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Abstract Background: The effect of COVID-19 on pediat-
ric trauma rates is still largely under investigation. With the
potential need to reallocate human and financial resources at
this challenging time, it will be useful to have detailed descrip-
tions of the rates of pediatric trauma and understanding of how
the pandemic affects these rates. Questions/Purposes: We
sought to describe the effect of the COVID-19 pandemic on
the number of acute pediatric trauma admissions and proce-
dures performed in a level-I trauma center in Cork University
Hospital, Ireland.Methods:We compared the number of acute
traumatic pediatric admissions and procedures that occurred
during the first 4 weeks of a nationwide lockdown due to
COVID-19 with that of the same 4-week period in each of
the preceding 11 years. Seasonal variables were measured and
controlled for using multivariate regression analysis. Results:
A total of 545 pediatric patients (under 16 years of age) were
included. Over 12 years, the lowest number of acute traumatic
pediatric admissions and procedures was recorded during the
2020 pandemic. There was a significant correlation between
the number of school days and the number of acute traumatic
admissions, as well as the procedures performed. The relation-
ship between the number of school days and the number of
trauma procedures was evident even when controlling for
confounder variables of seasonal variation. Conclusion: The
COVID-19 pandemic significantly reduced the number of
acute traumatic pediatric admissions and procedures

performed in our level-I trauma center, likely because of a
reduction in school days. With the reopening of schools,
playgrounds, and sporting events, an increase in pediatric
trauma admissions is anticipated. The results of this study
can help prepare institutions and regulatory bodies to plan
appropriately for this new phase.
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Introduction

The COVID-19 pandemic set off catastrophic and far-reaching
effects across the globe. The global orthopedic community
channeled its efforts to restructure services in this time of crisis.
Elective practice was ceased in order to reduce the patient
volume. Expedient communication has enabled the experiences
of the international scientific community to be shared efficient-
ly enough to begin to curtail the impact of this virus [6, 9–11,
14, 15].

The orthopedic community experienced disruption on a
number of fronts, including considerable reductions in the
volume of non-urgent surgical procedures [7]. Every facet of
orthopedic training and education was affected to some degree
[13]. Level-I trauma centers experienced a significant shift in
referral patterns and had to accommodate the changing land-
scape at an accelerated rate [6]. For example, at Cork Univer-
sity Hospital, located in the second largest city in Ireland,
many ambulatory trauma cases were diverted to peripheral
units in an effort to reduce the volume of patients. The pres-
ervation and appropriate allocation of human and financial
resources within the hospital system were paramount [4].

Our aim with this study was to characterise the number of
acute pediatric trauma cases the number of acute procedures
performed at a level-I trauma center in a 4-week period during
the pandemic shutdown. In addition, we aimed to compare
those numbers with those from the same 4-week period in
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each of the preceding 11 years, considering the variables that
may have contributed to any patterns observed. Our hope was
that such information could be used by institutions charged
with allocating resources while providing a high standard of
acute trauma care to pediatric patients during a crisis.

Methods

A comparative analysis was performed assessing all acute
pediatric trauma admissions and trauma procedures during
the first 4 weeks of a nationwide lockdown, which enforced
closure of schools and playground and the cessation of all
sporting activity. All acute pediatric admissions for trauma to
the level-I trauma center in Cork University Hospital, Ireland,
were analysed between the dates of March 13, 2020, and April
13, 2020. These results were then compared with the same
period (March 13 to April 13) for the preceding 11 years.
Initially, the rate of acute pediatric admissions was analysed
as absolute numbers. In order to allow for fluctuation in the
size of the pediatric population at risk, we calculated the
incidence rate (events per person-time in years) to compare
the pediatric trauma admission rate for each year across the 12-
year period. Accurate pediatric population sizes were retrieved
from the central statistics office. The number of non-accidental
injury (NAI) cases (including child abuse) and infection cases
during this period was also analysed and compared with the
preceding years.

