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Background and purpose — During the first COVID-19 
lockdown elective surgery was greatly reduced. Prioritization 
of patients with greater need and expected benefit in terms 
of quality of life was advised. The lockdown also potentially 
affected follow-up outcomes. Therefore, our study compared 
patient-reported outcome measures (PROMs) retrieved 
during the lockdown of Dutch primary total hip and knee 
arthroplasty (THA, TKA) patients with previous years.

Patients and methods — We performed cross-sec-
tional analyses using national data from the Dutch Ortho-
paedic Registry (LROI). All primary elective THA and 
TKA patients with preoperative or postoperative PROMs 
(EQ-5D-3L index, OHS/OKS) during the first COVID-19 
lockdown between March and July 15, 2020 were included. 
Patients with PROMs during the same months in 2018 plus 
2019 were used as control. Finally, 33,453 THA and 27,335 
TKA patients were included. Patient characteristics were 
compared during versus before the lockdown. Subsequently, 
the lockdown effect on PROMs scores was analyzed with 
multivariable linear regression.

Results — During the COVID-19 lockdown, THA and 
TKA patients had a lower age and BMI preoperatively, and 
more often had surgery in private clinics. Both preopera-
tive PROMs in THA patients, but not in TKA patients, were 
worse (EQ-5D: Adjusted mean difference (AMD) –0.021, p 
< 0.001) during the lockdown compared with prior years. 
Both postoperative PROMs in THA and TKA patients were 
better during the lockdown (12-month EQ-5D in THA: 
AMD 0.010, p = 0.003; and in TKA: AMD 0.013, p < 0.001).

Interpretation — During the COVID-19 lockdown, THA 
patients had slightly worse preoperative PROMs, suggest-
ing selection of patients with greater urgency. Postoperative 
PROMs in both THA and TKA patients differed minimally. 
Overall, the observed differences were likely not clinically 
relevant.

In response to the SARS-CoV-2 (COVID-19) pandemic, 
extreme measures have been taken to contain the virus, most 
notable being national lockdowns and quarantine policies (1). 
Several studies noted an increase in psychological distress 
symptoms of, e.g., feelings of anxiety, and a decrease in qual-
ity of life in the general population following the pandemic 
and the measures taken (2-4). This effect increased with lower 
age, female sex, poor health status, and low socioeconomic 
status (SES) (5,6). In most countries there were regional varia-
tions in infection rates, which were also observed in the Neth-
erlands (7). People inhabiting places with higher infection 
rates might also experience increased effects on mental and 
physical health (8).

In the Netherlands the first lockdown was instigated on 
March 16, 2020, which was relaxed on June 1, 2020. During 
the lockdown, large events were prohibited, and people were 
advised to stay at and work from home if possible. Also, non-
essential shops and places including outpatient healthcare 
facilities such as physical therapists’ premises were closed. 
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Large shifts in healthcare resources were needed and most 
elective orthopedic care was reduced to a minimum (9). The 
Dutch Orthopaedic Society issued a statement on May 1, 
2020, to restrict elective arthroplasty to patients who have the 
largest need and expected benefit in terms of quality of life 
(10). Also, to minimize COVID-19 infection risks, healthier 
patients eligible for day treatment were preferred (11). 

The lockdown in combination with the pandemic also likely 
resulted in a lower grade of physical activity and postopera-
tive rehabilitation, negatively influencing the postoperative 
patient-reported outcome measures (PROMs) of these patients 
(12,13). Reporting this impact has important implications 
regarding the assessment of effectiveness of interventions 
during a pandemic and the resulting lockdown.

This study compared PROMs retrieved during the COVID-
19 lockdown of primary THA and TKA patients registered in 
the Dutch Orthopaedic Registry (Dutch abbreviation: LROI) 
with previous years. We had the following hypotheses. First, 
preoperative PROMs are lower due to a selection effect based 
on urgency assessment. Second, early postoperative PROMs 
in particular are lower due to the impaired rehabilitative pro-
cess. Third, at all follow-up points the lockdown negatively 
affect PROMs, e.g., through feelings of anxiety. Specific sub-
groups that were possibly more affected by the COVID-19 
lockdown were also analyzed.  

Patients and methods
Dutch Orthopaedic Registry (LROI)
We used data from the LROI, which prospectively col-
lects data on orthopedic interventions in the Netherlands. 
The LROI contains demographic and surgical information, 
and for arthroplasties additionally prosthesis characteristics. 
Data completeness is over 95% for primary THA and TKA 
patients (14). Since 2014 the Dutch Orthopaedic Society has 
strongly recommended the collection of internationally vali-
dated general health and disease-specific PROMs in elective 
arthroplasty. PROMs are retrieved before surgery (at max. 182 
days before surgery), at 3-month follow-up (63–110 days) in 
THA and at 6-month follow-up (154–210 days) in TKA, and 
at 12-month follow-up (323–407 days) in both. Preoperative 
PROMs are mostly completed at the outpatient clinic, whilst 
postoperative PROMs are completed either electronically 
after invitation via email, or with pen and paper. In 2018 and 
2019, 63–66% of THA patients for osteoarthritis completed 
preoperative PROMs, whilst 34–42% completed both preop-
erative and postoperative PROMs. In TKA these rates were 
55–61% and 30–40% respectively. During COVID-19 in 2020 
response rates were in the same ranges (9).

Study design
We performed a retrospective cross-sectional study, and 
adhered to the STROBE guidelines. Primary THA and TKA 

patients for any elective indication were selected. Patients 
who filled out either pre- or postoperative PROMs between 
March 23 and July 15, 2020 were included. This window 
allowed for any potential impact of the lockdown to reach its 
full extent. THA and TKA patients were analyzed separately. 
This resulted in 6 COVID-19 lockdown groups (THA: preop-
erative, 3-, and 12-month follow-up; TKA: preoperative, 6-, 
and 12-month follow-up). Using the same inclusion window 
patients from 2018 plus 2019 were selected as control groups. 
COVID-19 groups were compared with the respective control 
groups, resulting in 6 cross-sectional comparisons. 

