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Abstract

The COVID-19 pandemic led to fundamental changes in daily routines of children. Our aim was to evaluate the incidence
and characteristics of fractures among Israeli children during 2020 compared with 2015-2019. Demographic, clinical data,
and incidence rates of fractures in individuals aged < 18 years were derived from the electronic database of Meuhedet Health
Services, which provides healthcare services to 1.2 million people in Israel. We further subdivided the year to five periods
according to government regulations of lockdown and isolation at each period. Fracture sites were determined according to
ICD9 definitions. During 2020, 10,701 fractures occurred compared with 12,574 + 599 fractures per year during 2015-2019
(p-value <0.001). Fracture rates were lower during all periods in 2020. The largest decline was observed during the first
lockdown for both boys (56% decline, 95% confidence interval [CI] 52-60%) and girls (47% decline CI 41-53%). While the
fracture rate declined for most age groups, the largest decline was recorded for the age group 11-14 years, with significant
reduction rates of 66% (CI 59-71%) for boys and 65% (CI 54-73%) for girls. The most prominent declines were of fractures
of the hand bones of both boys and girls (64% and 59%, respectively).

Conclusions: Our data showed a significant decrease in fracture rate in 2020 compared to the previous 5 years, as well as
differences between periods within that year.

What is New:

oThe COVID-19 pandemic led to fundamental change in daily routines of children with significant decrease in school attendance and sport
activities.

eConsequent to these public health measures, the incidence rate of pediatric fractures decreased significantly.

What is New:

oThis study demonstrates declines in fracture rates during lockdown periods, with only partial reversing of the trends between the lockdown
periods.

oThe most pronounced decline was observed during the first lockdown period.

oThe decline was most prominent in children aged 11-14 years; there was no significant change in fracture incidence of children aged <3 years.
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Introduction

Coronavirus disease 2019 (COVID-19) was declared by
the World Health Organization a public health emergency
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Fractures are a common traumatic injury of children;
approximately one-third of all children sustain at least one
fracture before age 17 years [2]. Pediatric fractures are more
common in boys, mainly during adolescence [3], and are
related to participating in sport activities [4].

Several studies evaluated pediatric injuries, and specifi-
cally fractures, during the COVID-19 pandemic [5-12].
Most of them presented data from a single trauma center and
focused on the short period in the early stage of the COVID-
19 pandemic, between March and May 2020 (Table 1).

Our aim was to evaluate the incidence and characteristics of
fractures among Israeli children during the entire year of 2020
compared to the previous 5 years, 2015-2019. We subdivided the
year 2020 to five periods according to government regulations
of lockdown and isolation, to compare differences in fractures
between the periods. These data may help outline recommenda-
tions for pediatric orthopedic trauma centers in subsequent epi-
demics, aimed to redirect valuable medical personnel resources.

Methods
Data extraction and the study population

We searched the database of Meuhedet Health Services for frac-
tures recorded during 2015-2020 in the pediatric population,
aged < 18 years old. Meuhedet is a health maintenance organi-
zation that provides complete healthcare services to 1.2 million
people distributed throughout the country. A comprehensive
database contains information from laboratory tests, imaging
studies, office and emergency room visits, prescriptions, and
hospital discharge records. We obtained demographic informa-
tion, namely age and gender, and the dates and site of fractures.

Diagnosis of fractures

Fractures were classified according to the International Clas-
sification of Disease (ICD)-9 codes 800-829, as recorded in
ambulatory and hospital emergency rooms visits. To differenti-
ate between a single fracture event that was recorded in repeti-
tive visits, and two distinct fracture events, we defined a period
within all fracture diagnoses related to the same fracture. For
this preliminary process, we extracted all fracture diagnoses of
the first 200 children who experienced a fracture during 2019.
We then manually reviewed electronic medical records of the
patients and used the results as a guideline. A cutoff of 90 days
from the previous fracture diagnosis was used to define a new
fracture, with sensitivity to identify two distinct fracture events
of 88% and specificity to identify a single fracture event of 95%.

COVID-19 lockdowns and analysis periods

The year 2020 included two lockdown periods in Israel,
during which children did not attend schools and studied at
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home, using remote learning aids. We analyzed separately
each of the following periods:

Period 1 — from 1.1.20 until 13.3.20 (72 days), before
the first lockdown.

Period 2 — from 14.3.20 until 2.5.20 (50 days), the first
lockdown. Children of all ages did not attend schools and
public playgrounds were closed.

Period 3 — from 3.5.20 until 17.9.20 (138 days) schools
were open partially and intermittently.

