the head injury, the less frequent the occurrence of concomitant injuries to the cervical spine but more

frequent the occurrence of abdominal injuries.
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Figure 2. Percentage of children with concomitant injuries, categorised by age group and region of the body (N = 794).

N (%) of all concomitantinjuries

15 to 18 years 37 (18.5%)
11to 14 years 41 (20.5%)
7 to 10 years 40 (20%)
5to 6 years 21 (10.5%)
1to 4 years 48 (24%)
Younger than 1 year 13 (6.5%)
0% 20% 40% 60% 80% 100%

MHead and Neck M[Face OChest MAbdomen O Extremities or Pelvic Girdle

(a)
%
70.0 4 64.7
59.4
60.0 —
50.0
50.0 217 .
40.0
30.0 25, 20.8|
21.9 20.8[14120.8
20.0 12.
10.0
0-0 T T T T 1
Youngerthan1l 1to 4 years 5to6years 7tol0years 11to14years 15to 18 years
year
M Head and Neck MFace OChest OAbdomen OExtremities or Pelvic Gridle

(b)

Figure 3. Distribution of concomitant injuries across the age groups (a) and percentage distribution of the injured regions of
the body within one age group (b). The number of concomitant injuries per age group increases as a percentage.
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Figure 4. Percentage distribution of concomitant injuries across the three levels of severity of traumatic brain injury in a total
of 200 concomitant injuries and 158 children with concomitant injuries (one child can have multiple concomitant injuries in
different parts of the body).

3.6. Trauma Mechanism

Children with concomitant injuries were found to suffer significantly more falls (N = 82; 51.9%) than road traf-
fic accidents (N = 68; 43%) (p = 0.0001). There was no significant difference in the incidence of concomitant
injuries to various parts of the body as regards the trauma mechanism, however (Figure 5).

3.7.Day and Time

The day of the week did not significantly influence the incidence of concomitant injuries. Whereas the incidence
of injuries within one particular region was found to differ significantly on different days (p < 0.019), no clear
patterns could be discerned. A significant pattern also could not be found when differentiating between work-
days and the weekend. There was a significant correlation, albeit rather weak, between the time of admission
and incidence of concomitant injuries (r = 0.032; p = 0.035) (Figure 6). However, the time of admission does
not necessarily correlate to the time point of injury.

3.8. Diagnostic Imaging

In most children, no CT (N = 695; 87.5%) or MRI (N = 763; 96.1%) examination was performed. A precise
breakdown can be found in our previous publication [2]. A positive correlation was found, indicating that the
number of CT and MRI scans increases as the incidence of concomitant injuries rises. As opposed to the child-
ren with no concomitant injuries, 38 (45.8%) of those with concomitant injuries had one CT scan, 5 (71.4%) had
2 CT scans, 3 (60%) had 3 CT scans, and 2 (66.7%) had 4 CT scans (r = 0.27; p = 0.043).

Compared to the children with no concomitant injuries, 16 (53.3%) of the children with concomitant injuries
had one MRI and one (100%) child 2 MRIs (r = 0.17; p = 0.046).

3.9. Hospital Stay

The incidence of concomitant injuries correlated significantly to the length of the children’s hospital stay (r =
0.3; p=0.034). On average, children with no concomitant injuries spent 2.5 (SD: 3.1) days in hospital, and those
with concomitant injuries 4.5 (SD: 4.9) days (p = 0.0001). The specific localization of a concomitant injury did
not significantly influence the hospital stay, however.
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Figure 5. Incidence of concomitant injuries in regions relative to the trauma mechanism (a), and incidence of concomitant
injuries as a percentage of the total of 200 concomitant injuries and 158 children with concomitant injuries (one child can
have multiple concomitant injuries in different parts of the body) (b).

