
Coronavirus disease 2019 (COVID-19) has impacted the 
use of healthcare services globally.1) Hospitals have de-
creased elective services to prevent patients from contract-
ing COVID-19 and to utilize scarce healthcare resources 
for managing COVID-19.1) The government recommend-
ed that people minimize outside activities and refrain from 
visiting hospitals.2) In addition, patients were reluctant to 
visit hospitals because of concerns regarding the spread of 
COVID-19.3) Elective surgeries were consequently reduced 
and postponed due to these changes.1,3-5) The proportion of 
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emergency/elective surgery increased according to the pri-
ority of surgery.1,4) In particular, the volume of orthopedic 
surgery, which consisted of a high proportion of elective 
surgeries, significantly decreased.1)

The surgical patterns might have changed as the 
COVID-19 pandemic continued. The COVID-19 pan-
demic has also changed the prevalence of diseases.6-8) The 
incidence of upper respiratory infections has decreased 
because of the strengthening of social distancing and 
growing interest in personal hygiene.6) As the COVID-19 
pandemic persisted, people experienced more psychologi-
cal distress, such as anxiety and depression.7) In the or-
thopedic field, public interest in sports activity decreased, 
resulting in fewer sports-related injuries.8) In contrast, 
degenerative arthritis might not be directly affected by 
COVID-19. However, the reduction in physical activity 
due to the COVID-19 pandemic may have aggravated the 
symptoms of degenerative arthritis.9) As the COVID-19 
pandemic has not ended, the canceled surgeries would 
inevitably have to be resumed amid the risk of contracting 
COVID-19.10) Therefore, the resumed orthopedic surger-
ies would be expected to show different surgical patterns 
from those before the COVID-19 outbreak. Researching 
the change in surgical patterns seems to be crucial for ef-
fectively using limited healthcare resources in the era of 
persistent COVID-19. In addition, the number of ortho-
pedic surgeries tends to increase and decrease according 
to the type of surgery every year. Thus, it is necessary to 
reflect on the previous change patterns to accurately eluci-
date the effect of COVID-19 on reducing orthopedic sur-
gery. However, a few studies have reported the changing 
patterns in the volumes of orthopedic surgery reflecting 
previous data.5,11-13)

The purpose of this study was to determine whether 
reduced volumes of orthopedic surgery recovered as the 
COVID-19 pandemic continued compared to the expect-
ed volumes of surgery in South Korea. Among the trauma 
and elective surgeries that accounted for most orthopedic 
surgeries, we also aimed to elucidate whether the changes 
in the volumes of orthopedic surgery differed according to 
the type of surgery in South Korea. We hypothesized that 
the volume of orthopedic surgery, which was reduced due 
to COVID-19, recovered over time, even though the CO-
VID-19 pandemic continued. We also hypothesized that 
degeneration-related surgery would show more recovery 
patterns than outside activity-related surgery.

METHODS
Collection of Data
The volumes of orthopedic surgeries from 2017 to 2020 
were obtained using the Health Insurance Review and As-
sessment Service (HIRA) of Korea databases. All people in 
South Korea should be registered in the National Health 
Insurance Program, and all medical institutes must submit 
medical expense claims data to HIRA for reimbursement 
of each procedure. Thus, the volumes of surgery were 
obtained from the HIRA of Korea databases based on the 
surgical procedure code. The surgical procedure codes 
were categorized into emergency surgery, infection sur-
gery, trauma surgery, and elective surgery, depending on 
the characteristics of each procedure.5) Emergency surgery 
consisted of fasciotomy (N0922 and N0923) and reduc-
tion of the dislocated joint (N0751 – N0756 and N0761 
– N0765). Infection surgery included operation of osteo-
myelitis or bone abscess (N0021- N0026), and excision of 
the joint, including synovectomy (N0700, N0701, N0703, 
N0704, N0706, N0708, N0709, N0710, and N0718). 
Trauma surgery consisted of open reduction and internal 
fixation (ORIF, N0601 – N0605, N0611 – N0612, N1601 
– N1606, N1611 – N1616, N0591 – N0593), external fixa-
tion (EF, N0981 – N0986), and hemiarthroplasty of the 
hip (N0715 and N2710). Elective surgery included total 
hip arthroplasty (THA, N0711, and N2070), total knee 
arthroplasty (TKA, N2072, and N2077), cruciate ligament 
reconstruction (CLR, N0880, and N0881), and rotator cuff 
repair (RC, N0936 – N0938).

