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Abstract

Introduction

The increase in the number of patients presenting with osteoarthritis in the past decade has

led to a 32% increase in knee replacement surgeries designed to reduce restrictions on

patient movement and improve their quality of life. Patient satisfaction is becoming an

increasingly important indicator of quality of care. This study was designed to identify predic-

tors of various service components in the treatment process and hospital key performance

indicators significantly associated with patient satisfaction.

Materials and methods

A multicenter cross-sectional study was conducted with 856 patients having their primary

total knee replacements at 41 hospitals. Patient satisfaction was queried via a validated,

multidimensional questionnaire mainly using a six-point scale. In addition to bivariate calcu-

lations, patient satisfaction was the dependent variable in a binary logistic regression model.

Results

The bivariate analysis showed a strong association between satisfaction and sex (male or

female), the patients’ health before admission, and the length of stay. The number of cases

treated at each hospital did not reveal any impact on satisfaction. The multivariate analysis

identified three predictors associated with overall satisfaction. The strongest factor was the

treatment outcome and the weakest was the quality of food. It became apparent that the

statutory procedure minimums were not being met.

Conclusions

The relevant factors influencing patient satisfaction were partially the same as previous

study results and allowed more detailed conclusions. The results provide suggestions

across hospitals that could help health care providers better meet needs of patients after

knee arthroplasties.
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Introduction

Current concepts for the quality of care are no longer based solely on meeting evidence-based

guidelines, but take into account information concerning patient satisfaction. These provide

hospitals with indispensable information about their patients’ expectations and preferences

which tend to focus on the interpersonal relationships in health care and the quality of service

received and can serve as a basis for improving quality and competitiveness [1–2]. This is

driven by health care reforms promoting competition in the marketplace and patients sensitive

to differences in quality among hospitals who will change providers with better (perceived)

quality [3]. Patient satisfaction is multidimensional and provides information about how ser-

vices are perceived by patients and helps to isolate problem areas in hospitals and create appro-

priate solutions [4]. Satisfaction can be defined as the sufficient satisfaction of a patient’s needs

and wishes with patients’ attributing varying levels of importance to their satisfaction [5].

Given the increased number of osteoarthritis cases, the demand for knee arthroplasties

among elderly patients is climbing. These surgeries are designed to allow greater physical

activity among patients who before surgery experience functional limitations and pain that

conservative treatments have not been able to ameliorate [6–7]. In the industrialized countries

alone, 27% of over 45-year-olds suffer from osteoarthritis. Total knee replacement (TKR) has

the highest incidence. The OECD (Organisation for Economic Cooperation and Develop-

ment) countries saw an increase from 114 to 150 knee replacement patients per 100,000 popu-

lation between 2005 and 2011 [8–9].

As regulated in § 137 of the Code of Social Law, Book V, a minimum quantity of 50 total

knee replacements per year and hospital has been required in Germany since 2006. These are

specified in the minimum quantity regulation. The regulation identifies operative interven-

tions in which the quality of the treatments outcome depends on the amount of operations

performed [10–12]. Internationally, there is no consensus whether minimum quantities serve

as a quality indicator or encourage negative after-effects [13–14]. Shan et al. [15] investigated

19 studies, in which over three-quarters of patients were overall satisfied with their knee

replacement. Schulz & Scharf [16] examined 25 international studies and found that 84.3%

(SD± 8.2) were overall satisfied with their knee replacement. Although patient satisfaction is

difficult to measure and different instruments and scales are available, the factors most often

studied to determine satisfaction with knee replacements include joint function, pain, mental

wellbeing, and vitality [15–17]. Chang et al. [2] examined aspects of the service and medical

received during inpatient joint replacements and came to the conclusion that, given the het-

erogeneous makeup of their patient populations, hospitals should identify those factors result

in increased satisfaction among a majority of patients. The limited amount of published re-

search in this fields has to date not allowed any generalizable statements to be made about the

causal relationships behind satisfaction with arthroplasty, with multicenter studies recom-

mended to better identify the predictors of satisfaction [15–16, 18].

