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Abstract

Background There is no available information about the effect of containment measures on trauma surgery activity. The aim of
this study was to analyse and report the containment measures’ impact on trauma surgery activity during the COVID-19
pandemic in order to quickly react and adjust in case of a new sanitary crisis and containment.

Methods An original epidemiological study was performed in our trauma centre in France. Data from trauma surgeries performed
during the pre-containment (from March 1 to March 16, 2020), containment (from March 17 to April 17, 2020) and reference (from
March 1 to April 17, 2019) periods were compared. The primary outcome was the number of patients operated on daily and the daily
operating room time. Clinical data, delay for surgery, mechanism of injury and injury pattern were also reviewed.

Results There was a statistically significant decrease in the number of patients operated upon daily (—39,8%, p value <0.001)
and daily operating room time (— 35.5%, p value < 0.001) between the reference and containment periods and between the pre-
containment and containment periods (respectively, —35.0%, p value < 0.001 and — 28.7%, p value 0.002). No differences were
reported between the reference and pre-containment periods for daily-operated patients (p value 0.359).

Conclusion Containment measures had a direct impact on trauma surgery activity with a decrease of a third of trauma surgery
activity. Those results could be useful if a new containment occurred.
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Introduction deeply modified to answer rapidly to the massive influx of

patients.

The COVID-19 pandemic, caused by the coronavirus SARS-
CoV-2 [1], is one of the largest global healthcare crises in
modern history.

By May 1, 2020, France was one of the most affected
country in the world: over 130,000 confirmed cases and nearly
25,000 deaths [2]. The French healthcare system has been
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At first glance, this medical crisis did not concern trauma
surgery. The demand for specialized COVID-19 unit, an in-
creased critical care capacity, ventilators, nurse and doctor has
deprived surgical capacity. However, despite the postpone-
ment or cancellation of elective orthopaedic surgery, emer-
gency and trauma surgery had to be performed ensuring care
continuity, while adapting to the crisis context.

The pandemic also causes a severe social disruption, with
the government announcement of containment measures to
restrain the virus spread on March 17,2020 [3]. The lockdown
modified everyday life and activities of the French population.

Emergency activity (like type of trauma or activity volume)
is a reflection of population activities. Thus, trauma surgery
has been indirectly affected by the pandemic.

At the beginning, numerous data were missing to adapt our
activity, owing to the unprecedented nature of the crisis.
Numerous guidelines were published by national surgical
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societies [4], essentially about cancellation of elective surgery.
However, we had no clue about the estimated trauma activity,
and how we should organize our forces to help the COVID-19
crisis on the one hand, but still providing a quick and effective
trauma activity in the operating room on the other hand.

There is not available information to predict the effect of
containment measures on trauma surgery activity. In order to
quickly react and adjust in case of a new containment, avail-
able data must be evaluated.

The purpose of this study was to analyse and report the
containment measures’ impact on trauma surgery activity in
an urban academic trauma centre.

Materials and methods
Study design

This retrospective epidemiological study was conducted in the
Edouard Herriot Hospital (Lyon, France) which is one of the
two most important trauma centres in the county, based in an
urban area of 2.3 million inhabitants. Trauma surgery for the
lower and upper limbs are performed in this centre, as well as
hand surgery (unique public centre in charge of emergency
hand surgery in the area).

To evaluate the effect of containment measures, we com-
pared the trauma surgery activity between 2019 and 2020. All
trauma surgery data performed in our department between
March 1 and April 17 in 2019 and 2020 were collected.

Three different periods were defined to investigate the effect
of containment measures: the reference (from March 1 to April
17, 2019), pre-containment (from March 1 to March 16, 2020)
and containment (from March 17 to April 17, 2020) periods.

The primary outcome of the study was to evaluate the con-
tainment measures’ impact on our trauma activity. To this end,
we calculated the daily operating room time (DORT) in hours
per day and the number of patients daily operated upon.
DORT is a good parameter to estimate surgical activity; it is
the sum of all operating room time/24 hours. The operating
room time is defined as the time between the patient’s entering
and leaving the operating room.

DORT was evaluated for three subgroups: specific hand
trauma surgery (fractures of the wrist and below; wounds of
the elbow and below) and “general” trauma surgery for the
upper and lower limbs.

Medical records were also reviewed for age and sex, delay
for surgery in days, mechanism of injury and injury pattern.

The mechanisms of injury were divided as follows: domes-
tic accident (occurring at home, including sport), work-related
accident, public road accident (occurring outside the home:
car accident but also simple fall), suicide attempt, altercation
(including domestic violence and police-related incident) and
infection.
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To determine the effect of containment measures on the
elderly population [5], we specifically investigated proximal
femur fractures.

Data of patients who underwent more than one operation
(e.g. negative pressure wound therapy replacement) were only
taken into account for demographics data, DORT and the
number of patients daily operated and excluded for the mech-
anism of injury and injury pattern analysis.

Statistical analysis

Either median and quartiles or mean and standard deviation
were calculated for the numeric variables. Categorical vari-
ables were reported in proportion. The Wilcoxon two-sided
test was used to compare DORT and number of patients daily
operated. Pearson’s chi-squared test was used to compare the
distribution for the mechanism of injury. Alpha risk was set to
0.05. Statistical analysis was performed with R® software
(version 4.0.0).

