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Abstract
Purpose The purpose of this study was a comparison between osteoarthritis patients with primary hip and knee replacements 
before, during and after the first COVID-19 lockdown in Germany. Patients’ preoperative health status is assumed to decrease, 
owing to delayed surgeries. Costs for patients with osteoarthritis were assumed to increase, for example, due to higher prices 
for protective equipment. Hence, a comparison of patients treated before, during and after the first lockdown is conducted.
Methods In total, 852 patients with primary hip or knee replacement were included from one hospital in Germany. Preop-
erative health status was measured with the WOMAC Score and the EQ-5D-5L. Hospital unit costs were calculated using a 
standardised cost calculation. Kruskal–Wallis tests and Chi-squared tests were applied for the statistical analyses.
Results The mean of the preoperative WOMAC Score was slightly higher (p < 0.01) for patients before the first lockdown, 
compared with patients afterwards. Means of the EQ-5D-5L were not significantly different regarding the lockdown status 
(NS). Length of stay was significantly reduced by approximately 1 day (p < 0.001). Total inpatient hospital unit costs per 
patient and per day were significantly higher for patients during and after the first lockdown (p < 0.001).
Conclusion Preoperative health, measured with the WOMAC Score, worsened slightly for patients after the first lockdown 
compared with patients undergoing surgery before COVID-19. Preoperative health, measured using the EQ-5D-5L, was 
unaffected. Inpatient hospital unit costs increased significantly with the COVID-19 pandemic.
Level of evidence Retrospective cohort study, III.

Keywords COVID-19 · Osteoarthritis · Joint replacement · Cost · Health-related quality of life

Introduction

The global outbreak of the corona-virus-pandemic 
(COVID-19) emphasised the importance of effective public 
health strategies all over the world [31]. In Germany, the 

government pronounced the first nationwide socioeconomic 
lockdown on 16 March 2020. To prevent an overburdening 
of the health care system, the Ministry of Health requested 
all hospitals to delay their non-urgent surgeries. The post-
ponement led to a reduction in total knee replacements 
(TKR) and total hip replacements (THR) for patients with 
osteoarthritis (OA). After the first lockdown, most restric-
tions were cancelled on 16 June.

The limited literature about COVID-19 and preoperative 
health, measured using patient-reported outcome measure-
ments (PROM), indicated increasing pain for postponed 
patients, decreasing physical function and activity, and 
ambiguous results for mental health [6, 11]. However, a 
small sample size study indicated increasing health-related 
quality of life (HRQoL) [14]. In hospitals, a wide range of 
measures was introduced to resume TKR and THR [12]. 
Literature about hospital unit costs was very scarce, and one 
study found that compensation payments by the government 
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were not sufficient [29]. Hence, an investigation about the 
impact of COVID-19 on preoperative PROMs and costs was 
needed. To our knowledge, this is the first study analysing 
whether primary THR and TKR patients were affected in 
routine care, cross-sectional with 852 patients, covering a 
more comprehensive cohort than the subgroup of postponed 
patients. Preoperative patients’ health serves as a predictor 
for postoperative outcomes and is, therefore, of high clinical 
relevance [28]. Furthermore, the EQ-5D is evaluated, addi-
tionally to the WOMAC. Similarly, to our knowledge, hos-
pital unit costs for THR and TKR and COVID-19 were not 
investigated to date. These costs were important, because, 
in the short run, the retrospective diagnosis-related groups 
(DRG) system could not consider fast increasing unit costs. 
Accordingly, two hypotheses were developed.

H1: The mean of preoperative health, measured with the 
WOMAC, the EQ-5D and the EQ VAS, for patients with 
primary THR or TKR, is equal before, during and after the 
first COVID-19 lockdown.

H2: The mean of hospital unit costs for patients with pri-
mary THR or TKR is equal before, during and after the first 
COVID-19 lockdown.

Methods

The data were part of a project of the Munich Network 
Health Care Research—MobilE-Net, from one hospital, 
comprising 869 patients. Patients with OA of the hip or 
knee and a primary replacement of the joint were included, 
retrospectively. This cohort was classified into three groups. 
The first group included patients before the COVID-19 pan-
demic, from 5 August 2019 to 15 March 2020. The second 
group included patients during the lockdown period, from 
16 March to 16 June, and the third group included patients 
between 17 June 2020 and the lockdown light, beginning on 
1 November 2020.

