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Abstract: Background: By 2025, road traffic injuries are projected to rank third in the global burden
of disease, posing a significant challenge that affects health, social well-being, and economic
aspects. According to data from the Romanian Police National Statistics Center, there has been an
average of 342 traffic accidents per year involving pediatric patients over the past 10 years.
Materials and Methods: A retrospective research study was conducted, encompassing 358 cases of
road traffic accidents identified for the study. Data collection was conducted at “St. Mary’s”
Emergency Hospital for Children in lasi, Romania, from January 2015 to December 2022. To
facilitate statistical analyses, participants were categorized into three specific age groups,
correlating between the anatomical region affected and different types of accidents was examined,
and the classification of injury types was determined based on the characteristics of the harm
inflicted. Results: An oscillating trend is observed from 2015 to 2020, with its lowest value recorded
in 2017 at around 6.8% and its peak in 2019 at 20.1%. Notably, post-pandemic (Covid-19), the cases
underwent a substantial decline of approximately 50%. At least 78.7% of those who did not
undergo orthopedic reduction required surgery, whereas among those who underwent orthopedic
reduction, only 23.4% needed surgery. Regarding the frequency of complications 7,9% of the total
cases experienced complications. Conclusion: The increased frequency of pediatric traffic accidents
is attributed to the extensive services provided by “St. Mary’s” Emergency Hospital for Children,
Iasi, to a significant number of patients from both rural and urban areas across the seven counties
of the Moldova, Romania.

Keywords: road traffic accidents; children; adolescents; orthopedic interventions; fractures; safety

1. Introduction

One of the leading causes, as indicated, is the average perceived quality of road infrastructure
in the EU, which is above 4 on a scale of 1 to 7 (where 1 represents extremely poor and 7 represents
among the best in the world). In Romania, it is around 3.5, the lowest in the entire Europe [1] (Figure
1).

Road traffic accidents (RTAs) are regarded as integral components of “development diseases”
often stemming from the rise in motor vehicle numbers, population densities, and environmental
alterations [2]. Despite their significance, RTAs constitute a major yet frequently overlooked public
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health issue, entailing elevated rates of both mortality and morbidity on a global scale [3]. They
constitute a pervasive global challenge, impacting health, social well-being, and economic spheres,
resulting in an annual toll of up to 50 million injuries [4]. By 2025, road traffic injuries are expected to
take third place in the rank order of disease burden [5].
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Figure 1. Perceived quality of the road infrastructure (1 = extremely poor, 7 = among the best in the
world). Source: World Economic Forum, Executive Opinion Survey (2019).

The term ‘accident,” as defined in 1956, implies an unavoidable and unpredictable situation, a
happening that cannot be averted. In contrast, the 2004 WHO report on Road Traffic Injury
Prevention favors the use of the term “crash” [6].

In the United States, the overall pediatric trauma survival rate varies between 80% and 95%
[7-11], and statistics from the Netherlands indicate that for every child killed in a road traffic
accident (RTA), another 42 are seriously injured [12]. Based on the information from the Romanian
Police National Statistics Center, there has been an average of 342 traffic accidents involving
pediatric patients over the past 10 years. [13]

Nonfatal injuries, even those considered minor, can result in significant short and long-term
physical and psychological outcomes that are linked to substantial losses for individuals in all
aspects of life, including their quality of life. Such injuries constitute a major cause of temporary or
permanent disability and exert a notable negative impact on families and community networks
[7-10,14,15].

Children, especially, are a vulnerable group in the context of road traffic. Younger children, in
particular, face an increased risk of being run over by a vehicle. Despite having the necessary motor
skills to walk on streets, they lack cognitive, sensory, and behavioral perception skills to
comprehend traffic and associated risks [16,17]. Being run over by a vehicle is the leading cause of
death and disability for children in numerous countries [18], and the resulting injuries often tend to
be more severe than those suffered when inside motor vehicles [19].

