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COVID-19 orthopaedic tra
uma volumes:
a Canadian experience during lockdown and
staged reopening
Taryn E. Ludwig, MD, PhD∗, Tina L. Samuel, MBBS, Martina Vergouwen, Neil J. White, MD, FRCSC
Abstract
Objectives: The aim of this study is to report the impact of public health measures (PHM), including their relaxation, on surgical
orthopaedic trauma volumes. We hypothesize an initial reduction in orthopaedic trauma volumes during lockdown followed by a
surge as Stages 1 and 2 of reopening progressed in Summer 2020.

Methods: All unscheduled surgical orthopaedic trauma cases from March through August were retrospectively reviewed in
Calgary, Alberta, Canada, from 2008 to 2020. Trauma volumes from 2008 to 2019 were used tomodel expected 2020 volumes, and
multivariable Poisson regression was used to determine the effect of PHM on orthopaedic trauma volumes.

Results: A total of 22,331 trauma orthopaedic surgeries were included. During lockdown, there was a significant decrease in
trauma volume compared with expected (�14.2%, �25.7 to �10.5%, P< .001) and there were significantly fewer ankle fractures
(�17.8%, �30.9 to �2.2%, P= .027). During reopening Stage 2, there was a significant increase in trauma volume (+8.9%, +2.2 to
+16.1%, P= .009). There was no change in the incidence of polytrauma, hip fracture, or wrist fracture during the pandemic.

Conclusions:This study provides the first report of a surge in trauma volumes as PHMare relaxed during the COVID-19 pandemic.
The ability to predict decreases in trauma volumes with strict PHM and subsequent surges with reopening can help inform operating
room time management and staffing in future waves of COVID-19 or infectious disease pandemics.

Level of Evidence: Prognostic – Level III
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 and the public
health measures (PHM) used to control the spread of the
coronavirus disease 2019 (COVID-19) pandemic have unprec-
edented impacts on lives and health care systems worldwide.[1]

On March 17, 2020, a State of Public Health Emergency was
declared in the province of Alberta, Canada. Staying home
whenever possible was recommended. A staged relaunch strategy
was initiated onMay 25, 2020 in Calgary. A summary of PHM in
Funding Sources: South Campus Research Unit for Bone and Soft Tissue,
University of Calgary Office of Surgical Research, Department of Surgery,
Program for Undergraduate Research Experience, and the Canadian
Orthopaedic Foundation.

The authors have no conflicts of interest to disclose.

Section of Orthopaedics, Cumming School of Medicine, University of Calgary,
Calgary, AB, Canada
∗
Corresponding author. Address: Section of Orthopaedics, Cumming School of

Medicine, University of Calgary, 2500 University, Drive, NW T2N 1N4 – Calgary,
AB, Canada; e-mail address: teludwig@ucalgary.ca (T. E. Ludwig).

Copyright © 2021 The Authors. Published by Wolters Kluwer Health, Inc. on
behalf of the Orthopaedic Trauma Association.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

OTAI (2021) e134

Received: 15 December 2020 / Received in final form: 28 March 2021 /
Accepted: 4 April 2021

Published online 18 May 2021

http://dx.doi.org/10.1097/OI9.0000000000000134

1

effect during each stage of relaunch is provided in Table 1.[2,3] At
the time of writing Alberta has reimplemented enhanced PHM
(beginning November 24, 2020) to slow the spread of the second
wave of COVID-19 in the province.
These PHM have had a significant, complicated impact on

population activity levels. Overall decreases in physical activity
due to COVID-19 confinement have been demonstrated based on
international survey data in April 2020.[4] Canadian survey data
from April to May, 2020 demonstrated a differential effect of
public health measures, with active individuals becoming more
active and inactive individuals becoming less active.[5] Further-
more, there have been several studies worldwide consistently
discussing the reduction in orthopaedic trauma volumes during
this time period, with reductions of 10% to 78% observed.[6–13]

However, frequency of hip fracture presentation remained
consistent in several jurisdictions.[8,12,14] As staged reopening
occurred in Calgary, reports suggested increased outdoor
physical activity. This included surges in bike sales,[15] provincial
camping reservations,[16] and more people requiring search and
rescue services from more severe situations throughout summer
2020.[17] The effects of eased restrictions on trauma volumes are
unreported to date. The effect of COVID-19 PHM on wait times
for orthopaedic trauma surgery has been reported only during
lockdown in 1 previous study, with no change observed.[7] While
orthopaedic guidelines for use of personal protective equipment
(PPE) and operating room protocols have been created,[18] it is
also unknown how increased time to don/doff PPE and safely
clean ORs for COVID-19 positive or suspected positive may
impact surgical wait times.
To the best of our knowledge, the effect of COVID-19 PHMon

orthopaedic trauma volumes and surgical wait times in Canada
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Table 1

