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ABSTRACT
Introduction  The COVID-19 pandemic has reduced 
pediatric emergency department (ED) visits and surgeries. 
This study evaluates the incidence of pediatric trauma ED 
visits and surgeries in Finland during the first and second 
waves of the pandemic.
Methods  Three large Finnish hospitals, covering one-sixth 
of the Finnish pediatric population, participated. Data on all 
ED visits and trauma surgeries between January 2017 and 
December 2020 were collected from hospital discharge 
registers. Monthly incidences with 95% CI were calculated 
per 100 000 person-months by Poisson exact method and 
compared by incidence rate ratio (IRR).
Results  During the lockdown the incidence of head 
injuries (IRR 0.19, 95% CI 0.04 to 0.87), sprains (IRR 
0.25, 95% CI 0.14 to 0.46), and fractures (IRR 0.36, 95% CI 
0.25 to 0.51) decreased in the 13–17 years age group. In 
the 4–12 years age group a 55% decrease (IRR 0.45, 95% 
CI 0.22 to 0.96) in head injuries was observed. During 
the period of regional restrictions a subtle decrease in 
head injuries was seen in the 13–17 years age group (IRR 
0.26, 95% CI 0.09 to 0.78). During the lockdown in March 
2020 the incidence of fractures decreased in the oldest 
age group (13–17 years) (IRR 0.62, 95% CI 0.46 to 0.85), 
while a rebound in incidence was seen at the end of the 
lockdown period in June.
Conclusion  The nationwide lockdown and the 
cancellation of sports and other hobbies markedly 
decreased the injuries among children aged 13–17 years, 
while the decrease was lower among children aged 4–12 
years. Cancellation of sports and hobbies did not affect 
patients under 4 years of age.

INTRODUCTION
The COVID-19 pandemic caused by SARS-
CoV-2 has affected healthcare systems all over 
the world and the battle against the virus 
continues.1 Moreover, the indirect effect of 
the pandemic on the pediatric population 
may be substantial.2 On March 16, 2020, 
the Finnish Government declared a state of 
emergency and a nationwide lockdown was 

initiated. Schools were closed and teaching 
was arranged remotely. In addition, public 
gatherings were limited and people were 
advised not to spend time in public places. 
All national and municipal hobby and leisure 
centers, sports facilities, and youth centers 
were closed.3 The lockdown was lifted in 
May after a rapid decrease in incidence of 
COVID-19 cases.4 Even though the COVID-19 
pandemic again worsened in autumn of 
2020, no lockdown was ordered and regional 
restrictions were applied instead.4 A major 
goal during the second wave of COVID-19 
cases in Finland was to mitigate the impact 
of the restrictions on children and therefore 
schools and day care centers remained open.5

In the Finnish population, the COVID-19 
pandemic has reduced the number of 

Key messages

What is already known about this subject?
►► Emergency department visits due to trauma de-
creased during the COVID-19 pandemic.
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►► Changes in injury patterns have been observed 
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downs, healthcare assets can be retargeted from 
pediatric trauma to treatment of the pandemic.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1768-5822
http://crossmark.crossref.org/dialog/?doi=10.1136/wjps-2021-000304&domain=pdf&date_stamp=2021-010-04


2 Kuorikoski J, et al. World Jnl Ped Surgery 2021;4:e000304. doi:10.1136/wjps-2021-000304

Open access

emergency department (ED) visits.6 7 Indeed, similar 
trends regarding acute pediatric trauma visits and oper-
ations have also been reported in other countries.8–13 A 
previous Finnish study showed that the rate of severely 
injured patients remained stable during the pandemic.14 
Parallel results were reported when the pandemic also 
increased referrals to major trauma centers in the pedi-
atric population.9 A previous study from Finland reported 
a decrease in incidence of pediatric trauma operations 
during the lockdown, mostly due to a decreased rate 
of lower limb trauma operations. Interestingly, a clear 
decrease in day care, school, and organized sports-related 
injuries was also reported, although minor injuries were 
not recorded.15

Changes in injury patterns have been observed during 
the pandemic. In a recent study the incidence of blunt 
trauma cases decreased, whereas the incidence of pene-
trating and burn injuries remained stable.16 In addition, 
a decrease in the incidence of sports-related injuries has 
been reported.9 11 13 16 Injuries occurring at home or on 
bicycles, in turn, have increased.11

This study evaluates the incidence of pediatric trauma 
in Finland during the first and second waves of the 
COVID-19 pandemic and assesses the impact of national 
lockdown and regional restrictions on the incidence of 
pediatric trauma ED visits and surgeries.