N

20
18
16
14
12
10

o N &~ OO

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Day of admission

Figure 6. Time of admission of children (N) with concomitant injuries.
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3.10. Treatment Outcome

The occurrence of concomitant injuries had a significant impact on the treatment outcome (p < 0.038). Based on
the modified Rankin Scale, the incidence of concomitant injuries increased relative to the score (r = 0.17; p =
0.046). The higher the score on the Glasgow Outcome Scale, the more infrequent the concomitant injuries (r =
—0.132; p = 0.046). Hence, outcome deteriorated with concomitant injuries. The modified rankin scale
represents a significant difference with better results for children without concomitant injuries: mean score 0.03
t0 0.19 (p = 0.008).

3.11. Regression Analyses

A comparison of the importance of different variables revealed that age (1 to 6 years) and trauma mechanism
(fall) were most influential (Table 4). The most influence according the odds ratio was represented by the age of
5 to 6 years (OR =0.373, p =0.009, CI = 95%).

4. Discussion

Traumatic brain injury is the leading cause of death, morbidity and disability in children and young adults
[17]-[19]. It is also the primary cause of death in poly-traumatized children under 12 years of age. The death of a
child after sustaining multiple injuries or poly-trauma will more likely result from the traumatic brain injury than
from multiple organ dysfunction syndrome or acquired respiratory distress syndrome [1] [20]. The number of
children undergoing treatment for traumatic brain injury is rising [21] [22]. Severe TBI is commonly associated
with concomitant injuries and plays an important role in clinical management [23]. The involvement of other
organ systems typically demands more diagnostic and therapeutic procedures which in turn lead to increased
medical, social, psychological and economic costs. It is of great importance to define the age groups that are
particularly at risk from severe traumatic and concomitant injuries. An interdisciplinary approach may accelerate
recovery and the return to everyday activities. Additionally, the neuropsychological sequelae of TBI in child-
hood are difficult to estimate and may pose a medical, social and economic burden.

Table 4. Results of the binary logistic regression analysis. Significance was presented by the categories “Mechanism-Fall”
and “Age (1 to 4 years and 5 to 6 years)”. Highest odds ratio was found for the Category “Age (5 to 6 years)”.

Odds 95% Confidence interval for OR

Categories Regression-Coefficient R Standard error P Ratio :
Lowest value Highest value
Day —0.028 0.053 0.593 0.972 0.876 1.079
Daytime —0.002 0.024 0.949 0.998 0.953 1.046
Mechanism(Fall) —1.895 0.245 0.001 0.150 0.093 0.243
TBI Severity (Mild) 0.191
TBI Severity (Moderate) -1.277 0.713 0.073 0.279 0.069 1.126
TBI Severity (Severe) —-1.023 0.947 0.280 0.360 0.056 2.302
Age (0 to <1 year) 0.001
Age (1 to 4 years) —1.243 0.465 0.007 0.288 0.116 0.717
Age (5 to 6 years) —0.986 0.378 0.009 0.373 0.178 0.783
Age (7 to 10 years) —0.397 0.446 0.374 0.672 0.280 1.613
Age (11 to 14 years) —0.204 0.408 0.617 0.816 0.367 1.814
Age (15 to 18 years) 0.353 0.418 0.399 1.423 0.627 3.232
Gender (Female) 0.237 0214 0.270 1.267 0.832 1.929
Absolute Term 1.955 0.864 0.024 7.063
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4.1. Concomitant Injuries and Age

The majority of the children in our study population were aged between 1 and 4 years, an aspect that could have
led to bias in regard to the other age groups. We therefore analyzed the number of patients with concomitant in-
juries in each age group, revealing that 39% of the children and young adults between 11 and 18 years sustained
concomitant injuries. Older children usually pursue more hazardous leisure activities, and a lack of risk aware-
ness as well as an underestimation of dangerous traffic situations may increase the risk of severe injuries. Ac-
cording to the data published by Maegele et al., the distribution and nature of concomitant injuries in children
older than 11 years seem to be congruent with the adult population [24]. Furthermore, the 15 - 18 years age
group is economically important with respect to the future. Hence, it is essential that morbidity within this age
group must be reduced as much as possible. In our study we did not analyze outpatient cases of TBI. In this re-
gard, the number of mild TBIs and the extent of this problem in our society may be underestimated. Further-
more, some adults may underestimate the potential dangers that could result from TBI and thus not seek medical
treatment at all.

