
Vol.:(0123456789)1 3

Archives of Orthopaedic and Trauma Surgery 
https://doi.org/10.1007/s00402-022-04597-w

KNEE ARTHROPLASTY

Impact of the COVID‑19 pandemic on early clinical outcome after total 
knee arthroplasty: a retrospective comparative analysis

Patrick Reinbacher1 · Ulrike Wittig1 · Georg Hauer1 · Alexander Draschl1 · Andreas Leithner1 · Patrick Sadoghi1 

Received: 31 May 2022 / Accepted: 19 August 2022 
© The Author(s) 2022

Abstract
Introduction To help combat the SARS-CoV-2 (COVID-19) pandemic, elective inpatient procedures have been reduced. The 
authors hypothesized that a nationwide lockdown would negatively affect the postoperative outcome after total knee arthro-
plasty (TKA) due to reduced physiotherapy as well as restrictions in external facilities of physiotherapy and rehabilitation.
Materials and methods We conducted a retrospective, comparative study including 41 patients who had undergone primary 
TKA during the first lockdown of the COVID-19 pandemic from March 2020 to April 2020 and a comparable control group 
consisting of 47 patients with a minimum follow-up of 6 months before the COVID-19 pandemic from 2019. Relevant end 
points were the visual analogue scale (VAS) for pain, Knee Society Function Score (KSS), Oxford Knee Score (OKS), 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and range of motion (ROM).
Results The lockdown group had a significantly worse outcome compared to the control group 6 months after TKA regarding 
WOMAC (p = 0.001), KSS (p < 0.001), OKS (p < 0.001), and length of hospital stay (p < 0.001). We found no statistically 
significant difference between the groups in ROM (p = 0.132), KSFS (p = 0.933), VAS at rest (p = 0.9.22), and exercise 
(p = 0.304).
Conclusion The COVID-19 pandemic negatively affected early clinical outcome parameters of elective primary TKA at 
6 months of follow-up due to restrictions in postoperative care. We believe that standardized protocols for physiotherapy 
will improve clinical outcomes for TKA in the event of future lockdowns and underline the importance of appropriate post-
operative care during this pandemic.
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Introduction

During the first wave of the pandemic, elective inpatient pro-
cedures wer reduced in many European hospitals to combat 
SARS-CoV-2 (COVID-19). Elective surgeries that would 
have required postoperative management in the intensive 
care unit were postponed entirely. These initial efforts were 
made to ensure sufficient capacities for acute trauma care 
and COVID patients [1, 2].

Such drastic efforts were important steps in the worldwide 
fight against the COVID-19 pandemic. However, the restric-
tions strongly affected public orthopaedic departments, as 
many operations are elective and therefore designated as 
non-essential. Although daily evaluation of the pandemic 
situation by a task force from the hospital enabled a flex-
ible adaptation to the current circumstances, the reduction 
in the number of operating rooms limited the daily capacity 
of surgical therapy. There was also a clear recommendation 
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for orthopaedic surgeons to reduce patient crowding in out-
patient clinics [3–5].

Consequently, patients who underwent elective TKA dur-
ing the first lockdown faced new challenges, especially in 
terms of physiotherapy. The therapy programme of postop-
erative physiotherapy was reduced to a minimum, and local 
hygiene regulations were implemented to limit the spread 
of COVID-19 [1, 3, 26]. From 20th of March onwards, the 
lockdown restrictions in the central European countries were 
extended, and external facilities for physiotherapy and reha-
bilitation were closed until the 30th of April, except for the 
use of necessary medical rehabilitation measures follow-
ing acute medical treatment [6]. The lockdown restrictions 
became obsolete on the 1st of May.

The restrictions in physiotherapy and closures of external 
rehabilitation facilities imposed by the COVID-19 pandemic 
are unique in the history of modern medicine [7]. Hence, no 
validated historical and current data are available to predict 
the impact of a national lockdown on the healthcare system, 
especially on elective orthopaedic surgeries and their clinical 
outcomes [7]. So far, only one recent study has examined the 
impact of the pandemic on elective orthopaedic surgeries 
such as arthroplasty and spinal fusion in the USA based on 
a stochastic simulation [7].

The current literature comprises studies that investigated 
the impact of the pandemic on different aspects of ortho-
paedic care. These include handling orthopaedic disease tri-
age, managing orthopaedic surgery during the pandemic, the 
return after the lockdown period, and the postoperative mon-
itoring of orthopaedic patients [8–10]. However, literature 
lacks sufficient data regarding the impact of the COVID-19 
pandemic on orthopaedic surgery as measured by clinical 
outcome scores after total knee arthroplasty (TKA).