Data
The following patient characteristics were obtained: age, 
sex, BMI, Charnley score, ASA score, previous surgery on 
the joint, indication for joint replacement (osteoarthritis or 
non-osteoarthritis such as post-traumatic), and type of hos-
pital (general, academic, or private). Additionally, data on 
COVID-19 infection rate and SES was linked to registry data 
using patients’ 4-digit postal codes. The Dutch Institute for 
Health and Milieu published COVID-19 infection rates in the 
Netherlands bi-weekly (15). The Netherlands is divided into 
12 “provinces.” Each province was given an infection rate 
score of 1 through 5 calculated at 2-week intervals (1: ≤ 24, 
2: 25–49, 3: 50–74, 4: 75–99, 5: ≥ 100 infections per 100,000 
inhabitants). This score was assigned to records based on the 
date the PROMs were filled in. Data on SES was obtained 
from the Dutch Institute of Social Research (16). For each 
4-digit postal code area with more than 100 inhabitants, a 
numeric SES score was created. The SES score is calculated 
with multiple variables from a postal code area: mean income 
per household, % households with a low income, % unem-
ployed inhabitants, and % households with an average low 
education. This method to approximate the individual SES 
score is considered a validated technique (17). The SES score 
was categorized into 5 groups based on the quantiles. These 
groups were referred to as quintiles.

Patient-reported outcome measures
The EuroQol 5-Dimensions (EQ-5D-3L) questionnaire, visual 
analogue scale (EQ-VAS), and 2 disease-specific question-
naires were obtained (18). For THA the latter were the Oxford 
Hip Score (OHS) and the short version of the Hip disabil-
ity and Osteoarthritis Outcome Score (HOOS-PS), and for 
TKA these were the Oxford Knee Score (OKS) and the short 
version of the Knee disability and Osteoarthritis Outcome 
Score (KOOS-PS) (20-22). We selected the EQ-5D-3L and 
the Oxford set as our main outcome measures. For the EQ-
5D-3L an overall index score was calculated using the Dutch 
National Value set (19).

Statistics
Patient characteristics of the COVID-19 groups were com-
pared with the respective control groups using the chi-square 
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Subsequently, PROMs retrieved during the COVID-19 
lockdown were compared with control groups using multi-
variable linear regression analysis. Potential confounders 
were included based on the theoretical association with the 
exposure (COVID-19 lockdown) and the known association 
with outcomes (PROMs) (23). The analyses were adjusted for 
sex, BMI, ASA score, Charnley score, previous surgery on the 
joint, indication for joint replacement, type of hospital, and 
SES (24-27). If a PROM was statistically significantly associ-
ated with the COVID-19 group, interaction terms between this 
group and specific high-risk subgroups were used to explore 
whether the COVID-19 lockdown had a different effect in 
these subgroups. The subgroups that we explored were BMI 
> 30, ASA ≥ 3, age > 70, non-osteoarthritis indication for 
joint replacement, female sex, and SES quintile ≤ 2. Simi-
larly, we investigated the effect of inhabiting a region with ≥ 
50 COVID-19 infections per 100,000 inhabitants. Each inter-
action term was added individually to the regression analysis, 
which was then assessed for fit and significance. If interaction 
terms were not relevant, i.e., resulted in a lower R2 (worsened 
model fit) and/or did not reach statistical significance, they 
were removed from the analyses. Robust 95% confidence 
intervals (CIs) were calculated to account for heteroscedas-
ticity of the PROMs outcomes. The differences are presented 
as adjusted mean differences (AMDs) with robust CIs and 
p-values. Clinical relevance was determined by comparing 
AMDs of the main analyses with currently accepted mini-
mal clinically important differences (MCIDs). These have 
been reported to be 0.03 for the EQ-5D-3L index in muscu-
loskeletal patients, 5.2 for the OKS, and 4.8 for the OKS in 
arthroplasty patients (28,29). Potential clinical relevance was 
confirmed if the CIs’ bounds exceeded the defined MCIDs. A 
p-value < 0.05 was considered significant. All analyses were 
performed using SPSS (version 25; IBM Corp, Armonk, NY, 
USA). 

Ethics, funding, and potential conflicts of interest 
This study was based on registry data with an extensive pro-

tocol for legally conforming data access, therefore no ethical 
approval additional to LROI permission was required. One 
of the authors (JB) has received funding from EuroQol for a 
PhD project including this study. The views expressed by the 
authors in this manuscript do not necessarily reflect the views 
of the EuroQol group. 

Results
Included patients
There were 33,453 elective THA and 27,335 elective TKA 
patients eligible for inclusion (Figure 1). The number of 
patients at 6-month follow-up (TKA) and 12-month follow-up 
during the COVID-19 lockdown was similar to prior years. 
There were 35–50% fewer preoperative and 3-month follow-
up (THA) patients.

Patient characteristics and representativeness
Characteristics of patients during the lockdown were com-
pared with the control groups for THA and TKA separately 
(Tables 1–2, see Supplementary data). Most notable differ-
ences occurred before surgery: during the lockdown both THA 
and TKA patients had a lower age and BMI, and more often 
had surgery in private clinics. THA patients slightly more often 
had a non-osteoarthritis indication, and TKA patients slightly 
more often were male and had a Charnley score of A/B1/B2 
during the lockdown. At 6- and 12-month follow-up in TKA, 
and at 12-month follow-up in THA, patients more often had 
an ASA score of III–IV. Other characteristics of patients with 
postoperative PROMs were comparable during the lockdown.