METHODS
Study setting and patients
The study was conducted in three large Finnish hospitals 
(Tampere University Hospital, Mikkeli Central Hospital, 
and Central Finland Hospital) with a catchment area 
covering a pediatric population of 170 000 inhabitants 
(one-sixth of the Finnish pediatric population).17 Mikkeli 
Central Hospital and Central Finland Hospital each has 
a combined primary and secondary level ED, and both 
hospitals serve as regional secondary level trauma units. 
Tampere University Hospital is a tertiary level trauma 
unit. These hospitals provide specialized healthcare 
services required in treating injured children. The study 
period was from January 2017 to December 2020. The 
number of ED visits due to pediatric trauma was collected 
from the patient information systems of the participating 
hospitals using the Finnish version of the International 
Classification of Diseases 10th Revision (ICD-10) diag-
nostic codes for injuries. The codes (all codes beginning 
with S: injuries) were classified based on the second digit 
of the code, which indicates the severity of the injury. 
Codes with 3 as the second digit (sprains and disloca-
tions) were considered as sprains and dislocations. Codes 
with 2 as the second digit were considered as fractures. 
Codes beginning with S06.* were considered as head 
injuries.

The number of trauma surgeries was collected from 
the electronic medical record systems of the participating 
hospitals using the Nordic Medico-Statistical Committee 
(NOMESCO) Classification of Surgical Procedures codes 

(Finnish version). Procedure codes beginning with N* 
(musculoskeletal operations) were included as fracture 
surgery. All elective operations were excluded.

The primary outcome was the incidence of ED visits 
due to pediatric trauma during the first and second waves 
of the COVID-19 pandemic in Finland. The secondary 
outcome was the incidence of pediatric trauma surgeries 
performed during the COVID-19 pandemic in compar-
ison with the normal situation in the reference years.

Statistical analysis
We divided patients into the following three age groups: 0–3 
years, 4–12 years, and 13–17 years. The monthly incidences 
of ED visits due to pediatric trauma and pediatric trauma 
surgery in the three participating hospitals were then 
calculated for each age group. We compared the months 
in 2020 with the mean incidence of the corresponding 
months during the years 2017–2019. Monthly incidence was 
computed by dividing the number of injuries and operations 
per month by the population size of the corresponding age 
group. The yearly mean population size of the three hospital 
districts was used (approximately 175 000 persons). Monthly 
incidences with 95% CI were calculated per 100 000 person-
months by the Poisson exact method and were compared by 
incidence rate ratio (IRR). Analyses were performed using 
R V.4.0.2 (R Foundation for Statistical Computing, Vienna, 
Austria).

RESULTS
Head injuries
Head injury was diagnosed in 305 cases during the 
pandemic year, which was 14.1% fewer than the average 
in the previous years (n=355 cases annually). During the 
lockdown period a decrease in the incidence of head 
injuries was observed in April in the 4–12 years (IRR 
0.45, 95% CI 0.22 to 0.96) and the 13–17 years (IRR 0.19, 
95% CI 0.04 to 0.87) age groups. During the regional 
restrictions in October the incidence decreased in the 
13–17 years age group (IRR 0.26, 95% CI 0.09 to 0.78), 
while remaining stable in the 0–3 years and in the 4–12 
years age groups (figure 1).

Fractures
The initial lockdown period had no effect on the inci-
dence of fracture-related visits in the 0–3 years or in the 
4–12 years age groups. During the first months of 2020 
and during the lockdown in March 2020, the incidence 
of fractures decreased in the oldest age group (13–17 
years) (IRR 0.62, 95% CI 0.46 to 0.85), while a rebound 
in incidence was seen at the end of the lockdown period 
in June. After the lockdown, the incidence of fracture-
related visits stayed slightly elevated until October (IRR 
1.46, 95% CI 1.04 to 2.04) in the 4–12 years age group 
(figure 2).

Sprains and dislocations
In 2020, 1211 ED visits occurred due to minor pediatric 
injuries, whereas the average in the reference years was 
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1351 visits, resulting in a 10% annual decrease in visits. 
The incidence of minor injuries was also lower during 
the pandemic compared with the previous years. This 
decrease was most notable during the lockdown in April 
in the 4–12 years age group (IRR 0.46, 95% CI 0.28 to 
0.76) and in the 13–17 years age group (IRR 0.25, 95% CI 
0.14 to 0.46). The incidence of minor injuries remained 
stable during the regional restrictions in all age groups 
(figure 3).

Operations
No notable changes were seen in the incidence of pedi-
atric trauma surgery operations due to the COVID-19 
pandemic in any age group. A total of 356 operations 
were performed during the COVID-19 pandemic year, 
whereas the annual average was 360 during the reference 
years (figure 4).

