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Abstract

:

Currently, general measurements and evaluations of the quality of recovery are difficult because no adequate measuring tools are available. Therefore, there is an urgent need for a universal tool that assesses patient-relevant criteria—postoperative pain, state of health, and somatic parameters. For this purpose, a pain and state of health inventory (PHI, Schmerz- und Befindlichkeitsinventar (SBI) in German) has been developed. In this study, we describe its development and validation. The development phase was led by an expert panel and was divided into three subphases: determining the conceptual structure, testing the first editions, and adjusting the inventory for a finalized edition. For the purpose of validation, the PHI was filled in by 132 patients who have undergone total knee replacement and was analyzed using principal component analysis. Construct validity was tested by correlating the items with validated questionnaires. The results showed that the inventory can test pain, state of health, and somatic parameters with great construct validity. Furthermore, the inventory is accepted by patients, map changes, and supports to initiate adequate treatment. In conclusion, the PHI is a universal tool that can be used to assess the quality of recovery in the perioperative setting and allow immediate intervention.
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1. Introduction


Evaluating the quality of recovery in the perioperative setting is considered very important to ensure the best possible treatment for patients. Therefore, many studies have focused on the quality of recovery [1,2]. However, the criteria for such quality are not overall the same because they can be defined and assessed in various ways [3,4]. Depending on the underlying criteria, different questions related to recovery can be answered. However, even with the same criteria, the answers usually differ depending on the response options and respondents. In addition, opinions of the persons involved in the surgery and recovery process might also vary regarding the outcome quality of the same treatment [5]. Traditional measures for assessing treatment outcomes usually include morbidity and mortality [6]. In addition, common tools which are used to assess the quality of recovery (e.g., QoR-15 [7]) focus on the frequency of conditions (e.g., feeling of general well-being) but do not explore the intensity. Newer measures should go beyond frequency measures and should include the intensity of outcomes that are especially important to the patients, and should provide the possibility to also include the perspective of the treatment team [2,6].



Generally, evaluating the quality of recovery is important not only because it has a direct impact on the immediate treatment quality, but also because it prevents negative long-term effects, such as chronic pain or morbidity. Postoperative pain is a relevant marker of postoperative healing, and severe postoperative pain is a risk factor for the development of chronic pain [8,9]. It should be noted that the quality of recovery is associated with economic consequences, which are often assessed using cost–benefit analyses [10]. Therefore, all involved stakeholders should be interested in a high quality of recovery. To prevent the persistence of postoperative pain and assess the treatment quality and improve it, it is necessary to develop, both internationally and nationwide, guidelines for evaluating the quality of recovery. Such a need and demand for guidelines for quality assurance and effectiveness measurement is partly based on the approach of evidence-based medicine (EBM) [11]. Generally, EBM emphasizes the relevance of improving medical treatment based on scientific evidence and emphasizes shared decision-making. Patients should be able to communicate their needs and judgments, which should be further included in outcome measures pertaining to the quality of recovery. Hence, the criteria for the quality of recovery should include outcome measures relevant for the patient and should be representative of the whole perioperative setting [12]. Thus, quality measurement can be viewed as quality of care in the perioperative setting and should include and be centered around the patients’ needs [13,14].



The relevant outcomes for patients are pain [2,15], state of health [16], and somatic parameters [5,15]. Although pain is considered one of the most severe problems in surgical practice and 30–80% [17,18,19] of patients experience severe postoperative pain, postoperative pain diagnosis and pain therapy are rarely performed [20,21]. Early and effective acute pain treatment leads to a better general state of health and faster mobilization and, therefore, decreased vulnerability to thrombosis and pneumonia [22]. Hence, early acute pain treatment is a requirement for a fast recovery and reduces the postoperative risk for morbidity and mortality [23]. Generally, acute pain is a risk factor for chronic pain, which is considered a serious global wide-ranging interdisciplinary problem and can only be ameliorated if pain experiences and emotional states are paid more attention [24]. The relationship between pain experiences and emotional states, such as depression and anxiety, is particularly evident in chronic pain [25,26]. However, the emotional state is also relevant in acute pain [27], especially in acute postoperative pain [28,29,30,31,32]. On the one hand, pain and depression are considered risk factors for acute pain because depression and anxiety lead to an increased perception of pain. On the other hand, a prolonged duration of acute pain can lead to increased mood dysregulation [27]. Thus, the relationship between the state of health, including the emotional state, and pain experiences goes beyond simple cause and effect [33].