Furthermore, children experience different types of injuries compared to adults. This is
attributed to their lower mass, resulting in reduced kinetic force and lower-intensity accidents.
Additionally, children often sit in the rear seats of vehicles, providing them with more protection. As
a result, injury patterns differ between children and adults. Children tend to have fewer thoracic,
intra-abdominal, pelvic, and long bone injuries, and they typically exhibit a lower Injury Severity
Score (ISS) despite a higher Glasgow Coma Scale score [17,20]. These results may be explained by a
better adaptive process and greater physiological plasticity, leading to a more effective response to
trauma in children. This adaptability allows children to recover more successfully without
permanent sequelae [21]. However, in cases where sequelae do occur, conducting a Personal Injury
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Assessment (PIA) for children becomes challenging. It involves clarifying concerns related to
permanent disabilities and future needs, which are difficult to predict for the child’s lifetime.

To our knowledge, there are no published medico-legal recommendations for PIA in children’s
cases. Therefore, there is an urgent need to develop medico-legal research on these cases to provide
medical experts with scientific evidence.

The primary aim of this study was to examine the epidemiology of RTAs in children [22]. More
specifically, the study sought to analyze the mechanisms of injury (pedestrian, bicycle, and vehicle
passenger) in relation to age, accompanying injuries, multiple fractures, injury patterns, and the
interplay between these factors. Secondary objectives included identifying and characterizing
specific aspects of children’s post-traumatic damage, with a focus on a) associated injuries and b)
complications

2. Materials and Methods

In this study, we took a close look back at the years from 2015 to 2022, gathering information
from the Emergency Department (ED) at “St. Mary’s” Emergency Clinical Hospital for Children and
the Pediatric Orthopedics Department. Approval for the study protocol was obtained from the
administration of the “St. Mary’s” Clinical Emergency Hospital for Children under the designated
approval number 23177 dated July 10, 2020.

“St. Mary’s” ED is the go-to hospital for children dealing with injuries in lasi County and its
surroundings, covering both city and country areas. Information from the hospital’s computerized
medical records was extracted to identify patients admitted to the ED for TAs. Our emphasis was
primarily on patients with cause codes V00-V99. We even did a digital scan using keywords like
“road traffic accidents” and “traffic accidents”. This verification was carried out by meticulously
scrutinizing their medical data.

The hospital’s ED functions as the main public facility for referring pediatric injuries, offering
highly specialized medical treatment for the city and territory of lasi, as well as its surroundings,
encompassing both rural and urban regions. Information from the hospital’s computerized medical
records was extracted to identify patients admitted to the ED for TAs. Our emphasis was primarily
on patients with cause codes V00-V99. Furthermore, an electronic search by the keywords “road
traffic accidents” and “traffic accidents” was conducted to uncover any potential occurrences of
traffic accidents that may have been missed during the classification procedure, which relied on
provided cause codes. This verification was carried out by meticulously scrutinizing their medical
data.

A total of 358 cases of RTAs were identified for the study. Data collection involved obtaining
information on demographics, detailed data on the types of injuries sustained, and the treatment
interventions provided. The anatomical region affected was correlated with the different accident
types, and the characteristics of the harm inflicted determined the classification of injury types.

To conduct the statistical analyses, participants were categorized into specific age groups,
including early childhood, spanned from 0 to 6 years, pre-adolescence ranged from 7 to 14 years,
and adolescence extended from 15 to 18 years.

A database was established for the research, ensuring that no information was included to
enable the identification of individuals involved. All statistical analyses were conducted using SPSS
for Windows Version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were employed to
characterize the entire study population, both overall and when stratified by age and gender. The
chi-square test was utilized to examine the relationship between frequency variables. Assuming
normal distribution, continuous variables were subjected to Student’s t-test for assessing differences
between them. Throughout all analyses, a P-value of <0.05 was considered statistically significant.