Summary table of COVID-19 public health measures in Alberta (2,3)

Stage Lockdown Stage 1 Stage 2

Dates March 17 to May 24, 2020 May 25 to June 11, 2020 June 12 to Nov 24, 2020
Public health measures Maintain 2 m physical distancing wear a mask when unable to physically distance

• Max. gathering size 15 (indoor and outdoor)
• Non-essential businesses closed
• Schools closed
• Elective surgical procedures postponed

• Max. gathering size 15 indoor/50 outdoor
• Some businesses/ facilities re-open
• Schools remain closed
• Some elective surgeries resume

• Max. gathering size 50 indoor/100 outdoor
Additional businesses/facilities reopen
• Schools open for exams/summer school
• In person school (K-12) resumes Sept 2020
• Additional scheduled elective surgeries
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has not been reported. We hypothesize initial reduction in
orthopaedic trauma volumes during lockdown will be followed
by a surge in trauma volumes during reopening in Summer 2020.
We further hypothesize that surgical wait times will increase in all
stages of COVID-19 due to the increased use of PPE and other
protocols implemented to keep the surgical team safe.
2. Methods

The study was approved by the local university research ethics
board (REB18-0777). All orthopaedic trauma cases presenting to
the 4 adult hospitals (1 level 1 trauma center, 3 level 2 trauma
centers) between January 1, 2008 andAugust 31, 2020 inCalgary,
Alberta, Canada were included. Subjects with an injury to the
appendicular skeleton and/or associated girdles were selected from
the Operating Room Informatics System. Surgery to the skull,
thorax, and/or vertebral column was excluded. Nontraumatic
operations (i.e., incision and drainage for infection, revision
arthroplasty) were also excluded. The dataset was further
narrowed to March 1 to August 31 of each year to reflect the
presence of COVID-19 in 2020. Census data from Calgary
Economic Development from 2008 to 2019, including forecast
predictions for 2020, were gathered to account for population
changes.[19]

Cases satisfying inclusion were crossmatched to the National
Ambulatory Care Reporting System to extract ICD-10 Codes for
primary diagnosis; these codes were used to divide the cohort into
groups for comparison.Thedata extractions fromOperatingRoom
Informatics System and National Ambulatory Care Reporting
System included the following parameters: age, gender, injury
diagnosis, anddate and time values for surgical booking and start of
procedure. Polytraumacaseswere identifiedwhena subject had2or
more orthopaedic injuries receiving operative intervention under
the same anesthetic; operative interventions by other providers
such as general surgery teams were not captured. Polytrauma was
used as a surrogate for high-energy trauma mechanisms, as
mechanism of injury was not available in the dataset.
2.1. Statistical analysis

All descriptive statistics, multivariable Poisson and linear regres-
sion models were performed using SAS v9.4 (SAS Institute, Cary,
North Carolina). Multivariable Poisson regression models were
used to determine the influence of PHMon trauma volumes during
individual months and staged reopening (Lockdown:March 17 to
May 24, 2020; Stage 1:May 25 to June 11, 2020; Stage 2: June 12
to August 31, 2020). To account for increases in trauma volumes
due to population growth, trauma volumes per 100,000 people
were calculated and used for analysis. Expected trauma per
100,000 people based on 2008 to 2019 data was used to model
expected 2020 volumes.Data from2020were used to calculate the
2

difference between actual and expected trauma volumes during
affectedmonths and staged reopening periods—which is presented
as a percentage comparison (%±95% CI). Analysis of specific
injuries was also performed, with hip fractures further stratified
into those older and younger than 75years old to better isolate the
geriatric population experiencing low-energy hip fracture from
younger patients with traumatic hip fracture. Several re-parame-
terized tests were done to ensure the accuracy of these regression
models.Multiple linear regression models were used to investigate
PHM effects on surgical wait-times (difference between date and
time data for booking and start of procedure).
3. Results

The final dataset consisted of 22,331 trauma orthopaedic
surgeries occurring from March through August of each year.
Overall trauma volumes per month have increased over time
since 2008 (Fig. 1). When normalized to cases per 100,000
people, trauma volumes did not increase over time. Hip (22.5%),
ankle (20.2%), and wrist (8.9%) fractures accounted for 54.5%
of the dataset, and thus were chosen as the focus for analysis and
discussion. Demographics for these injuries are shown in Table 2.

