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Abstract
Purpose  The aim of the present study was to investigate the potential associations between specific knowledge, resilience 
and patient-reported outcome measures (PROMS) following primary total hip arthroplasty (THA).
Methods  In a cross-sectional prospective study, consecutive patients following primary THA were included at a rehabilita-
tion center. A novel knowledge score and the validated Connor Davidson Resilience Scale (CD-RISC) were utilized to assess 
patients’ specific knowledge and resilience, respectively. Additionally, patients completed a qualitative questionnaire regard-
ing the information they had received. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), as 
well as the University of California and Los Angeles Score (UCLA) served as primary outcome measures. Stepwise multiple 
regression analysis was performed to identify potential predictors of outcome.
Results  A total of 103 patients at a mean age of 67.5 years (SD 10.5, 38–88) were included in the analysis at a median of 
55.5 days (IQR 43–81) following primary THA. The mean knowledge and resilience scores were 3.8 (SD 1.6, 0–7) and 69.5 
(SD 18.5, 0–100), respectively. Forty-seven percent of patients were afraid of harming their prosthesis and these patients had 
up to 59% worse WOMAC scores (p < 0.001). WOMAC scores on admission to rehabilitation were predicted by resilience 
and knowledge scores (R2 = 0.106, p = 0.036). UCLA scores at the time of admission were predicted by knowledge scores 
(R2 = 0.078, p = 0.007).
Conclusion  The present study demonstrated that patients with a feeling of uncertainty had an inferior short-term functional 
outcome following primary THA. Moreover, it could be shown that higher specific knowledge and resilience are associated 
with a better functional outcome according to validated PROMS. While these findings need to be prospectively validated in 
future studies, specific patient knowledge and resilience may have a direct impact on the outcome of primary THA.

Keywords  Patient education · Specific knowledge · Resilience · Total hip arthroplasty · Total hip replacement · Total joint 
arthroplasty · Predicting outcome

Introduction

Osteoarthritis (OA) of the hip and knee poses a major 
health burden and is ranked among the top contributors 
to global disability [1]. The incidence of primary total hip 
arthroplasty (THA) performed in Germany was recently 
predicted to increase by almost a third by the year of 2040 
(2). THA is a safe and cost-effective procedure in patients 
with end-stage hip OA [2]. Despite its status as one of the 
most successful surgeries of the last decades [3], a sig-
nificant number of patients remains unsatisfied after THA, 
with pain persistence and functional limitation represent-
ing the leading causes [4]. While there has been extensive 
research on surgical techniques and implant engineering, 
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a few patient-related factors have recently attracted more 
attention. One aspect includes patients’ specific knowledge 
which was shown to be low in an arthroplasty population 
[5]. In this context, an interdisciplinary patient education 
program in total joint arthroplasty (TJA) was demonstrated 
to effectively decrease postoperative complications and the 
number of patients being discharged to post-acute care facili-
ties [6]. Also, a one-on-one patient education session before 
THA or total knee arthroplasty (TKA) seems to significantly 
reduce length of hospital stay as compared to controls [7]. In 
contrast, an observational study evaluating patients from the 
Swedish hip arthroplasty register showed only minor effects 
of preoperative patient education on functional outcomes as 
assessed by patient-reported outcome measures (PROMS) 
[8]. However, as there is some considerable methodological 
heterogeneity of reported studies, the definite significance of 
patients’ individual knowledge about the procedure remains 
unknown and might be of underestimated relevance in TJA.