This study was conducted in accordance with the 1964
Declaration of Helsinki. This is an observational study; no
ethical approval is required.

Results

A total of 520, 160 and 208 patients operated on for specific
trauma injury were identified, respectively, in the reference,
pre-containment and containment periods.

Background data and surgical orthopaedic trauma activity
are shown in Table 1. The DORT according to specific hand
trauma surgery and general trauma surgery is reported in
Fig. 1.

There was a statistically significant decrease in the number
of daily-operated patients (—39.8%, p value < 0.001) and the
DORT (—35.5%, p value <0.001) between the reference and
containment periods and between the pre-containment and
containment periods (respectively, —35.0%, p value <0.001
and —28.7%, p value 0.002). No differences were reported
between the reference and pre-containment periods for the
number of daily-operated patients (p value 0.359) and
DORT (p value 0.136).

The median DORT per patient was 1.6 h (IQR, 0.9-2.3),
1.5h (IQR, 1.0-2.4) and 1.7 h (IQR, 1.2-2.5) with no signif-
icant difference (p value > 0.05 in every group).

Concerning specific hand surgery, there was a statistically
significant decrease only between the reference and contain-
ment periods (—23.6%, p value 0.029). There was a statisti-
cally significant decline of general trauma DORT during the
containment period compared with the pre-containment (—
37.6%, p value 0.001) and reference (—45.0%, p value <
0.001) periods. No differences were found for other periods.
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Table 1 Background data and

surgical orthopaedic trauma Variable

Reference period

Pre-containment period Containment period

activity
Age—yearr
Mean (range, min-max)
Sex
Male—no. (%)
Female—no. (%)
Number of operated patients
Mean per day (SD)
DORT (hours)

Mean per day (SD)

47 (16-98) 46 (16-95) 49 (16-99)
347 (66.8) 101 (63.7) 143 (68.8)
173 (33.2) 59 (36.9) 65 (312)
10.8 (+2.6) 10.0 (+2.6) 6.5 (£2.1)
20,0 (+4.1) 18.1 (+4.8) 12.9 (+4.8)

SD denotes standard deviation

Figure 2 shows the evolution of trauma surgery activity in
2020 compared with 2019, before and after the containment
measures statement.

The distribution of mechanism of injury according to
the different periods is reported in Fig. 3. Domestic acci-
dents significantly increased during the containment period
(+22.3% from the reference to containment period, p value
<0.05). The proportion of road accidents significantly de-
creased from the reference to containment period (—
66.7%, p value <0.05). Between the containment and ref-
erence periods, there was a decrease of infection but with-
out significant difference (p value =0.0505). There were
no differences in the distribution of mechanism of injury
for other periods.

The injury pattern distribution is reported in Fig. 4.
The distribution of injury pattern is stable between three
periods.

However, analysing proximal femur fractures in the elder-
ly, we noticed 46 cases during the reference period (mean age
85 years, range 68-98), 12 during the pre-containment period
(mean age 82 years, range 66-95) and 18 during the contain-
ment period (mean age 87 years, range 68-97). Consequently,
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the incidence of proximal femur fracture was 350 cases per
year during the reference period, 273 cases per year during the
pre-containment period (— 22.0% compared with the reference
period) and 205 cases per year during the containment period
(—41.4% compared with the reference period and —24.9%
compared with the pre-containment period).

Discussion
Surgical trauma activity

After the containment measures began in France during the
COVID-19 pandemic, our trauma surgery activity was severe-
ly impacted: we usually operate 20 hours a day, but the con-
tainment measures made our DORT drop to 12.9 hours per
day. We reported a 28.7% decrease of trauma surgery activity
after social activity restriction.

Note that the decrease of DORT cannot be explained by
treating the most severe patients in one period. Indeed, the
median DORT per patient was similar in the three periods.

General Orthopaedic
Traumatology Lower Limb

General Orthopaedic

51 Traumatology Upper Limb
1.0 Hand Surgery
6.8

Containment Period

Fig. 1 Surgical orthopaedic trauma activity according to hand surgery and general orthopaedic (upper and lower limbs)
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In this study, we notice that there was a trend for surgical
activity decrease before the containment measures statement.
The recent situation in Italy [8], the behaviour to protect them-
selves and others from coronavirus and the president an-
nouncement in March 12, 2020, may encourage people to be
more careful before the official containment.

Surgical trauma activity in 2020 quickly decreased the first
week after containment measures began, but then it seems to
stabilize (Fig. 2). Thus, there is a persistent surgical trauma
activity that cannot be reduced.