3. Results

The gathered data indicates a total of 358 RTAs occurring across a range of ages, with the
youngest case being 1 month old and the oldest 17 years old. The average age of the patients in the
sample was 11.4 years, and these values deviate from the average by plus or minus 4 years.
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Analyzing the data on patients age and gender, we note a distinct upward trend in the
histogram for male patients, peaking around the age of 12 and then gradually declining until the age
of 17. Conversely, in the case of female patients, there is a plateau between 0 and 10 years, succeeded
by a rising trend with a spike at the age of 11, followed by a slight decline until the age of 17 (Figure
2).
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Figure 2. The correlation between the age of patients and their gender, pertaining to the study cohort.
*F — Female /M - Male.

In the dataset, 271 patients were identified (constituting 76.1%) predominantly from rural areas,
whereas only 23.9% originated from urban environments.

With a focus on the period from 2015 to 2022, we observed an oscillating trend between 2015
and 2020, reaching its lowest value in 2017 at around 6.8% (24 out of 358 cases) and its maximum
value in 2019, reaching 20.1% (71 out of 358 cases). It is also noted that post-pandemic (Covid-19), the
cases experienced a significant drop to approximately 50% of the previous years and maintained a
downward trend until 2022 (Figure 3).

Throughout the study period, seasonal variation marked a peak frequency of cases in June,
accounting for 15.3% (55 out of 358 cases), corresponding to the beginning of summer vacation.
Following this, September showed a rate of 10% (26 out of 358 cases), coinciding with the start of the
school year. In contrast, the lowest number of cases was recorded during the winter month of
January, with a rate of 1.7% (6 out of 358 cases).
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Figure 3. The occurrence rate of cases presented to the service in relation to the study years. * % -
Percentage of the total number of cases / N - Number of cases.

Regarding pathological personal histories, it was found that 85.4% of patients (equivalent to 306
out of 358) had no prior pathologies before their presentation. The remaining 14.6% (equivalent to 52
out of 358) exhibited diverse antecedents, including allergies and conditions related to the heart,
gastrointestinal, nutrition, neurology, as well as orthopedic issues (Table 1).

Table 1. The prevalence of pre-existing pathological personal histories in the studied patients before
the occurrence of a traffic accident.

Pathological Personal Histories N %
Without pathological personal history 306 85.4
Mitral Valve Prolapse and Grade 1 and Mitral Insufficiency 1 0.3
Pollen allergy 10 2.8
Hay fever 1 0.3
Dust allergy 1 0.3
Deficiency anemia 3 0.8
Predominantly septal hypertrophic cardiomyopathy, minimal aortic
regurgitation, wide aortic coarctation, arterial hypertension and 1 0.3
spasmophilia
Loss of consciousness crisis 1 0.3
Type 1 diabetes with poor control and iron deficiency 1 0.3
Epilepsy 4 1.2
Exostosis 1/3 distal femur 1 0.3
Fracture of the distal metaphysis of the radius and parieto-occipital 5 0.6
epidural hematoma
Fracture of the distal metaphysis of the radius 5 1.5
Hemophilia type A 4 1.2
Exostotic disease 1 0.3
Grade II prematurity LBW/AGA and respiratory distress 1 0.3
Dyspeptic syndrome and gastroduodenitis 1 0.3
Manifest spasmophilia 8 2.5
Sinus tachycardia, mitral valve prolapse and Grade 1 mitral 1 03
insufficiency
Traumatic Brain Injury with Loss of Consciousness (5 minutes) and 1 0.3
conservatively treated splenic rupture
Traumatic Brain Injury with Loss of Consciousness (10 minutes),
surgically treated midshaft femur fracture, conservatively treated splenic 1 0.3
rupture and fractures of vertebral bodies D9-D10
Hypocalcemic tetany 1 0.3
TOTAL 358 100.0

* N - Number of cases / % - Percentage of the total number of cases.