Characteristics of responders were also compared with non-
responders for THA and TKA separately at each follow-up 
point (Tables 3–6, see Supplementary data). The comparison 
of patterns confirmed that elective care was reduced during 
the lockdown and also confirmed the above-mentioned dif-
ferences in patient characteristics. Responders at all follow-
up points were slightly younger, more often were male, more 

Primary THA and TKA with PROMs 
March 23 to July 15 in 2018–2020

THA: n = 33,453 
TKA: n = 27,335 

Patients with 3-month (THA) 
or 6-month (TKA) PROMs

THA: n = 12,469
TKA: n = 11,134

Patients with
preoperative PROMs

THA: n = 15,007
TKA: n = 10,542

Patients with
12-month PROMs

THA: n = 12,011
TKA: n = 9,214 

Control 
(2018 and 2019)

THA: n = 11,522
TKA: n = 8,398

COVID-19 
(2020)

THA: n = 3,485
TKA: n = 2,144

Control 
(2018 and 2019)

THA: n = 9,387
TKA: n = 7,389

COVID-19 
(2020)

THA: n = 3,082
TKA: n = 3,745

Control 
(2018 and 2019)

THA: n = 7,752
TKA: n = 6,120

COVID-19 
(2020)

THA: n = 4,259
TKA: n = 3,094

Figure 1. Flowchart of included primary THA and TKA patients with completed PROMs during 
defined inclusion windows. In a small number of patients with PROMs at multiple measurement 
points the postoperative follow-up PROM falls in an inclusion window in the subsequent year. 
Hence, the number of patients in the defined groups exceed the total number of patients.

and Student’s t-test. The representa-
tiveness of responders was assessed 
by also comparing patient character-
istics of each COVID-19 group with 
non-responders operated on during 
the same period based on the inclu-
sion window. The pattern of represen-
tativeness was compared with previ-
ous years (2018 plus 2019). Duplicate 
cases, i.e., patients who had their con-
tralateral joint replaced as well, made 
up a small number of patients (THA: 
5%, TKA: 6%) in the entire cohort. 
Given the present study design, they 
were not expected to affect results, 
therefore they were not removed. 
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often had joint replacement for the indication osteoarthritis, 
and had better orthopedic (i.e., Charnley score) and general 
vitality (i.e., ASA score) scores. During the lockdown similar 
patterns emerged, except for type of hospital. In control years, 
preoperative responders had surgery in general hospitals more 
often, whilst during the lockdown they were more likely to 
have had surgery in private clinics. 

PROMs
The estimated mean EQ-5D index for each comparison 
between PROMs retrieved during the COVID-19 lockdown 
and control groups is presented in Figure 2. In THA patients, 
the adjusted EQ-5D index and OHS were slightly worse 
during the COVID-19 lockdown (Table 7, see Supplementary 
data). In TKA patients, both PROMs were unchanged during 
the lockdown. For adjusted mean differences in EQ-VAS and 
HOOS-PS/KOOS-PS see Table 8 in Supplementary data.

In THA patients, at 3-month and 12-month follow-up the 
EQ-5D index and OHS were slightly better during the lock-
down. In TKA patients, the EQ-5D index and OKS did not 
differ at 6-month follow-up, whilst at 12-month follow-up 
they were slightly better. All identified differences and CI 
bounds did not exceed predefined MCIDs.

Subgroup analyses
Several interaction terms reached significance; however, they 
were not consistent across PROMs or follow-up points. Only 
in THA patients at 12-month follow-up did the term for inhab-
iting a region with ≥ 50 infections per 100,000 inhabitants 
reach statistical significance in both PROMs. Higher EQ-5D 
index and OHS scores (EQ-5D AMD 0.014, CI 0.007 to 0.022; 
OHS AMD 0.93, CI 0.60 to 1.27) were counteracted (EQ-5D 
interaction term –0.012, CI –0.022 to –0.001; OHS interaction 
term –0.58, CI –1.03 to –0.13).  

Discussion

Our study demonstrated only small differences in preopera-
tive and postoperative PROMs retrieved during the COVID-
19 lockdown compared with previous years in Dutch THA 
and TKA patients. In THA patients most preoperative PROMs 
were slightly worse during the lockdown, which was not the 
case in TKA patients. This suggests a selection effect based 
on urgency assessment reflected in preoperative PROMs in 
THA. In both THA and TKA patients, most postoperative 
PROMs were slightly better during the lockdown. Contrary 
to our hypotheses, this suggests that the rehabilitation process 
remained mostly unaffected, and that an overall negative lock-
down effect was not observed. Identified differences and CI 
bounds of all PROMs used in this study did not exceed pre-
defined MCIDs, and are likely not clinically relevant.

This study had several strengths. 2 additional area-based 
variables were linked to the LROI data set, namely SES and 
COVID-19 infection rate. Also, multiple PROMs were used 
at 3 measurement moments, and an extensive set of poten-
tial confounders was included. Finally, given the study design 
(national registry study) the results can be considered general-
izable for Dutch orthopedics.

This study had the following limitations. First, in this cross-
sectional study we did not explore the effect of the lockdown 
on the longitudinal change scores (i.e., difference between 
pre- and postoperative PROMs). These analyses would pro-
vide information on a different hypothesis, i.e., whether a 
lockdown effect before surgery could persist into recovery. 
Furthermore, due to privacy laws the area-based variables 
were not allowed to contain patient-identifiable information. 
Therefore, we could not study whether regional differences in 
PROMs response percentage and representativeness occurred. 
Additionally, the response rate of PROMs is relatively low 
in the LROI. However, response rates remained unchanged 
during the lockdown. Lastly, although the lockdown in the 
Netherlands shared many similarities with other countries 
during the first COVID-19 wave, certain differences may still 
influence the generalizability of results to other countries.