The potential significance of psychological factors regard-
ing the outcome of THA is reflected by the results of a study 
by Scott et al., in which a higher mental component score 
predicted expectation fulfillment and patient satisfaction 
[9]. Mahdi et al. reported on the clinical outcomes of TKA, 
comparing patients with preoperative anxiety or depression 
to patients without. As patients showed substantial clinical 
improvements across all groups, the authors concluded that 
patients should not be precluded from TKA in case of pre-
operative anxiety or depression, although there were some 
minor differences in Knee Injury and Osteoarthritis Out-
come Score (KOOS) sub-scores [10]. In a recent study by 
Al Salman et al., “difficult life events” such as the loss of a 
family member were associated with less activity tolerance 
according to Patient-Reported Outcome Measurement Infor-
mation System Physical Function (PROMIS-PF) [11]. How-
ever, this was a very heterogeneous study group of patients 
presenting with any kind of lower extremity complaints. A 
few studies have identified resilience as a relevant predic-
tor of outcome following joint replacement [12, 13]. While 
there is no commonly acknowledged definition of resilience, 
it has been described as “a stable trajectory of healthy func-
tioning after a highly adverse event” and “a conscious effort 
to move forward in an insightful and integrated positive 
manner as a result of lessons learned from an adverse expe-
rience” by multidisciplinary panelists [14]. The authors fur-
ther discussed ways to enhance resilience and concluded that 
fostering healthy family- and community environments is an 
essential factor [14]. In another study, a history of trauma 
has been demonstrated as a potential source of resilience 
in an arthroplasty population [15]. Magaldi et al. reported 
that higher preoperative resilience was a predictor for physi-
cal and mental health one year following surgery according 
to Patient-Reported Outcomes Measurement Information 
System (PROMIS-10) Global Health Assessment [13]. In 

another recent cross-sectional analysis of 140 patients by 
Lynskey et al., higher resilience was correlated with better 
patient-reported health status and satisfaction [12]. Although 
resilience might hardly be modifiable short-term, it may be 
an important aspect in the successful rehabilitation from a 
medical condition or surgery.

Striving for a better understanding concerning the signifi-
cance of patients’ specific knowledge and resilience, the pre-
sent study evaluated the association of these parameters with 
functional outcomes in a consecutive series of primary THA 
patients. We hypothesized that patients with higher specific 
knowledge and resilience scores would present with better 
functional outcomes at the time of admission to a regional 
rehabilitation center.

Methods

Institutional review board approval by the local ethics com-
mittee was obtained and patients provided their written 
informed consent prior to participation. From December 
2015 to December 2016 consecutive patients were included 
at a regional orthopedic rehabilitation center following pri-
mary THA at various orthopedic departments across Aus-
tria. Patients that had previously received TJA of any joint 
were excluded to obtain unbiased scores.

At the time of admission, age, sex, body mass index 
(BMI) and time elapsed since surgery were documented. All 
participants completed a questionnaire to assess their spe-
cific knowledge about THA, which was composed of seven 
questions concerning the surgical procedure and rehabilita-
tion process, based on expert opinion and current literature 
(Table 1) [16, 17]. Most questions aimed to evaluate a basic 
understanding of THA as well as specific knowledge about 
important risks and how to prevent them that should usually 
be transferred to patients in a THA setting (e.g., avoiding 
deep hip flexion to minimize the risk of dislocation, etc.). 
The questionnaire was designed in a single best answer for-
mat with a score range from 0 to 7. The right answer to the 
question of which surgical approach was applied, was vali-
dated through review of the surgical reports.

To assess patients’ resilience, the 25-items Connor 
Davidson Resilience Scale (CD-RISC 25) was applied, 
which is a validated tool [18, 19] and was recently shown 
to correlate with patient satisfaction following THA and 
TKA [12]. The CD-RISC 25 has a maximum score of 
100 and is available in German language. In the original 
publication, mean scores of around 80 were reported for 
the general population whereas patients with generalized 
anxiety disorder achieved lower scores of around 60 [18]. 
Since its first publication in 2003, numerous studies have 
applied the CD-RISC 25 in a variety of different popula-
tions, ranging from primary care patients [18, 20] to war 
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veterans [21]. To the best of our knowledge, there are cur-
rently only two published studies that applied the CD-
RISC in an arthroplasty population [12, 22].