It is evident that adequate physiotherapy after TKA is 
essential for an enhanced clinical outcome [7, 11]. This 
study provides further insight into this evaluation, as no trial 
has yet been conducted to evaluate the early postoperative 

outcome after TKA during the first wave of the pandemic. 
Therefore, the purpose of this study was to evaluate the 
impact of the COVID-19 pandemic on clinical outcomes 
after TKA regarding clinical parameters. The study hypoth-
esis was that restrictions on postoperative care due to the 
pandemic would negatively affect the functional outcome 
of patients following TKA.

Methods

Trial design

A retrospective comparative analysis of two cohorts was 
conducted in a single, urban, high-volume university hospi-
tal in Austria. The demographic and baseline characteristics 
of the two groups are summarized in Table 1.

The study procedure followed accepted ethical, scientific, 
and medical standards and was conducted in compliance 
with recognized international standards, including the prin-
ciples of the Declaration of Helsinki. We obtained informed 
consent from all the participants. The study protocol was 
approved by the local ethics committee (30–253 ex 17/18) 
and a current amendment (received on the 24th of April 
2020).

COVID‑19 group

Patients who underwent elective primary TKA receiving an 
Attune TKA (DePuy Synthes, Warsaw, IN, U.S.) during the 
nationwide Austrian lockdown and completed a postopera-
tive rehabilitation were examined for their eligibility and 
willingness to participate during their attendance. Eligible 
patients were followed up 6 months postoperatively. We 
included patients who suffered from osteoarthritis of the 
knee confirmed by anteroposterior and lateral radiographs 
(Kellgren–Lawrence Score III/IV) and high pain levels in 

Table 1  Patient demographics 
and baseline characteristics

ASA American Society of Anesthesiologists, BMI body mass index

Demographics COVID (n = 41) Non-COVID (n = 47) p value

Age (years), mean (SD) 65.2 (10.5) 70.8 (7.9) 0.006
Sex (M/F) (n/%) 12(29%)/29(71%) 19 (40%)/28(60%) n.s
BMI (kg/m2), mean (SD) 31.2 (7.4) 29.6 (4.4) n.s
ASA score (n/%)
 1: 4 (10%) 5 (11%) n.s
 2: 18 (44%) 19 (40%) n.s
 3: 18 (44%) 22 (47%) n.s
 4: 1 (2%) 1 (2%) n.s

Preoperative X-Ray (Kellgren–Lawrence Score) (n/%)
 3: 11 (27%) 15 (28%) n.s
 4: 30 (73%) 34 (72%) n.s
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at least two knee compartments despite conservative treat-
ment. Patients between the ages of 18 and 80 years who 
had agreed to undergo primary TKA without having been 
assured to receive a certain type of prosthesis were eligible 
to be included in the trial. Exclusion criteria were: a flex-
ion of less than 70° (n = 0), varus and valgus deformities 
over 15° (n = 0), known or suspected metal allergies (n = 0), 
patients who were unwilling to participate (n = 3) or unable 
to provide informed consent (n = 0), and patients who did 
not receive an Attune (n = 10) prosthesis.

Figure 1 represents a flow diagram of included patients 
(COVID-19 group). Fourteen patients did not complete reha-
bilitation after discharge from the ward. Ten patients did 
not receive an Attune prosthesis, and three patients refused 
further participation in the survey at a final follow-up visit. 
After a systematic search of the patients' medical records, 
none of the patients who were lost to follow-up or refused 
further participation had undergone revision surgery at the 
central hospital or regional partner hospitals.

All procedures were performed under the supervision of 
one senior knee surgeon using the same surgical technique 
with no patella resurfacing in each case. Femoral and tibial 
components were cemented (Palacos R + G, Heraeus Medi-
cal, Wehrheim, Germany) and the tibia first method with 
balancing of the flexion gap was carried out using a medial 
parapatellar approach. Every patient received a primary 
Attune TKA (DePuy Synthes, Warsaw, IN, U.S.), cruciate-
retaining and fully cemented prothesis implanted in mechan-
ical alignment according to Insall et al. [12] Postoperatively, 
the patients of the COVID-19 group followed a standardized 
physiotherapy protocol immediately after surgery, which 
consisted of full weight-bearing with crutches, active mobili-
zation of the patient in a transverse sitting position combined 

with physical exercise assistance and stretching of the knee 
capsule, isometric quadriceps exercise, and continuous pas-
sive motion (CPM) therapy on the first postoperative day 
[13, 14]. However, due to the pandemic, the postoperative 
protocol had to be shortened in terms of hospital length of 
stay and was only possible under strict hygiene measures 
that did not allow adequate physiotherapy as it would have 
taken place without the pandemic situation.