Patient characteristics

Gender, date of birth and the indication of hip versus knee 
were collected from the clinical information system and the 
pain medication from the admission sheet. The indication, 
whether a patient received a hip or a knee replacement, was 
included as a dummy variable, to control for differences in 
these patient groups. A separate analysis of hips and knees 
was not performed, because the number of patients during 
the lockdown was too small. Age was calculated as the dif-
ference between the date of birth and the admission date, 
categorised below the mean of 70 years and above. Gen-
der, indication, physical activity and pain medication were 
included as binary variables. The documentation of physi-
cians was used to transform pre-illnesses into ICD-10 codes. 

Then, the comorbidity indices of Elixhauser [5] and Charl-
son [2] with the adaptation to orthopaedics from Menen-
dez [16] were calculated with the body mass index (BMI) 
included from medical records. For the anaesthesiological 
assessment, the ASA Score [20] was collected from the 
medical documentation.

Patient‑reported outcome measures (PROMs)

Prior to the surgery, hospitalised patients answered the 
WOMAC questionnaire, the EQ-5D-5L including the 
EQ VAS, and the questions about physical activity. The 
WOMAC was transformed to a scale, ranging from 0 to 100 
to allow comparisons with other publications, as suggested 
by Singh et al. [23].

Cost calculation

Hospital unit costs, initially calculated for the National Insti-
tute for the reimbursement system in Germany (InEK), were 
collected. This standardised cost calculation is a mixture of 
full costing with activity-based elements of inpatient costs 
at patient-level, where costs are calculated for an entire year, 
allocated to patients, with standardised allocation keys [27]. 
The three main cost components, ward, surgery and other 
costs were the basis for the cost analysis. Surgery costs 
included all costs related to the operating procedure includ-
ing implants, technical equipment and personnel costs. Ward 
costs comprised all costs associated with treating the patient 
after surgery in a normal ward, including personnel costs, 
material costs and drugs. Other costs were the remaining 
costs, for example intensive care, radiology, laboratory and 
therapy. Overhead costs for the medical and non-medical 
infrastructure were allocated to all cost centres and, there-
fore, included in ward, surgery and other costs. Costs per 
day were calculated using the length of stay for each patient. 
Costs from 2019 were inflated by 0.5%. Single missing items 
in the cost data were replaced with the mean of the entire 
cohort for two patients and one patient without cost data 
was deleted.

Sample corrections

From 869 patients, 1 with no cost data was deleted, 3 
patients were omitted, because of inconsistent question-
naires, and another 3 were deleted because the primary 
diagnosis was not osteoarthritis. Missing values were found 
in EQ-5D-5L dimensions of usual activities (1 patient) 
and self-care (20 patients). These single-dimension miss-
ing items were replaced by the nearest value generating the 
patient’s EQ VAS using the general population estimates of 
Leidl and Reitmeir [15]. Outliers were detected with box-
plots, and extreme values above a threshold of twice the 75% 
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quantile were deleted (10 patients). Patients with EQ VAS 
values of 0 were not deleted, because this phenomenon has 
already been discussed in the literature [21]. 852 patients 
remained in the analysis. The reporting of this study fol-
lows the STROBE checklist [30]. To account for potential 
biases, data collection and data analysis were done by two 
independent researchers, KB and CS. All patients, who were 
hospitalised with osteoarthritis and primary THR or TKR, 
within the given time periods, had an equal chance to be 
part of the study.

Statistical analysis

A correlation matrix was calculated to test multicollinear-
ity between independent variables, with a threshold of > 0.7 
indicating a high correlation [4]. All correlations of control 
variables were below this threshold. The length of stay cor-
related highly (> 0.7) with the dependent variable of ward 
costs per patient and moderately with total cost per patient 
(> 0.5). Hence, the costs were calculated per patient and per 
day to include the length of stay into the dependent variable. 
PROMs were modelled as continuous variables. Homoge-
neity of variance among groups was tested with the Levene 
test statistic [9], and the normal distribution was examined 
with the Shapiro–Wilk test [22]. For continuous variables, 
the non-parametric test of Kruskal and Wallis [13], and, for 
the analysis of categorical variables, Chi-squared tests were 
used. The applied minimum significance level was p < 0.05. 
The statistical analyses were done with R [8, 10, 18, 19, 26, 
32–34].

