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Abstract 

Background  While total hip and knee replacement (THR/TKR) surgery are effective measures to restore functioning 
and reduce pain in patients with severe osteoarthritis (OA), long-term treatment effects vary among patients. Fol-
lowing behavioral economic theory, these differences may be partially attributed to the impact of personality traits 
on individual strategies to approach post-surgical challenges. This study explored the associations between self-
efficacy, willingness to take risk regarding health (H-WTTR), and future orientation, and the 3-month course of health-
related quality of life (HRQoL) and OA-specific health status.

Methods  As part of the prospective and observational MobilE-TRA 2 cohort study, 147 patients aged 60 years 
and older were assessed by self-administered questionnaires before and three months after THR/TKR at a single Ger-
man hospital. As indicators for the surgical outcome, HRQoL was assessed by the EuroQol Five-Dimensional Five-Level 
Questionnaire (EQ-5D-5L), including the visual analogue scale (EQ-VAS), and functioning was assessed by the Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) using the global score, function score, and pain 
score. All WOMAC scores were transformed into scales with 0 = worst health and 100 = best health. Self-efficacy 
was measured using the General Self-Efficacy Short Scale. H-WTTR and future orientation were assessed by single-
item questions on 11-point Likert scales. The associations between these personality traits and the 3-month change 
in the outcome scores were analyzed using linear regression models for THR and TKR respectively.

Results  In THR patients a one-point-increase in self-efficacy was associated with improvements in EQ-5D-5L 
(β=0.0704; p=0.0099), WOMAC global (β=6.6337; p=0.0139), WOMAC function (β=8.2557; p=0.0046), and WOMAC 
pain (β=5.9994; p=0.0232). For TKR, only the association of self-efficacy with the EQ-VAS change-score was significant 
(β=5.8252; p=0.0482). Self-efficacy demonstrated weak positive, but not significant associations with all WOMAC 
scores and a negative association close to zero with the EQ-Index. H-WTTR and future orientation showed no signifi-
cant associations to changes of the outcome scores.
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Background
Total hip and knee replacement (THR/TKR) combined 
are the most frequent surgeries in German hospitals 
[1]. The positive effects of THR/TKR for patients with 
severe osteoarthritis (OA) are well documented [2–4]. 
In all age groups, THR/TKR improve physical func-
tioning and health-related quality of life (HRQoL) and 
reduce pain [5]. However, long-term treatment effects 
vary considerably among patients [6]. The reasons are 
still incompletely understood.

Previous literature highlights the importance of early 
rehabilitation in THR/TKR for the long-term improve-
ment of HRQoL and functioning [7, 8]. Physical ther-
apy and home exercises after surgery improve mobility 
and physical functioning and reduce pain [9, 10]. Bet-
ter adherence to recommended exercise improves the 
long-term outcomes in patients with knee and/or hip 
OA [11]. Accordingly, personality traits associated with 
adherence to treatment recommendations may contrib-
ute to variations in HRQoL and functioning after THR/
TKR.

Economic theory considers beneficial health behav-
ior as an investment in good health [12]. However, indi-
viduals tend to deviate from favorable healthy behaviors 
despite ample knowledge about the consequences [13]. 
Behavioral economics integrates concepts from various 
other scientific fields including psychology, anthropology, 
and neuroscience to address and explain these deviations. 
This analysis focuses on self-efficacy, willingness to take 
risk in the context of health (H-WTTR), and time pref-
erences, captured by future orientation, three often dis-
cussed personality traits in behavioral economics [13–17] 
and established determinants of health behavior [18–21]. 
Consequently, they might influence OA patients’ strate-
gies to approach challenges after THR/TKR and thus 
affect HRQoL and functioning.

Prior research on personality traits as prognostic fac-
tors for THR/TKR outcomes produced mixed findings. 
Whereas higher preoperative self-efficacy predicted 
improvements in OA-specific health status three months 
after THR [22], another examination of THR/TKR 
patients six weeks after surgery could not find evidence 
for this association [23]. A pilot study on a self-efficacy 
intervention before THR/TKR delivered inconclusive 
results [24].