Patient variables were collected from the Hospital In-
Patient Enquiry database, an institutional database that is
populated prospectively with each pediatric admission. These
records were cross-referenced with operating room logs to
identify the surgical procedure (if any) undergone by the
patient. All data relating to NAI was collated using the data-
base formulated by the regional medical social worker depart-
ment. Demographic variables included patient age, gender,
mechanism of injury, anatomical site of injury, and type of
procedure performed. In an attempt to control for the con-
founding variables that are known to affect the seasonal var-
iation in pediatric trauma, these variables were recorded over
the 4-week period in question using national meteorological
data. They included the total number of school days in the 4-
week period, the total number of weekend days in the period,
the average number of daily sunshine hours, the average daily
rainfall (mm), the average maximum daily temperature (°F)
and the average minimum daily temperature (°F).

Descriptive statistics were used to summarise demographic
data and the pattern of common fractures over the reported
time period. In order to assess the association between the year
of admission and the number of pediatric admissions and
procedures performed, Pearson’s correlation coefficient was
used; a positive r value indicated a positive correlation and a
negative r value indicated a negative correlation between the
two variables. When assessing seasonal factors and their in-
fluence on acute trauma admissions and procedures,
Spearman’s rank correlation coefficient was used. Simple
linear regression analyses were also used to visually assess
the relationship between these two interval variables. When
analysing the relationship between the number of school days

and the number of acute surgical procedures performed, a
simple linear regression analysis was performed. The result
was illustrated using a scatterplot with regression line. Once
the predictor variables were identified, a multivariate regres-
sion analysis was performed to eliminate the effect of any
confounder variables. In all cases, a p value of 0.05 was taken
to be significant. The statistical software used was Stata/IC
13.1 (StataCorp LP, College Station, TX, USA).

Results

A total of 545 pediatric patients were admitted over the 12 4-
week periods between the years of 2009 and 2020. All 545
admissions were acute in nature, 423 of these acute admis-
sions were admitted for traumatic conditions and 365 of
these underwent surgery for those traumatic conditions.
The mean age of the entire cohort was 8.7 years (σ = 3.97,
1–15). The sample consisted of 59% males and 41% fe-
males. During the COVID-19 pandemic, the most common
mechanism of injury for acute operative procedures was a
fall from a standing height (75%). To summarise, one patient
was the victim of a road traffic accident, one sustained a
crush injury, one incident was activity-related and one was
unrecorded. Over the 12-year period, the 3 most common
injury types requiring admission were distal radius fractures
(n = 117, 21.4%), bone forearm fractures (n = 55, 10%) and
supracondylar fractures (n = 53, 9.7%) (Fig. 1).

In total, over the 12 years between 2009 and 2020, the
lowest number of admissions and surgical procedures for
acute pediatric trauma were recorded during the pandemic in
2020 (Fig. 2). The mean number of trauma admissions in the
1-month periods between 2009 and 2019 was 35.9. In 2020,
the number of trauma admissions was 28. The mean number
of trauma procedures between 2009 and 2019 was 29.1. The
number of trauma procedures in 2020 was 22. The size of the
pediatric population at risk increased every year between 2009
and 2020. In 2009, the total pediatric population at risk was
132,700. By 2020, this figure had risen to 143,000. The
incidence rate across the 12-year period was similar. In
2009, the incidence rate for acute trauma admission was
0.146 events per person-year. In 2015, the incidence rate
was similar at 0.146 events per person-year. In 2020, the
population at risk was at the highest recorded in the 12 years.
In contrast, the number of trauma admissions was at its lowest
in 2020 during the pandemic. This led to an incidence rate of
0.139 admissions per person-year. This was the lowest inci-
dence rate recorded across the 12-year time period.

There were 372 operative cases in the entire cohort. Of these,
365 procedures were for trauma and seven procedures were for
confirmed infection. In 2020, there were five distal radius closed
reductions and casting, seven forearm closed reductions and
casting and three closed reduction and K-wire insertions for
supracondylar fractures. There were no admissions for
suspected infection during the recorded 4-week period in 2020.