3.1. Overall trauma volumes

A comparison of the trauma volumes during the COVID-19
pandemic to expected trauma volumes is shown in Figure 2.
There was an initial decrease in trauma volumes inMarch (�8%,
�17% to +2%, P= .123), April (�11%, �21% to +1%,
P= .062), and May (�8%, �18% to +3%, P= .158), though
the decreases were not statistically significantly different from
expected. June trauma volumes were similar to previous years
(�3%, �14% to +8%, P= .565). Trauma volumes increased in
July (+10%, �1% to +22%, P= .071) and statistically
significantly in August (+17%, +5% to +29%, P= .003).
Trauma volumes during lockdown, Stage 1 and Stage 2 of

reopening compared with expected trauma volumes are shown in
Figure 3. During lockdown, there was a significant decrease in
trauma volume (�14.2%, �20.7 to �7.1%, P< .001). During
Stage 1, the total number of orthopaedic trauma cases did not
differ significantly from expected (�5.7%, �8.2% to +21.6%,
P= .443). In Stage 2 there was a significant increase in trauma
volume (+8.9%, +2.1 to +16.1%, P= .009).

3.2. Specific injuries

Effects of COVID-19 by month on trauma volumes for specific
injuries are shown in Table 3. Excluding hip fractures, the volume
of all trauma cases decreased significantly in March (�14.7%,
P= .013) andApril (�18.4%,P= .005) and increased significantly
in August (+19%, P= .003). There was no change in the incidence
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Figure 1. Number of orthopaedic trauma cases per month (2008–2020).

Table 2

Demographic information for dataset and most common injuries

Injury type Diagnostic ICD-10 code Number of patients (% of dataset) Age ±SD Percent female

All injuries 24,331 (100%) 54.7±22.0 49.7%
Ankle fracture S823 4501 (20.2%) 44.3±17.1 48.3%
Hip fracture S720, S721 5705 (25.5%) 78.1±14.4 68.5%
Wrist fracture S525 1986 (8.9%) 49.4±17.2 60.3%

Figure 2. Change in orthopaedic trauma volumes as a percentage of expected by month (%±95% CI).
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Figure 3. Change in orthopaedic trauma volumes as a percentage of expected by Stage (Lockdown: March 17 to May 24, 2020; Stage 1: May 25 to June 11,
2020; Stage 2: June 12 to August 31, 2020) (%±95% CI).
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of polytrauma. Ankle fractures were significantly lower in March
(�23.7%, P= .013). There were no significant changes in the
incidence of hip or wrist fractures at any time. When hip fractures
were stratified by those over age 75 and those under 75, there was
no change in trauma volumes in any month.
Effects of stage of reopening on trauma volumes for specific

injuries are shown in Table 4. Excluding hip fractures, there was a
significant decrease in orthopaedic trauma volumes during
lockdown (�18.5%, P< .001). There was a significant increase
in non-hip fracture trauma during Stage 2 of reopening (+9.2%,
P= .020). There was no change in the incidence of polytrauma.
Table 3

Percentage difference in orthopaedic trauma volume compared with

Month % change in cases compared with expected 95% CI (low

All injuries excluding hip fracture
March –14.7% –24.9%
April –18.4% –29.3%
May –9.7% –21.2%
June –9.4% –20.8%
July 9.8% –2.4%
August 19.0% 5.9%

Ankle fracture
March –23.7% –38.4%
April –12.9% –32.8%
May –5.1% –28.4%
June –13.2% –33.0%
July 3.0% –19.0%
August 0.8% –20.2%

Hip fracture
March –8.5% –10.9%
April 13.5% –8.5%
May –5.8% –24.9%
June 8.5% –11.9%
July 5.1% –13.8%
August 5.5% –14.0%

4

There were significantly fewer ankle fractures during the
lockdown stage (�17.8%, P= .027). There was no change in
the incidence of hip or wrist fractures. When hip fractures were
stratified by those age>75 and those<75, there was similarly no
change in trauma volumes in any stage.
3.3. Wait times