Therefore, the aim of this study was to identify the medical and service-related parameters

and hospital characteristics significantly related to patient satisfaction after TKR.

Patients and methods

Patient data and patient recruitment

The study data was collected via a self-administered questionnaire after the hospital stay. The

questionnaire was based on a survey instrument developed on the basis of a review of patient

satisfaction literature. Furthermore, published instruments and verbatim patient responses to

questions about hospital quality provided by a health insurance provider. The questionnaire
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was drafted in German, construct validity has been tested by factor analysis [19]. This ques-

tionnaire was sent to patients’ home. The survey was conducted between February and June

2012. A cover letter informed the patients about the purpose of the survey; thus, participation

in the study was voluntary and anonymous. By returning the questionnaire, patients gave their

consent to participate in the study. Of 7,108 return postage-paid questionnaires mailed, 887

have been answered to and returned. Patients were excluded if the question of overall satisfac-

tion remained unanswered or if no routine data were available for the respective hospital [20].

At the time of the survey, the treatment of patients had been completed for 1–25 months.

Selected randomly from orthopedic patients at 46 hospitals in a single German state, the

study population consisted all received their primary total knee replacement in 2010–2011.

The total population of this state was 3.06 million in 2011.

Based on the performance data of the health insurance providers, patients were contacted

that had been billed with a DRG (Diagnosis Related Group) for primary total knee replace-

ment. DRG is a classification system for a flat-rate billing procedure, which assigns hospital

cases to medical case groups due to their methodological similarity [10]. The questionnaire

was addressed to patients covered by statutory health insurance provided by five companies

who together cover 78% of the total population. The insurance companies made the initial

contact with the patients; it was not done directly by the hospitals to avoid any chance for

biased selection of participants. In hospitals with more than 300 TKR cases a year, 300 patients

were chosen at random, whereas in hospitals with less then 300 cases, all patients were in-

volved. Study participants were randomly selected on basis of age, sex, and the market share of

their health insurance provider of the federal state where the study was conducted. In total, a

maximum of 600 patients were contacted per hospital for the years 2010 and 2011.

Data collection

Patient satisfaction, socio-demographic information and information about their hospital

stays were collected using the questionnaire [21–22]. Patient satisfaction was assessed using a

set of questions related to medical care (10 questions) and service (6 questions, Fig 1) received,

with each to be rated on a six-point scale (very good, good, satisfactory, adequate, inadequate,

and unsatisfactory).

In addition, overall satisfaction with the hospital and the assessment of their treatment out-

comes were also reported using the same scale. For further statistical analysis, the ratings for

overall satisfaction and treatment outcomes were transferred into “satisfied” (very good, good)

and “dissatisfied” (satisfactory to unsatisfactory).

For this purpose, patients were asked: If you were to evaluate the hospitalization received,

how would you rate it? Other questions asked for information on age (10-year intervals from

21 to>80), sex (male or female), and state of health before admission (excellent, good, fair, or

poor). The questionnaire also ascertained the qualifications of the admitting physician. The

actual duration of the hospitalization versus the perceived duration of this time were assessed.

Additionally, the occurrence of complications after discharge was assessed (Table 1).

Fig 1. Excerpt of service-related questions of the questionnaire in German.

https://doi.org/10.1371/journal.pone.0178591.g001
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Table 1. Relationships between patient and hospital variables in the study population and overall satisfaction (n = 856).

Variable Value Respondents (%) Satisfaction p-Value

rating* range**

Questionnaire data Gender Male 289 (33.8) 5.28 2–6 0.036a

Female 554 (64.7) 5.18 1–6

No response 13 (1.5)

Age (years) 21–30 1 (0.1) 6.0 6–6 0.22b

41–50 7 (0.8) 5.14 5–6

51–60 87 (10.2) 5.18 4–6

61–70 249 (29.1) 5.19 1–6

71–80 412 (48.1) 5.21 1–6

> 80 97 (11.3) 5.34 4–6

No response 3 (0.4)

Number of prior hospital stays*** 1–2 557 (65.1) 5.24 1–6 0.158b

3–5 245 (28.6) 5.2 2–6

> 5 35 (4.1) 5.0 3–6

No response 19 (2.2)