Control group

A consecutive series of 46 patients undergoing TKA using 
the same prosthesis in the same surgical technique by the 
same surgeon, who were stratified according to age, sex, 
preoperative clinical scores, preoperative Kellgren and 
Lawrence scale and preoperative range of motion (ROM), 
served as the control group at 6 months of follow-up in May 
2019. Comparable data regarding age, BMI, Kellgren and 
Lawrence scores on preoperative radiography, preoperative 
clinical scores, and ROM are presented in Tables 1 and 2.

Patients in the control group followed the same stand-
ardized inpatient physiotherapy protocol as the COVID-19 
group, but without strict hygiene measures and could stay 
longer in the hospital than the COVID-19 group. Our physi-
otherapy regime consists of passive mobilization therapy 
using continuous passive motion three times a week within 
the first 4 weeks after surgery in patients not bending their 
knees over 90 degrees at discharge (6 days postoperatively) 
and active stability exercises 3 weeks after surgery. Included 
patients also received a primary Attune TKA (DePuy Syn-
thes, Warsaw, IN), cruciate-retaining and fully cemented 
prothesis implanted in mechanical alignment according 
to Insall et al. [12]. Therefore, the control group was able 

Fig. 1  Flowchart of the included 
patients
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to follow inpatient and external physiotherapy and reha-
bilitation 6–8 weeks post-surgery in a rehab centre after 
physiotherapy.

Physiotherapy/rehabilitation during the lockdown

The first Austrian lockdown started on the 16th of March 
2020 [15]. Nationwide, from the 16th of March until the 
20th of April 2020, homes could only be left for necessary 
professional activities, necessary purchases such as groceries 
or medication, assisting other people, and activities outside 
(alone or accompanied by people living in the same house-
hold). From the 20th of March until the 30th of April, a 
ban on entering rehabilitation facilities, including external 
physiotherapy and rehabilitation, was imposed except for 
the use of necessary medical rehabilitation measures fol-
lowing acute medical treatment [16]. On the 1st of May, the 
lockdown restrictions became obsolete.

Consequently, patients of the COVID-19 group had no 
access to external physiotherapy and rehabilitation during 
this time. In May 2020, external physiotherapy facilities 
were reopened, whereas registered physiotherapists with a 
private practice only gradually opened. As a result, external 

physiotherapy was only possible under certain conditions 
such as individual contact with patients and protective equip-
ment limiting the physical exercise after discharge from May 
onwards. In contrast to the limitations in physiotherapy in 
the hospital and external institutions, the therapy programme 
for rehabilitation in external facilities (rehabilitation centres) 
was not reduced after the entry ban [17].

In other words, the COVID-19 group faced challenges 
during the pandemic in physiotherapy in contrast to the con-
trol group.

Outcome measurement

The clinical status and preoperative and postoperative out-
comes at 6 months were assessed using the Knee Society 
Knee Score (KSKS) and Knee Society Function Score 
(KSFS) [8], the Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) [9], the visual analogue 
scale (VAS) for pain both at rest and in motion, the Oxford 
Knee Score (OKS) [10], and the range of motion (ROM). 
The ROM was measured with a double-armed goniometer. 
Lengths of hospital stay and the waiting time to surgery (in 
days) were also determined.

Table 2  Comparison of clinical 
outcome before and after the 
final follow-up (6 months)

ROM range of motion, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, Ksks 
Knee Society Knee Score, KSFS Knee Society Function Score, VAS visual analogue scale, OKS Oxford 
Knee Score, LOS length of stay, SD standard deviation

COVID (n = 41) Non-COVID (n = 47) p value

Waiting time to surgery (mean ± SD) 150.5 ± 87.9 87.6 ± 64.1  < 0.001
Hospital LOS (mean ± SD) 7.0 ± 1.1 8.6 ± 2.2 < 0.001
ROM (°) (mean ± SD)
 Preoperative 93,7 ± 21.7 91,8 ± 21.4 0.408
 6 months follow-up 110.0 ± 12.8 115.1 ± 11.2 0.132