Direct evidence linking future orientation or H-WTTR 
with THR/TKR is still missing. However, studies con-
ducted in other populations have identified future ori-
entation as a determinant of a more physically active 
lifestyle and greater adherence to physical activity advice 
and dietary recommendations [25–27]. Given that physi-
cal activity and avoiding obesity are associated with 
favorable outcomes following THR/TKR, it is plausi-
ble that future orientation may likewise contribute to 
improved postoperative results in this patient group. Risk 
preferences were linked to unhealthy behaviors such as 
smoking, but also to health-promoting behaviors such as 
physical activity [21, 27].

The aim of this study was to examine preoperative 
self-efficacy, H-WTTR, and future orientation as deter-
minants of changes in different domains of HRQoL and 
OA-specific health status from the time of surgery to the 
three-month follow-up in patients with hip or knee OA 
undergoing THR/TKR.

Methods
Study design
This analysis is part of the longitudinal observational 
cohort study MobilE-TRA 2, conducted at the LMU 
University Hospital Munich in Germany. MobilE-TRA 
2 examines determinants of patient outcomes using 
insights from behavioral economics to inform care prac-
tices and improve mobility and participation in older 
adults. The study comprises two subprojects targeting 
distinct disease groups: OA – the focus of this publica-
tion – and vertigo, dizziness, and balance disorders. The 
OA subproject was carried out at the Musculoskeletal 
University Center Munich (MUM), a division of the LMU 
University Hospital Munich [28, 29].

This subproject involved OA patients aged 60 and older 
presenting for THR/TKR at the MUM. Exclusion crite-
ria were insufficient command of the German language 
or other insufficient skills to participate and fill out the 
questionnaire, such as impaired visual or hearing func-
tion. Eligibility was checked by a member of the study 
team.

The sample size was calculated based on the Euro-
Qol visual analogue scale (EQ-VAS) assuming a mini-
mum important change (MIC) of 9 for THR patients, 8 
for TKR, and a SD of 18 for both groups [30]. The MIC 

Conclusions  Self-efficacy appears to be a prognostic factor for better THR/TKR outcomes after three months. If these 
findings can be confirmed in further research, strategies to improve self-efficacy should be considered in prehabilita-
tion programs.

Trial registration  Not applicable.
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represents the minimal mean within-person change that 
is perceived by patients as important [31]. 38 THR and 47 
TKR patients were necessary to estimate the mean with a 
power of 0.85 (α= 0.05). Two follow-ups and 20% loss to 
follow-up, derived from previous projects, required 132 
(59 THR, 73 TKR) patients at baseline.

The study design was published beforehand [28] and 
approved by the ethics committee of the medical faculty 
at the Ludwig Maximilian University Munich. All par-
ticipants provided written informed consent. This manu-
script adheres to the STROBE Statement [32].

Setting, participants, and data collection
Assessments before (baseline) and three months after 
THR/TKR (follow-up) were conducted between Novem-
ber 2020 and October 2022. The study was introduced 
during clinic visits, at the ward, or by telephone. No par-
ticipation incentive was offered. During recruitment, 
all eligible and available patients were contacted at the 
MUM for a complete survey. Interested patients received 
baseline study materials either personally or by mail. The 
baseline questionnaire completion period was within the 
last 14 days before THR/TKR. All questionnaires were 
paper-based and designed for self-administration, allow-
ing participants to complete them independently at home 
or the MUM if their hospital stay commenced one day 
before their scheduled THR/TKR.

Follow-ups were sent by postal mail. Two reminders, by 
mail and telephone, followed in 9-day intervals. Reasons 
for premature withdrawal were obtained during these tel-
ephone calls. Throughout all assessments, participants 
could contact the study team if they required clarification 
on the questionnaires. Upon return, all questionnaires 
were checked for completeness and plausibility. In cases 
of missing or unclear responses, patients were contacted 
again. These extensive quality control procedures and 
comprehensive participant support contributed to high 
response rates and optimal data quality.

Intervention
THR/TKR were performed according to the German 
guidelines for THR/TKR indications of the Associa-
tion of the Scientific Medical Societies in Germany and 
the hospital standard procedures [33, 34]. Physiotherapy 
started on the day of surgery or the following day. Further 
physiotherapeutic treatments were scheduled daily on 
weekdays and once per weekend.

Median hospital stay was 8 days for THR and TKR, 
respectively. Afterward, patients underwent approxi-
mately three weeks of multimodal inpatient rehabilita-
tion, the typical postoperative care provided in Germany 
after THR/TKR [33, 34].