State of health prior to hospitalization Excellent 7 (0.8) 6.0 6–6 < 0.001b

Good 153 (17.9) 5.23 1–6

Fair 300 (35) 5.12 2–6

Poor 376 (43.9) 5.26 1–6

No response 20 (2.3)

Source of referral General practitioner 83 (9.7) 5.19 1–6 0.817b

Specialist 723 (84.5) 5.22 1–6

Self-referral 9 (1.1) 5.38 4–6

Emergency 8 (0.9) 5.14 3–6

No response 33 (3.9)

Length of stay 1–2 days 2 (0.2) 6.0 6–6 0.063b

3–7 days 103 (12) 5.21 1–6

1–2 weeks 632 (73.8) 5.23 1–6

> 2 weeks 111 (13) 5.1 2–6

No response 8 (0.9)

Perceived length of stay Absolutely appropriate 626 (73.1) 5.31 2–6 < 0.001b

Could have been longer 135 (15.8) 4.97 1–6

Could have been shorter 11 (1.3) 4.67 3–6

I cannot judge 73 (8.5) 4.85 1–6

No response 11 (1.3)

Complications after discharge Yes 167 (19.5) 4.73 1–6 < 0.001c

No 664 (77.6) 5.32 1–6

No response 25 (2.9)

Hospital data Number of cases treated by hospital High 435 (50.8) 5.21 1–6 0.739c

Low 421 (49.2) 5.21 1–6

Median (range) 257 (7–696)

Postoperative mobility (percentage of cases treated) High 361 (42.2) 5.24 2–6 0.424c

Low 495 (57.8) 5.2 1–6

Median (range) 99.7 (53–100%)

Reoperation during study period Yes 712 (83.2) 5.19 1–6 0.397c

No 144 (16.8) 5.32 2–6

*Grouped median

**The best ratings were given a score of 6 and the worst a score of 1

***Within the prior five years.

a. Mann-Whitney U test

b. Kruskal-Wallis test

c. Chi-squared test.

https://doi.org/10.1371/journal.pone.0178591.t001
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Hospital characteristics regarding TKR were obtained from the systematic hospital quality

reports that each hospital is required to publish biannually. Of particular interest in these re-

ports were the number of TKR inpatient cases, postoperative mobility (neutral-zero method),

and whether there was any reoperative surgery during the period reported (yes/no). The neu-

tral-zero method describes the range of motion of a joint in degrees of an angle around a cer-

tain axis. The overall rate of patients who achieved the required postoperative mobility until

discharge from inpatient treatment was included as a feature of interest.

Statistical analysis

Descriptive statistics and frequencies were calculated. To analyze the data delivered with the

six-point scales, the best (most positive) reviews were given a score of 6 and the worst (least

positive) a score of 1. The significance level for the entire study was set to p< .05. The data

analysis was done using SPSS, version 20.0 (SPSS Inc., Chicago, IL, USA; S1 File).

The satisfaction scores were distributed left-skewed for better analysis, which is why non-

parametric tests were calculated. Proceeding from the overall satisfaction level, potential differ-

ences in patient- and hospital-related variables were calculated using the Chi-squared test or

Fisher’s exact test for small cell values and multiple group comparisons were calculated using

the Kruskal-Wallis test. Hospital-related values were dichotomized (median split) based on the

number of inpatient cases with TKR and postoperative mobility to allow for further analysis.

The Mann-Whitney U test was used on the questions about the medical care and service

received and to assess the success of treatment.

The binary logistic regression with inclusion process was chosen as a multivariate analysis

method where all variables of the bivariate analysis were added with a significance level of p<

.05 were included as predictors of overall satisfaction [18]. Given the sample size, this proce-

dure was used to obtain a simple model with few degrees of freedom. The dependent variable

was ‘overall satisfaction’, which was graphed dichotomously as “satisfied” and “dissatisfied”.

Assuming that missing values were missing at random, they were calculated using multiple

imputation (iterative Markov Chain Monte Carlo method, 10 iterations) to calculate the logis-

tic regression. All items collected were included [20, 23–24]. The question about the referring

physician had the highest rate of missing responses (3.86%).