WOMAC (mean ± SD)
 Preoperative 56.1 ± 11.1 54.2 ± 14.8 0.551
 6 months follow-up 29.8 ± 16.0 20.9 ± 12.1 0.001

KSKS (mean ± SD)
 Preoperative 50.4 ± 13.8 51.6 ± 12.4 0.621
 6 months follow-up 76.4 ± 20.7 89.7 ± 12.2  < 0.001

KSFS (mean ± SD)
 Preoperative 45.1 ± 14.6 46.8 ± 17.6 0.941

6 months follow-up 87.4 ± 16.3 90.0 ± 11.0 0.933
VAS at rest (mean ± SD)
Preoperative
 6 months follow-up 1.9 ± 1.7 1.7 ± 1.1 0.922

VAS at movement (mean ± SD)
 Preoperative 6.1 ± 1.9 6.4 ± 1.9 0.452
 6 months follow-up 3.2 ± 2.0 2.9 ± 2.0 0.304
 OKS (mean ± SD)
 Preoperative 23.6 ± 6.7 24.9 ± 8.7 0.583
 6 months follow-up 34.0 ± 9.5 43.1 ± 6.0 < 0.001
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Statistical analysis

The data were analysed by SPSS Version 23.0 (IBM Cor-
poration, New York, USA). Descriptive statistics for con-
tinuous variables were reported as the mean and standard 
deviation (SD). Categorical variables were reported as 
count and proportions. For comparisons of categorical vari-
ables, the Chi-square exact test was used. The data were 
tested for normality using the Kolmogorov–Smirnov test, 
which revealed a parametric distribution for the BMI and 
age and a non-parametric distribution for all clinical scores, 
ROM, hospital LOS, and waiting time (in days) to surgery. 
Group differences were observed through the t test and the 
Mann–Whitney U test. Statistical significance was achieved 
at a p value < 0.05. Post hoc power analysis was calculated 
according to Hoenig and Heisey for the magnitude of differ-
ences in all compared scores and parameters. The selected 
sample size per group was sufficient for the analysis.

According to Hoenig and Heisey, the observed power was 
calculated to be greater than 80% regarding the difference in 
the included clinical scores and analysed parameters, reveal-
ing a p value of < 0.01 [18]. The magnitude of the difference 
between both groups reached a post hoc power greater than 
80% (according to Hoenig and Heisey).

Results

In Table 2, the comparison of clinical outcomes, length of 
stay (LOS), and waiting time to surgery is summarized. At 
the 6 months follow-up, we could observe significantly infe-
rior clinical outcomes in the COVID-19 group compared to 
the control group in WOMAC (29.8 vs. 20.9; p = 0.001), 
KSKS (76.4 vs. 89.7; p < 0.001), and OKS (34.0 vs. 43.1; 
p < 0.001). No difference was observed in KSFS (87.4 vs. 
90.0; p = 0.933), ROM (110.0 vs. 115.1; p = 0.132), VAS 
at rest (1.9 vs. 1.7; p = 0.9.22) and during exercise (3.2 vs. 
2.9; p = 0.304) at the final evaluation. In the final follow-up 
cohorts, no minor or major complications that required fur-
ther surgical treatment were observed.

The COVID-19 group had significantly shorter hos-
pital stays (7.0 vs. 8.6; p < 0.001) and had to wait almost 
twice as long (150.5 vs. 87.6; p < 0.001) for their surgery 
appointment.

Discussion

The most important findings were statistically signifi-
cant clinical differences in functional outcome param-
eters between the groups. The COVID-19 group showed 

significantly worse results in terms of WOMAC (29.8 vs. 
20.9; p = 0.001), KSKS (76.4 vs. 89.7; p < 0.001), and OKS 
(34.0 vs. 43.1; p < 0.001).

The current study's findings indicate that the current 
pandemic negatively affected patients who underwent elec-
tive primary TKA during the lockdown, resulting in signifi-
cantly inferior clinical outcomes at a minimum follow-up 
of 6 months compared to a control group. These differences 
are strongly linked to the restrictions during the first Aus-
trian lockdown that led to missing physiotherapy. When 
comparing these two groups, the functional results are also 
dependent on the remaining limitations brought about by 
the pandemic. The postoperative inpatient physiotherapy of 
the COVID-19 group was shortened and only possible under 
strict hygiene measures that did not allow adequate therapy 
as it would have taken place without the pandemic. After the 
postoperative inpatient management, the COVID-19 group 
could not go to any external facilities for physiotherapy dur-
ing the lockdown from the 20th of March until the 30th of 
April [6]. As a result, only exercises learnt from inpatient 
physiotherapy—such as climbing stairs and walking exer-
cises in the horizontal at home—were practised at this time, 
resulting in inferior clinical outcomes 6 months after TKA.