To assess postoperative joint function, patients com-
pleted the Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC), as well as the Univer-
sity of California and Los Angeles (UCLA) score. The 
WOMAC VA 3-series (“visual analog”) with a maximum 
score of 2400 was then normalized to a scale of 0–100. 
Higher WOMAC scores indicated worse joint function. 
Patients were asked to answer five additional qualitative 
questions regarding the information they were provided 
with during hospitalization and outpatient clinics for THA.

Statistical analysis

Differences in demographics and PROMS between female 
and male patients, as well as differences in PROMS by 
answers given to qualitative questions were analyzed via 
independent samples t-tests. Stepwise linear regression 
analysis with multiple inputs was performed to determine 
predictive variables for functional outcome. WOMAC and 
UCLA scores served as outcome measures (dependent vari-
able); age, sex, BMI on admission, time interval from sur-
gery to admission for rehabilitation, knowledge scores and 
CD-RISC served as inputs (independent variables). Regres-
sion coefficients (b) for individual predictors are provided 

Table 1   Questionnaire 
regarding specific knowledge Q1: When is it safe for you to fully weight-bear?

 Right after the procedure
 6 months after the procedure
 1 year after the procedure
 I don’t know

Q2: Which surgical approach to the hip joint did your surgeon perform?
 Anterior (frontal) approach
 Between anterior (frontal) and lateral (sideways) approach (= anterolateral approach)
 Lateral (sideways) approach
 I don’t know

Q3: What kinds of movements are allowed at your current state of rehabilitation?
Flexing/bending [hip joint] up to 90°
 Leg crossing
 Deeply bending forward [hip joint]?
 I don’t know

Q4: What is the most common complication in the first year following hip replacement?
 Dislocation of the hip joint
 Periprosthetic fracture (adjacent to the hip joint)
 Loosening
 I don’t know

Q5: What activities are allowed at your current state of rehabilitation?
 All kinds of sports
 Low-impact endurance sports (e.g. cycling, Nordic walking)
 Resting the hip joint is favorable
 I don’t know

Q6: When is it safe for you to ride a bicycle or go Nordic Walking?
 6 weeks after the procedure
 3 months after the procedure
 6 months after the procedure
 1 year after the procedure

Q7: What are the chances of not needing a revision surgery within 10 years?
 90%
 60%
 50%
 I don’t know
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in the results section, as well as R2 as an indicator of model 
fit. The level of significance was set to α = 0.05. All calcula-
tions were performed in SPSS v. 25.0 (IBM, Armonk, New 
York, USA).

A post-hoc power analysis was performed using G*Power 
3.1 (Heinrich Heine Universität, Düsseldorf, Germany). The 
resulting effect size f2 was 0.17 for the WOMAC and 0.12 
for the UCLA score based on the predictor-outcome cor-
relations and inter-predictor correlations. Considering our 
sample size of 103 patients and α = 0.05, the power of the 
current study to detect associations between predictor vari-
ables and outcome measures was 87.8% for WOMAC scores 
and 72.0% for UCLA scores, respectively.

Results

A total of 103 patients at a mean age of 67.5 years (SD 10.5, 
38–88) and a mean BMI of 29.0 kg/m2 (SD 4.8, 20–42) 
were included in the analysis at a median of 55.5 days (IQR 
43–81) following primary THA. Male patients, comprising 
48.5% of the participants, had a significantly higher BMI 
(30.0, p = 0.042) upon admission for rehabilitation than 
female patients. The mean knowledge and resilience scores 
were 3.8 (SD 1.6, 0–7) and 69.5 (SD 18.5, 0–100), respec-
tively. No gender-specific differences were observed for 
knowledge and resilience scores. Patient age was negatively 
correlated with resilience scores (r = − 0.237, p = 0.017).