Results

The description of the study cohort is depicted in Table 1. 
During the lockdown, more male patients were treated, 
compared with the cohorts before and after. Physical activ-
ity remained stable during the lockdown but reduced after-
wards. More severely ill patients, measured using the ASA 
Score, were treated during and after the lockdown, com-
pared with patients before. Hence, the ASA Score differed 
significantly (p < 0.001) and physical activity moderately 
(p < 0.01), whereas almost no significant difference was 
found for gender (p < 0.05), and no statistical differences 
for comorbidities, age, pain medication and the indication 
of THR versus TKR (NS) (Table 1).

Results’ PROMs and costs

The standardised WOMAC score increased for the group 
during the first lockdown and after the first lockdown. T. 
The main changes were found in pain (p < 0.01) and func-
tion (p < 0.01). Changes in WOMAC stiffness, but also in the 
EQ VAS and in the EQ-5D-5L dimensions were very small, 
resulting in non-significant results (NS) (Table 2).

Ward and surgery costs were identified as the main cost 
components responsible for approximately 80% of total 
costs. Total costs increased per patient during the first lock-
down and after the first lockdown. Costs for surgery were 
almost stable, whereas ward costs rose for patients treated 
during and after the lockdown compared with patients 
before. The length of stay was reduced significantly by 

Table 1  Study cohort

Significance levels: *0.05, **0.01, ***< 0.001
a Chi-squared tests

Patient characteristics Entire cohort Before first 
lockdown

During first 
lockdown

After first 
lockdown

(N = 852) (N = 478) (N = 105) (N = 269)

n (%) pa n (%) n (%) n (%)

Indication hip (THR) 573 (67.3) 0.630 315 (65.9) 73 (69.5) 185 (68.8)
Gender, male 371 (43.5) 0.016* 216 (45.2) 55 (52.4) 100 (37.2)
Physical activity, yes 410 (48.1) 0.007** 247 (51.7) 55 (52.4) 108 (40.1)
Menendez index 0.660
 < 0 543 (63.7) 312 (65.3) 61 (58.1) 170 (63.2)
 = 0 177 (20.8) 93 (19.5) 27 (25.7) 57 (21.2)
 > 0 132 (15.5) 73 (15.2) 17 (16.2) 42 (15.6)

Age < 70 years 379 (44.5) 0.684 214 (44.8) 50 (47.6) 115 (42.8)
Pain medication, yes 317 (37.2) 0.795 180 (37.7) 41 (39.0) 96 (35.7)
ASA Score  < 0.001***
 1 113 (13.3) 82 (17.2) 10 (9.5) 21 (7.8)
 2 591 (69.4) 331 (69.2) 69 (65.7) 191 (71.0)
 3/4 148 (17.3) 65 (13.6) 26 (24.8) 57 (21.2)



3307Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:3304–3310 

1 3

roughly 1 day (p < 0.001). Hence, the costs per day rose even 
more than the costs per patient. Costs measured per patient 
and per day were all significantly different (p < 0.001), 
except the costs for surgery (NS) (Table 2). The mean of 
total costs per patient (per day) increased by 2.8% (12.4%) 
for patients before the lockdown to during, and another 2.8% 
(12.4%) after the lockdown (Table 3, Supplement).

Sensitivity analyses

The significance levels of all sensitivity analyses for total 
costs per patient did not change for the Kruskal–Wallis 
test. Although, the Kruskal–Wallis test statistic reduced 
the ward costs per patient for the third assumption from 

p < 0.001 to p < 0.01. Sensitivity analyses for costs per day 
were not performed, because the differences at base line 
are higher and hence the significance would not change, 
either. Robustness of results were further tested by addi-
tional sensitivity analyses, also including a multivariate 
GLM model, the results of which did not raise any robust-
ness concerns (Table 3, Supplement).

For the PROMs, the EQ-5D-5L dimensions were 
defined as ordinal variables instead of continuous vari-
ables and, therefore, tested with Chi-squared tests. All 
dimensions were not significant, except for the pain dimen-
sion with a change in the significance level from p < 0.05 
to p < 0.01.