Regarding external rehabilitation, the entry ban on reha-
bilitation facilities was in effect up until the 30th of April 
2020 [6]. In general, external rehabilitation after TKA starts 
6–8 weeks post-surgery. Also, the waiting period for reha-
bilitation entry and the therapy programme in rehabilitations 
centres for patients after TKA was not different from that 
before COVID-19. Only hygiene measures (e.g. single room, 
no group activities, no social evenings) were implemented, 
not changing the therapy programme itself. Giesinger et al. 
determined a definition of ‘treatment success’after TKA. 
Based on their study, the respective thresholds for the 
WOMAC osteoarthritis index and the Knee Society Score 
(KSS) at 2 months after TKA are 29.5 (WOMAC Total), 
75.5 KSKS, and 42.5 KSFS [19]. Comparing the cutoff val-
ues 2 months after TKA, as described by Giesinger et al. 
[20], with our results 6 months post-surgery, both our study 
groups reached the thresholds.

Moorthy et al. [22] compared gap balancing and meas-
ured resection; our comparison group had a worse clini-
cal outcome. Studies that describe short-term results on 
ROM had better results than our COVID-19 group [23, 24]. 
Although the differences in ROM between our two groups 
were not statistically significantly different, our findings 
might show a potential significant clinical difference.

The literature has repeatedly described the importance 
of physiotherapeutic exercise, both inpatient and outpatient 
rehabilitation [25], which leads to a significant improvement 
in the clinical outcome. [11, 25–27]. According to the find-
ings of den Hertog et al., a comprehensive fast-track rehabil-
itation protocol leads to a statistically significant improved 
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functional outcome in the KSS and WOMAC, having a sus-
tainable effect on the mid-term outcome 3–12 months after 
surgery [8]. Moreover, Kondo et al. observed significantly 
greater improvements in the total WOMAC score, pain, and 
function 3 weeks after TKA when isometric quadriceps 
exercise in usual rehabilitation was involved [18].

Despite active physiotherapy, the meta-analysis data of 
Brosseau et al. show significant improvements when contin-
uous passive motion (CPM) is combined with physiotherapy 
at 2 weeks after TKA, resulting in a significantly increased 
active knee flexion [17].

These findings suggest that sufficient physiotherapy is 
of great relevance and therefore essential to attain excel-
lent early functional outcomes following TKA. However, 
it also reflects the essential role of orthopaedic care in the 
healthcare system and the necessity of keeping trauma and 
orthopaedic surgery in business, even in a reduced manner.

The observed increase in preoperative waiting time of the 
COVID-19 group (150.5 vs. 87.6; p < 0.001) is in accord-
ance with the findings of a study that examined the impact of 
the COVID-19 pandemic on the LOS in patients following 
total hip and knee arthroplasty [28]. In contrast to the men-
tioned study [28], the length of hospital stay of our COVID-
19 group was significantly shorter (7.0 vs. 8.6; p < 0.001) 
than that of the control group. We interpret this discrep-
ancy to be as a result of reduced infrastructural capacities. 
Waiting time is structured in two groups at our department. 
Patients with osteonecrosis or after implant failure or still 
in their profession undergo surgery within 6–8 weeks after 
their first visit to our outpatient’s clinic. Other patients 
undergo surgery according to the actual waiting list. Dur-
ing the COVID-19 pandemic, patients with ASA status of 4 
could not undergo surgery as there was lack of capacity at 
our intensive care unit. These factors all contributed to the 
presented waiting list.

In the COVID-19 group, eight coronavirus disease cases 
were reported, but all were mild. No limitation as described 
in Wang et. al. was expected. [29] Thus, postoperative 
COVID-19 symptoms and associated respiratory complica-
tions had no effect on the outcome of our work.

The study presents different limitations. First, a retro-
spective study has a low level of evidence in general, and 
level I or II studies might have been optional concerning 
the included number of cases. Results should be interpreted 
accordingly. Therefore, the applicability of our findings is 
limited, and the impact on the orthopaedic surgery sector 
needs to be investigated in broader studies. However, as the 
COVID-19 pandemic and its lockdown were not planned, 
our setting was a reasonable approach.