One reason for the inadequate postoperative pain treatment is that no suitable tool is currently available to perform an appropriate pain diagnosis and assess the state of health within the perioperative setting [4]. Although numerous tools are available for assessing either depression, anxiety, or pain, none of them combines relevant features and takes the specific perioperative setting into account. If relevant outcomes are to be assessed within the perioperative setting, then so far it is necessary to apply a comprehensive battery of questionnaires focusing on the emotional state and additional questionnaires focusing on pain. However, the use of such a large number of questionnaires usually leads to displeasure for the patients, which can limit the informative value of the provided answers. Therefore, to determine whether the quality of recovery is sufficient, it is important to have a universal tool that can help compare and improve the quality of recovery for surgical procedures. For this purpose, a pain and state of health inventory (PHI, also called Schmerz- und Befindlichkeitsinventar (SBI) in German) was developed by Regine Klinger and Florian Krug [34]. This tool was designed as a universal tool for clinical standard diagnoses in the perioperative setting and includes guidelines from EBM. Using this PHI allows the assessment of surgery-relevant outcomes in the perioperative setting with only one measurement tool.



The aim of this study is to demonstrate the development of the PHI and validate it as a general tool designed for the perioperative setting. In this context, in this study, we investigated whether the PHI is widely accepted, easy to understand, sensitive to changes within the perioperative setting, and of general use in everyday clinical practice.




2. Materials and Methods


In this study, we focus on the development and validation of the PHI. The first part of this article describes the development of the PHI, and the second part describes the validation of its finalized edition.



2.1. Development Process


The development process of the PHI consisted of three main steps: (i) determining the conceptual structure formulating corresponding items, (ii) testing the first editions, and (iii) adjusting the inventory for a finalized edition. Both the conceptual structure and items were designed by experts in the perioperative setting and were validated with external criteria. The consulted experts were specialists in orthopedics and trauma surgery, and specialists in psychological pain psychotherapy, both with several years of experience in operative and postoperative management. The strategy to base the items on expert rating was chosen to facilitate a discussion about the included items and to adjust the inventory based on patients’ suggestions and recommendations. The items are arranged into different subgroups: pain, state of health (including emotional states), and somatic parameters. To cover the whole perioperative setting, the PHI consists of an entry version, which is filled out preoperatively, and a progress version, which is filled out postoperatively. Hence, the version of the inventory indicates the occasion the patient receives the inventory. However, all patients always receive both versions.



2.1.1. Conceptual Structure


The conceptual structure consists of different subsections: pain, state of health (including emotional states), and somatic parameters.




2.1.2. Pre- and Postoperative Pain


For pre- and postoperative pain, the specification of pain perception, including intensity, location, duration, and frequency, is considered to be particularly relevant [35]. For this purpose, items covering corresponding specifications were formulated with an expert panel. The applied research tools were selected based on commonly applied tools in practice, so that they are simple and fast for the patients to fill out and easy for health care practitioners to interpret. The most prominent validated tools to assess pain intensity are the Numeric Rating Scale (NRS), the Visual Analogue Scale (VAS), the Verbal Rating Scale (VRS), and the Faces Pain Rating Scale (FPS) [36,37]. However, usually, the NRS have more validity than the other pain intensity measure tools [36,38]. Hence, to assess the intensity of pain, the Numeric Rating Scale (NRS) was applied [36,39,40]. Pain frequency was assessed by applying answer options that are usually applied in clinical practice [41]. To assess the location of pain, the most prominent tools are pain drawings or a default list of painful areas. The downside of pain drawings is that the interpretation can be challenging. If not given exact specification, patients complete pain drawings differently [42,43]. To facilitate the interpretation, an unambiguous default category system of painful areas was developed [44]. To assess pain duration, the patients were asked to report the number of days, months and/or years they have experienced pain [45].