Further analyzing the data, it was evident that the age group of 7-14 years exhibits dominance
across various aspects. When correlated with gender, approximately 60% of the total patients fall
within the preadolescent category, with males constituting a dominant 46% and females
representing a predominant 14%. In examining the nature of road accidents among the overall
patient population, it was observed that 26.81% belonged to the pedestrian category in the 7-14 age
group, followed by cyclist patients at 15.64%, both falling into the preadolescent range. Additionally,
there was a notable percentage of 8.37% for passengers in cars within the preadolescent age group.
In contrast to the aforementioned categories concerning other injuries resulting from road accidents,
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it was noticed that they were predominantly in the adolescent category, accounting for 11.2% (Table

2).
Table 2. Distribution of types of injuries among different age groups.
Age groups
0-6 y.o. 7-14 y.0 15-18 y.o. TOTAL
N o/() N 0/0 N O/O N O/O
GENDER
Male 46 12.9 166 46.0 69 19.3 281 78.3
Female 11 3.1 49 14.0 17 4.7 77 21.7
TOTAL 57 15.93 215 60 86 24 358 100
INJURY PRODUCTION
METHOD
Pedestrian 23 6.4 96 26.8 29 8.1 148 414
Cyclist 19 53 56 15.6 22 6.1 97 27.0
Car passenger 30 8.4 30 8.4 8 2.2 68 19.0
Other Types of Accidents 2 0.5 3 0.8 40 11.2 45 12.6
TOTAL 74 20.7 185 51.6 99 27.6 358 100

*y.o.- Years Old / * N - Number of cases / % - Percentage of the total number of cases.

Data from the observation sheets, it was observed that the most impacted segment was the
forearm, accounting for 99 out of 358 cases (28%). Conversely, the face and hand were the least
affected, collectively making up less than 1% of the cases. The remaining segments ranged from 1.4%
to 24.9% as seen in Table 3.

Table 3. Distribution across affected segments in the cases of patients involved in the study.

Affected Areas N %

Forearm 99 28.0
Arm 9 2.5
Pelvis 5 14
Clavicle 31 8.8
Thigh 27 7.3
Elbow 57 16.1
Face 1 0.3
Leg 89 24.9
Knee 25 7.1
Ankle 6 1.7
Hand 1 0.3
Foot 5 1.4
Elbow and thigh 1 0.3
Knee, elbow, leg 1 0.3
TOTAL 358 100.0

* N - Number of cases / % - Percentage of the total number of cases.

Roughly 45.5% of the cases were reported as surgical cases, with 59.8% of these procedures
performed as emergency operations, 38.5% conducted within a two-day timeframe, and a minimal
percentage (1.7%) occurring after a two-week period. For those who did not undergo surgery, there
remained a need for orthopedic reduction and immobilization, accounting for a substantial
proportion, precisely 61.6%. At least 78.7% of those who did not undergo orthopedic reduction
required surgery, whereas among those who underwent orthopedic reduction, only 23.4% needed
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surgery. With p < 0.05, it is acknowledged that there is a significant association between orthopedic
reduction and the necessity for surgery (x2=103.54; df=1; p <0.001) (Table 4).

Table 4. Association between orthopedic reduction and the necessity of the corresponding surgery in
the cases of the involved study patients.

Surgical intervention

TOTAL

No Yes

N N 29 107 136
o

Orthopedic % 21.3 78.7 100.0
reduction Y N 167 55 222
e % 76.6 23.4 100.0

1 162
TOTAL N 96 6 358
% 55.4 44.6 100.0

* N - Number of cases / % - Percentage of the total number of cases

No associated traumatic injuries were identified in 20.7% of the examined cases. The most
prevalent such injuries were fractures (injuries categorized as fractures distinct from the primary
fracture diagnosis) and abrasions, constituting 15% of the total cases in the study. This was
followed by minor head injuries and contusion injuries to the thoraco-abdominal region,
accounting for 10% and 7.26% of cases, respectively (Table 5).