We want to underline the following aspects when reveal-
ing our conclusions. All TKAs were performed under the 
supervision of one senior knee surgeon and in a standard-
ized setting at a single institution. Even though this data can 

be assumed to be a valid representation of the distribution 
of elective total knee arthroplasties within an orthopaedic 
centre, the impact on the overall orthopaedic care needs to 
be interpreted with caution. Due to the restrictions, patients 
were harmed in many ways, such as restricted movement 
and social interactions—parameters we did not evaluate in 
the present study—that might have contributed to worse 
outcomes observed in the COVID-19 group. In addition, 
possible worsening of the mental state (e.g. increased dis-
tress) [30] in the COVID-19 group compared to the control 
group, which we did not examine, may also have affected 
the results.

This retrospective comparative study provides additional 
and valuable information on the early clinical outcome after 
total knee arthroplasty in a nationwide lockdown despite the 
mentioned limitations. The results emphasize the need for a 
prolonged follow-up evaluation.

Conclusion

The early clinical outcome after elective total knee arthro-
plasty is affected by the limited options for physiotherapy 
after discharge, which were caused by the lockdown dur-
ing the COVID-19 pandemic. We believe that standardized 
protocols for physiotherapy will improve clinical outcomes 
for TKA in the event of future lockdowns and underline 
the importance of appropriate postoperative care during this 
pandemic.

Funding Open access funding provided by Medical University of Graz. 
This research did not receive any specific grant from funding agencies 
in the public, commercial, or not-for-profit sectors.

Declarations 

Conflict of interests The remaining authors have no competing inter-
ests to declare for this work.

Ethical approval All procedures performed in this study were in 
accordance with the ethical standards of the institutional ethical com-
mittee.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 



Archives of Orthopaedic and Trauma Surgery 

1 3

permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sahu D, Agrawal T, Rathod V et al (2020) Impact of COVID 19 
lockdown on orthopaedic surgeons in India: a survey. J ClinOrtho-
paed Trauma 11:S283–S290. https:// doi. org/ 10. 1016/j. jcot. 2020. 
05. 007

 2. de Caro F, Hirschmann TM, Verdonk P (2020) Returning to ortho-
paedic business as usual after COVID-19: strategies and options. 
Knee Surg Sports Traumatol Arthrosc. https:// doi. org/ 10. 1007/ 
s00167- 020- 06031-3

 3. Liebensteiner MC, Khosravi I, Hirschmann MT et  al (2020) 
Massive cutback in orthopaedic healthcare services due to the 
COVID-19 pandemic. Knee Surg Sports Traumatol Arthrosc 
28:1705–1711. https:// doi. org/ 10. 1007/ s00167- 020- 06032-2

 4. Randelli PS, Compagnoni R (2020) Management of orthopae-
dic and traumatology patients during the Coronavirus disease 
(COVID-19) pandemic in northern Italy. Knee Surg Sports 
Traumatol Arthrosc 28:1683–1689. https:// doi. org/ 10. 1007/ 
s00167- 020- 06023-3

 5. Calatayud J, Casaña J, Ezzatvar Y et al (2017) High-intensity 
preoperative training improves physical and functional recovery 
in the early post-operative periods after total knee arthroplasty: a 
randomized controlled trial. Knee Surg Sports Traumatol Arthrosc 
25:2864–2872. https:// doi. org/ 10. 1007/ s00167- 016- 3985-5

 6. (2020) 197. Verordnung des Bundesministers für Soziales, 
Gesundheit, Pflege und Konsumentenschutz betreffend Lockerun-
gen der Maßnahmen, die zur Bekämpfung der Verbreitung von 
COVID-19 ergriffen wurden (COVID-19-Lockerungsverordnung 
–COVID-19-LV)

 7. Jain A, Jain P, Aggarwal S (2020) SARS-CoV-2 impact on elec-
tive orthopaedic surgery: implications for post-pandemic recovery. 
J Bone Joint Surg Am 102:e68. https:// doi. org/ 10. 2106/ JBJS. 20. 
00602

 8. Insall JN, Dorr LD, Scott RD et al. (1989) Rationale of the Knee 
Society clinical rating system. Clinical orthopaedics and related 
research

 9. Bellamy N, Buchanan WW, Goldsmith CH et al (1988) Valida-
tion study of WOMAC: a health status instrument for measuring 
clinically important patient relevant outcomes to antirheumatic 
drug therapy in patients with osteoarthritis of the hip or knee. J 
Rheumatol 15:1833–1840