4.2. Concomitant Facial Injuries

Facial injuries were one of the most common concomitant injuries in our study, especially in the patients aged
between 1 and 4 years. The development of motor function and coordination conceal the risk of falls on the face
without protection. Moreover, the head is proportionally bigger in small children. Our findings confirm those of
Schmittenbecher et al., namely that facial injuries are the most common concomitant injuries in children [25].
The number of facial injuries reported was lower (22%) than ours (33.5%), however. Head injuries are the most
frequent trauma sequelae in infancy and childhood. Consequently, injuries are often also sustained in the face,
with concomitant facial injuries reflecting the predominance of head injuries in this age group. An interdiscipli-
nary approach and prompt diagnostic steps may help to improve the continued clinical management and progno-
sis in young patients. A surgical specialist (e.g. plastic surgeon or ENT surgeon) should therefore always be on
hand when caring for children with traumatic brain injury.

4.3. Concomitant Injuries to the Chest, Extremities and Pelvic Girdle

High-speed accidents typically lead to traumatic injuries that involve a higher number of organ systems. Fol-
lowing poly-trauma, however, concomitant injuries to the chest, abdomen and pelvis are sustained far more in-
frequently by children than by adults. If poly-traumatised children also sustain injuries to the chest and abdomen,
such injuries pose an increased risk of lethality in the same way as cervical spine injuries [1]. Maegele ef al. in-
vestigated concomitant injuries in all patients with TBI [24]. More than half of the investigated population suf-
fered concomitant injuries. They reported that 37% of patients sustained concomitant injuries to the extremities
and 24% sustained thoracic injuries. Furthermore, 20% of these injuries were considered severe [24]. Our data
revealed a lower number of injuries to the extremities (33.5%) and chest (6.5%). As in our study, Schmitten-
bacher et al. found injuries to the extremities to be the second most characteristic pattern to accompany TBI
(6.6%) [25].

A study of the anatomy reveals marked differences between children and adults. The ratio of soft-tissue
envelope to bone, as well as flexibility, proves to be a protective factor when it comes to fractures in children.
However, if a bone is in fact broken in a child (extremity, rib), the force exerted would have to be enormous.
Paediatric phrenoptosis causes displacement of the spleen and liver into the abdomen, unlike in adults [1] [20].

This fact confirms that children exhibit different injury patterns. The proportions of the head in relation to the
rest of the body, as well as mechanical and tissue resistance, and elasticity, may influence trauma sequelae.

4.4. Concomitant Injuries and the Trauma Mechanism

Falls are still the leading cause of head injuries among young individuals [2]. They commonly result in TBI,
particularly in infancy and childhood. Fortunately, less than 3% of toddlers require treatment for injuries sus-
tained in road traffic accidents. Similar results were published by Schmittenbecher ef al. (7.4%). The percentage
of children injured in road traffic accidents increases, however, in the event of poly-trauma [7].

The mechanism of trauma in children reflects socially defined factors and road traffic involvement. Children
of up to about 6 years of age become involved in road traffic accidents mainly as passengers or pedestrians.
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Older children aged between 7 and 12 years tend to sustain injuries as cyclists and pedestrians. Only once they
are over 17 years of age children do increasingly sustain injuries in motorised vehicles [1] [20]. This aspect em-
phasizes the importance of campaigns that urge the use of protective measures, such as helmets and educational
programmes, particularly in children [25].

Young adults typically sustain a TBI from road traffic accidents (32.8%). In line with our results, McKinley et
al. report that in 67.57% of individuals between 0 and 14 years of age falls were the main reason for hospitalized
treatment of TBI. In older individuals falls were documented only in 8.4%, and road traffic accidents in more
than 14%. McKinley revealed, as do our data, that older patients are particularly at risk of traffic accidents. In
addition, this age group is more often susceptible to moderate or severe traumatic brain injury. Children who
sustain moderate or severe TBI are particularly at risk of cognitive and behavioral disturbances.