Period 4 — from 18.9.20 until 16.10.20 (29 days), the second
lockdown. Children did not attend schools; the playgrounds
were open.

Period 5 — from 17.10.20 until 27.12.20 (72 days),
schools were open partially and intermittently. Chil-
dren up to age 7 years (second grade) attended schools
and kindergartens, children aged 8—12 (3rd to 6th
grades) and 16—17 (11th and 12th grades) attended
schools 2-3 days per week, while children aged 13-16
(7th to 10th grades) studied at home throughout this
period.

On 28.12.20, a third lockdown began. Hence, the period
of 28-31.12.20 was not included in the analysis.

We compared the incidences of childhood fractures
during the above five periods with the mean inci-
dences of fractures during parallel periods in the years
2015-2019.

Statistical analysis

Data were analyzed with the IBM SPSS software ver-
sion 27 (IBM Corp., New York, USA). Continuous vari-
ables were presented as means and standard deviations,
or as medians and interquartile ranges (IQR). Reduction
rates were calculated as one minus the fracture risk ratio.
We compared changes in fracture rates between five age
groups: infants and toddlers (0— <3 years), pre-school
children (3— <7 years), school children (7-< 11 years),
early adolescence (11-< 15 years), and late adolescence
(15—-< 18 years). Means were compared using the 7-test for
independent samples; fracture rates and proportions were
compared using the chi-square test. Ninety-five percent
confidence intervals (CI) were calculated for all analyses.
Two-tailed analyses were done for all tests. The probability
level < 0.05 was considered significant.

Ethical considerations
This study was reviewed and approved by the Institutional

Review Board of Meuhedet Health Services (number
01-10-06-20).
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Table 1 Summary of previous studies of pediatric orthopedic trauma during the COVID-19 pandemic

Study [ref] Setting

Study period

Control period Main findings

Peiro-Garcia et al., Spain [5] Single center

Memeoe et al., Italy [6] Single center

Bolzinger et al., France [7]  Single center

Raittio et al., Finland [8] 5 tertiary centers

Baxter et al., UK [9] A pediatric major trauma
center and 4 district general

hospitals

Keays et al., Canada [10] Single center

Nabian et al., Iran [11]

Single center

Bram et al., USA [12] Single center

17.3.2020-10.5.2020 Same period in the previous

24.3.2020-10.5.2020 Same period in the previous

16.3.2020-15.5.2020 Same period over 28 years

14.3.2020-14.4.2020 Same period in the previous The number of orthopedic

2 years patients admitted to the ER
dropped by 78% during the

study period

23.2.2020-15.4.2020 Same period in the previous A reduction of 78% pediatric

year visits in trauma ER but an
increase of 22% in pediatric
fractures

During lockdown, pediatric
traumatology emergency
activity decreased by 50%.
The number of patients
operated was 86% of that in
the previous 3 years

3 years

1.3.2020-31.5.2020 Same period in the previous Trauma operations decreased

4 years significantly (31%,
p=0.03). Daycare, school,
and organized sports-
related injuries decreased

significantly

Pediatric trauma admissions
year across the region fell by
33% (132 vs. 197)

Decreased fracture rates
were significant for all age
groups. Compared with the
2015-2019 average, the
decrease was smaller in the
0-5 year age group (a 33%
decrease) and greater in the
6-17 year age group (70%)

1.3.2020-15.4.2020 Same period in the previous The number of pediatric

2 years trauma admissions dropped
from 589 to 288, and of

fractures from 295 to 145

15.3.2020-15.4.2020 Same period in the previous The incidence of frac-

2 years tures decreased during

the pandemic (from
22.5+9.1t09.6+5.1

per day, p <0.001). The
presenting age for fractures
decreased (from 7.5+4.3 to
9.4+4.4 years, p<0.001)
because of decreased
fracture burden among
adolescents

ER emergency room

Results
Fracture rates

During 2020, 10,701 fractures occurred. This compared
with a mean of 12,574 +599 fractures per year in the five
previous years (the control period) (p-value <0.001). The
proportion of fractures that occurred in boys in 2020 was

similar to the proportion in the control period (64.8% vs.
64.4%, p-value =0.37).