 10. Xie F, Ye H, Zhang Y et al (2011) Extension from inpatients to 
outpatients: validity and reliability of the Oxford Knee Score in 
measuring health outcomes in patients with knee osteoarthritis. Int 
J Rheum Dis 14:206–210. https:// doi. org/ 10. 1111/j. 1756- 185X. 
2010. 01580.x

 11. Brosseau L, Milne S, Wells G et al (2004) Efficacy of continuous 
passive motion following total knee arthroplasty: a metaanalysis. 
J Rheumatol 31:2251–2264

 12. Insall J, Scott WN, Ranawat CS (1979) The total condylar knee 
prosthesis. A report of two hundred and twenty cases. J Bone Joint 
Surg Am 61:173–180

 13. Sadoghi P, Kastner N (2013) Size measurement and flexion gap 
balancing in total knee arthroplasty—new benefits of the Attune™ 
system? International Orthopaedics (SICOT) 37:2105. https:// doi. 
org/ 10. 1007/ s00264- 013- 1953-y

 14. Kastner N, Aigner BA, Meikl T et al (2014) Gender-specific out-
come after implantation of low-contact-stress mobile-bearing 
total knee arthroplasty with a minimum follow-up of ten years. 

Int Orthopaed (SICOT) 38:2489–2493. https:// doi. org/ 10. 1007/ 
s00264- 014- 2453-4

 15. (2020) 98. Verordnung des Bundesministers für Soziales, 
Gesundheit, Pflege und Konsumentenschutz gemäß §2 Z1 des 
COVID-19-Maßnahmengesetzes

 16. (2020) 107. Verordnung des Bundesministers für Soziales, 
Gesundheit, Pflege und Konsumentenschutz, mit der die Verord-
nung gemäß §2 Z1 des COVID-19-Maßnahmengesetzes geändert 
wird

 17. Physhioaustria (2021) Coronavirus: LAUFEND neue Informa-
tionen für PhysiotherapeutInnen. https:// www. physi oaust ria. at/ 
news/ coron avirus- laufe nd- neue- infor matio nen- fuer- physi other 
apeut innen

 18. Hoenig JM, Heisey DM (2001) The abuse of power. Am Stat 
55:19–24. https:// doi. org/ 10. 1198/ 00031 30013 00339 897

 19. Giesinger JM, Hamilton DF, Jost B et al (2015) WOMAC, EQ-5D 
and knee society score thresholds for treatment success after total 
knee arthroplasty. J Arthroplasty 30:2154–2158. https:// doi. org/ 
10. 1016/j. arth. 2015. 06. 012

 20. Giesinger K, Hamilton DF, Jost B et  al (2014) Comparative 
responsiveness of outcome measures for total knee arthroplasty. 
Osteoarthr Cartil 22:184–189. https:// doi. org/ 10. 1016/j. joca. 2013. 
11. 001

 21. Chua JL, Goh G-H, Liow MHL et  al (2019) Modern TKA 
implants are equivalent to traditional TKA implants in functional 
and patellofemoral joint-related outcomes. Knee Surg Sports 
Traumatol Arthrosc 27:1116–1123. https:// doi. org/ 10. 1007/ 
s00167- 018- 5161-6

 22. Moorthy V, Lai MC, Liow MHL et al (2020) Similar postoperative 
outcomes after total knee arthroplasty with measured resection 
and gap balancing techniques using a contemporary knee sys-
tem: a randomized controlled trial. Knee Surg Sports Traumatol 
Arthrosc. https:// doi. org/ 10. 1007/ s00167- 020- 06103-4

 23. Kumar PJ, McPherson EJ, Dorr LD et al (1996) Rehabilitation 
after total knee arthroplasty: a comparison of 2 rehabilitation tech-
niques. Clin Orthopaed Relat Res. https:// doi. org/ 10. 1097/ 00003 
086- 19961 0000- 00013

 24. MacDonald SJ, Bourne RB, Rorabeck CH et al (2000) Prospective 
randomized clinical trial of continuous passive motion after total 
knee arthroplasty. Clin Orthopaed Relat Res. https:// doi. org/ 10. 
1097/ 00003 086- 20001 1000- 00005

 25. Kondo Y, Yoshida Y, Iioka T et al (2020) Short-term effects of 
isometric quadriceps muscle exercise with auditory and visual 
feedback on pain, physical function, and performance after total 
knee arthroplasty: a randomized controlled trial. J Knee Surg. 
https:// doi. org/ 10. 1055/s- 0040- 17210 35