The number of confirmed cases of COVID-19 per 
month was obtained from the Korea Disease Control and 
Prevention Agency. Since the first confirmed case of CO-
VID-19 appeared in South Korea at the end of January 
2020, three waves of COVID-19 occurred in South Korea 
in 2020.14) The first, second, and third waves were from 
February to April, from August to September, and from 
November to January 2021, respectively (Table 1, Fig. 1). 
The three waves were grouped into two (first wave vs. sec-
ond and third waves) to evaluate the impact on the num-
ber of surgeries in the early stage of the COVID-19 pan-
demic and the impact thereafter. This study was exempted 
from the approval and the written informed consent by 
the Institutional Review Board of Seoul National Univer-
sity Boramae Medical Center.

Expected Volumes of Orthopedic Surgery
A Poisson regression model was used to predict the vol-
ume of orthopedic surgeries. The number of operations in 
2020 was modeled with a 95% confidence interval based 
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on data from 2017 to 2019. The total annual population of 
South Korea was set as an offset in the Poisson regression 
analysis. The expected volumes of surgery were calculated 
by multiplying the Exp (B) value obtained from the Pois-
son regression analysis and the number of surgeries in 
2019. The actual volumes of surgery were compared with 
the expected volumes to elucidate the effect of the CO-
VID-19 pandemic on surgical volumes. All data were ana-
lyzed using SPSS version 27 (SPSS Inc., Chicago, IL, USA).

RESULTS
The effect of the COVID-19 pandemic on reducing the 
volume of orthopedic surgeries weakened as the COV-
ID-19 pandemic continued. The total volume of orthope-
dic surgery decreased by 8.5%–10.1% (13,041.1–15,315.2 
cases) in the first wave of COVID-19. However, the re-
duced surgical volumes recovered during the second and 
third waves of COVID-19, showing a 2.2%–2.8% decrease 
(5,566.7–7,038.3 cases) from the expected volumes (Table 
2, Fig. 2). According to the categories of surgical proce-
dures, elective, emergency, and trauma surgeries decreased 
in the first wave of COVID-19. During the second and 
third waves of COVID-19, elective surgery recovered 
with an absolute difference value of 2.8% compared to 

that in the first wave, which was a 10.6%–11.6% decrease 
(9,725.5–10,659.4 cases) compared to the expected vol-
umes. Emergency surgery even recovered to the expected 
volumes. In contrast, trauma surgery decreased, and infec-
tion surgery increased along with the wave of COVID-19 
(Table 2, Fig. 2).

Outside activity-related surgery decreased as the 
COVID-19 pandemic continued, while degeneration-re-
lated surgeries recovered. However, the volume of fracture 
surgeries in the elderly did not decrease during the COV-
ID-19 pandemic. The number of CLR surgeries decreased 
by 9.7%–13.8% (349.6–521 cases) in the first wave, which 
worsened to 18.5%–21.4% (1,151.9–1,378 cases) during 
the second and third waves of COVID-19. ORIF was also 
reduced as the COVID-19 pandemic continued. However, 
the EF and hemiarthroplasty surgeries were performed 
beyond expectations. EF surgery was performed more 
frequently during the second and third waves than during 
the first wave of COVID-19 (Table 3, Fig. 3). Conversely, 
TKA surgery decreased by 27.7%–29.0% (7,937.2–8,432.8 
cases) in the first wave and recovered to 14.4%–15.5% 
(6,933.3–7,598.8 cases), lower than expected during the 
second and third waves of COVID-19. However, THA and 
RC repair, which did not decrease even in the first wave, 
decreased during the second and third waves of the CO-
VID-19 pandemic (Table 3, Fig. 4).

DISCUSSION
The COVID-19 pandemic, which has spread across the 
world, resulted in reduced volume of surgery.1,3-5) Orthope-
dic surgery cases have also been significantly decreased,1,4) 
and patients with degenerative arthritis complain that 
their pain worsened after their surgery was canceled.4) As 
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Table 1. The Number of Confirmed Cases of COVID-19 Per Month 
in South Korea in 2020

Month No. of confirmed cases 

January 11

February 3,139

March 6,636

April 979

May 703

June 1,331

July 1,506

August 5,642

September 3,865

October 2,699

November 7,690

December 26,538

COVID-19: coronavirus disease 2019.