Our study confirms the reduction in elective joint replace-
ments during lockdown, and that a shift of orthopedic care 
from general hospitals to private clinics occurred during the 
first COVID-19 lockdown. Furthermore, younger patients 
with a lower BMI were selected for arthroplasty during the 
lockdown. Early on in the pandemic focus had shifted towards 
how to prioritize treatment with reduced capacity for elective 
surgery (30-32). As the formal announcement of the Dutch 
Orthopaedic Society was made public halfway through the 
first lockdown, it could reflect a shift in the collective clinical 
opinion of Dutch orthopedic surgeons. They may have been 
aware of risk factors for worse COVID-19 infections such as 
high age and BMI, and (sub-)consciously selected candidates 
with a lower risk. A limitation of registry data is that we are 

 

Control
COVID-19

1.0

0.8

0.6

0.4

0.2

0.0

–0.3

Estimated mean EQ-5D index scores

THA    TKA THA    TKA THA    TKA
Preoperative 3-month 6-month 12-month

follow-up follow-up follow-up

Figure 2. Estimated mean EQ-5D index scores for COVID-19 and 
control groups, for primary THA and primary TKA separately. A higher 
EQ-5D index score represents better health status. The error bars rep-
resent the 95% confidence intervals of the predicted mean; the upper 
and lower limit are very close to each other due to the large number of 
patients for each bar
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unable to discern to what extent self-selection played a role, 
e.g., patients delaying the procedure themselves because of 
fear of becoming infected in the hospital. 

Besides selection based on characteristics, we addition-
ally found evidence of selection based on urgency. Even after 
adjustment, THA patients had worse preoperative EQ-5D 
index and disease-specific PROMs during the COVID-19 
lockdown compared with previous years. In TKA patients 
similar PROMs scores during COVID-19 were observed com-
pared with control years; we do not have a definite explanation 
for this contrast with THA patients.

We noted no difference or, rather, a slight improvement in 
most PROMs scores in both THA and TKA patients com-
pared with previous years, an unexpected finding. This was 
already apparent in the short term (3- and 6-month for THA 
and TKA respectively), which indicates that rehabilitation 
success was unaffected. All arthroplasty patients in the Neth-
erlands receive an unsupervised exercise schedule after sur-
gery, and generally receive postoperative outpatient exercise 
therapy subsequently. It is possible that unsupervised therapy 
was sufficient, a notion supported by contemporary systematic 
reviews (12,13). However, this finding should be interpreted 
with caution. Although during the lockdown physical thera-
pists had to close their physical practice, in approximately 
25% of patients they continued via telemedicine, which is not 
recorded in the LROI (33). Moreover, many patients included 
in the short-term cross-sectional comparison will have had 
surgery sometime before the lockdown, and thus might have 
already initiated physical therapy.

A global scientific body reported severe psychological stress 
during the COVID-19 pandemic. This is also reflected in stud-
ies using the EQ-5D, where lower scores are found in differ-
ent populations from different nationalities including Dutch, 
mainly driven by poorer scores for pain/discomfort and anxi-
ety/depression (3,4). The slightly higher postoperative PROMs 
indicate there was no direct negative effect of the lockdown 
in this Dutch orthopedic population. In THA patients, inhabit-
ing a region with a COVID-19 high infection rate appeared 
to negate the improvement in EQ-5D and OHS during the 
lockdown. However, this effect was minimal and resulted in 
approximately equal scores compared with prior to the lock-
down, which we do not believe provides sufficient evidence 
of an effect of this interaction term. These findings are in line 
with a recent study on the impact of COVID-19 on PROMs in 
hand–wrist patients, which had a similar cross-sectional study 
design (34). Combined, these results attest to the fact that the 
general and the orthopedic population do not necessarily expe-
rience the same impact of the COVID-19 lockdown.

A potential explanation for the discrepancy in EQ-5D index 
between the Dutch arthroplasty patient group and the general 
population is “response-scale heterogeneity,” which refers to 
the difference in the way individuals interpret a response scale, 
i.e., a PROM. For instance, if a difference in health occurs 
between two groups, this may reflect a true difference in health 

or that the groups perceive the response scale differently due 
to psychological mechanisms (35). In this population, this may 
have been caused by feeling privileged during the lockdown: 
patients considered themselves lucky to have already had their 
hip or knee replacement before the pandemic hit. 

In conclusion, we demonstrated that PROMs scores in 
Dutch primary THA and TKA patients during the COVID-
19 lockdown were hardly affected. Orthopedic surgeons 
were forced to delay elective surgery due to COVID-19 and 
also to identify the best candidates for surgery. The observed 
lower preoperative PROMs scores of THA patients during the 
COVID-19 lockdown could indicate a (sub-)conscious selec-
tion effect based on urgency. Postoperative PROMs in both 
THA and TKA patients differed minimally. Overall, differ-
ences found were likely not clinically relevant. 
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Supplementary data

Table 1. Characteristics of primary THA patients with completed PROMs during inclusion windows. Data is presented as n (%), unless 
reported otherwise. The control groups were subsequently compared to the respective COVID-19 groups except for the variable infection 
rate. Numbers do not always add up due to missing or unknown values

  Preoperative   3-month postoperative    12-month postoperative
 Control COVID-19  Control COVID-19  Control COVID-19 
Factor (n = 11,522) (n = 3,485) p-value (n = 9,387) (n = 3,082) p-value (n = 7,752) (n = 4,259) p-value