Table 5. Associated injuries in road traffic accidents among the pediatric population by gender.

ASSOCIATED INJURIES F M TOTAL

Acute posthemorrhagic anemia 1 4 5
Burn 1 0 1
Coma 1 2 3
Limb contusion 1 11 12
Abdominal contusion 0 2 2
Thoraco-abdominal contusion 9 29 38
Localized edema 0 3 3
Sprain 2 0 2
Abrasions 11 44 55
No injuries 14 60 74
Fracture 11 41 52
Hemarthrosis 0 4 4
Hematoma 1 0 1
Lymphopenia 1 4 5
Dislocation 0 2 2
Neutrophilia 0 1 1
Wound 4 19 23
Refracture 0 2 2
Meniscus rupture 1 1 2
Compartment syndrome 0 3 3
Traumatic shock 0 2 2
Head trauma with loss of consciousness 3 2 5
Minor head trauma 15 41 56
Severe head trauma 0 1 1
Fractured skull 2 2 4

TOTAL 78 280 358

*F — Female / M — Male
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From the examined cases, 49.5% fell within the preadolescent age group. The most prevalent
injuries in this category were fractures (distinct from the primary diagnosis of fracture) and
abrasions, representing 15% of the total cases under study. Following these, minor head injuries and
contusion injuries to the thoraco-abdominal region accounted for 10% and 7.26% of cases,
respectively.

Regarding the frequency of complications, 28 out of the total 358 cases (7.9%) experienced
complications. Among these, 32.1% had dehiscence of the postoperative wound. Occurrences of
nerve contusion/paralysis, keloid scarring, and behavioral disorders were relatively rare, ranging
from 3.5% to 14.2%. In relation to osteo-articular injuries, post-traumatic shortening and ankle
valgus represented a combined total of 14.2% (Table 6).

Table 6. The frequency of complications that occurred post-treatment in the cases of the study

patients.

Complications N %

No complications 330 92.1
Acute post-hemorrhagic anemia 2 06
Keloid scar 4 12
Contusion of the posterior tibial nerve 1 03
Dehiscence of the postoperative wound 9 23
Unspecified hemorrhage 4 11
Radial nerve palsy 1 03
Secondary paralysis of the left sciatic nerve 2 06
Post-traumatic shortening of the femur by 3.5 cm 2 0.6
Behavioral disorders 1 03
Ankle valgus 2 06

TOTAL 358 100.0

* N - Number of cases / % - Percentage of the total number of cases

4. Discussion

In alignment with the demographic assessment conducted at the national level in Romania,
during the year 2020, over half of the total newborns, specifically 51.6%, were male, indicating a sex
ratio of 107 boys per 100 girls [23]. While a national-level gender difference may not be pronounced,
a substantial shift is observed in the context of traffic accidents. Analysis of the correlated sample
data reveals that males account for 78%, whereas females represent 22% of the cohort, underscoring
a significant gender disparity in this particular domain [24,25].

The increased frequency of pediatric traffic accidents may be linked to the comprehensive
healthcare services provided by “St. Mary’s” Emergency Hospital for Children in Iasi. Serving as the
regional hospital, it caters to a substantial patient population from both rural and urban areas across
the seven counties of the Moldova region in Romania, unlike other studies that often restricted their
scope to children aged 14 and under or from 12 to 24 years old, this study adopted more
comprehensive inclusion criteria to encompass the higher incidence of reported incidents.

Our study benefits from an extensive data collection period spanning eight years (from 2015 to
2022) and a substantial sample size (examining 358 cases of childhood traffic accidents).
Approximately 45.5% of these cases were reported as requiring surgical intervention, with 59.8% of
these procedures performed as emergency operations. Within this subgroup, a significant
proportion of individuals (at least 78.7% of those who did not undergo orthopedic reduction)
required surgery, whereas among those who underwent orthopedic reduction, only 23.4% needed
surgery. With a significance level of p < 0.05, our analysis acknowledges a significant association
between orthopedic reduction and the necessity for surgery (x2=103.54; df=1; p <0.001).