Fig. 1. The number of confirmed cases of coronavirus disease 2019 
(COVID-19) per month in South Korea in 2020.
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the pandemic has lasted longer than anticipated, many 
countries have been changing quarantine guidelines to ac-
commodate COVID-19.15) In addition, orthopedic surgery 
could not be postponed indefinitely. Therefore, although 
there was a risk of contracting COVID-19, orthopedic 
surgery has been resuming. The principal finding of our 
study is that the reduced volumes of orthopedic surgery 
recovered even while COVID-19 persisted. However, the 
patterns of recovery differed depending on the character-
istics of surgery.

The findings of our study confirmed our hypothesis 
that the volume of orthopedic surgery decreased with the 
first incidence of COVID-19, then recovered over time, 
even though the COVID-19 pandemic continued. Eighty-
two percent of orthopedic surgeries were estimated to 
have been canceled during the peak 12 weeks of the CO-
VID-19 pandemic.1) One study reported that orthopedic 
surgery had decreased by 44.2% during the first 9 weeks 
of the COVID-19 outbreak (from January 25th to March 
27th) in Hong Kong, compared to the same period of the 
previous 4 years.5) However, as the COVID-19 pandemic 
lasted for more than several months, the postponed or-
thopedic surgery had to be resumed to alleviate pain, 
improve the quality of life, and prevent aggravation of the 
disease.16) Studies have reported recovery in the volume of 
orthopedic surgery, although the degree of recovery varied 

depending on the country in which the study was con-
ducted.17-19) Recovery patterns in the volume of orthopedic 
surgery were also found in our study in terms of elective 
and emergency surgeries. This discrepancy in the degree 
of recovery may have been due to two factors: the period 
included in the studies was different, and the number of 
COVID-19 confirmed cases in each country was also dif-
ferent.17-19) Our study included the entire period of 2020 
when South Korea faced three waves of COVID-19. The 
number of COVID-19 confirmed cases in South Korea 
increased. However, as of December 2020, the ratio of the 
cumulative number of COVID-19 confirmed cases to the 
total population in South Korea was at the 161st place out 
of 218 countries worldwide.20) Therefore, the impact of the 
COVID-19 pandemic on reducing the volume of ortho-
pedic surgeries may not be significant.20) In summary, the 
volumes of orthopedic surgery recovered as the number of 
COVID-19 confirmed cases decreased after the first wave. 
Although there was a difference in the degree of recovery 
according to country, recovery in the volume of orthope-
dic surgery was observed even after the COVID-19 out-
break again.

The findings of our study confirmed our hypothesis 
that the volume of degeneration-related surgery showed 
greater recovery than that of outside activity-related sur-
gery. Trauma surgery was reported to have been reduced 

Second and third wave
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2017 2018 2019 2020
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Fig. 2. The volumes of orthopedic surgery 
cases during the waves of coronavirus 
disease 2019 (COVID-19). (A) Total 
volumes of orthopedic surgery cases. (B) 
The volumes of orthopedic surgery cases 
depending on the surgical category. Opened 
figure, expected volumes of surgery; Closed 
figure, actual volumes of surgery.
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after the COVID-19 outbreak.5,21,22) One study reported 
that surgery decreased by more than 50% compared to 
previous years.22) The reduced trauma volume significantly 
increased after lifting the lockdown.21) However, our find-
ings show that trauma surgery, especially ORIF, was even 
getting worsened over time. This might be explained as 
follows: the COVID-19 outbreak in South Korea was lo-
calized in Dae-gu City and neighboring areas in the first 
wave.23) In addition, lockdown was not imposed except for 
social distancing to control COVID-19. For this reason, 
the volume of trauma surgery did not significantly de-

crease in the nationally registered data. After COVID-19 
spread across the country during the second and third 
waves, the volume of trauma surgery decreased more 
than those in the first wave. However, the volume of HA 
surgery did not decrease over time. Among patients with 
orthopedic trauma, elderly patients (≥ 65 years) accounted 
for the largest proportion after the COVID-19 outbreak.12) 
Moreover, the volume of hip fractures did not decrease 
even after the COVID-19 outbreak.24) Our findings are 
consistent with those of previous studies.12,24) Although the 
COVID-19 pandemic and social distancing affected the 