The question “What activities are allowed at your cur-
rent state of rehabilitation?” had the highest percentage of 
correct answers (78%) (Fig. 1). “Which surgical approach 
to the hip joint was performed by your surgeon?” was the 
question with the least percentage of correct answers (32%). 
Thirty-three percent assessed the quality of information they 
were provided with as “very good”; however, 51% rated the 

information as only “satisfactory” (Fig. 2). The remaining 
16% found the information to be either “inadequate” (10%) 
or “poor” (6%). Forty-seven percent of the patients were 
afraid of harming their prosthesis and 69% were eager to 
learn more about the implant. Students’ t-test for independ-
ent samples demonstrated that patients with a feeling of 
uncertainty (afraid of harming their prosthesis) had up to 
59% worse WOMAC scores (p < 0.001) and up to 15% worse 
UCLA scores (p = 0.016) as compared to patients without 
(Table 2).  

Stepwise multiple linear regression analysis was per-
formed for both WOMAC (Table 3) and UCLA (Table 4) 
scores as outcome parameters, and age, sex, BMI, days 
since surgery, knowledge score and resilience as independ-
ent variables. WOMAC scores on admission for rehabilita-
tion were predicted best by resilience and knowledge scores 
(p = 0.006) (Fig. 3). UCLA scores at the time of admission 
were best predicted by knowledge scores (p = 0.007). Age, 
sex, BMI and days since surgery were not correlated with 
WOMAC or UCLA scores. The summarized results of Pear-
son’s bivariate correlation analysis are provided in Table 5.

Discussion

To the best of our knowledge, this is the first study to dem-
onstrate an association between patient knowledge, patient 
resilience and the postoperative functional outcome follow-
ing primary THA. The results of this cross-sectional analysis 
showed that higher specific knowledge and resilience were 
associated with an improved short-term outcome follow-
ing THA. We found that higher knowledge and resilience 
scores were associated with improved WOMAC scores at 
two months postoperatively. Also, an increased level of 
activity (UCLA) at this time was associated with higher 

Fig. 1   Percentage of correct 
answers given for each question 
on the knowledge questionnaire
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knowledge scores. These findings add to the yet small body 
of literature, demonstrating significant associations between 
patient knowledge, psychological factors and PROMS fol-
lowing primary TJA [8, 22–24].

The mean WOMAC score of included patients was 22.3 
at around two months following THA. This compares well 
to reported WOMAC scores of 18.4 and 13.0, at six months 
and one year following primary THA, respectively [25, 26]. 
Also, the mean CD-RISC score of 69.5 seems plausible, 
considering that mean scores around 80 are reported for 
the general population, and 60 for patients with generalized 
anxiety disorder. At a mean age of 67.5 years, the present 
cohort was slightly older at the time of surgery than those 
of previous studies. The mean postoperative UCLA activity 

Fig. 2   Percentage of answers 
given for each question on the 
qualitative questionnaire

Table 2   Functional scores by answers to qualitative questions

Independent samples t-test, two-sided, mean values (standard devia-
tion)
*p < 0.05

Yes No p-value

Did you receive information on the time you will be allowed to ride 
a bicycle or do Nordic walking?

 WOMAC 21.6 (13.8) 23.5 (14.2) 0.51
 UCLA 5.3 (1.5) 4.8 (1.8) 0.187

Would you like to know more about your new prosthesis?
 WOMAC 23.0 (14.6) 19.6 (12.2) 0.267
 UCLA 5.2 (1.7) 5.0 (1.5) 0.761

Are you afraid of damaging your prosthesis by doing something 
wrong?

 WOMAC 27.9 (14.7) 17.5 (11.0)  < 0.001*
 UCLA 4.7 (1.7) 5.5 (1.5) 0.016*

Table 3   Multiple regression analysis (dependent variable: WOMAC)

Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC)

Unstandardized coef-
ficients

Standard-
ized coef-
ficients

T p

Regression 
coefficient 
B

Std. error Beta

(Constant) 41.857 5.995 6.982 0.000
Resilience − 0.168 0.073

0.229
− 2.314 0.023

Knowledge − 1.852 0.872 − 0.210 − 2.123 0.036
R2 0.106
R2 adjusted 0.086

Table 4   Multiple regression analysis (dependent variable: UCLA)

University of California and Los Angeles Activity Scale (UCLA)

Unstandardized coef-
ficients

Standardized 
coefficients

T p

Regression 
coefficient B

Std. error Beta

(Constant) 3.946 0.440 8.970 0.000
Knowledge 0.289 0.104 0.279 2.782 0.007
R2 0.078
R2 adjusted 0.068
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score in the present study was 5.1 with no gender- or age-
related differences. This finding is in line with previous stud-
ies reporting short-term UCLA scores of 4.5–6 [25, 27].