Measures
Outcomes
HRQoL was measured using the EuroQol Five-Dimen-
sional Five-Level Questionnaire (EQ-5D-5L), its dimen-
sions range from 0 (best) to 5 (worst), and the EuroQol 
visual analogue scale (EQ-VAS) ranging from 0 (worst) 
to 100 (best) [35]. The EQ-5D-5L utility index (EQ-
index) ranging from − 0.661 (worst) to 1 (best) was 
calculated with the German value set for population-
based utilities [36]. To facilitate the interpretation of 
the results, the MIC was included as a reference value 
for each outcome. According to previous literature, 
the MIC for the EQ-index was reported as 0.106 for 
improvements after THR and 0.090 after TKR [37]. On 
the EQ-VAS, the MIC was defined as a 9-point change 
for THR and an 8-point change for TKR [30].

OA-specific health status was assessed using the 
Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC) in Likert scale format [38, 
39]. Based on 24 questions, separated into 3 different 
scales (pain, stiffness, physical function) the WOMAC 
was specifically developed to evaluate hip and knee OA 
[38]. The WOMAC global score was implemented by 
adding up all three equally weighted subscales [40]. Fol-
lowing methodological recommendations, WOMAC 
scores were transformed to a range from 0 (worst) to 
100 (best) to facilitate interpretation and comparison 
between the scales [41]. As recommended in the litera-
ture, the MIC based on a change from their respective 
mean baseline values is 14% for the WOMAC global 
score, 13.9% for the functioning scale and 15.5% for the 
pain scale [42]. The respective values will be reported 
in the results section.

Personality traits
General self-efficacy was measured by the validated 
General Self-Efficacy Short Scale, ranging from 1 (very 
low) to 5 (very high) as the mean of three items on self-
efficacy [43]. H-WTTR was assessed by a single vali-
dated question on an 11-point Likert Scale regarding 
willingness to take risk in the context of health from 
0 (‘not at all ready to take risks’) to 10 (‘very likely to 
take risks’) [21]. Two single-question items captured 
time preferences. Future orientation was assessed by 
‘I am ready to sacrifice my well-being in the present to 
achieve certain results in the future’ on an 11-point Lik-
ert scale [44], where higher values represent a stronger 
focus on the future. Present orientation was surveyed 
by ‘I am only concerned about the present, because I 
trust that things will work themselves out in the future’ 
from 1 (totally disagree) to 5 (totally agree) [44].
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Covariables
Clinical data on body mass index (BMI), prior THR/TKR 
surgeries, and the American Society of Anesthesiologists 
(ASA) score [45] was collected from the clinical infor-
mation system. The ASA score classifies preoperative 
physical health into five groups based on medical history, 
physical examination, and diagnostic tests: healthy, mild 
systemic disease, severe systemic disease, incapacitating 
disease constantly threatening life, and moribund (life 
expectancy < 24 hours). The ASA score is associated with 
perioperative risks.

Questionnaires assessed age, sex, education, marital 
status, and chronic comorbidities. Education was cat-
egorized by years of formal education: lower secondary 
(up to 9 years), intermediate secondary (10 - 11 years), 
upper secondary (12–13 years), and tertiary education 
(college/university degree) [29]. The prespecified list in 
Supplementary File 1 - Table S1 assessed the number of 
comorbidities. Free text on further diseases was classified 
according to the International Statistical Classification 
of Diseases and Related Health Problems 10th revision 
(ICD-10) [46]. The number of comorbidities was catego-
rized into 0, 1, 2, 3, and 4 or more conditions.

Based on three directed acyclic graphs (DAGs), a 
confirmatory covariate selection identified the mini-
mal sufficient adjustment sets for HRQoL and OA-spe-
cific functioning and pain. A separate literature review 
informed the model’s interrelations and effect directions. 
Hence, regressions control sufficiently for potential con-
founding while avoiding over-adjustment or collider bias 
[47]. Supplementary File 2 - Figures 1 - 3 provide all DAG 
models with references. The DAG identified sex, age, and 

number of diseases as essential co-variates in all regres-
sion models and additionally education in estimations of 
HRQoL.

Statistical methods
Summary statistics were calculated separately for the 
total, THR, and TKR samples. Preoperative differences 
between THR and TKR patients were tested for sig-
nificance using t-test, χ2-test, and Kruskal–Wallis test, 
within-group between the assessments using t-tests, 
and Wilcoxon signed-rank tests. Baseline associations 
between personality traits were calculated by the Pearson 
correlation coefficient.