Wait times for all injuries decreased significantly in May (�3.22
hours, �6.1 to �0.3hours, P< .032), and increased significantly
in July (+6.7hours, +3.8hours to +9.6hours, P< .001) and
expected by month of 2020

er) 95% CI (upper) Cases/100,000 people/day P value

–3.3% 0.514 .013
–5.9% 0.412 .005
3.5% 0.444 .141
3.5% 0.477 .146
23.5% 0.602 .121
33.8% 0.618 .003

–5.6% 0.185 .013
13.0% 0.140 .299
25.8% 0.144 .716
12.5% 0.141 .286
30.9% 0.172 .808
27.3% 0.159 .948

32.0% 0.225 .418
40.7% 0.209 .249
18.3% 0.177 .607
33.6% 0.214 .442
28.2% 0.220 .62
29.5% 0.206 .607
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Table 4

Percentage difference in orthopaedic trauma volume compared with expected for lockdown and stages of reopening

Stage % change in cases compared with expected 95% CI (lower) 95% CI (upper) Cases/100,000 people/day P value

All injuries excluding hip fracture
Lockdown –18.5% –25.7% –10.5% 0.419 <.001
Stage 1 –3.8% –18.7% 13.9% 0.503 .653
Stage 2 9.2% 1.4% 17.6% 0.581 .02

Ankle fracture
Lockdown –17.8% –30.9% –2.2% 0.142 .027
Stage 1 6.6% –32.4% 48.1% 0.171 .705
Stage 2 –3.1% –16.5% 12.5% 0.156 .678

Hip fracture
Lockdown –3.0% –14.0% 15.6% 0.188 .968
Stage 1 21.6% –5.9% 56.9% 0.237 .134
Stage 2 2.7% –9.5% 16.6% 0.207 .676
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August (+7.4hours, +4.5 to +10.3hours, P< .001). Wait times
for hip fractures decreased significantly in March (�4.6hours,
�9.2 to 0.0hours, P=0.048) and May (�5.2hours, �9.9 to
�0.5hours, P= .031). Wait times for ankle fractures increased
significantly in July (+6.5hours, +1.2 to +11.8hours, P= .016),
and wait times for wrist fractures increased significantly in
August (+15.2hours, +7.9 to +22.6hours, P< .001). There were
no significant changes in wait times for polytrauma.
The effects of Stage of reopening on wait times are shown in

Table 5. There was a significant decrease in surgical wait time
during the lockdown stage (�3.4hours, P< .001). Surgical wait
times did not differ from expected in Stage 1 of reopening. Wait
times increased significantly during Stage 2 of reopening (+4.9
hours, P< .001). Notably, wait times for hip fractures did not
increase in Stage 2, whereas wait times for ankle and wrist
fractures increased significantly. There were no significant
changes in wait times for polytrauma.
4. Discussion

This study provides insight into how the PHM used to limit the
spread of COVID-19 affect population behaviors and subsequent
Table 5

Change in wait times compared with expected for lockdown and Sta

Stage Change in wait time compared with expected (hours) 95% C

All injuries
Lockdown –3.4
Stage 1 –3.5
Stage 2 4.9

All injuries excluding hip fracture
Lockdown –2.9
Stage 1 –3.7
Stage 2 6.4

Ankle fracture
Lockdown –3.7
Stage 1 –1.1
Stage 2 3.9

Hip fracture
Lockdown –4.5
Stage 1 –4.4
Stage 2 –0.2

Wrist fracture
Lockdown 0.6
Stage 1 –6.0
Stage 2 6.9
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orthopaedic surgery trauma volumes in Calgary, Alberta,
Canada. During the lockdown stage (March 17-May 25,
2020), there was a 14% decrease in orthopaedic trauma
volumes, indicating that staying at home decreased the burden
of orthopaedic trauma. When hip fractures are excluded, this
decrease is more pronounced at 18.5%. Decreased trauma
volumes during lockdown are ideal given the risk to our health
care systems being overwhelmed with patients infected by
COVID-19. As restrictions were initially eased there were no
significant changes compared with expected trauma volumes.
However, when restrictions were further eased, there was a 9%
increase in orthopaedic trauma. Evenmore striking is the increase
of 17% observed in August 2020.
Previous studies have demonstrated decreases in orthopaedic

trauma volumes during COVID-19, which this study supports.
Reports of trauma volume decreases have varied widely from
10% to 78%.[6–13] Reports likely vary due to diversity of
timelines compared, baseline used, populations and health
systems studied. Weather may also account for variations in
reported trauma volumes; the lockdown stage in Calgary
occurred during winter and spring months. Trauma occurring
due to exposure to snow and ice while performing essential
ges of reopening