Results

In all, 856 questionnaires from 41 hospitals were evaluated. 64.7% of the sample were female,

71–80 years of age, and had been admitted to hospital 1 to 2 times in the five years before the

primary total knee replacement. 84.5% of patients were referred by a specialist and 9.7% by a

general practitioner; 1.1% were self-referrals and 0.9% were admitted as the result of an emer-

gency. 43.9% of the respondents indicated poor health before being admitted for surgery;

another 35% said their health fair, while 17.9% reported good health and only 0.8% said their

health had been excellent. Just under three-quarters of the patients reported hospital stays

of between 1 and 2 weeks. 73.1% of participants considered the length of stay appropriate,

while 15.8% felt it should have been longer and only 1.3% thought it should have been shorter.

Patients were questioned about the actual length of stay as well as the perceived length of stay,

because medical records from the respective hospitals were not available. 79% of the patients

assessed their treatment outcome as very good or good, while 21% gave reported it as only

satisfactory to unsatisfactory. Postoperative complications reported on the patients’ own

accounts (self-reported) in the questionnaire were found in 19.5% of the study participants.

Pain (n = 90), infection (n = 22) and wound healing disturbance (n = 10) were most frequently

Determinants of patient satisfaction after primary total knee replacement

PLOS ONE | https://doi.org/10.1371/journal.pone.0178591 June 13, 2017 5 / 12

https://doi.org/10.1371/journal.pone.0178591


reported. In addition, swelling (n = 6), movement restrictions (n = 6), bleeding (n = 5), reim-

plantation (n = 4) and incisional hernias (n = 1) were reported.

The number of primary total knee replacements performed at each hospital ranged from 7

to 696 in 2010; 33 of the 41 hospitals reported reimplantations and 5 reported deaths associ-

ated with the procedure. In terms of post-operative mobility measured using the neutral-zero

method, between 53 and 100% reported success (Table 1).

A total of 758 (88.6%) study participants rated the overall experience during the hospital

stay as very good or good (grouped median score: 5.34). Patients were most satisfied with

understandable explanations of anesthesia (5.54) and the friendliness of the nursing staff

(5.49), followed by the friendliness of physicians (5.48). The worst ratings were given to the

period after discharge (5.07) and understandable explanation of the newly prescribed medica-

tions (5.03).

Bivariate analysis of all 16 criteria related to the medical care and service received showed a

statistically significant (p< .001) influence on patients’ overall total satisfaction (Table 2). The

length of stay and self-reported complications after discharge (p< .001) and sex (p = .036) and

the state of health prior to hospitalization (p< .001) were also associated with the dependent

variable (Table 1). Male patients were more satisfied (5.28) than female ones (5.18). Patients

who saw their length of stay as appropriate were more satisfied (5.31), than patients who found

it too short (4.97) or too long (4.67) or those who did not respond to this question (4.85).

While respondents with excellent health prior to hospitalization were the most satisfied (6.0),

patients who assessed their prior health as poor were more satisfied (5.26) than those who had

assessed it as fair (5.12). The respondents rated their overall satisfaction lower when there were

Table 2. Individual assessment of satisfaction on items related to medical care and service received.

Satisfaction criterion All patients Satisfied patients1 Dissatisfied patients2 p-Value*

n rating** range3 n rating** range3 n rating** range3

Organization of hospital admission 854 5.44 1–6 757 5.5 3–6 97 4.91 1–6 <0.001

Doctor’s knowledge of medical history and course of the disease 796 5.33 1–6 703 5.39 1–6 93 4.63 1–6 <0.001

Clear physician answers to patient questions 845 5.34 1–6 750 5.41 1–6 95 4.55 1–6 <0.001

Assessment of medical care received 846 5.25 1–6 749 5.35 2–6 97 4.24 1–6 <0.001

Clear explanation of surgery 847 5.47 1–6 751 5.54 1–6 96 4.7 2–6 <0.001

Clear explanation of anesthesia 849 5.54 1–6 754 5.6 1–6 95 4.92 2–6 <0.001

Clear explanation of medications to be taken 781 5.03 1–6 689 5.13 1–6 92 4.05 1–6 <0.001