Age, mean (SD) 69 (10) 68 (10) 0.006 69 (9.8) 68 (10) 0.05 69 (10) 69 (10) 0.4
BMI, mean (SD) 27.4 (4.6) 27.0 (4.3) < 0.001 27.3 (4.5) 27.2 (4.3) 0.2 27.4 (4.5) 27.4 (4.5) 1
Female sex 7,415 (64) 2,225 (64) 0.6 5,873 (63) 1,922 (62) 0.9 4,992 (64) 2,698 (63) 0.3
Previous surgery on the joint 475 (4.1) 158 (4.5) 0.3 344 (3.7) 109 (3.5) 0.7 288 (3.7) 164 (3.9) 
ASA classification   0.1   0.2   < 0.001
 I–II 9,018 (78) 2,772 (80)  7,558 (81) 2,515 (82)  6,394 (82) 3,327 (78) 
 III–IV 2,504 (22) 712 (20)  1,829 (19) 565 (18)  1,358 (18) 932 (22) 
Type of hospital   < 0.001   < 0.001   < 0.001
 General  10,285 (89) 2,748 (79)  8,103 (86) 2,521 (82)  6,903 (89) 3,663 (86) 
 Private 1,002 (8.7) 683 (20)  1,086 (12) 499 (16)  684 (8.8) 488 (11) 
 Academic 235 (2.0) 54 (1.5)  198 (2.1) 62 (2.0)  165 (2.1) 108 (2.5) 
Indicationa   < 0.001   0.8   0.6
 Osteoarthritis 10,696 (93) 3,160 (91)  8,727 (93) 2,860 (93)  7,196 (93) 3,940 (93) 
 Non-osteoarthritis 818 (7.1) 319 (9.2)  658 (7.0) 221 (7.2)  556 (7.2) 317 (7.4) 
Charnley classification   0.1   0.3   0.6
 A/B1/B2 10,975 (95) 3,304 (95)  8,986 (96) 2,930 (95)  7,406 (96) 4,059 (95) 
 C 397 (3.4) 105 (3.0)  271 (2.9) 99 (3.2)  249 (3.2) 136 (3.2) 
 N/A 146 (1.3) 58 (1.7)  127 (1.4) 50 (1.6)  95 (1.2) 62 (1.5) 
Socioeconomic status score   0.3   0.01   0.8
 3rd–5th quintile (highest) 6,357 (55) 1,954 (56)  5,404 (58) 1,707 (55)  4,382 (57) 2,407 (57) 
 1st–2nd quintile (lowest) 5,058 (44) 1,497 (43)  3,853 (41) 1,349 (44)  3,302 (43) 1,830 (43) 
Regional COVID infection rate per 105         
 ≤ 24 11,522 (100) 2,956 (85) – 9,387 (100) 1,592 (52) – 7,752 (100) 2,629 (62) –
 25–49 – 319 (9.2)  – 621 (20)  – 606 (14) 
 50–74 – 80 (2.3)  – 346 (11)  – 413 (10) 
 75–99 – 48 (1.4)  – 234 (7.6)  – 277 (6.5) 
 ≥ 100 – 49 (1.4)  – 256 (8.3)  – 312 (7.3) 
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Table 2. Characteristics of primary TKA patients with completed PROMs during inclusion windows. Data is presented as n (%), unless 
reported otherwise. The control groups were subsequently compared to the respective COVID-19 groups except for the variable infection 
rate. Numbers do not always add up due to missing or unknown values

  Preoperative   6-month postoperative    12-month postoperative
 Control COVID-19  Control COVID-19  Control COVID-19  
Factor (n = 8,398) (n = 2,144) p-value (n = 7,389) (n = 3,745) p-value (n = 6,120) (n = 3,094) p-value

Age, mean (SD) 69 (8.9) 69 (8.5) 0.02 68 (8.4) 69 (8.4) 0.1 69 (8.7) 69 (8.5) 0.9
BMI, mean (SD) 29.7 (5.0) 27.0 (4.3) 0.1 29.4 (4.8) 29.5 (4.8) 0.3 29.7 (5.0) 29.8 (4.9) 0.5
Female sex 5,390 (64) 1,308 (61) 0.006 4,458 (60) 2,291 (61) 0.4 3,819 (62) 1,946 (63) 0.6
Previous surgery on the joint 2,098 (25) 527 (25) 0.2 2,049 (28) 948 (25) < 0.001 1,682 (27) 787 (25) 0.6
ASA classification   0.3   0.003   < 0.001
 I–II 6,322 (75) 1,636 (76)  5,930 (80) 2,916 (78)  4,912 (80) 2,340 (76) 
 III–IV 2,075 (25) 504 (24)  1,459 (20) 829 (22)  1,208 (20) 754 (24) 
Type of hospital   < 0.001   < 0.001   < 0.001
 General  7,399 (88) 1,715 (80)  6,312 (85) 3,064 (82)  5,274 (86) 2,563 (83) 
 Private 840 (10) 412 (19)  983 (13) 617 (16)  765 (13) 470 (15) 
 Academic 159 (1.9) 17 (0.8)  94 (1.3) 64 (1.7)  81 (1.3) 61 (2.0) 
Indication   0.3   0.1   0.1
 Osteoarthritis 8,117 (97) 2,056 (96)  7,199 (97) 3,626 (97)  5,957 (97) 2,990 (97) 
 Non-osteoarthritis 275 (3.3) 79 (3.7)  190 (2.6) 114 (3.0)  163 (2.7) 98 (3.2) 
Charnley classification   0.006   0.5   0.6
 A/B1/B2 8,016 (95) 2,074 (97)  7,081 (96) 3,602 (96)  5,860 (96) 2,950 (95) 
 C 359 (4.3) 59 (2.8)  300 (4.1) 135 (3.6)  247 (4.0) 135 (4.4) 
 N/A 20 (0.2) 5 (0.2)  7 (0.1) 4 (0.1)  13 (0.2) 9 (0.3) 
Socioeconomic status score   0.2   0.2   1
 3rd–5th quintile (highest) 4,404 (52) 1,162 (54)  4,009 (54) 1,978 (53)  3,273 (53) 1,637 (53) 
 1st–2nd quintile (lowest) 3,926 (47) 967 (45)  3,304 (45) 1,731 (46)  2,807 (46) 1,400 (45) 
Regional COVID infection rate per 105         
 ≤ 24 8,398 (100) 1,811 (84) – 7,389 (100) 2,367 (63) – 6,120 (100) 1,909 (62) –
 25–49 – 191 (8.9)  – 548 (15)  – 425 (14) 
 50–74 – 50 (2.3)  – 338 (9.0)  – 284 (9.2) 
 75–99 – 47 (2.2)  – 232 (6.2)  – 191 (6.2) 
 ≥100 – 31 (1.4)  – 225 (6.0)  – 228 (7.4) 
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Table 3. Characteristics of primary THA patients who were operated in the same period based on the inclusion window in 2020 (COVID-
19). The PROMs responders were compared with the respective non-responders. Data is presented as n (%), unless reported otherwise. 
Numbers do not always add up due to missing or unknown values