To examine the association between the personality 
traits self-efficacy, H-WTTR, and future orientation at 
baseline and change scores of HRQoL and OA-specific 
health status from baseline to follow-up, linear regres-
sion models were computed for EQ-5D index, EQ-VAS, 
WOMAC global, WOMAC function, and WOMAC 
pain. Analyses were separated by THR/TKR and out-
come. A sensitivity analysis replaced future orienta-
tion with present orientation to check the robustness 
of results regarding time preferences. The models were 
adjusted for the baseline values of the outcome measure 
[22, 23, 48].

Only complete cases were analyzed, as missing data 
only affected three values in three different patients. 
According to Jakobsen et  al., multiple imputation was 
deemed unnecessary, due to the low impact of missing 
data [49]. Supplementary File 3 - Table  S2 provides an 
overview of missing data for all key variables.

Fig. 1  Patient Flow Diagram
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Sensitivity analysis addressed potential selection bias of 
healthier patients during the SARS-CoV- 2 pandemic due 
to limited availability of respirators and ICU beds. Uni-
variate linear regression was used to analyze changes in 
the ASA score over time. The significance level was set 
at 5%.

Analyses were conducted in R version 4.2.2 [50]. DAGs 
were created and analyzed using DAGitty [51].

Results
Participants
During the recruitment period, 230 consecutive patients 
with THR/TKR were assessed for eligibility. 41 patients 
were ineligible and 31 declined participation. Of the 
remaining 158, 147 patients (93%) replied at follow-up. 
11 patients were lost to follow-up. Missing outcome data 
required the exclusion of 3 more patients. Figure 1 gives 
detailed information on the patient flow.

Patient characteristics
Table 1 shows baseline patient characteristics. The study 
population was composed of 75 patients with THR and 

69 with TKR. THR/TKR cohorts did not differ signifi-
cantly, except for the worse ASA score before THR.

Treatment outcome
Table 2 presents HRQoL and WOMAC scores at baseline 
and follow-up. Both THR and TKR patients improved 
significantly, with greater improvements in THR patients.

Based on the respective baseline values and recom-
mended thresholds from the literature, the calculated 
MICs for THR were 5.87 for the WOMAC global, 5.96 
for the WOMAC functioning, and 6.88 for the WOMAC 
pain. For TKR, the corresponding MICs were 7.61 for the 
WOMAC global, 8.14 for the WOMAC functioning, and 
8.31 for the WOMAC pain [42].

EQ‑5D‑5L dimensions
THR patients improved in all dimensions, particu-
larly mobility and pain (Table 3). TKR also improved in 
mobility and pain, but the follow-up scores in self-care, 
usual activities, and anxiety/depression were similar to 
baseline.

Table 1  Preoperative patient characteristics

IQR Interquartile range, SD Standard deviation, general self-efficacy (1–5) higher scores indicate higher self-efficacy, health-related willingness to take risk (0–10) 
lower values represent more risk aversion, future orientation (0–10) higher values indicate a stronger orientation on the future, BMI body mass index, ASA score (1–5) 
American Society of Anesthesiologists score assessing the physical status of a patient before surgery with values representing (1) healthy, (2) mild systemic disease, 
(3) severe systemic disease, (4) life-threatening severe systemic disease, (5) moribund patient respectively, THR/TKR: (0, 1) Total hip or knee replacement, indicates if a 
patient already had a total hip or knee replacement surgery at baseline assessment

P-values calculated using: a t-test for unpaired samples, b Chi-squared test, c Kruskal–Wallis test

Measure Value Overall Hip Knee p-value

n 144 75 69

Age median [IQR] 72 [67, 79] 72 [67, 78] 72 [66, 79] 0.898c

Female, n (%) 81 (56.2) 45 (60.0) 36 (52.2) 0.437a

Self-efficacy (mean (SD)) 4.03 (0.87) 4.03 (0.83) 4.01 (0.93) 0.935a

Health-related willingness to take risk 
(mean (SD))

4.90 (2.40) 4.72 (2.36) 5.10 (2.43) 0.342a

Future orientation (mean (SD)) 6.30 (2.46) 6.28 (2.50) 6.32 (2.44) 0.924c

Number of diseases, n (%) 0 25 (17.4) 13 (17.3) 12 (17.4) 0.135b

1 38 (26.4) 15 (20.0) 23 (33.3)