Organization and conduct of tests 847 5.34 1–6 750 5.41 1–6 97 4.7 1–6 <0.001

Privacy during testing 825 5.35 2–6 732 5.41 3–6 93 4.78 2–6 <0.001

After-discharge preparations 823 5.07 1–6 728 5.17 1–6 95 4.08 1–6 <0.001

Friendliness of the nursing staff 848 5.49 2–6 754 5.56 4–6 94 4.69 2–6 <0.001

Friendliness of the doctors 848 5.48 2–6 754 5.55 4–6 94 4.73 2–6 <0.001

Friendliness of other hospital staff 835 5.31 3–6 740 5.38 4–6 95 4.69 3–6 <0.001

Room amenities 849 5.12 1–6 751 5.19 2–6 98 4.41 1–6 <0.001

Cleanliness 853 5.32 1–6 755 5.39 3–6 98 4.67 1–6 <0.001

Quality of food 852 5.20 1–6 754 5.27 2–6 98 4.46 1–6 <0.001

Treatment outcome 840 5.23 1–6 743 5.34 1–6 97 3.56 1–6 <0.001

* Difference between satisfied and dissatisfied patients, Mann-Whitney U test

**Grouped median

1 Overall satisfaction ranked very good or good; grouped median (mean rank)

2 Overall satisfaction ranked satisfactory, adequate, inadequate, dissatisfactory; grouped median (mean rank)

3 The best ratings were given a score of 6 and the worst a score of 1

https://doi.org/10.1371/journal.pone.0178591.t002
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self-reported complications after discharge (4.73 vs. 5.32). There was no difference between

the dependent variable and the number of inpatient cases with TKR, postoperative mobility,

or repeat operations during the study period. The same applies to patients age, the number of

prior hospitalizations, the referring doctor, or length of stay (Table 1).

Multivariate analysis revealed three variables associated with overall satisfaction (Nagelk-

erke-R2 = .664; Chi-Square Hosmer-Lemeshow Godness-of-fit-statistic = 3,43, 8 df, P = .882;

93,9% of cases were correctly classified). The strongest factor was the treatments outcome

(odds ratio [OR]: 2.309, 95% confidence interval [CI]: 1.58–3.38) followed by the room ameni-

ties (OR: 2.1, CI: 1.25–3.52) and the weakest factor was the quality of the food (OR: 1.655, CI:

1.07–2.57). No variables from the questions about medical care could be adequately protected

against random responses and they had no significant impact on overall satisfaction.

Discussion

The study identified three predictors of overall satisfaction in patients undergoing their pri-

mary total knee replacements in hospital settings: treatment outcome, room amenities and

quality of food. It is evident that the kinds of service that can be controlled by hospital manage-

ment could have a stronger impact than demographics and hospital performance figures.

Key findings

The 88.6% of the patients in this study who gave their hospital stays a good to very good rating

was somewhat higher than the results in previous studies [15–17]. Possible causes for the

slightly increased overall satisfaction may be seen in the past few years with more soft-tissue

surgical procedures and the improvement of prosthesis design and mechanics. In relation to

other joint replacement operations such as hip replacements, the proportion of dissatisfied

patients remains high and further research into potential causes is justified [25–26].

The differences in the bivariate analysis showed discrepancies with other studies. While the

variables related to medical care were equally associated with overall satisfaction, the indepen-

dence of sex as a variable could not be confirmed [18, 27]. As in other studies, there was no

influence on Patient age and satisfaction found in this study [18, 25]. The number of inpatient

cases of a hospital with TKR did not reveal any impact on satisfaction. Statutory minimums

for the number of surgeries performed as indicators of quality were not relevant to patient sat-

isfaction; the number of cases treated did not allow any predictions of satisfaction. At the same

time, it was shown that there were hospitals that did not meet the minimum number of pri-

mary total knee replacements, a fact which could negatively impact clinical quality indicators

such as postoperative wound infections [12–14, 28].