4.5. Concomitant Injuries and Duration of Hospital Stay

The number of days spent in hospital is higher in older children, despite the fact that they generally suffer fewer
TBIs. This phenomenon underlines the results discussed previously, as well as the number of concomitant inju-
ries in older children and young adults [2]. Longer hospital treatment and the involvement of different organ
systems demand a multidisciplinary therapeutic approach. Thus, older children may benefit from treatment in
high-volume trauma centres where the medical teams have extensive experience of trauma management. Rapid
clinical evaluation, drawing on interdisciplinary knowledge and experience, shortens the bridging time if other
therapeutic steps are necessary.

The important step in acute management is to identify young patients in need of acute intervention as soon as
possible. By determining the risk factors such as age group, mechanism of injury or apparent concomitant inju-
ries (e.g. skin), it may be easier to identify these patients and enhance the management and course of traumatic
brain injuries, and thereby improve the outcome and success of potential therapeutic measures [26].

4.6. Concomitant Injuries and Diagnostic Measures

Prompt and adequate medical assessment is crucial. Radiological imaging is part of this concept. The develop-
ment of CT imaging, in particular, has revolutionized trauma management. In recent decades, however, the in-
creasing negative aspects of this procedure due to radiation exposure have come under scrutiny. Children are
especially affected in this regard. Therefore, the simple cranial X-ray has become obsolete. Schmittenbecher et
al. reported that 73.8% of children had X-ray, whereas no cranial X-rays were noted in our study [25]. The
number of CT scans correlates with our findings in the same study (13.4%) and demonstrates the crucial role of
CT in trauma management. In moderate and severe TBIs, CT is of utmost importance, particularly if a surgical
procedure or other therapeutic intervention is necessary. The mechanism and dynamics of the injury, the Glas-
gow Coma Score and a suspicion of severe concomitant injuries are factors that dictate the need for computed
tomography. On the other hand, patients without a neurological deficit benefit from observation, allowing neuro-
imaging methods to be reserved for situations in which the neurological status deteriorates [2].

Ultrasound is a safe and fast imaging method that can be very useful for screening children regarding intra-
cranial bleeding under one year of age or skull fracture in older children. Staff must be experienced in its use,
but it can be deployed at the bedside without sedation—an aspect that may simplify the logistic set-up and acce-
lerate further diagnostic steps. Emergency ultrasound offers more than 90% sensitivity and 95% specificity
compared to computed tomography for diagnosis of a cranial fracture [27]. Moreover, it has none of the negative
effects of ionising radiation.

Magnetic resonance imaging scans enable safe diagnostic testing, especially if the acute phase of head injury
has passed. Moreover, it may be of significant prognostic value, especially in the case of traumatic brain injuries
[28].

4.7. Concomitant Injuries and Outcome

In most patients the neurological outcome was good, a result that correlates with prevailing mild TBI. However,
the limitation of the present study is the fact that early outcome was assessed at discharge and functional im-
pairments tend to increase during the two years following injury. Mild brain injury may impair the memory,
concentration or behaviour, and lead to future limitations as a result [29]-[32].
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Nevertheless, Massagli et al. demonstrated that patients with a good Glasgow Outcome Score at discharge
were ten times more likely to experience a good recovery based on late outcome [23]. Nevertheless, the outcome
of TBI, particularly in children, is complicated by many factors. One major issue is examining children over
time and identifying the sequelae arising from brain injury and the changes that the child may experience as a
result of natural ageing. We lack adequate and specific assessments for the outcome after TBI in children that
consider the different stages of age and development.

5. Conclusions

This study delivers current data on children and young adults having sustained a traumatic brain injury. Typical
concomitant injuries were those to the face and extremities. Most young patients with concomitant injuries were
observed and treated in hospital for 4, 5 days and the majority achieved a good neurological outcome. Individu-
als aged between 15 and 18 years in particular are at risk of moderate and severe TBI with concomitant injuries,
necessitating a multidisciplinary approach.

In younger children, parents appear to be the key to reducing trauma figures. Preventive programmes and
education for families and young parents are of utmost importance if the still very high and rising number of
TBIs in children is to be decreased.
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