2.1.3. State of Health


To assess the state of health (including emotional states), relevant items were formulated with the expert panel by considering commonly used tools. Generally, most questionnaires pertaining to the postoperative emotional state deal with anxiety and depression [46]. Measurement tools assessing multidimensional emotional states are usually designed to detect psychopathological cases. On the basis of a mood-related questionnaire, mood adjectives were formulated with answer options scored on an 11-point NRS.




2.1.4. Somatic Parameters


Somatic parameters are an important aspect for postoperative recovery for different surgeries [47,48,49,50]. Hence, diet [51,52] and mobility [23] are considered to be particularly important for recovery and have, therefore, been added to the item pool. The items should describe the extent to which a patient has exercised and the status of their nutrition. The items included were twofold: (i) patients were asked about the diet they received on a particular day and their desired diet, and (ii) patients were asked about their current level of exercise and their desired level of exercise.




2.1.5. Application of the Inventory


To capture changes in the perioperative setting, it was planned to design an inventory that would be used preoperatively to record the patient’s preoperative state, and also postoperatively to facilitate patient monitoring. The aim is to enable the application of the inventory based on requirements and needs of the hospital ward, so that the inventory could be applied daily postoperatively or on certain days postoperatively.




2.1.6. Preliminary Studies to Test the First Editions


To validate the corresponding items, the PHI was supplemented with the Pain Perception Scale, Hospital Anxiety and Depression Scale, German Version [53], Sensitivity Scale [54], List of Adjectives [55], and Profile of Mood States [56]. The first edition of the inventory was tested on 28 patients (17 female, 11 male) who have undergone surgery at the German University Medical Center Lübeck. It was observed that the length of the questionnaire battery was not very well accepted, in addition to great variations in responsiveness between the items. The questionnaire was handed out with questions regarding changes and concerns by the patients. To encourage patients to raise concerns and comments, patients were asked in a personal interview postoperatively about the individual items and the items they would have liked to be additionally included. The questionnaires applied for validation were rated by the patients as too long, difficult to understand, and suggestive. However, the first test of the PHI revealed that the items from the PHI itself were mostly widely accepted, and patients who have undergone surgery confirmed that the items covered the areas that they regarded as important for their recovery process. The PHI was adjusted based on the raised concerns and recommendation of the patients; due to the reason that length was a primary concern, the list of emotional states in the form of adjectives was shortened from sixteen to ten adjectives in total. Furthermore, the rating system was equal to the Profile of Mood States 7-scale Likert scale. This scale was changed to an NRS 0–10 to have an equal rating scheme throughout the inventory to simplify answering the different items. Additionally, an assessment tool for external assessment (physicians, nurses, and physiotherapists) was implemented to compare the patients’ perspective with external observations and help rate the perioperative progress.



The second edition was again tested at the German University Medical Center Lübeck on 111 patients (47 female, 64 male) who have undergone surgery. Special attention was again paid to truly include the patients’ perspectives. Therefore, patients were encouraged to suggest relevant items and raise concerns or write comments. As in the first edition, patients received additional questions to raise concerns and were asked in a personal interview about the individual items and if they missed relevant items. The results showed that the patients were content with the included subsections and items. They confirmed that their recovery criteria were covered in the PHI. On the basis of the comments made by the patients and the results obtained from the external observation, the PHI was adjusted and finalized, followed by a further validation step (see Section 2.2). One greater change was that, based on expert opinion, a new subscale called “general condition” was added to the inventory, whose scale was derived from Clinical Global Impression [57]. This scale enables comparing between the self-perception of the state of health and the perception of others. Furthermore, the adjectives were further reduced to seven adjectives, which are asked pre- and postoperatively in the next edition of the inventory. The questions for mobility and diet were not very well understood, which led to a change in the wording of the items.