2 31 (21.5) 15 (20.0) 16 (23.2)

3 19 (13.2) 10 (13.3) 9 (13.0)

> 4 32 (21.5) 22 (29.3) 9 (13.0)

BMI median [IQR] 26.9 [23.2, 30.1] 26.4 [22.0, 29.7] 27.5 [24.6, 30.4] 0.059c

ASA score, n (%) 1 4 (2.8) 3 (4.0) 1 (1.4) 0.028b

2 52 (36.1) 19 (25.3) 33 (47.8)

3 85 (59.0) 52 (69.3) 33 (47.8)

4 3 (2.1) 1 (1.3) 2 (2.9)

Previous THR/TKR, n (%) Yes 52 (36.1) 24 (32.0) 28 (40.6) 0.370b

Years of education, n (%) ≤ 9 60 (41.7) 31 (41.3) 29 (42.0) 0.296b

10 - 11 35 (24.3) 14 (18.7) 21 (30.4)

12 - 13 10 (6.9) 6 (8.0) 4 (5.8)

> 13 39 (27.1) 24 (32.0) 15 (21.7)
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Correlations of personality traits with HRQoL and WOMAC 
at baseline
Table 4 presents the baseline correlations of personality 
traits with the EQ and WOMAC scores.

In THR patients, the correlations were consistently 
positive, with self-efficacy significantly associated with 
EQ-index (r= 0.435; p= 0.000), EQ-VAS (r= 0.385; p= 
0.001), WOMAC global (r= 0.232; p= 0.045), WOMAC 
functioning (r= 0.306; p= 0.008) and WOMAC pain (r= 
0.237; p= 0.041). For H-WTTR only EQ-index (r= 0.228; 
p= 0.0496) correlated significantly. Future orientation 
was significantly associated with EQ-VAS (r= 0.385; p= 
0.002) and WOMAC functioning (r= 0.325; p= 0.005).

Regarding TKR, positive correlations also prevailed. 
Self-efficacy had significant associations with EQ-index 

(r= 0.471; p= 0.000), EQ-VAS (r= 0.344; p= 0.004), 
WOMAC global score (r= 0.412; p= 0.000), WOMAC 
functioning (r= 0.491; p= 0.000) and WOMAC pain (r= 
0.332; p= 0.005). H-WTTR correlated significantly with 
EQ-index (r= 0.296; p= 0.014) and EQ-VAS (r= 0.352; p= 
0.003), but not with the WOMAC scales. Future orienta-
tion did not correlate significantly with any outcome.

Associations of personality traits with changes in HRQoL 
and WOMAC scores
Multivariate regression models on outcome change 
scores are presented in Table 5. For patients with THR, 
a higher baseline self-efficacy was associated with 
improvement in the EQ-index (β= 0.0704; p= 0.0099), 
the WOMAC global score (β= 6.6337; p= 0.0139), 

Table 2  Quality of life and WOMAC scores at baseline and after three months

All WOMAC scores were rescaled to 0–100 and inverted where high values represent a better health status; WOMAC global: aggregated score of all three WOMAC 
subscales equally weighted

THR Total hip replacement, TKR Total knee replacement, EQ-5D-5L EuroQol Five-Dimensional Five-Level Questionnaire, EQ-VAS EuroQol visual analogue scale, WOMAC 
Western Ontario and McMaster Universities Osteoarthritis Index, IQR Interquartile range, SD Standard deviation

P-values for differences between baseline and follow-up within groups of THR and TKR were calculated using: a t-test for paired samples, b Wilcoxon signed-rank test

THR TKR
Measure Baseline Follow-up p-value Baseline Follow-up p-value

n 75 75 69 69

EQ-5D-5L utility index (median [IQR]) 0.48 [0.33, 0.77] 0.88 [0.76, 0.94] < 0.001b 0.67 [0.46, 0.85] 0.88 [0.74, 0.94] < 0.001b

EQ-VAS (mean (SD)) 56.80 (21.95) 69.44 (21.65) < 0.001a 60.64 (19.81) 71.04 (18.82) 0.002a

WOMAC global (mean (SD)) 41.93 (17.94) 74.22 (18.45) < 0.001a 54.36 (19.90) 70.46 (19.05) < 0.001a