  Preoperative   3-month postoperative    12-month postoperative
 Non-   Non-   Non-
 responders Responders  responders Responders  responders Responders 
Factor (n = 3,020) (n = 3,485) p-value (n = 4,237) (n = 3,082) p-value (n = 6,267) (n = 4,259) p-value

Age, mean (SD) 69 (11) 68 (10) 0.02 69 (11) 68 (10) < 0.001 70 (11) 69 (10) < 0.001
BMI, mean (SD) 26.8 (4.7) 27.0 (4.3) 0.03 27.3 (4.7) 27.2 (4.4) 0.5 27.3 (4.7) 27.4 (4.5) 0.5
Female sex 1,986 (66) 2,225 (64) 0.1 2,787 (66) 1,922 (62) 0.003 4,148 (66) 2,698 (63) 0.003
Previous surgery on the joint 177 (5.9) 158 (4.5) 0.02 207 (4.9) 109 (3.5) 0.005 313 (5.0) 164 (3.9)  0.002
ASA classification   < 0.001   < 0.001   < 0.001
 I–II 2,190 (73) 2,772 (80)  3,107 (73) 2,515 (82)  4,647 (74) 3,327 (78) 
 III–IV 829 (27) 712 (20)  1,127 (27) 565 (18)  1,620 (26) 932 (22) 
Type of hospital   < 0.001   < 0.001   < 0.001
 General  2,569 (85) 2,748 (79)  3,810 (90) 2,521 (82)  5,516 (88) 3,663 (86) 
 Private 347 (11) 683 (20)  320 (7.6) 499 (16)  562 (9.0) 488 (11) 
 Academic 104 (3.4) 54 (1.5)  107 (2.5) 62 (2.0)  189 (3.0) 108 (2.5) 
Indication   < 0.001   < 0.001   < 0.001
 Osteoarthritis 2,115 (70) 3,160 (91)  3,411 (81) 2,860 (93)  5,112 (82) 3,940 (93) 
 Non-osteoarthritis 901 (30) 319 (9.2)  824 (19) 221 (7.2)  1,150 (18) 317 (7.4) 
Charnley classification   < 0.001   < 0.001   < 0.001
 A/B1/B2 2,438 (81) 3,304 (95)  3,660 (86) 2,921 (95)  5,589 (89) 4,051 (95) 
 C 88 (2.9) 105 (3.0)  128 (3.0) 99 (3.2)  160 (2.6) 136 (3.2) 
 N/A 479 (16) 58 (1.7)  429 (10) 50 (1.6)  495 (7.9) 62 (1.5) 
Socioeconomic status score   0.2   0.9   0.1
 3rd–5th quintile (highest) 1,648 (55) 1,954 (56)  2,353 (56) 1,707 (55)  3,371 (54) 2,407 (57) 
 1st–2nd quintile (lowest) 1,347 (45) 1,497 (43)  1,850 (44) 1,349 (44)  2,723 (43) 1,830 (43) 

Table 4. Characteristics of primary THA patients who were operated in the same period based on the inclusion window in 2018 plus 2019 
(control). The PROMs responders were compared with the respective non-responders. Data is presented as n (%), unless reported other-
wise. Numbers do not always add up due to missing or unknown values

  Preoperative   3-month postoperative    12-month postoperative
 Non-   Non-   Non-
 responders Responders  responders Responders  responders Responders 
Factor (n = 12,110) (n = 11,522) p-value (n = 11,543) (n = 9,387) p-value (n = 11,640) (n = 7,752) p-value

Age, mean (SD) 70 (10) 69 (10) < 0.001 69 (11) 68 (9.9) < 0.001 70 (11) 69 (10) < 0.001
BMI, mean (SD) 27.1 (4.6) 27.4 (4.6) < 0.001 27.2 (4.6) 27.3 (4.5) 0.03 27.2 (4.7) 27.4 (4.5) 0.005
Female sex 7,698 (64) 7,415 (64) 0.02 7,606 (66) 5,873 (62) < 0.001 7,781 (67) 4,992 (64) < 0.001
Previous surgery on the joint 646 (5.3) 475 (4.1) < 0.001 604 (5.2) 344 (3.7) < 0.001 601 (5.2) 288 (3.7)  < 0.001
ASA classification   0.03   < 0.001   < 0.001
 I–II 9,333 (77) 9,018 (78)  8,861 (77) 7,558 (81)  9,013 (77) 6,394 (82) 
 III–IV 2,775 (23) 2,504 (22)  2,680 (23) 1,829 (19)  2,625 (23) 1,358 (18) 
Type of hospital   < 0.001   < 0.001   < 0.001
 General  10,250 (85) 10,285 (89)  10,086 (87) 8,103 (86)  10,366 (89) 6,903 (89) 
 Private 1,469 (12) 1,002 (8.7)  1,110 (9.6) 1,086 (12)  921 (7.9) 684 (8.8) 
 Academic 391 (3.2) 235 (2.0)  347 (3.0) 198 (2.1)  353 (3.0) 165 (2.1) 
Indication   < 0.001   < 0.001   < 0.001
    Osteoarthritis 9,727 (80) 10,696 (93)  9,585 (83) 8,727 (93)  9,634 (83) 7,196 (93) 
 Non-osteoarthritis 2,365 (20) 818 (7.1)  1,943 (17) 658 (7.0)  1,993 (17) 556 (7.2) 
Charnley classification   < 0.001   < 0.001   < 0.001
 A/B1/B2 10,678 (88) 10,945 (95)  10,410 (90) 8,956 (95)  10,504 (90) 7,379 (95) 
 C 321 (2.7) 397 (3.5)  312 (2.7) 271 (2.9)  361 (3.1) 249 (3.2) 
 N/A 1,056 (8.7) 146 (1.3)  773 (6.7) 127 (1.4)  724 (6.2) 95 (1.2) 
Socioeconomic status score   0.3   < 0.001   < 0.001
 3rd–5th quintile (highest) 6,538 (54) 6,357 (55)  6,144 (53) 5,404 (58)  6,252 (54) 4,382 (57) 
 1st–2nd quintile (lowest) 5,333 (44) 5,058 (44)  5,236 (45) 3,853 (41)  5,282 (45) 3,302 (43) 
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Table 6. Characteristics of primary TKA patients who were operated in the same period based on the inclusion window in 2018 plus 2019 
(control). The PROMs responders were compared with the respective non-responders. Data is presented as n (%), unless reported other-
wise. Numbers do not always add up due to missing or unknown values