I (lower, hours) 95% CI (upper, hours) Wait time (hours) P value

–5.4 –1.4 16.6 <.001
–7.3 0.4 17.4 .082
3.1 6.7 27.5 <.001

–5.2 –0.5 17.0 .017
–8.4 0.9 18.0 .114
4.2 8.6 29.2 <.001

–7.2 –0.1 15.4 .043
–8.4 6.3 19.0 .779
0.7 7.1 25.4 .016

–7.7 –1.4 15.0 .005
–10.5 1.6 15.1 .15
–3.1 2.6 21.4 .862

–4.9 6.1 19.3 .834
–16.0 4.1 14.8 .246
2.3 11.5 29.4 .003
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activities may have blunted the impact of PHM in this study. The
14% decrease in trauma volumes observed in this study provides
information regarding effects of PHM in a Northern climate for a
relatively young population.[19]

The incidence of specific injuries observed in this study is also in
line with previous reports. Ankle, hip, and wrist fracturesmade up
54.5% of all injuries, and these injuries were selected for further
analysis as their management consumes considerable operating
room resources. The incidence of polytrauma consistently appears
unchanged in lockdown.[8,9,11] The incidence of hip fractures
through lockdown was reported to be unchanged in several
studies.[8–10,14] Although there are several reports of decreased
incidence of hip fractures,[7,14] the unchanged incidence observed
in this study is consistent with the fact that most geriatric hip
fractures happen in the home.[20] We speculate that the activity
levels of this large cohort of dependent patients did not changewith
public health restrictions as much as the younger trauma patients
included in this dataset. The analysis performed in this study to
exclude the hip fracture population may be a more realistic
reflection of the effects of PHM on the nongeriatric population.
Similarly, the fact that no change in traumavolumeswas seenwhen
hip fractures were grouped by age less than 75 and those over 75
strengthens the conclusion that there was no change in the
incidence of geriatric hip fractures; this population over the age of
75 makes up 85% of hip fractures in Canada.[21] No reports of
changes in incidence of ankle or wrist fractures are available for
comparison. The majority of wrist fractures sustained by older
individuals occur due to low-energy falls, while younger
individuals sustain these injuries through sports/activities.[22]

The population with operatively treated wrist fractures in this
study (60% women, average age 49years) is more likely to have
sustaineda low-energy fall, and thus any changes in operativewrist
fracture incidence due to high-energy mechanisms are eclipsed by
the higher proportion of older patients. The 18%decrease in ankle
fractures during lockdown observed here may reflect cancellation
of organized sporting activities during lockdown; 21% of ankle
fractures have been reported to occur during sports.[23] Effects of
relaxation of PHM on orthopaedic trauma volumes have not
previously been reported. The novel finding of this study, whereby
trauma volumes increased as restrictions were eased, is important
for predicting andmanaging the burden of orthopaedic trauma on
the health care system as subsequent waves of COVID-19 trigger
fluctuations in PHM.
The increase in trauma volumes with easing of restrictions is

consistent with the previously cited reports in the media of
increased recreational activities locally. People who may
normally travel internationally or by airline may be exploring
activities closer to home, including hiking and other experiences
in the nearby Rocky Mountains. It has also previously been
shown that weather and orthopaedic trauma volumes are
correlated, with warmer weather being correlated with increased
trauma.[24–27] The relaxation of PHM in Alberta coincided with
late spring and summer weather, and this together with increased
opportunity for recreational activity while working from home
may have affected trauma volumes. Despite the benefit of
outdoor physical activity for mental and physical health, lack of
experience and/or proper equipment may put people at risk of
injury while taking up new activities. This surge in injuries with
reopening presents opportunity for injury prevention, emphasiz-
ing the importance of safety and proper footwear for personal
wellbeing and to minimize burden on the health care system.
The previous report of wait times during the COVID-19