In considering the effect of the environment on our
findings, we demonstrated a significant correlation between
the increasing number of sunshine hours in a given period
per year and the increasing number of acute admission for

S93



HSSJ (2020) 16 (Suppl 1):S92–S96

trauma (correlation coefficient + 0.18, p = 0.0003). There
was also a significant positive correlation demonstrated be-
tween the maximum temperature and the number of acute
traumatic admissions (correlation coefficient + 0.16, p =
0.002). In contrast, the mean rainfall in a given period per
year was inversely related to the number of acute trauma
admissions per year (correlation coefficient − 0.15, p =
0.0026). There was no relationship noted between minimum
temperatures or the number of weekend days in a given
period and the number of acute trauma admissions.

When analysing the number of school days in a given
period and their relation to the number of acute traumatic
admissions, we found a positive correlation of significance
(r = 0.7, p = 0.037). This relationship was also confirmed
with simple linear regression models (p = 0.037). When
analysing the number of school days in a given period and
its relation to the number of acute procedures for trauma, we
found a positive correlation of significance (r = 0.77, p =
0.003). This relationship was confirmed with simple linear
regression models (p = 0.0029). Visual scatterplots illustrat-
ed this relationship as in Fig. 3. When controlling for all
confounder variables (sunshine hours and rainfall), we found
a persistent predictive relationship between a reducing

number of school days and a reducing number of acute
traumatic procedures over the 12-year period (p = 0.015).

The incidence of NAI for any given 4-week period assessed
was low. During the 2020 time frame, there was one case of
NAI reported in a 3-month-old infant. This is the youngest
reported victim of NAI in the 12-year period. In 2019, there
were four cases of NAI. The ages involvedwere 2 years, 9 years
and 2 at 13 years of age. There was one case of NAI in a 4-year
old in 2016. For the remaining 9 time periods, no cases of NAI
were reported, so no meaningful associations were observed.

Over the 12 4-week periods between 2009 and 2020,
there were 29 admissions for infection. In 2011, 2014 and
2020, there were no admissions for infection. Of the 29
patients who were admitted, seven underwent surgical inter-
vention. Given the low incidence of infection, no statistical
analysis was appropriate for this cohort.

Discussion

This aim of this study was to assess the effect of the COVID-
19 pandemic on pediatric trauma from the perspective of a
level-I trauma center in Cork, Ireland. It was observed that,

Fig. 1. Three commonest pediatric fractures from 2009 to 2020.

Fig. 2. Acute pediatric admissions and surgical procedures from 2009 to 2020.
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over 12 4-week periods from 2009 to 2020, the lowest
number of traumatic pediatric admissions and pediatric pro-
cedures occurred during the 2020 lockdown.

We note some limitations of this study. First, parents’ and
patients’ fears of visiting the hospital during the COVID-19
pandemic may have delayed presentation. However, in a
recent study of 1745 pediatric patients comparing a 1-month
period under lockdown to a 1-month period during the previ-
ous year, Bram et al. found that there were no delays in time to
presentation during lockdown [2]. Another limitation is our
inability to specifically examine the effect of sporting activity,
playground activity and other behaviors on the rate of acute
trauma admissions and surgical procedures.

The 4-week period we studied, which took place at the
beginning of lockdown, is a relatively short period of time.
Accumulating data over a period of 12 years does, however,
significantly increase the power of our study. Regarding NAI,
child exposure time to potentially abusive parents in the home
has increased along with rates of unemployment. This rate
may continue to rise, so it is imperative that we continue to be
vigilant in protecting children from these potentially lethal
injuries when they present to our trauma centers.

Christey et al. illustrated a similar trend with a 48% reduc-
tion in pediatric admissions for a 2-week period during lock-
down compared with a 2-week period preceding lockdown
[3]. The researchers reported on a level-I trauma center in New
Zealand, which has a similar rural and urban population pro-
file as Ireland. We observed a similar trend. Further vigilant
monitoring is still necessary, however, as lockdown continues
and the risk of injuries is likely to increase with many house-
holds experiencing greater strain in different forms.