  Preoperative   6-month postoperative    12-month postoperative
 Non-   Non-   Non-
 responders Responders  responders Responders  responders Responders 
 (n = 8,653) (n = 8,398) p-value (n = 9,786) (n = 7,389) p-value (n = 9,130) (n = 6,120) p-value

Age, mean (SD) 69 (9.2) 69 (8.9) 0.7 69 (9.2) 68 (8.4) < 0.001 69 (9.6) 69 (8.7) < 0.001
BMI, mean (SD) 29.9 (5.2) 29.7 (5.0) 0.01 29.7 (5.0) 29.4 (4.8) < 0.001 30.0 (5.2) 29.7 (5.0) 0.001
Female sex 5,521 (64) 5,390 (64) 0.6 6,188 (63) 4,458 (60) < 0.001 6,009 (66) 3,819 (62) < 0.001
Previous surgery on the joint 1,921 (22) 2,098 (25) 0.01 2,322 (24) 2,049 (28) < 0.001 2,272 (25) 1,682 (27) < 0.001
ASA classification   0.1   0.01   < 0.001
 I–II 6,604 (76) 6,322 (75)  7,695 (79) 5,930 (80)  6,912 (76) 4,912 (80) 
 III–IV 2,047 (24) 2,075 (25)  2,089 (21) 1,459 (20)  2,215 (24) 1,208 (20) 
Type of hospital   < 0.001   < 0.001   < 0.001
 General  6,999 (81) 7,399 (88)  8,251 (84) 6,312 (85)  7,903 (87) 5,274 (86) 
 Private 1,463 (17) 840 (10)  1,321 (13) 983 (13)  970 (11) 765 (13) 
 Academic 191 (2.2) 159 (1.9)  214 (2.2) 94 (1.3)  257 (2.8) 81 (1.3) 
Indication   0.1   <0 .001   < 0.001
 Osteoarthritis 8,324 (96) 8,117 (97)  9,415 (96) 7,199 (97)  8,752 (96) 5,957 (97) 
    Non-osteoarthritis 325 (3.8) 275 (3.3)  316 (3.2) 190 (2.6)  376 (4.1) 163 (2.7) 
Charnley classification   < 0.001   < 0.001   0.04
 A/B1/B2 8,332 (96) 7,984 (95)  9,394 (96) 7,053 (96)  8,750 (96) 5,843 (95) 
 C 263 (3.0) 359 (4.3)  321 (3.3) 300 (4.1)  310 (3.4) 247 (4.0) 
 N/A 32 (0.4) 20 (0.2)  39 (0.4) 7 (0.1)  31 (0.3) 13 (0.2) 
Socioeconomic status score   0.6   < 0.001   < 0.001
    3rd–5th quintile (highest) 4,388 (51) 4,404 (52)  5,002 (51) 4,009 (54)  4,541 (50) 3,273 (53) 
   1st–2nd quintile (lowest) 3,984 (46) 3,926 (47)  4,609 (47) 3,304 (45)  4,409 (48) 2,807 (46) 

Table 5. Characteristics of primary TKA patients who were operated in the same period based on the inclusion window in 2020 (COVID-19). 
The PROMs responders were compared with the respective non-responders. Data is presented as n (%), unless reported otherwise. Num-
bers do not always add up due to missing or unknown values

  Preoperative   6-month postoperative    12-month postoperative
 Non-   Non-   Non-
 responders Responders  responders Responders  responders Responders 
Factor (n = 1,857) (n = 2,144) p-value (n = 5,079) (n = 3,745) p-value (n = 4,608) (n = 3,094) p-value

Age, mean (SD) 69 (9.2) 69 (8.5) 0.2 69 (8.8) 69 (8.4) < 0.001 70 (9.0) 69 (8.5) < 0.001
BMI, mean (SD) 29.6 (5.1) 29.5 (5.0) 0.6 29.6 (5.0) 29.5 (4.8) 0.2 30.1 (5.1) 29.8 (4.9) 0.01
Female sex 1,187 (64) 1,308 (61) 0.06 3,212 (63) 2,291 (61) 0.05 3,083 (67) 1,946 (63) < 0.001
Previous surgery on the joint 446 (24) 527 (25) 0.7 1,074 (21) 948 (25) 0.001 941 (20) 787 (25) < 0.001
ASA classification   0.2   <0.001   0.001
 I–II 1,388 (75) 1,636 (76)  3,778 (74) 2,916 (78)  3,320 (72) 2,340 (76) 
 III–IV 466 (25) 504 (24)  1,298 (26) 829 (22)  1,287 (28) 754 (24) 
Type of hospital   < 0.001   <0.001   < 0.001
 General  1,470 (79) 1,715 (80)  4,301 (85) 3,064 (82)  3,974 (86) 2,563 (83) 
 Private 342 (18) 412 (19)  677 (13) 617 (16)  533 (12) 470 (15) 
    Academic 45 (2.4) 17 (0.8)  101 (2.0) 64 (1.7)  101 (2.2) 61 (2.0) 
Indication   0.006   0.1   0.1
 Osteoarthritis 1,750 (94) 2,056 (96)  4,879 (96) 3,626 (97)  4,418 (96) 2,990 (97) 
 Non-osteoarthritis 102 (5.5) 79 (3.7)  189 (3.7) 114 (3.0)  175 (3.8) 98 (3.2) 
Charnley classification   0.003   0.2   0.04
 A/B1/B2 1,762 (95) 2,061 (96)  4,870 (96) 3,588 (96)  4,419 (96) 2,932 (95) 
 C 72 (3.9) 59 (2.8)  174 (3.4) 135 (3.6)  150 (3.3) 135 (4.4) 
    N/A 16 (0.9) 5 (0.2)  14 (0.3) 4 (0.1)  14 (0.3) 9 (0.3) 
Socioeconomic status score   1   0.4   0.1
 3rd–5th quintile (highest) 1,009 (54) 1,162 (54)  2,596 (51) 1,978 (53)  2,303 (50) 1,637 (53) 
 1st–2nd quintile (lowest) 841 (45) 967 (45)  2,360 (46) 1,731 (46)  2,116 (46) 1,400 (45) 
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Table 7. Adjusted mean differences (AMD) with 95% confidence intervals (CI) of EQ-5D index and OHS/OKS during the COVID-19 lockdown 
compared with the control periods. Analyses were adjusted for age, sex, BMI, previous surgery on the operated joint, indication, ASA score, 
Charnley classification, type of hospital, and socioeconomic status score