pandemic is from a large retrospective study of public hospitals in
6

Hong Kong.[7] Wait times for emergency orthopaedic operations
did not change in January 25 to March 27, 2020 compared with
the 4 previous years and averaged 2.25hours. Spine pathology,
infection, and malignancy made up a small proportion of this
large cohort; their inclusion may contribute to differences in wait
times observed in this study (as these conditions were excluded in
this study). The pre-COVID-19 average surgical wait time of
2.25hours is much lower than the 20 to 22.5hours in this study,
reflecting differences in health care systems. Contrary to our
hypothesis, the significant decrease in wait time observed during
the lockdown stage likely reflects lower trauma volumes and
possibly increased operating room availability due to postpone-
ment of elective surgical procedures. As reopening progressed,
wait times for all injuries except hip fractures increased. This is
likely multifactorial, considering increased trauma volumes,
resumption of elective surgical procedures, and possibly
increased time required for operating room staff to properly
don PPE. Consistent wait times for hip fractures are a testament
to achievement of the national standard of hip fracture surgery
within 48hours to prevent increased mortality.
The major strength of this study is the robust nature of this

dataset. Previous studies have used a maximum of 4years of
historical data for comparisons. Using data from 2008 to 2019
allows for reliable historical averages and expected trauma
volumes for 2020 to be calculated, and will help ameliorate any
variations in trauma volumes in a given year (due to events,
inclement/excellent weather, etc). Comparison of actual 2020
trauma volumes compared with predicted 2020 trauma volumes
(based on historical 2008-2019 data) allows for isolation, as
much as possible, of the effects of public health measures. This
study has considerably expanded the scope of the existing
literature, as at the time of writing, there have been no reports on
the effects of reopening strategies on orthopaedic trauma volumes
or surgical wait times during the COVID-19 pandemic.
Though the dataset used here is large and robust, there are

several features that are not included, such asmechanismof injury.
Also, this dataset includes only trauma requiring operative
intervention. This, combined with exclusion of surgical axial
skeleton and thoracic/abdominal injuries, means that the number
of polytrauma patients captured here is lower than in reality.
Furthermore, although total trauma volumes increased over time
in this study, deeper investigation of the constant orthopaedic
trauma volumes per 100,000 people observed over the time period
in this study is required. Any possible delay to presentation (due to
fear of going to hospital because ofCOVID-19, etc) is not captured
by this dataset as thewait time calculation is from surgical booking
time to the time the patient arrives in the OR. This and previous
studies have used solely the PHM in effect to look at trauma
volumes during COVID-19. The behavior of a population is
dependent on many factors besides public health guidance,
including weather, which are not accounted for in these studies.
The COVID-19 pandemic presents continually evolving

challenges to health care system management. Surges and lulls
in orthopaedic trauma volumes in, for example, times of war or
mass casualty incidents differ from the current situation in that
COVID-19 does not increase requirements for surgical care. In
fact, surgical resources (ventilators, staff, operating rooms, etc)
may be diverted for critical care. The first step in being able to
devise efficient ways of planning and staffing operating rooms is
acquisition of data regarding demand, or trauma volumes in the
case of orthopaedics. If volumes of orthopaedic trauma can be
roughly estimated based on PHM, strategies to manage work-
forces can be better informed. Such strategies have included
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centralization of surgical services to “clean” institutions,
redeployment of staff to critical care capacities, as well as
managing restaffing when personnel need to quarantine.[28] This
study does show that it will be important to ensure appropriate
operating room time is allocated for orthopaedic trauma, while
the enormous backlog of elective procedures that have been
cancelled is addressed.
Given the novelty of the COVID-19 pandemic, it is difficult to

make specific recommendations for orthopaedic trauma resource
planning. However, this and previous studies support that
surgical resources need to remain available for orthopaedic
trauma patients during all the stages of the COVID-19 pandemic.
While trauma volumes may decrease with restrictive PHM,
injuries still occur and require urgent treatment. This study
demonstrates that our city has continued to meet the national
standard of treatment of geriatric hip fractures within 48hours;
achievement of this standard to prevent mortality of this
population already disproportionately affected by COVID-19
must continue. The novel finding of this study, whereby trauma
volumes and wait times increased as restrictions were eased, helps
identify a potential target for population-based injury prevention
strategies. It also provides evidence that maintenance of
orthopaedic trauma surgical resources will be important to
manage the burden of orthopaedic trauma on the health care
system. Minimizing hospitalization and wait times with expedi-
ent surgery for trauma patients will help preserve hospital
capacity for patients undergoing delayed surgical procedures.
Acknowledgments

Thanks to the South Campus Research Unit for Bone and Soft
Tissue, University of Calgary Office of Surgical Research,
Department of Surgery, Program for Undergraduate Research
Experience, and the Canadian Orthopaedic Foundation for
financial assistance. Thank you to Eric C. Sayre, PhD, for
assistance with statistical analysis.
References

1. World Health Organization. Timeline of WHO’s response to COVID-
19. Published 2020. Available at: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/interactive-timeline. Accessed Septem-
ber 22, 2020.