Considering specialized hand trauma surgery, there was an
18.1% decrease of activity after containment measures began.
Considering general trauma surgery, there was a 37.8% de-
crease of activity after containment measures statement.
Variation of trauma activity depends on people’s occupation.
The more important diminution of general orthopaedic trauma
compared with hand trauma may be explained with the dim-
inution of elderly traumatology and/or the diminution of road
accident. Moreover, domestic accidents, which are mainly

Fig. 3 Distribution of the 100%
mechanism of injury 90% 9.1
*Statistically significant 0 .
differences between the 80% g
containment and reference 5.4
periods, p value <0.05 70%
FStatistically significant 60% 17,1
differences between the pre- 0 26
containment and containment pe- 50% 2
riods, p value >0.05
40%
30%
’ 53.0
20%
10%
0%

Reference Period

@ Springer

supported by hand surgeons, were higher during the contain-
ment period.

Impact on the elderly

The mortality of elderly patient with COVID-19 is higher than
younger patient [9]. Because of more severe symptoms and
mortality, the elderly were even more encouraged to stay at
home.

The impact of the containment measures on elderly
traumatology was analysed through proximal femur fractures.
Indeed, proximal femur fractures are common after 65 years as
reported by Singer et al. [5]. The incidence of proximal femur
fractures was almost divided by two during the containment
period compared with the reference period. It is the author’s
opinion to think that if older people went out less, all the falls
at home (or in retirement homes) still occurred. As well as the
global persistent surgical trauma activity discussed above, the
amount of proximal femur fractures cannot be reduced to zero.

6,7
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Fig. 4 Distribution of pattern injuries

Mechanism of injury

Containment measures had major consequences on social and
occupational activities. Domestic accidents were by far the
most common mechanism of injury, especially during the
containment period. This result was expected, as well as the
decrease of the road accident proportion.

Regardless of the increase of teleworking, the proportion of
work-related accident was similar in the three periods.
Teleworking was mostly used for office worker, whereas a
large proportion of manual worker (e.g. plumber or boiler-
maker) continued to work. Manual workers are the most con-
cerned by work-related accident, which explain this result.

Interestingly, there was an important decrease of the pro-
portion of infection although no significant difference was
found. The decrease of elective surgery can explain a diminu-
tion of post-operative infection but not a diminution of arthri-
tis, cellulitis or (non-acute) prosthetic joint infection. Similar
findings were found in cardiovascular department for acute
coronary syndrome [10]. The probability of a causal link be-
tween the decrease of infection and containment measures is
not likely. This result is concerning. It suggests that patients’
infections were not diagnosed and consequently not treated.
The decrease of consultation could be explained either by
people’s fear to go to their general practitioner or the emer-
gency room, or by people minimizing their symptoms or even
by the fear of containment controls. Another explication could
be the better application of hygiene measures, or the restriction
of nonsteroidal anti-inflammatory drug use [11].

Forces and limitations

The main weakness of our study is the retrospective analysis
of the data. Moreover, the definition of the three groups
analysed is questionable. A larger period could have been
investigated but would not have been more relevant to

Pre-Containment Period

6.5

24

40.7 Infection
Poly-trauma Patient
Wound
Fracture/Dislocation

50.4

Containment Period

evaluate the impact of social activity restriction. Indeed, avail-
able data is needed during this turning point to the best health
system modification.

The main strength of the study is the global investigation of
both general orthopaedic trauma and specialized hand surgery
trauma in an important urban trauma centre. A precise descrip-
tion of the mechanism of injury could be reported.

During the COVID-19 pandemic, procedures were imple-
mented in our institution. Every patient requiring surgery was
tested for COVID-19 (PCR test). Only in the case of high
emergency procedure (e.g. multiple trauma patients or open
fractures), results of the test were not obtained before the sur-
gery and full protections were taken. For patients who needed
less urgent procedures (e.g. closed fractures or simple
wounds), surgery was delayed until test results are finalized.
Patients were then hospitalized in a specialized COVID-19
unit or usual unit according to test results. Results could some-
time take a few hours (sometime up to 12 h) due to the large
number of tests performed each day in our institution. We did
not compare the access time to the operating room in hours
between the three periods, but it would be interesting to eval-
uate if all these procedures impacted care efficiency. Indeed,
the goal is to minimize the spread of the virus and protect the
workforce as reported by Stinner et al. [7] while continuing to
be as efficient as possible to minimize the delay for surgery
and the total length of hospitalization.

Finally, in addition to the containment measures’ impact on
trauma surgical activity, the viral activity in the country and in
the area has to be considered. By May 1, 2020, the viral ac-
tivity in our country was responsible for 27.8 deaths per
100,000 inhabitants and for 110.9 hospitalisations per
100,000 inhabitants [6]. If the pandemic had been even more
severe in our area, there would probably have been an addi-
tional decrease in trauma activity as a result. It would be in-
teresting to compare our results with other trauma centres in
various counties according to the viral activity.
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To our knowledge, it is the first study reporting data of the
evolution of surgical trauma activity due to containment
measures.

Conclusion

Containment measures have a direct impact on trauma surgery
activity. This study showed a 28.7% decrease of surgical trau-
ma activity after the containment measures statement.
Nevertheless, there is an amount of activity that cannot be
reduced.

In the future, a third of all orthopaedic trauma resources
could be reassigned to other purposes without affecting the
proper functioning of the traumatology department. Every cri-
sis is different, and these data from the COVID-19 pandemic
may not be suitable to another.
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