The qualitative questionnaire revealed that nearly half of 
the patients (47%) had a feeling of uncertainty to potentially 
harm their prosthesis during rehabilitation. While patients 
must be aware of restrictions like avoiding deep hip flexion 
following THA, they also need to have confidence in their 
implant to obtain satisfactory function. Interestingly, most 
patients (69%) were keen on receiving further information 
regarding their implant. The most remarkable finding though 
was an association between the feeling of uncertainty and 
inferior PROMS. Unlike other known modifiable risk fac-
tors, such as obesity and overall comorbidity [28], uncer-
tainty of patients may be addressed with relatively little 
effort. The quality of provided information was assessed as 
good (33.0%) or satisfactory (50.5%) by most participants. 
However, no standardized information was provided, and 
quality therefore might have been inconsistent.

A concise questionnaire including seven multiple choice 
questions was applied to assess specific knowledge of partic-
ipants. While this score has not been validated, it is thought 
to cover relevant aspects in terms of rehabilitation follow-
ing THA. Specific knowledge was reported to be generally 
low in patients undergoing arthroplasty, pointing towards 
a potentially underestimated area of improvement [5]. 
Although there is no standardized way of assessing patients’ 

specific knowledge in THA, the results of the current study 
seem to support these findings, as patient knowledge was 
only moderate at an average score of 3.8 out of 7. Especially 
older age and lower formal educational attainments have 
been shown to be associated with worse knowledge [5]. In 
contrast, in the current study, higher age was not associated 
with significant alterations in knowledge scores. Only a few 
studies have investigated ways of improving patient knowl-
edge in elective orthopedic procedures. Among these, in a 
randomized-controlled trial (RCT) by Eschalier et al. [29], 
educational booklets have significantly improved knowledge 
in patients awaiting TKA. Despite this difference, there were 
no significant variations in secondary outcome measures, 
including percentage of patients being discharged to home 
and patient satisfaction. However, with a study population of 
only 42 patients, this study was most likely underpowered to 
detect the effect of this intervention. Pelt et al. demonstrated 
that a comprehensive patient education can actually reduce 
the number of patients being discharged to post-acute care 
facilities, thereby reducing costs and complication rates [6]. 
There was a 20% decline in the number of patients being 
discharged to post-acute care facilities following the con-
secutive implementation of a comprehensive educational 
program for patients undergoing THA. Wallis et al. con-
cluded in a meta-analysis that preoperative exercise and edu-
cation programs can improve functional outcome following 
THA [30]. These findings are supported by our own data that 
revealed a significant association between higher knowledge 
and superior functional outcome according to WOMAC and 
UCLA scores. SooHoo et al. reported a minimal clinically 
important difference (MCID) in UCLA scores of 0.92 in an 
arthroplasty population [31]. Hence, a substantial improve-
ment in knowledge scores could actually translate into clini-
cally relevant improvements considering the regression coef-
ficient of 0.289 in the present study. Based on our data, this 
would result in a theoretic threshold of a 3.18-point improve-
ment in knowledge scores to achieve a MCID according to 
the UCLA activity scores (3.18 * 0.289 = 0.92). Regarding 
WOMAC scores, a MCID of 10 was reported for the overall 
score [32]. Considering the regression coefficient of -1.852, 
a patient would therefore require a minimum of 5.4-point 
increase in the knowledge score (5.4 * − 1.852 = 10) to yield 
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Fig. 3   Scatterplots and regression lines for both knowledge and resil-
ience scores with WOMAC as dependent outcome measure