WOMAC functioning (mean (SD)) 42.90 (18.52) 76.02 (19.99) < 0.001a 58.55 (20.20) 74.10 (20.16) < 0.001a

WOMAC pain (mean (SD)) 44.40 (19.85) 80.82 (18.83) < 0.001a 53.62 (21.28) 74.24 (18.02) < 0.001a

WOMAC stiffness (mean (SD)) 38.50 (24.64) 65.83 (23.01) < 0.001a 50.91 (27.06) 63.04 (24.86) 0.007a

Table 3  Comparison of EQ-5D-5L at baseline and after three months between THR and TKR

Higher values represent greater restrictions of HRQoL, negative change-scores imply improvement of symptoms

THR Total hip replacement, TKR Total knee replacement, EQ-5D-5L dimensions EuroQol Five-Dimensional Five-Level Questionnaire dimensions (1 - 5)

P-values for differences between baseline and follow-up within groups of THR and TKR were calculated using a t-test for paired samples. P-values for differences in 
change scores were calculated using b t-test for unpaired samples

Baseline Follow-up Change T2 vs. T1 Differences in 
change scores

Group Mean (SD) Mean (SD) p-value p-value

Mobility THR 3.28 (0.97) 2.00 (1.08) − 1.28 < 0.001a 0.053b

TKR 3.03 (1.04) 2.14 (1.06) − 0.88 < 0.001a

Self-care THR 1.67 (0.96) 1.35 (0.60) − 0.32 0.016a 0.038b

TKR 1.35 (0.76) 1.32 (0.65) − 0.03 0.811a

Usual activity THR 2.56 (1.19) 1.89 (1.02) − 0.67 < 0.001a < 0.001b

TKR 1.91 (1.07) 2.00 (1.03) 0.09 0.627a

Pain THR 3.67 (0.68) 2.13 (0.86) − 1.53 < 0.001a 0.001b

TKR 3.30 (0.85) 2.36 (0.92) − 0.94 < 0.001a

Anxiety/depression THR 1.60 (0.85) 1.39 (0.68) − 0.21 0.092a 0.363b

TKR 1.51 (0.83) 1.42 (0.69) − 0.09 0.507a
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WOMAC functioning (β= 8.2557; p= 0.0046), and 
WOMAC pain (β= 5.9994; p= 0.0232). The association 
between self-efficacy and EQ-VAS was positive, but 
not significant (β= 3.0619; p= 0.3402).

For TKR, only the association of self-efficacy with 
the EQ-VAS change-score was statistically significant 
(β= 5.8252; p= 0.0482). Self-efficacy demonstrated 
weak positive, but not significant associations with 
the WOMAC global score (β= 1.1519; p= 0.6998), 
WOMAC functioning (β= 0.0120; p= 0.9972), and 
WOMAC pain (β= 1.1571; p= 0.6843). The association 
between self-efficacy and EQ-index was close to zero 
(β=− 0.0070; p= 0.8465).

When comparing these changes with the respec-
tive MIC values, the associations between self-efficacy 
and the WOMAC global (β= 6.6337; MIC= 5.87), 
and WOMAC functioning (β= 8.2557; MIC= 5.96) 
in the THR cohort exceeded the defined thresholds. 
The results for TKR overall and other combinations 
of associations between personality traits and out-
comes for THR remained below their respective MIC 
thresholds.

Supplementary File 4 - Figure S4 depicts the linear 
associations between self-efficacy and EQ-Index, EQ-
VAS, and WOMAC global separately for THR/TKR.

The supplementary files 5 and 6 include the fig-
ures S5 and S6 which show linear associations between 
H-WTTR and future orientation and the outcomes.

H-WTTR was positively, but not significantly asso-
ciated with all WOMAC scores in THR/TKR patients. 
Associations with HRQoL outcomes showed no clear 
positive or negative tendency.

No associations between future orientation and out-
come scores were significant. Whereas strictly nega-
tive for THR, they were positive for TKR.

Good baseline scores of all outcome measures were 
associated with smaller improvement in these scores.

Sensitivity analyses
Replacing future orientation with present orientation led 
to minor changes in significances and effect sizes (Supple-
mentary File 7 - Table S3). Nevertheless, the implications 
remained consistent, indicating the robustness of the main 
analyses.

Neither the linear modeled regression nor the scatter 
plot implies a distinctive trend of ASA scores over time 
(Supplementary File 8 - Figure S7). This suggests that the 
SARS-Cov- 2 pandemic did not create selection bias.