Table 2  Results’ PROMs and costs

SD standard deviation, mean arithmetic mean, min minimum, max maximum
Significance levels: *0.05, **0.01, *** < 0.001
a WOMAC standardised from 0 to 100
b Kruskal–Wallis tests

Entire cohort Before first lockdown During first lockdown After first lockdown

(N = 852) (N = 478) (N = 105) (N = 269)

Mean ∓ SD Min–max pb Mean ∓ SD Min–max Mean ∓ SD Min–max Mean ∓ SD Min–max

WOMAC
 WOMAC score a 50.8 ∓ 18.4 0–100 0.004** 48.9 ∓ 18.9 0–100 52.1 ∓ 19.4 0.4–89.5 53.6 ∓ 19.2 5.4–100
  WOMAC pain 10.1 ∓ 4.0 0–20.83 0.002** 9.6 ∓ 3.9 0–20.8 10.4 ∓ 4.1 0–20 10.7 ∓ 4.1 0–20.8
  WOMAC stiff-

ness
4.3 ∓ 1.9 0–8.33 0.471 4.2 ∓ 1.9 0–8.3 4.1 ∓ 1.9 0–8.3 4.4 ∓ 2.0 0–8.3

  WOMAC 
function

36.4 ∓ 14.1 0–70.83 0.002** 34.9 ∓ 13.7 0–70.8 37.5 ∓ 14.7 0–64.5 38.5 ∓ 14.3 1.6–70.8

EQ VAS/EQ-5D-5L
 EQ VAS 57.0 ∓ 21.7 0–100 0.509 57.9 ∓ 20.8 0–100 55.3 ∓ 23.3 0–96 56.1 ∓ 22.6 0–100
 EQ mobility 3.1 ∓ 0.9 1–5 0.207 3.0 ∓ 0.8 1–5 3.1 ∓ 0.9 1–4 3.1 ∓ 0.9 1–5
 EQ self-care 1.8 ∓ 0.9 1–5 0.549 1.8 ∓ 0.9 1–5 1.9 ∓ 0.9 1–4 1.9 ∓ 1.0 1–5
 EQ usual activity 2.7 ∓ 0.9 1–5 0.741 2.7 ∓ 0.9 1–5 2.6 ∓ 1.1 1–5 2.7 ∓ 0.9 1–5
 EQ pain/discom-

fort
3.2 ∓ 0.8 1–5 0.019* 3.2 ∓ 0.8 1–5 3.1 ∓ 0.9 1–5 3.3 ∓ 0.8 1–5

 EQ anxiety/
depression

1.7 ∓ 0.9 1–5 0.524 1.7 ∓ 0.8 1–4 1.7 ∓ 0.8 1–4 1.8 ∓ 0.9 1–5

Costs in Euro
 Costs total per 

patient
7125 ∓ 1296 3122–11,804  < 0.001 6954 ∓ 1317 3122–11,654 7276 ∓ 1183 5056–11,803 7369 ∓ 1260 5017–11,752

  Costs ward per 
patient

2900 ∓ 735 969–7223  < 0.001 2811 ∓ 713 969–5353 2991 ∓ 717 1017–4488 3022 ∓ 762 1134–6089

  Costs surgery 
per patient

2967 ∓ 691 1236–6410 0.191 2953 ∓ 731 1337–6409 2979 ∓ 613 1236–5481 2985 ∓ 646 2133–6261

  Costs other per 
patient

1258 ∓ 379 646–5542  < 0.001 1189 ∓ 373 649–5541 1306 ∓ 316 772–2658 1362 ∓ 387 741–4151

 Costs total per 
day

1026 ∓ 269 265–2698  < 0.001 932 ∓ 202 265–1933 1146 ∓ 311 739–2325 1145 ∓ 290 297–2699

Length of stay in 
days

7.3 ∓ 2.0 2–26  < 0.001 7.7 ∓ 1.8 3–18 6.7 ∓ 1.9 3–11 6.8 ∓ 2.3 2–26
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Discussion

The most important finding of this study was the moderate 
increase in pain and function, measured with the WOMAC 
Score, for patients with primary THR and TKR, and the 
simultaneously rising of costs per patient and per day dur-
ing and after the lockdown, compared with patients treated 
before. These findings are generally in line with those of 
Endstrasser et al. [6], because differences for pain and 
function were found between the group before and after 
the lockdown, but not during. Although the effects were 
approximately half the magnitude, it should be considered 
that all patients undergoing TKR or THR were included 
in this study, not only the postponed ones. This delayed 
effect could be the reason for the improvement in HRQoL 
shortly after the lockdown, reported by Larghi et al. [14]. 
Increased pain was also found by Knebel et al. [11], but 
higher use of pain medication was not found. The dimen-
sion of anxiety/depression in the EQ-5D-5L was not sig-
nificant, which strengthens the results from Endstrasser 
et al. [6] who found no influence on mental health and was 
partly in line with Knebel et al. [11] who found psychoso-
cial distress only for middle-aged women. Given that the 
minimum clinically important difference (MCID) for the 
WOMAC Score ranging between 2 and 10 points (Siviero 
et al. [24], Clement et al. [3]), the 4.7 points found in 
this study is right in between, thus casting doubt on clini-
cal relevance. Nevertheless, there may be a response shift 
towards perceived better outcomes, because TKR patients 
have been found to evaluate their HRQoL with a positive 
attitude just before surgery [7].