2. Government of Alberta. Opening Soon: Alberta’s Relaunch Strategy;
2020. Available at: https://open.alberta.ca/dataset/61f54c09-d6d7-4a12-
a5be-0bc663a02c31/resource/e158ff14-eab7-4f24-94f4-b67c3639d0d5/
download/covid-19-alberta-relaunch-strategy-2020-06.pdf. Accessed
September 22, 2020.

3. Government of Alberta. COVID-19 orders and legislation _ Alberta.
Published 2020. Available at: https://www.alberta.ca/covid-19-orders-
and-legislation.aspx. Accessed September 22, 2020.

4. Ammar A, Brach M, Trabelsi K, et al. Effects of COVID-19 home
confinement on eating behaviour and physical activity: results of the
ECLB-COVID19 International Online Survey. Nutrients. 2020;12:1583.

5. Lesser IA, Nienhuis CP. The impact of COVID-19 on physical activity
behavior and well-being of Canadians. Int J Environ Res Public Health.
2020;17:3899.

6. Staunton P, Gibbons JP, Keogh P, et al. Regional trauma patterns during
the COVID-19 pandemic. Surgeon. 2020;19:e49–e52.

7. Wong J, Cheung K. Impact of COVID-19 on orthopaedic and trauma
service. J Bone Jt Surg Am. 2020;102:e80.
7

8. Venkateshwar M, Praharsha R, Annapareddy M, et al. Impact of
COVID-19 pandemic on orthopaedic trauma volumes: a multi-centre
perspective from the state of telangana. Indian J Orthop. 2020;54:1–6.

9. Probert AC, Sivakumar BS, An V, et al. Impact of COVID-19-related
social restrictions on orthopaedic trauma in a level 1 trauma centre in
Sydney: the first wave. ANZ J Surg. 2020;91:68–72.

10. GreenhalghM, Dupley L, Unsworth R, et al.Where dd all the trauma go?
A rapid review of the demands on orthopaedic services at a U.K. Major
Trauma Centre during the COVID-19 pandemic. Int J Clin Pract. 2020;
e13690Online ahead of print.

11. Lubbe RJ, Miller J, Roehr CA, et al. Effect of statewide social distancing
and stay-at-home directives on orthopaedic trauma at a southwestern
level 1 trauma center during the COVID-19 pandemic. J Orthop Trauma.
2020;34:343–348.

12. Giuntoli M, Bonicoli E, Bugelli G, et al. Journal of Clinical Orthopaedics
and Trauma Lessons learnt from COVID 19: an Italian multicentric
epidemiological study of orthopaedic and trauma services. J Clin Orthop
Trauma. 2020;11:721–727.

13. Earp B, Zhang D, Benavent K, et al. The early effect of COVID-19
restrictions on an academic orthopedic surgery department. Orthopae-
dics. 2020;43:228–232.

14. Malik-Tabassum K, Crooks M, Robertson A, et al. Management of hip
fractures during the COVID-19 pandemic at a high-volume hip fracture
unit in the United Kingdom. J Orthop. 2020;20:332–337.

15. Canadian Broadcasting Corporation. ‘We haven’t seen something like
this since the ’70s’_ Bike shops report “phenomenal” leap in sales _
CBC News. CBC News. Published 2020. Available at: https://www.cbc.
ca/news/canada/calgary/bikes-popularity-increase-covid-calgary-
1.5592984. Accessed September 22, 2020.

16. Canadian Broadcasting Corporation. What you need to know about
COVID-19 in Alberta on Monday, Sept. CBC News. Published 2020.
Available at: https://www.cbc.ca/news/canada/calgary/alberta-covid-co
ronavirus-september-21-1.5732234. Accessed September 22, 2020.

17. Condon O. Search and rescue incidents up across the province in 2020 _
Calgary Herald. Calgary Herald. Published 2020. Available at: https://
calgaryherald.com/news/local-news/search-and-rescue-incidents-up-
across-the-province-more-severe-than-2019. Accessed September 22, 2020.

18. Awad M, Rumley J, Vazquez J, et al. Perioperative Considerations in
Urgent Surgical Care of Suspected and Confirmed Coronavirus Disease
2019 Orthopaedic Patients: Operating Room Protocols and Recom-
mendations in the Current Coronavirus Disease 2019 Pandemic. J Am
Acad Orthop Surg. 2020;28:451–463.