 Preoperative  3-/6-month postoperative  12-month postoperative
Factor AMD (CI) p-value AMD (CI) p-value AMD (CI) p-value

Total hip arthroplasty         n = 15,007          n = 12,469          n = 12,011 
 Without interaction terms
      EQ-5D index a –0.021 (–0.029 to –0.013) < 0.001   0.008 (0.001 to 0.015) 0.03   0.010 (0.003 to 0.016) 0.003 
 With interaction terms no relevant interaction terms
      BMI > 30   –0.019 (–0.035 to –0.002) 0.02
      EQ-5D index a      0.012 (0.005 to 0.020) 0.002 
      Infections ≥ 50 per 105     –0.012 (–0.022 to –0.001) 0.03
      EQ-5D index a       0.014 (0.007 to 0.022) < 0.001
 Without interaction terms
      OHS a –0.95 (–1.30 to –0.60) < 0.001   0.44 (0.13 to 0.74) 0.005   0.71 (0.42 to 1.00) < 0.001
 With interaction terms no relevant interaction terms  no relevant interaction terms
      Infections ≥ 50 per 105     –0.58 (–1.03 to –0.13) 0.01
      OHS a       0.93 (0.60 to 1.27) < 0.001
Total knee arthroplasty         n = 10,542          n = 11,134          n = 9,214 
 Without interaction terms
      EQ-5D index a –0.003 (–0.012 to 0.007) 0.6   0.000 (–0.007 to 0.007) 1.0    0.013 (0.006 to 0.021) < 0.001
 With interaction terms                – b                 – b  no relevant interaction terms  
 Without interaction terms
      OKS a –0.03 (–0.36 to 0.41) 0.9   0.12 (–0.22 to 0.47) 0.5   0.45 (0.07 to 0.83) 0.02
 With interaction terms                – b                 – b  no relevant interaction terms 
  
a A higher EQ-5D index, OHS/OKS represents an improvement.
b Interaction terms were not analyzed in non-significant associations.

Table 8. Adjusted mean differences (AMD) with 95% confidence intervals (CI) of EQ-VAS and HOOS-PS/KOOS-PS during the COVID-19 
lockdown compared with the control periods. Analyses were adjusted for age, sex, BMI, previous surgery on the operated joint, indication, 
ASA score, Charnley classification, type of hospital, and socioeconomic status score

 Preoperative  3-/6-month postoperative  12-month postoperative
Factor AMD (CI) p-value AMD (CI) p-value AMD (CI) p-value

Total hip arthroplasty         n = 15,007          n = 12,469          n = 12,011 
 Without interaction terms
      EQ-VAS a   0.11 (–0.71 to 0.93) 0.8   2.16 (1.40 to 2.92) < 0.001   3.11 (2.38 to 3.85) < 0.001
 With interaction terms                – c  no relevant interaction terms  no relevant interaction terms
 Without interaction terms
      HOOS-PS b   2.15 (1.43 to 2.87) < 0.001 –0.38 (–1.00 to 0.24) 0.2 –0.77 (–1.35 to –0.20) 0.009
 With interaction terms                  – c  no relevant interaction terms  

      BMI > 30 –1.88 (–3.60 to –0.16) 0.03     
      HOOS-PS b    2.60 (1.78 to 3.41) < 0.001
      SES 1st–2nd quintile –1.55 (–3.00 to –0.09) 0.04
      HOOS-PS b    2.82 (1.88 to 3.76) < 0.001 

Total knee arthroplasty         n = 10,542          n = 11,134          n = 9,214 
 Without interaction terms
      EQ-VAS a    0.76 (–0.20 to 1.73) 0.1   1.82 (1.08 to 2.57) < 0.001    1.92 (1.06 to 2.79) < 0.001
 With interaction terms                – c                   no relevant interaction terms
      ASA ≥ 3     2.74 (0.82 to 4.67) 0.005
      EQ-VAS a      1.23 (0.42 to 2.05) 0.003
      Age > 70     2.47 (0.98 to 3.96) 0.001
      EQ-VAS a     0.64 (–0.36 to 1.64) 0.2  
 Without interaction terms
      KOOS-PS b   0.28 (–0.49 to 1.04) 0.5   0.49 (–0.09 to 1.06) 0.1 –0.77 (–1.48 to –0.07) 0.03
 With interaction terms                – c                 – c  no relevant interaction terms 
  
a A higher EQ-VAS represents an improvement. 
b A lower HOOS-PS/KOOS-PS represents an improvement.
c Interaction terms were not analyzed in non-significant associations.