Fracture rates were lower during all periods in 2020
than in the reference periods in 2015-2019 (Table 2;
Fig. 1). The greatest decline was recorded during the
first lockdown (period 2) for both boys (56% decline,
CI 52-60%) and girls (47% decline CI 41-53%). During
period 3, which followed the first lockdown, the trend
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Table 2 Fracture rates in children' per 10,000 person-years, during 2020 compared with 2015-2019

Boys

Girls

2015-2019 2020 % reduction

95% CI of reduction

2015-2019 2020 % reduction 95% CI of reduction

Period 1 297 284 4% -1%-10%
Period 2 340 148 56% 52%—60%
Period 3 337 306 9% 5%—-16%
Period 4 332 241 28% 20%-34%
Period 5 335 302 10% 5%—-15%

168 154 8% 1-15%
193 102 47% 41-53%
204 169 17% 12-21%
201 150 26% 16-34%
187 179 4% -3-11%

Period 1 — from 1.1.20 until 13.3.20, before the first lockdown
Period 2 — from 14.3.20 until 2.5.20, the first lockdown

Period 3 — from 3.5.20 until 17.9.20, schools were open partially and intermittently

Period 4 — from 18.9.20 until 16.10.20, the second lockdown

Period 5 — from 17.10.20 until 27.12.20, schools were open partially and intermittently

CI - confidence interval

!Children insured by Meuhedet Health Services in Israel

partially reversed for boys, and to a lesser extent for girls,
the respective reductions were 9% (CI 5-16%) and 17%
(CI 12-21%). During the second lockdown (period 4), the
rates dropped again for both sexes, though less dramati-
cally than during the first lockdown (reduction of 28%,
CI 20-34% for boys and 26%, CI 16-34% for girls). The
reversal in trend was partial for boys and full for girls in
the following and last period (reduction of 10%, CI 5-15%
for boys and 4%, CI —3-11% for girls).

Age at fracture

For boys, the median age at fracture was 11 years (IQR 6-12)
during 2020, and 11 years (IQR 7-13) during 2015-2019.
For girls, the median age at fracture was 9 years (IQR 4-11)
during 2020 and 9 years (IQR 5-12) during 2015-2019.

During the first lockdown, the fracture rate declined for
age groups: 3-6, 7-10, 11-14, and 15-17 years (Fig. 2). The
largest decline was recorded for age group 11-14 years, with
a significant reduction rate of 66% (CI 59— 71%) for boys
and 65% (CI 54-73%) for girls. The fracture rate did not
change significantly for the 0-2 year age group.

Fracture site

Table 3 presents fracture rates during 2020 and the reference
period, 2015-2019, by fracture site. The most common frac-
ture site for boys and girls was the radius/ulna, followed by
the carpal/metacarpal/phalanges, for 2020, as well as for the
reference period. The reduction in fracture rates was great-
est for fractures of the carpal/metacarpal/phalanges for both
boys and girls (64% (CI 56-70%) and 58% (CI 45-67%),
respectively). The declines in fractures of the femur in boys
and in fractures of the femur, tibia/fibula, and trunk in girls
were not statistically significant.

@ Springer

Discussion

To the best of our knowledge, this is the first pediatric study
to evaluate the impact of COVID-19 on pediatric fractures
during the entire year of 2020 compared with the previ-
ous 5 years (2015-2019). We further analyzed five periods
within 2020, two of which were lockdown periods during the
first and second waves of the COVID-19 pandemic in Israel.
This study demonstrates declines in fracture rates during
lockdown periods, with only partial reversing of the trends
between and following the lockdown periods. Our data sug-
gest that even between lockdown periods, children did not
return to their regular daily activities.

The COVID-19 pandemic has impacted many aspects
of daily life of children and adolescents, specifically with
the closing of schools and playgrounds and the decrease in
organized sports. Consequent to these public health meas-
ures, changes in incidences and patterns of pediatric fractures
occurred. Compared to the previous 5 years, fracture rates
were lower during all periods in 2020. The most pronounced
decline was during the first lockdown: a 56% decline in frac-
ture rate in boys and a 47% decline in girls. Similar decreases
in pediatric traumatic injuries and fractures were reported in
other countries during that period [10—12]. Only one study
from Italy did not show a decrease in the incidence of pedi-
atric fractures, despite a decrease of 78% in pediatric trauma
visits in the emergency room. A meta-analysis of 16 studies
that included a total of 11,963 patients (mainly adults) found
that the number of fractures declined by 43% (35-50%) com-
pared to pre-pandemic incidence [13].