Discussion
This study provides comprehensive insights into personal-
ity traits and their association with outcomes three months 
after THR/TKR. In patients undergoing THR, higher self-
efficacy was associated statistically significant improve-
ments in general OA-specific health status and physical 
functioning, surpassing the threshold for MIC. Associa-
tions of self-efficacy with HRQoL and pain after THR were 
also statistically significant, but below threshold for MIC.

In contrast, for TKR, higher self-efficacy was associated 
with improvements in HRQoL; however, these changes 
did not reach the threshold for MIC. Neither H-WTTR 
nor future orientation were associated with outcomes after 
THR or TKR.

Personality traits were also associated with preoperative 
health status. In THR/TKR, self-efficacy was associated 
with better HRQoL, physical functioning, and lower pain. 
H-WTTR was associated with better HRQoL, but not with 
better functioning or pain. Future orientation was only 
associated with better HRQoL and physical functioning in 
THR patients.

Comparison of the results on self‑efficacy with previous 
research
In THR patients, the association between self-effi-
cacy and improved WOMAC scores corresponds with 

Table 4  Correlations of personality traits with HRQoL and WOMAC scores at baseline

Pearson correlations between personality traits and all outcomes

THR Total hip replacement, TKR Total knee replacement, EQ-5D-5L EuroQol Five-Dimensional Five-Level Questionnaire, EQ-VAS EuroQol visual analogue scale, WOMAC 
Western Ontario and McMaster Universities Osteoarthritis Index, General self-efficacy (1–5) higher scores indicate higher self-efficacy, health-related willingness to 
take risk (0–10) lower values represent risk aversion, future orientation (0–10) higher values indicate a stronger orientation on the future

Significance: *p < 0.05, **p < 0.01, ***p < 0.001; in bold if the result was at least significant at p < 0.05 level

EQ-Index EQ-VAS WOMAC
global

WOMAC
function

WOMAC
pain

Self-efficacy 0.435 *** 0.385 *** 0.232 * 0.306 ** 0.237 *
THR patients Health-related willingness to take risk 0.228 * 0.213 0.034 0.118 0.077

Future orientation 0.207 0.358 ** 0.188 0.325 ** 0.153

Self-efficacy 0.471 *** 0.344 ** 0.412 *** 0.491 *** 0.332 **
TKR patients Health-related willingness to take risk 0.296 * 0.352 ** 0.065 0.067 0.052

Future orientation − 0.070 0.188 0.067 0.116 0.119
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findings by Brembo et  al. [22]. In a secondary analysis 
of 223 Norwegian patients assessed in 2003 - 2004, they 
surveyed the impact of social support and self-efficacy, 
measured by the General Self-Efficacy scale, on the 
WOMAC global score three months after THR. The sig-
nificant but weaker association than in the present study 
may be attributed to different measures to assess self-
efficacy. Cultural differences in German and Norwegian 
patients or health care [52, 53] or innovations in surgical 
techniques could also explain these differences.

In TKR, the associations between self-efficacy and 
improved outcome measures were mainly positive, but 
mostly not significant. Thus, as with THR, self-efficacy 
may also be beneficial in TKR, but to a lower extent. Fur-
thermore, the smaller improvements in TKR patients 
may partly explain the lower association and lack of sig-
nificance between self-efficacy and the outcome.

The non-significant association of self-efficacy with 
functioning after TKR is comparable to findings by Hart-
ley et al. [23]. Surveying 62 patients on the effect of hope 
and self-efficacy, on the Self-Efficacy for Rehabilitation 
Outcome Scale, they observed no significant association 
with functioning six weeks after THR/TKR. The lack of 
significance in that study may be due to the short follow-
up and the inclusion of patients with TKR with smaller 
improvements.

However, Hartley et al. [23] also detected an association 
between self-efficacy and better functioning in patients 
before undergoing THR/TKR. The same association was 
found in studies of non-surgical OA patients [54–56]. 
This suggests that self-efficacy is generally associated 
with better functioning in patients with OA, regardless of 
whether they decide to undergo surgery or not.

The MobilE-TRA 2 subproject on patients with ver-
tigo, dizziness, or balance disorders also examined the 
associations between self-efficacy and treatment out-
comes [29]. Consistent with the findings from the OA 
subproject, higher self-efficacy was associated with treat-
ment success, while H-WTTR and future orientation 
showed no significant associations. These results suggest 
that self-efficacy could be a determinant for better treat-
ment outcomes for several conditions that lead to mobil-
ity impairment in later life.