DISCUSSION
The COVID-19 pandemic reduced the annual rate of 
pediatric trauma visits by 10% in 2020. Moreover, during 
the first wave of the COVID-19 pandemic, the lockdown 
had a subtle but clear impact on the number of pediatric 
trauma visits in certain age groups. For example, the inci-
dence of head injuries, sprains, and fractures decreased 
during the lockdown in the oldest age group (13–17 
years), whereas the lockdown did not affect the rate of 
these injuries in the younger age groups. Interestingly, 
during the lockdown, the rate of ED visits due to sprains 
first decreased in the 4–12 years age group and then 
increased back to normal levels in May. A similar pattern 
was seen in the incidence of sprains in the 13–17 years 
age group.

During the regional restrictions period, a subtle 
decrease in head injuries was observed in the 0–3 years 
and in the 13–17 years age groups. Interestingly, during 
regional restrictions the rate of fractures in the youngest 

Figure 1  Incidence of pediatric head injuries in 2020 
compared with reference years (2017–2019).

Figure 2  Incidence of pediatric fractures in 2020 compared 
with reference years (2017–2019).

Figure 3  Incidence of pediatric sprains and dislocations in 
2020 compared with reference years (2017–2019).

Figure 4  Incidence of pediatric trauma operations in 2020 
compared with reference years (2017–2019).
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and oldest age groups remained stable, but an increase 
was seen in the 4–12 years age group.

An increase in minor injuries during the COVID-19 
pandemic has been reported in a previous study.9 In the 
current study, however, we did not have a similar finding. 
Even though more time spent at home and the lack of high-
velocity sport events might protect against more severe inju-
ries, such as fractures, it is possible that children will seek 
new activities to fill the gap left by the ban on organized 
sports. Indeed, Baxter et al9 reported an increase in the inci-
dence of rollerblade, scooter, bicycle, and skateboard inju-
ries, although these injuries were mostly minor. It is possible 
that these injuries are so minor that these patients do not 
seek medical care at all, which might explain, at least partly, 
the differing results found in our study.

The incidence of head injury was lower in 2020 than in 
the reference years, with a 14.1% decrease in the number 
of cases. During the lockdown period a decrease was 
seen in the incidence of head injuries in the older age 
groups (4–12 years and 13–17 years), whereas the inci-
dence remained stable in the youngest age group (0–3 
years). During the regional restrictions a decrease in the 
incidence of head injury was seen in the 13–17 years age 
group, whereas the incidence in the 0–3 and 4–12 years 
age groups remained stable. This is an interesting finding 
because fall is a common injury mechanism for minor 
blunt head trauma patients in the pediatric population.18

In a Swedish epidemiological study the most common 
injury mechanism for pediatric fractures was sports and 
play.19 Rennie et al20 reported fall to be the most common 
cause of pediatric fracture. A decrease in sports injuries 
during the COVID-19 pandemic has previously been 
described.9 11 13 16 In addition, a recent study showed that 
the COVID-19 pandemic has had a clear impact on injury 
mechanism distribution in pediatric trauma.16 Although 
we did not directly study injury mechanisms, our results 
suggest that the injury mechanisms in the pediatric trauma 
population of our study also changed during the pandemic 
because the rates of head injuries, fractures, and sprains all 
decreased in certain age groups. All national and munic-
ipal sporting activities were canceled during the lockdown, 
which might explain our results. During the lockdown in 
April schools were closed and organized activities were post-
poned, resulting in a decrease in the incidence of injuries.

Unlike previous studies, we did not see a clear decrease 
in pediatric trauma operations during the COVID-19 
pandemic.8 9 Indeed, we only saw a small decrease in the 
number of operations in the oldest age group (13–17 
years) in March. The decrease in the oldest age group 
was probably due to the suspension of leisure-time activi-
ties, resulting in fewer severe injuries.

In our study we had access to a large database formed 
from three different hospitals covering all levels of care 
from primary to tertiary. In Finland it is mandatory that 
the ICD-10 diagnosis code is added to a patient’s records 
after an ED visit and an operation code is added after 
an operation. Hence, the data used in this study were 
robust. The multicenter study design involving three 

large hospitals with a homogeneous patient population 
improves the generalizability of the study findings to the 
Finnish pediatric population. One of the major weak-
nesses of this study was the lack of information on injury 
mechanism, which prevented a more sophisticated elab-
oration of the changes in the incidence of ED visits and 
surgery for trauma in our study population.

In conclusion, the annual rate of pediatric trauma visits 
decreased during the COVID-19 pandemic. During the 
nationwide lockdown the incidence of head injuries and 
sprains decreased in the 4–12 years and in the 13–17 years 
age groups, while the incidence of fractures decreased 
only in the 13–17 years age group. The incidence of pedi-
atric trauma surgery remained stable in 2020.
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