The results of the multivariate analysis confirm that preclinical patient characteristics do

not affect overall satisfaction levels [18]. Concerning the questions about medical care re-

ceived, the previous findings on the positive impact of interpersonal interaction could not be

confirmed, however, the independent variables of “room fittings” and “food quality” could be

made more precise. Nevertheless, the relationship with the medical staff was reported better in

the satisfied group, even if it was not statistically significant. The present study did not replicate

the results of Chang et al. showing the highest increase in satisfaction being achieved by medi-

cal professionals. The lack of influence from other hospital staff on the dependent variable was,

however, confirmed [2]. No association between the dissatisfaction of patients due to insuffi-

cient medical information was found, unlike in previous studies, and questions about the qual-

ity of medical consulting/advice showed no influence on satisfaction [27].

The results of this study show that hospitals can influence patient satisfaction based on the

predictors identified. From the patients’ perspective, these represent relevant steps throughout
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the care process and provide incentives for the implementation of effective measures for

improvement [4]. As hotel-like components of the hospital stay, the quality of the food and

the room had a significant impact on the satisfaction of patients undergoing their primary

knee replacement surgery. For some patients, these serve as surrogate indicators for assessing

whether the proper diagnosis and treatment options have been offered by the medical staff

[29–30]. The room as an important factor for many patients includes such aspects as privacy,

discretion, and flexibility for visitors, a fact that hospital administrators should consider as

potential predictors and incentives to increase satisfaction [31]. The strongest association

between was that between overall satisfaction and treatment outcome (OR: 2.309, 95% CI: 1.58

to 3.38). The reason may be patients’ high expectations of being able to regain a high degree of

physical activity after surgery and reduce their prior functional limitations and pain, all of

which depend largely on the outcome [6–7]. In addition, the patients’ lack of knowledge of

individual factors, which may influence the outcome (e.g. diabetes, immunosuppression, arte-

rial hypertension), leads to false expectations. The expected outcome can be derived by consid-

ering comorbidities, or a complicated diagnosis and can serve the patient as an orientation in

the context of patient education. In this way more time is spent on information and counsel-

ing, whereby the doctor-patient relationship can be improved and a common view of the pos-

sible outcome created [32].

In spite of the age of the data of 5 years at the time of analysis, the results are considered rel-

evant. It is possible that fracture around the implant, infections, dislocation, or difference in

leg length may still lead to complications. These complications can also influence the overall

satisfaction [33–34]. The age distribution of patients was stable in all age groups of 2010 to

2014, with minimal vacillations. An influence of the factor ’age’ on the results is not expected

[35–36].

In contrast to previous findings, the use of multicenter (41 hospitals) approach in this study

allowed suggestions for improving patient satisfaction to be made on a wider, cross-institu-

tional basis that could impact a large number of patients [2, 25, 37]. Since the quality of medi-

cal care and service received has intangible aspects, the use of a structured, multidimensional

questionnaire was shown able to identify a relationship between patient expectations and

quantitatively-based treatment options.

Limitations

When interpreting the results of this cross-sectional study, several limitations should be con-

sidered. First, no information was available about those who chose not to participate. Ember-

ton & Black [38] came to the conclusion that non-respondents to post-surgery satisfaction are

frequently older and in a worse state of health than those who did respond. The error of over-

estimating positive results and underestimating adverse effects by these individuals was none-

theless estimated to be low. Despite the tendency for worse ratings of satisfaction among non-

respondents, Polk et al. [39] found that this does not affect the overall result. Lasek et al. [40]

suggest that the impact of nonresponse bias on satisfaction surveys of hospitalized patients

may be relatively small and that the effects were not systematically greater in hospitals with

lower response rates. In summary, findings from satisfaction surveys should not be excluded

from scientific contributions due to low response rates. Potential non-response bias and their

resulting limitations of the study results cannot be excluded, because the influence of non-par-

ticipants could not be controlled and the net rate of return was very low with 12.04% [25].

Maybe patients were more willing to take part in the survey if it was close to the treatment.