It's noteworthy that a notable portion of accidents, approximately 31%, transpired in children
under the age of 14. However, a clear shift in the frequency and nature of accidents was observed
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after the age of 15. Seasonal variation was evident, with a peak frequency of cases occurring in June,
representing 15.3% (55 out of 358 cases). This increase may be linked to the favorable weather
conditions typical of Eastern Europe, characterized by a temperate-continental climate, which fosters
pedestrian and cycling activities [28,29].

It is essential to emphasize that previous academic investigations have primarily focused on the
fatal aspects of traffic accidents or solely on automobile collisions, thus distinguishing our study’s
design in terms of its coverage and methodology.

Significant differences exist in long bone fractures, which account for 10%—-25% of all pediatric
traumatic injuries and primarily affect the upper limbs [30,31]; in our study, the predominant
finding is that fractures of the long bones of the upper limb constitute 54% of the cases. Pediatric
fractures differ from those in adults due to skeletal immaturity and bone physiology [32].
Fortunately, children have advantages such as remodeling capacity and the ability to avoid
long-term deformities [31]. However, it’s essential to consider several prognostic factors, including
the child’s age (with younger children more likely to experience significant deformity and
dysmetria), the energy of the trauma, the type and severity of fractures (especially those affecting
growth plates, which may impact future growth and development), skin integrity, and the degree of
bone exposure, the presence of vascular or nerve branch lesions, the quality of fracture reduction (if
applicable), and the type of treatment (conservative or surgical).

Growth disorders are frequently observed as a consequence of premature growth plate closure
or rapid partial growth, resulting in shortening or deformity of the affected bone segment. In our
study, a significant finding regarding the frequency of complications was noted. Out of the total 358
cases examined, 28 (7.9%) exhibited complications. Among these, osteo-articular injuries, such as
post-traumatic shortening and ankle valgus, accounted for a combined total of 14.2% of patients
with complications.

It has been observed that younger children tend to recover better after injury compared to older
children [33-35]. However, any disability acquired during childhood is always critical due to the
potential losses, which depend on the developmental phase when the trauma occurs and have
long-term implications throughout the remaining lifespan [32].

Trauma during adolescence, the most prevalent age group in this study (59.6%), can hinder the
acquisition of expected capabilities. It may lead to feelings of inferiority and inappropriate social
behavior. Additionally, trauma can have extensive repercussions on different facets of life, such as
school, social activities, and the personal and professional lives of parents. These consequences may
include absenteeism, alterations in educational settings, reduced participation in extracurricular
activities, and disruptions to parents’ schedules and careers [36-38].

The findings of this study underscore the importance of implementing safety measures to
protect children in their capacities as pedestrians, cyclists, or passengers in vehicles. Nonetheless,
additional research is needed to identify the most effective preventive measures.

5. Conclusions

The present study revealed significant differences between preschool age, pre-adolescence, and
adolescence, as follows:

a) Children exhibited a 51.6% higher likelihood of being involved in road traffic accidents.

b) In relation to associated injuries, about 49.5% were found in the preadolescent age group.
Fractures were the most common type of injury, accounting for 15% of all cases in the study.

¢) The average time between the road traffic accident and surgical intervention was two days,
with only 27.3% of the cases undergoing emergency procedures.

d) Regarding the frequency of complications, similarities were observed between the
pre-adolescent and adolescent groups.

This study highlights the necessity for further research in this area and the formulation of
guidelines for pediatric injury assessment based on scientific evidence. For future initiatives, priority
should be given to enhancing safety and enforcing traffic laws, implementing traffic control
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measures, improving road infrastructure, and encouraging children to participate in school
education programs.
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