Comparison of the results for H‑WTTR and future 
orientation with previous research
This is the first clinical study assessing the association 
between H-WTTR, future orientation, and outcomes 
after THR/TKR and controlling for these two charac-
teristics in a single model with self-efficacy. Notably, 
H-WTTR was thoroughly validated as an instrument in 
a large general population study in Germany n≈22,000) 
[21]. Even though the instrument has not yet been 

applied in a cohort of THR/TKR patients, the extensive 
sample size of the validation study and the emphasis on 
representative results with sufficient statistical power 
support its validity and transferability to various clinical 
populations [21].

The absence of associations between H-WTTR or 
future orientation and outcomes contrasts with initial 
expectations. Due to the results of previous research 
linking lower H-WTTR and higher future orientation 
to better adherence, we expected a positive influence on 
the outcome [21, 25, 57]. The lack of association between 
H-WTTR and outcome at follow-up might be explained 
by patients with higher H-WTTR scores surpassing the 
recommended workload, potentially accelerating func-
tional improvement in some cases. This may compen-
sate for possible health risks due to lower compliance, 
thereby preventing a deterioration in functioning. In 
addition, due to the short observation period character-
ized by intensive postoperative supervision, behavioral 
consequences of H-WTTR and future orientation on 
the outcome might have been mitigated. Furthermore, 
the assessed concept of future orientation may capture a 
more distant future.

Further interpretation of results
As expected, the mobility and pain dimensions of the 
EQ-5D-5L improved the most, as these are the most 
commonly affected domains in patients with hip and 
knee OA [58]. Notably, THR was not only associated 
with improvements in physical function but also with 
reductions in anxiety and depression, suggesting poten-
tial additional benefits of the intervention.

Focusing on preoperative outcomes, the positive asso-
ciation between H-WTTR and HRQoL may reflect a 
potential link between risk-taking health behaviors and 
a greater willingness to accept the potential risks of sur-
gery. Consequently, patients with higher H-WTTR might 
have decided to undergo surgery at an earlier stage of 
their disease when their quality of life was still rela-
tively less impaired compared to individuals with lower 
H-WTTR scores.

Similarly, the positive association between future ori-
entation and baseline outcomes in THR suggests that a 
stronger focus on long-term health improvements may 
influence the timing of surgery. More future-oriented 
patients might decide to undergo THR earlier despite 
initial discomfort or less severe impairment. The pre-
dominantly positive associations between future orien-
tation and outcomes before TKR point to a comparable 
decision-making.

Higher baseline scores in functioning and quality of 
life were strongly associated with less improvement, 
which is a well-known phenomenon in studies on 
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prognostic factors for outcomes following THR/TKR 
[6, 59]. These associations may result from a ceiling 
effect of patient-assessed outcomes in THR/TKR [52].

Strengths and Limitations
A key strength of this study is its design based on pri-
mary data, whereas comparable previous studies relied 
on secondary data [22] or a smaller sample size [23]. 
Furthermore, the differentiation between THR and 
TKR revealed distinct sample-specific results. High 
participation and follow-up rates, a high level of data 
completeness, and a careful and well-informed devel-
opment of the regression model further underline this 
study’s robustness and methodological quality.

However, some limitations should be acknowledged. 
First, the monocentric design at a university hospital 
may limit the generalizability of the findings to other 
healthcare settings. Second, the three-month follow-up 
period might have been too short to fully capture poten-
tial associations between H-WTTR or future orientation 
and long-term health outcomes. Third, the applied self-
reported measures may have been subject to self-report 
bias. Despite the selection of validated measures, self-
report bias could not be completely excluded.

Conclusion
This study clarifies how selected personality traits are 
associated with the outcome in HRQoL and functioning 
after THR/TKR. Further research is necessary to con-
firm the prognostic properties of self-efficacy. If con-
firmed, pre-operative strategies that foster self-efficacy 
should be integrated into prehabilitation programs [24, 
60–62]. Our findings do not support the implementa-
tion of H-WTTR and future orientation interventions 
before THR/TKR. However, these traits might be rele-
vant for long-term treatment success. Subsequent stud-
ies should consider extended follow-up periods.
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