The majority of participants were older people, in which functional or cognitive limitations

may exist and complicate filling or understand the questionnaire [41]. A follow-up action by
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reminders or telephone inquiries could lead to a higher response rate, though it may be sup-

posed that this will not fulfill with the anonymity guaranteed. Second, the sample of patients

from 41 hospitals approximates the network of hospitals in Germany, but whether the results

can be generalized to other regions and countries remains to be clarified [42]. Third, recall

bias because of the time interval between treatment in 2010 and the questionnaire survey in

2012 can not be excluded, e.g. with regard to self-reported complications. Fourth, it’s possible

that satisfaction may increase after the TKR with gradual pain relief and restoration of func-

tion. With very satisfied patients, the contrary may occur as their expectations are increasing

as a result of their good outcome, they may find that there is a ceiling to what they can achieve

with a TKR from a functional point of view and there increasingly higher expectations may

not be met [43]. There is also the possibility of selection bias if the sample of a heterogeneous

population is not randomized stratified [44]. In the present study, the random sample was

stratified by age, sex and market share of the health insurance providers. Surveys with regard

to health insurance data may also lead to selection bias if they exclude a high proportion of

non-insured persons [45]. In Germany, health insurances are part of the social security system

and insurance obligation exists for all persons [10]. Thus, differences between insured persons

and non-insured persons in the use of health services could almost be excluded. Therefore, the

possibility of selection bias is considered to be low.

Nevertheless, with a variance of 66.4% explained with the Nagelkerke R2, the total satisfac-

tion was well predicted by the independent variables and the Hosmer-Lemeshow test also

showed an adequate goodness of fit [46]. In contrast to conventional methods, the multiple

imputation allows asymptotically unbiased estimates of the missing values [47].

Conclusions

The findings indicate that variables which dependent on health professionals and service per-

sonnel have an influence on satisfaction compared to other, fixed parameters. Improving

patient education by doctors on achievable outcomes may prevent false expectations of the

treatment. Service personnel can identify patients’ wishes and contribute to an improvement

in the quality of the food. This study identified predictors of overall satisfaction, which can be

used to optimize processes and increase the satisfaction of patients having their primary knee

replacement surgery.
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43. Lošťák J, Gallo J, Zapletalová J. Patient satisfaction after total knee arthroplasty. Analysis of pre-opera-

tive and peri-operative parameters influencing results in 826 patients. Acta Chir Orthop Traumatol

Cech. 2016; 83(2):94–101. PMID: 27167423

44. Berk RA. An introduction to sample selection bias in sociological data. American Sociological Review.

1983; 48(3):386–98.

45. Heyden J, Charafeddine R, De Bacquer D, Tafforeau J, Herck K. Regional differences in the validity of

self-reported use of health care in Belgium: selection versus reporting bias. BMC Med Res Methodol.

2016; 16(98).

46. Hosmer DW, Hosmer T, Cessie SL, Lemeshow S. A comparison of goodness-of-fit tests for the logistic

regression model. Stat Med. 1997; 15(9):965–80.

47. Klebanoff MA, Cole SR. Use of Multiple Imputation in the Epidemiologic Literature. Am J Epidemiol.

2008; 168(4):355–7. https://doi.org/10.1093/aje/kwn071 PMID: 18591202

Determinants of patient satisfaction after primary total knee replacement

PLOS ONE | https://doi.org/10.1371/journal.pone.0178591 June 13, 2017 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/7640918
https://doi.org/10.3109/17453674.2013.765622
https://doi.org/10.3109/17453674.2013.765622
http://www.ncbi.nlm.nih.gov/pubmed/23343374
http://www.ncbi.nlm.nih.gov/pubmed/9191708
https://doi.org/10.1371/journal.pone.0026852
https://doi.org/10.1371/journal.pone.0026852
http://www.ncbi.nlm.nih.gov/pubmed/22046382
https://doi.org/10.1016/j.arth.2013.09.035
https://doi.org/10.1016/j.arth.2013.09.035
http://www.ncbi.nlm.nih.gov/pubmed/24269097
http://www.ncbi.nlm.nih.gov/pubmed/27167423
https://doi.org/10.1093/aje/kwn071
http://www.ncbi.nlm.nih.gov/pubmed/18591202
https://doi.org/10.1371/journal.pone.0178591