Fig. 3. The volumes of trauma-related orthopedic surgery cases during the waves of coronavirus disease 2019 (COVID-19). (A) Open reduction and 
internal fixation. (B) External fixation. (C) Hemiarthroplasty of hip. Opened figure, expected volumes of surgery, Closed figure, actual volumes of surgery.
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Fig. 4. The volumes of elective ortho-
pedic surgery cases during the waves of 
coronavirus disease 2019 (COVID-19). 
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reconstruction. (D) Rotator cuff repair. 
Opened figure, expected volume of surgery, 
Closed figure, actual volumes of surgery.
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total volume of orthopedic trauma, it did not have a sig-
nificant effect on the incidence of fractures in the elderly, 
which occurred mainly at home. In addition, the volume 
of EF surgery increased over time. Although traffic acci-
dents decreased, motorcycle accidents increased because 
the number of deliveries by motorcycles increased after 
the COVID-19 outbreak.25) In addition, the number of 
fatalities in motorcycle accidents increased by 4% com-
pared to that in 2019.25) This might have contributed to the 
increased volume of EF surgeries. However, public interest 
in sports activities and sports-related surgery, such as CLR 
and RC repair, dramatically decreased after the COVID-19 
outbreak.8,26) In addition, physical activity has decreased 
worldwide, including in South Korea.27) Therefore, the 
number of CLR surgeries gradually decreased over time. 
In terms of degeneration-related surgery, total joint arthro-
plasty (TJA) also dramatically decreased in the early stages 
of the COVID-19 outbreak.2,4,11,26,28) However, 54% of pa-
tients with hip or knee arthritis experienced worsening 
pain after their surgery was canceled.4) Some patients even 
wanted to undergo TJA despite the risk of contracting CO-
VID-19 due to aggravated pain.4) These factors might have 
contributed to the resuming of TJA surgery.17,28) In our 
study, TKA showed a resuming pattern, which is in line 
with previous studies; however, THA did not.17,28) THA 
can be performed for various reasons, such as primary hip 
osteoarthritis, posttraumatic osteoarthritis, hip fracture, 
avascular necrosis, and rheumatoid arthritis.29,30) Primary 
hip osteoarthritis accounts for the majority of THA cases 
in Western countries.29) However, the most common cause 
of THA in South Korea is avascular necrosis, and the pro-
portion of hip fractures remains small.30) The discrepancy 
in the epidemiology of THA between Western countries 
and South Korea might have affected the differences in re-
covery patterns.

This study has several limitations. First, the accurate 
diagnosis that led to each surgical procedure could not be 
obtained from the HIRA data. This study was conducted 
based on the procedure codes claimed by the HIRA. There 
seems to be a discrepancy between the accurate diagno-
sis and the claimed procedure code. In addition, the data 
were collected from only one nation. However, this study 
was meaningful in showing the trend of changes in the 
volumes of orthopedic surgery over time during the COV-
ID-19 pandemic for one year. Second, a Poisson regression 
model was used to predict the surgical volume. The period 
included in the study was relatively short, as some of the 
extracted data from the HIRA were not available. If the 
period could have been extended, the results might have 
been different. However, analysis using a predictive model 

seemed to be more clinically meaningful than comparing 
it with the previous average volumes of surgery, because 
it could reflect the annual increase or decrease each year. 
Third, the study included only the period before the CO-
VID-19 vaccination. Vaccination is known to effectively 
protect people against COVID-19, which also affects the 
changes in the government’s quarantine guidelines and 
people’s perceptions about COVID-19. Thus, the trend 
of orthopedic surgery may change again after COVID-19 
vaccination is carried out earnestly.

In conclusion, the reduced number of orthopedic 
surgeries due to the COVID-19 pandemic tended to re-
cover over time in South Korea. However, the trend of 
change in surgical volume depended on surgical catego-
ries. Significantly reduced elective surgery resulted in the 
recovery of the volumes of surgery. However, the number 
of trauma surgeries did not decrease, even during the 
first wave of COVID-19. Among the trauma and elective 
surgeries that accounted for the majority of orthopedic 
surgeries, the reduced volume of degeneration-related 
surgeries such as TKA recovered over time. Although 
outside activity-related surgery, such as ORIF and CLR, 
decreased over time, the volume of fractures in the elderly 
was maintained even during the second and third waves of 
COVID-19. The findings of our study may help estimate 
the burden of orthopedic surgery in the era of persistent 
COVID-19.
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