Implant costs as a main cost driver, reported by Star-
gardt [25], were found indirectly, because the implants 
were a major part of the surgery costs, whereas the 
COVID-19 pandemic had no significant impact on these 
costs. An explanation for stable surgery costs might be 
caused by the implants, because they are often goods on 
consignment, and without using them, no costs have to be 
paid. Although, there were additional costs, for example 
for COVID-19 tests and protective equipment, included in 
the costs for ward, and other costs. Furthermore, COVID-
19-positive patients might cause extra costs for special 
care and isolation on the ward with increased demands on 
nurses. The increased demands on personnel in general, for 
example because of quarantine, might have caused more 
temporary employment, with additional costs. The recom-
mendations from Kort et al. [12] included a reduction in 
length of stay which was discovered in this study and leads 
to increased costs per day. The problem of idle capacity is 
well known in the field of cost accounting. Full-costing, 
top-down approaches cover these costs more adequately 

than solely activity-based ones [17]. The standardised cost 
calculation applied in this study was a mixture of both. 
Hence, costs for idle capacity were discovered, especially 
per day, where costs were allocated top-down not only 
to each patient but also for each day. Length of stay was 
highly correlated with ward costs, which was partly in line 
with Carducci et al. [1], but a correlation was also found 
for total costs and length of stay. The reason for this result 
was the calculation methodology of the costs, with days 
partly as allocation keys.

There are several limitations regarding the study design, 
the PROMs and the costs. The investigated lockdown sta-
tus was not equal regarding the time period or the number 
of patients. This was determined as a result of the COVID-
19 pandemic and its lockdown. The smallest group con-
sisted of 105 patients, to ensure robust results. This is also 
the reason why a classification of patients into hip and 
knee was not performed.

PROMs were collected during usual care with no con-
sideration as to whether patients were on waiting lists, 
postponed the surgery voluntarily or had a planned sur-
gery, as before the COVID-19 pandemic. Costs were eval-
uated for the study cohort of osteoarthritis with primary 
THR and TKR, considering neither the classification of 
DRGs nor the department structure of orthopaedics and 
trauma surgery. In addition, costs were compared in dif-
ferent seasonal settings, the cohort before COVID-19 in 
autumn and winter, the lockdown cohort in spring and 
the cohort after the lockdown in summer. Generally, the 
standardised cost calculation smoothed seasonal effects 
and elective THR and TKR were conducted equally across 
seasons, which reduced a potential bias. In addition, some 
seasonal effects probably remained, undistinguished from 
effects influenced by the COVID-19 pandemic, because 
this was itself a time-related variable.

All patients who met the criteria for the study and 
signed the consent form were included. Furthermore, the 
analysis took place in one hospital in Germany, deriv-
ing from a study on treatment outcomes and costs. This 
is a limitation to generalising the findings. Yet, this cost 
calculation approach could even be considered when the 
potential impact of idle capacity in TKR and THR is to 
be estimated, for example because of construction during 
day-to-day operation. Further research is necessary, espe-
cially for inpatient hospital costs, regarding the COVID-
19 pandemic for several hospitals, internationally, and in 
diverse surgical and non-surgical departments. In addition, 
the impact of a reduced level of preoperative WOMAC 
Score on postoperative results should be investigated given 
the predictive power of the preoperative values, and if pos-
sible, also the impact of reduced length of stay.
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Conclusion

The COVID-19 pandemic caused major disturbances in hos-
pitals, but preoperative HRQoL changed only moderately for 
patients with OA and primary THR or TKR. Measured using 
the WOMAC Score, the means of pain and function were 
slightly different for patients before and after the COVID-19 
pandemic. The EQ-5D-5L and the EQ VAS did not indicate 
significant differences. The COVID-19 pandemic influenced 
the inpatient hospital unit costs per patient and per day sig-
nificantly, especially ward costs and other costs. Costs for 
surgery remained stable, whereas length of stay was reduced 
significantly by 1 day. Patient characteristics were almost 
similar, except for the increased number of patients with an 
ASA Score above 2. The clinical relevance for the WOMAC 
score was doubtful.
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