In the current study, the decrease in fracture rate during
the second lockdown was less prominent than during the first
lockdown, probably because the restrictions in the second
lockdown were less severe. Between the lockdown periods,
we found partial reversal in the trend of decreased incidence
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Fig. 1 The monthly variation
in fracture rates per 10,000
patient-years in 2020 com-
pared with the average rates in
2015-2019
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of fractures. Two studies that evaluated the impact of COVID-
19 on orthopedic and trauma numbers in trauma centers also
found a partial U-shaped reversal in the trend after the lock-
down [14, 15]. Since pediatric fractures are considered an
indicator of children’s regular daily physical activity [4], our
data may indicate that during 2020, Israeli children did not
return to their regular activities, even when restrictions were
removed. Indeed, a study that evaluated physical activity of
Dutch children during 2020 found that reopening schools and
organized sports after the lockdown did not result in restored
physical activity levels in children [16]. This point should be
studied further to quantify the future impact of lockdowns and
the pandemic on public health.

Boys

2015-2019 e==@==2020

Girls

2015-2019 e==@==2020

2" |ockdown

18 Sep 20 -16 Oct 20

The sex ratio of about 60% boys and 40% girls with new
fractures did not change during 2020, as was also reported
for the lockdown period in Toulouse, France [7]. This ratio
concurs with previous studies [17, 18, 20].

We demonstrated that the decline in fracture rate was
most prominent in adolescents aged 11-14 years (66%
decline in boys and 65% decline in girls) and least prominent
in children under age 3 years. This finding corroborates data
during the COVID-19 pandemic in the USA and Canada [10,
12]. The explanation for the prominent decrease in adoles-
cents is probably cancellations of sports activities. Notably,
the relation between physical activity and fracture risk has
two sides. On one hand, controlled, weight-bearing physical
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Fig. 2 Incidence fracture rates per 10,000 patient-years for the various age groups during the periods evaluated (¥) p-value < 0.05

Table 3 Reductions in fracture

. . ) : Fracture site 2015-2019 2020 Reduction 95% CI
rates in children’, according to
site, during 2020 compared with Boys Carpal/metacarpal/phalanges* 91 33 64% 56-70
2015-2019 Radius/ulna* 108 47 56% 49-63
Humerus* 22 10 53% 33-66
Tarsal/metatarsal/phalanges™ 32 17 47% 31-59
Tibia/fibula* 27 16 40% 21-54
Femur 4 2 47% -9-75
Face/skull* 15 6 59% 36-74
Trunk* 12 6 51% 22-69
Girls Carpal/metacarpal/phalanges* 45 19 58% 45-67
Radius/ulna* 56 31 45% 32-55
Humerus* 16 9 46% 20-63
Tarsal/metatarsal/phalanges* 21 10 54% 34-68
Tibia/fibula 20 16 17% —10-38
Femur 3 2 46% -36-78
Face/skull* 6 3 58% 17-79
Trunk 8 8 -3% —56-32

Fracture rates per site per 10,000 person-years

CI - 95% confidence interval

* p-value <0.05

!Children insured by Meuhedet Health Services in Israel
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activity in children improves bone density and size, and
reduces fracture risk [21]. On the other hand, vigorous activ-
ity is related to fall accidents and increased risk of fractures
in the short term [19, 21]. We do not have data on the mecha-
nism of fractures, but other studies demonstrated decreases
in sports-related injuries during the COVID-19 period [13,
14]. This is consistent with reductions in fractures in the
short term. It will be interesting to evaluate longer term bone
health following the COVID-19 restrictions.

Our data show significant reductions in fracture rates of
almost all fracture sites. The declines in fracture of the femur
in boys and in fractures of the femur, tibia/fibula, and trunk in
girls were not statistically significant, probably due to the low
numbers of fractures in those sites.

The main strengths of our study are its large nationwide
cohort and the long time period included in the study, which
enabled analysis of distinct periods during the COVID-19 pan-
demic. The data of 2020 were compared to a control period of
5 years, eliminating the influence of variations between years.
Still, some limitations should be acknowledged. We relied
on the accuracy of the diagnosis of fractures coded by physi-
cians in a non-experimental setting, and information about the
mechanisms of the fractures was unavailable.

In conclusion, this epidemiological study described the
incidence of fractures in children in Israel during a full year of
the COVID-19 pandemic. We showed a significant decrease in
fracture rate compared to the previous 5 years, and also differ-
ences between periods within that year. This epidemiological
information may help healthcare planning and appropriate allo-
cation of medical services in future similar situations. Moreo-
ver, our data suggest that during the entire year of 2020, chil-
dren did not return to their regular activities. This aspect of the
pandemic and lockdowns may affect children’s future physical
wellbeing and mental health. Policy makers and health organi-
zations should be aware of this possible impact and address it.
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