Table 5   Correlations of independent variables and outcome measures

Pearson’s correlation coefficients (p-values)
BMI Body Mass Index, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, UCLA University of California and Los 
Angeles Score, Days days since surgery
*p < 0.05

Knowledge Resilience Age Sex BMI Days

WOMAC − 0.231 (0.012)* − 0.248 (0.008)* 0.183 (0.038) − 0.039 (0.353) 0.107 (0.151) 0.086 (0.204)
UCLA 0.279 (0.003)* 0.045 (0.332) 0.054 (0.304) − 0.011 (0.458) − 0.092 (0.188) 0.083 (0.212)
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clinically relevant improvements. In summary, our results 
support evidence attributing a significant role to patient 
knowledge and education regarding the functional short-
term outcome of THA.

Although using different resilience scales and outcome 
measures, our results support the findings of previous stud-
ies [9, 12, 13], in that higher resilience is associated with 
improved patient-reported outcome following primary THA. 
In detail, multiple regression analysis demonstrated a decline 
in WOMAC scores of 0.168 by every additional point on the 
CD-RISC. Therefore, at an average postoperative WOMAC 
score of 22.3, a 10-point increase in CD-RISC would have 
accounted for an 8% decline in WOMAC, indicating an 
improved outcome. However, it must be acknowledged 
that the potential improvements in WOMAC scores due to 
increased resilience might eventually stay below the thresh-
old for a MCID which has been reported at 10 points for the 
overall WOMAC score [32]. Hence, the present study does 
not suggest resilience as determining factor for an improved 
function according to the WOMAC score. However, it intro-
duces resilience as a variable affecting PROMS following 
primary THA.

The reported coefficients of determination (R2) of the lin-
ear regression analyses were rather low, indicating that there 
is a considerable variance of observed data that cannot be 
explained by the regression model. However, knowledge and 
resilience scores performed better in predicting postopera-
tive PROMS as compared to other demographic parameters, 
including age, sex, BMI and time since surgery, which were 
not significantly correlated with outcome measures. With 
respect to the 87.8% power to detect significant correla-
tions, we are confident that there is no type II error, as far 
as WOMAC scores are concerned. The study was slightly 
underpowered to detect correlations between predictors and 
UCLA scores which might account for the discrepancy that 
resilience was correlated with WOMAC, but not with UCLA 
scores, as opposed to knowledge scores.

Looking at the present data and literature available, it can 
be suggested that a more comprehensive treatment process 
with respect to both constitutional and psychological factors 
is an effective way to further optimize the outcome of pri-
mary THA. Also, such an educational process could provide 
an opportunity to adjust patients’ expectations, which are a 
potential source of dissatisfaction if unmet [9, 33].

This study has several limitations. Patients were included 
upon admission to an orthopedic rehabilitation center, pos-
ing a potential selection bias in favor of patients with infe-
rior outcome. However, orthopedic rehabilitation following 
TJA is still very common in Austria regardless of age and 
functional outcome. Due to the lack of an established score 
to assess patients’ knowledge in THA, a new non-validated 
score was utilized. Hence, the results regarding the associa-
tions between knowledge, resilience and PROMS must only 

be interpreted as hypothesis-generating findings. Patient 
education was not standardized as THA patients from vari-
ous orthopedic institutions were included. Furthermore, pre-
operative joint function and early postoperative pain level- 
which are known independent predictors of outcome- were 
not evaluated.

Conclusion

The present study demonstrated that patients with a feeling 
of uncertainty had an inferior short-term functional outcome 
following primary THA. Moreover, it could be shown that 
higher specific knowledge and resilience are associated with 
a better functional outcome according to validated PROMS. 
While these findings need to be prospectively validated in 
future studies, specific patient knowledge and resilience may 
have a direct impact on the outcome of primary THA.
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