 26. Petterson SC, Mizner RL, Stevens JE et al (2009) Improved func-
tion from progressive strengthening interventions after total knee 
arthroplasty: a randomized clinical trial with an imbedded pro-
spective cohort. Arthritis Rheum 61:174–183. https:// doi. org/ 10. 
1002/ art. 24167

 27. Müller M, Toussaint R, Kohlmann T (2015) Hüft- und Knietotal-
endoprothesenversorgung. Orthopäde 44:203–211. https:// doi. org/ 
10. 1007/ s00132- 014- 3000-0

 28. Green G, Abbott S, Vyrides Y et al (2021) The impact of the 
COVID-19 pandemic on the length of stay following total hip 
and knee arthroplasty in a high volume elective orthopaedic unit. 
Bone Jt Open 2:655–660. https:// doi. org/ 10. 1302/ 2633- 1462. 28. 
BJO- 2021- 0022. R1

 29. Wang K, Wu C, Xu J et al (2020) Factors affecting the mortality 
of patients with COVID-19 undergoing surgery and the safety 
of medical staff: a systematic review and meta-analysis. EClini-
calMedicine 29:100612. https:// doi. org/ 10. 1016/j. eclinm. 2020. 
100612

 30. Holingue C, Kalb LG, Riehm KE et al (2020) Mental distress in 
the united states at the beginning of the COVID-19 pandemic. Am 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jcot.2020.05.007
https://doi.org/10.1016/j.jcot.2020.05.007
https://doi.org/10.1007/s00167-020-06031-3
https://doi.org/10.1007/s00167-020-06031-3
https://doi.org/10.1007/s00167-020-06032-2
https://doi.org/10.1007/s00167-020-06023-3
https://doi.org/10.1007/s00167-020-06023-3
https://doi.org/10.1007/s00167-016-3985-5
https://doi.org/10.2106/JBJS.20.00602
https://doi.org/10.2106/JBJS.20.00602
https://doi.org/10.1111/j.1756-185X.2010.01580.x
https://doi.org/10.1111/j.1756-185X.2010.01580.x
https://doi.org/10.1007/s00264-013-1953-y
https://doi.org/10.1007/s00264-013-1953-y
https://doi.org/10.1007/s00264-014-2453-4
https://doi.org/10.1007/s00264-014-2453-4
https://www.physioaustria.at/news/coronavirus-laufend-neue-informationen-fuer-physiotherapeutinnen
https://www.physioaustria.at/news/coronavirus-laufend-neue-informationen-fuer-physiotherapeutinnen
https://www.physioaustria.at/news/coronavirus-laufend-neue-informationen-fuer-physiotherapeutinnen
https://doi.org/10.1198/000313001300339897
https://doi.org/10.1016/j.arth.2015.06.012
https://doi.org/10.1016/j.arth.2015.06.012
https://doi.org/10.1016/j.joca.2013.11.001
https://doi.org/10.1016/j.joca.2013.11.001
https://doi.org/10.1007/s00167-018-5161-6
https://doi.org/10.1007/s00167-018-5161-6
https://doi.org/10.1007/s00167-020-06103-4
https://doi.org/10.1097/00003086-199610000-00013
https://doi.org/10.1097/00003086-199610000-00013
https://doi.org/10.1097/00003086-200011000-00005
https://doi.org/10.1097/00003086-200011000-00005
https://doi.org/10.1055/s-0040-1721035
https://doi.org/10.1002/art.24167
https://doi.org/10.1002/art.24167
https://doi.org/10.1007/s00132-014-3000-0
https://doi.org/10.1007/s00132-014-3000-0
https://doi.org/10.1302/2633-1462.28.BJO-2021-0022.R1
https://doi.org/10.1302/2633-1462.28.BJO-2021-0022.R1
https://doi.org/10.1016/j.eclinm.2020.100612
https://doi.org/10.1016/j.eclinm.2020.100612


 Archives of Orthopaedic and Trauma Surgery

1 3

J Public Health 110:1628–1634. https:// doi. org/ 10. 2105/ AJPH. 
2020. 305857

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2105/AJPH.2020.305857
https://doi.org/10.2105/AJPH.2020.305857

	Impact of the COVID-19 pandemic on early clinical outcome after total knee arthroplasty: a retrospective comparative analysis
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Trial design
	COVID-19 group
	Control group
	Physiotherapyrehabilitation during the lockdown
	Outcome measurement
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