19. Calgary Economic Development. Economic Development Calgary.
Calgary Population & Stats. Published 2020. Available at: https://
calgaryeconomicdevelopment.com/research-and-reports/demographics-
lp/population. Accessed October 14, 2020.

20. Mattisson L, Bojan A, Enocson A. Epidemiology, treatment and
mortality of trochanteric and subtrochanteric hip fractures: data from
the Swedish fracture register. BMCMusculoskelet Disord. 2018;19:369.

21. Sobolev B, Guy P, Sheehan KJ, et al. Mortality effects of timing
alternatives for hip fracture surgery. Can Med Assoc J. 2018;190:E923–
E932.

22. MacIntyre NJ, Dewan N. Epidemiology of distal radius fractures and
factors predicting risk and prognosis. J Hand Ther. 2016;29:136–145.

23. Scheer RC, Newman JM, Zhou JJ, et al. Ankle fracture epidemiology in
the united states: patient-related trends and mechanisms of injury. J Foot
Ankle Surg. 2020;59:479–483.

24. Ali AM,Willett K.What is the effect of the weather on traumaworkload?
A systematic review of the literature. Injury. 2015;46:945–953.

25. Atherton WG, Harper WM, Abrams KR, et al. A year’s trauma
admissions and the effect of the weather. Injury. 2005;36:40–46.

26. RisingWR, Roberts CS. Correlating weather and trauma admissions at a
Level I trauma center. J Trauma. 2006;60:1096–1100.

27. Wilson JM, Staley CA, Boden AL, et al. The effect of season and weather
on orthopaedic trauma: consult volume is significantly correlated with
daily weather. Adv Orthop. 2018;2018:6057357.

28. Søreide K, Hallet J, Matthews JB, et al. Immediate and long-term impact
of the COVID-19 pandemic on delivery of surgical services. Br J Surg.
2020;107:1250–1261.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://open.alberta.ca/dataset/61f54c09-d6d7-4a12-a5be-0bc663a02c31/resource/e158ff14-eab7-4f24-94f4-b67c3639d0d5/download/covid-19-alberta-relaunch-strategy-2020-06.pdf
https://open.alberta.ca/dataset/61f54c09-d6d7-4a12-a5be-0bc663a02c31/resource/e158ff14-eab7-4f24-94f4-b67c3639d0d5/download/covid-19-alberta-relaunch-strategy-2020-06.pdf
https://open.alberta.ca/dataset/61f54c09-d6d7-4a12-a5be-0bc663a02c31/resource/e158ff14-eab7-4f24-94f4-b67c3639d0d5/download/covid-19-alberta-relaunch-strategy-2020-06.pdf
https://www.alberta.ca/covid-19-orders-and-legislation.aspx
https://www.alberta.ca/covid-19-orders-and-legislation.aspx
https://www.cbc.ca/news/canada/calgary/bikes-popularity-increase-covid-calgary-1.5592984
https://www.cbc.ca/news/canada/calgary/bikes-popularity-increase-covid-calgary-1.5592984
https://www.cbc.ca/news/canada/calgary/bikes-popularity-increase-covid-calgary-1.5592984
https://www.cbc.ca/news/canada/calgary/alberta-covid-coronavirus-september-21-1.5732234
https://www.cbc.ca/news/canada/calgary/alberta-covid-coronavirus-september-21-1.5732234
https://calgaryherald.com/news/local-news/search-and-rescue-incidents-up-across-the-province-more-severe-than-2019
https://calgaryherald.com/news/local-news/search-and-rescue-incidents-up-across-the-province-more-severe-than-2019
https://calgaryherald.com/news/local-news/search-and-rescue-incidents-up-across-the-province-more-severe-than-2019
https://calgaryeconomicdevelopment.com/research-and-reports/demographics-lp/population
https://calgaryeconomicdevelopment.com/research-and-reports/demographics-lp/population
https://calgaryeconomicdevelopment.com/research-and-reports/demographics-lp/population
http://www.otainternational.org

	COVID-19 orthopaedic trauma volumes: a Canadian experience during lockdown and staged reopening
	1 Introduction
	2 Methods
	2.1 Statistical analysis

	3 Results
	3.1 Overall trauma volumes
	3.2 Specific injuries
	3.3 Wait times

	4 Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