Explanations for our findings involve a number of fac-
tors. One contributing factor is environmental. Atherton
et al. demonstrated the effect of temperature, sunshine hours
and day of the week on pediatric trauma admissions [1]. Our
analysis showed a significant correlation between increasing
sunshine hours and increasing acute trauma admissions. An
inverse correlation between rainfall and acute trauma admis-
sions was also observed. Similar findings were reported over

a 3-year period in 1993 by Masterson et al. [8]. This envi-
ronmental contribution is intuitive as children are more
likely to engage with potentially trauma-inducing activity
with a higher number of sunshine hours and less likely to
engage with these potentially dangerous activities when
rainfall measurements are higher. Even during the pandemic,
however, although children were not at school and play-
grounds were closed, they were allowed to be outside as
long as social distancing measures were observed.

The most relevant finding, with potentially far-reaching
implications for the future, was a significant relationship be-
tween the number of schooldays and the number of acute
pediatric trauma admissions (p = 0.03) and procedures per-
formed (p = 0.003). With an increasing number of school days
in a given date range, it was found that the number of trauma
procedures increased significantly. For example, in the
4 weeks, we considered that in 2019, there were 23 school
days (themost in the 12-year period). During that same period,
there were also 42 admissions and 39 procedures performed.
The year 2015 had the second lowest number of school days
after 2020. It also had the second lowest number of admissions
(n = 29) and procedures (n = 24). The lowest number of
school days (n = 0) and the lowest number of admissions
(n = 28) and procedures (n = 22) were recorded during the
lockdown period of 2020. The effect of increasing school
day numbers on increasing acute trauma procedures was ob-
served even when controlling for all known seasonal predictor
variables on multivariate regression analysis (p = 0.015).

We surmise that during the pandemic, children are not
engaging with activities on local playgrounds or climbing
equipment. They are also not participating in any potentially
hazardous sporting activity at school or elsewhere. This would
explain the pattern of traumatic injuries we have described
over the last 12 years in our institution. In normal times,
children at school are interacting more with their peers,
playing on potentially hazardous equipment, and participating
in all kinds of school-based sporting activity. In line with these
findings, a recent article by Segal et al. confirmed that daily
fracture rates significantly reduced from 6.62 to 4.45 per day
when comparing fracture rates on a school day and fracture
rates on a summer vacation day (p < 0.01) [12].

The implications for both trauma centers and regulatory
bodies are such that during the pandemic, pediatric trauma
volumes are significantly reduced. In treatment centers, staff
and resource allocation may be amended to better serve
patients suffering from COVID-19 without significantly af-
fecting the standard of trauma care provided to pediatric
populations. Many recommendations surrounding the man-
agement of pediatric orthopedic patients have become avail-
able [5]. We know that level-I trauma centers have been
required to make drastic changes to their normal services
regarding the redeployment of staff and accommodation of
an increasing volume of patients with COVID-19-related
respiratory conditions [6]. These findings may help shape
future recommendations. Specifically, it may be reasonable
to first consider the reallocation of staff involved in pediatric
trauma to other areas of respiratory service that will poten-
tially be overwhelmed by the burden of COVID-19.

Fig. 3. Linear regression model illustrating the relationship between
the increasing number of school days and the number of acute pediatric
trauma procedures.
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In addition, the timing of the reopening of schools and
their associated recreational and sporting activities should be
carefully considered by all involved parties as there will
predictably be an increase in the staffing and resources
required to treat an increasing number of pediatric trauma
patients when the reopening occurs. These decisions made
in the context of COVID-19 should be measured and thor-
oughly considered. Our findings help to characterise the
pattern of pediatric trauma that a level-I trauma center can
expect to see over the coming weeks to months and the
reasons why this change in pattern has occurred.

In conclusion, the COVID-19 pandemic and shutdown
reduced the number of acute pediatric admissions and proce-
dures performed for acute pediatric trauma in our level-I trauma
center. For the same date range over the past 12 years, a
reduction in the number of school days for a given period was
associated with a significant reduction in the number of acute
traumatic admissions and procedures performed. An increase in
pediatric trauma admissions with the national reopening of
schools, playgrounds, and sporting events is anticipated.
Knowledge of the dynamics around pediatric trauma during
this and potentially future pandemics will allow institutions to
allocate staff and resources more appropriately. These findings
will be useful for regulatory bodies that are responsible for the
reopening of schools, sporting events and society as a whole.
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