2.1.7. Finalized PHI


Based on the results from the second preliminary study, a finalized version was created. The items of the finalized inventory were structured as follows (Figure 1). The inventory was divided into an entry and a progress version. The entry version was handed out preoperatively, and the progress version was handed out postoperatively. Items were grouped together into three subsections (pain, emotional states, and general state of health) for the entry version and into four subsections (pain, emotional states, general state of health, and somatic parameters) for the progress version. The pain subsection started with a filtering question, asking whether the patients are currently experiencing any pain. If the patient’s response was negative, they were redirected to the emotional state subsection. However, if their response was positive (i.e., they are currently in pain), they were asked for the location, intensity, duration, and frequency of pain and asked whether this pain is related to the upcoming surgery. In the emotional state subsection, the patients were asked how sad, anxious, tired, numb/dizzy, weak, or irritated they are and how their overall mood is. In the general state of health subsection, the patients stated their general health using the provided answer categories. In the progress version, the patients were only asked about the intensity of pain and whether this pain is related to the surgery. The items of the emotional state and general state of health in the progress version were identical to those in the entry version. The progress version included items pertaining to somatic parameters, in which the patients were asked about their diet and mobility and whether they could have moved/dieted more or less (Supplementary File).





2.2. Validation


To validate the PHI, it was tested at the Schoen Clinic Hamburg Eilbek, a German hospital clinic.



2.2.1. Participants


Subjects were considered eligible for participation if they were 18 years of age or older and if they had undergone total knee replacement (TKR) as a result of knee osteoarthritis. Those who were cognitively impaired, had insufficient command of the German language, suffered from any mental disorders (according to ICD-10) which require psychiatric medication, consumed any consciousness-impairing substances (e.g., psychoactive drugs, including illegal ones), or suffered from any pain requiring special causative medical treatment (e.g., cancer-related pain) were excluded. However, due to the circumstance that depression and pain are co-prevalent and the population should not be unnecessarily limited, patients with the diagnosis F45.41 (chronic pain disorder with somatic and psychological factors) were not excluded. All patients participated voluntarily and provided written consent.




2.2.2. Study Design and Materials


For recruitment, the patients were first screened for eligibility and then received comprehensive information about the study objectives. Those who agreed to participate and provided written consent were asked to fill in a battery of questionnaires. The first part (entry version) of the PHI was handed to the participants one day prior to the surgery, and the second part (progress version) was handed to them five days after the surgery. All the participants were asked to report their age, gender, marital status, and employment status. For the purpose of validation, von Korff et al.’s questionnaire for grading the severity of pain [58] was assessed. Furthermore, the questionnaire for the assessment of pain-related obstructive self-instructions (FSS) [59], which includes items concerning catastrophizing thoughts (i.e., “I can’t stand the pain anymore” or “When will it be worse again?”) which are rated from (0 = I almost never think this to 5 = I almost always think this), was assessed. The FSS consists of the subscale, negative self-instructions and relates to thoughts and self-talk concerning pain. In addition, the Patient Health Questionnaire-4 (PHQ-4) [60] and an external evaluation by the hospital staff were included. The whole questionnaire battery took approximately ten minutes in total and two minutes for the PHI to be completed. After patients completed the postoperative version, they were asked for comments concerning changes in the inventory. All patients received the same postoperative treatment as usual, which consisted of medication based on pre-existing conditions, physiotherapy, and daily medical visits.




2.2.3. Statistical Analyses


First, representativeness regarding demographic characteristics of the sample was determined. Second, acceptance was assessed by evaluating the answering behavior and examining the missing values. Third, the distribution of values was analyzed using descriptive statistics. Next, sensitivity to changes was analyzed using univariate analyses of variance (ANOVAs) for continuous variables and chi-square test for categorical variables. Validity was analyzed using Pearson’s correlation, and the dimension of emotional state was evaluated using principal component analysis (PCA). For the PCA, Varimax rotation and Kaiser normalization were applied. Missing data were deleted list-wise to avoid data distortions. Extraction and retention of factors were based on a scree plot and an eigenvalue greater than 1.0 [61,62]. The threshold for the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy was taken as 0.6 [63,64]. To assess the internal reliability of the inventory, Cronbach’s α coefficient values were assessed [65]. To enhance the strength of the factors, only items with a factor loading of at least 0.40 were applied. As an indicator of internal consistency, Cronbach’s α was computed [65]. To assess the items’ sensitivity to changes, ANOVAs were performed. Furthermore, the distribution of scores and the application of each item of the PHI were described.



All analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA). The significance level for all tests was set at α = 0.05 (two-tailed). For correlations, cutoff values were applied to indicate the strength and direction of correlation. Correlations were interpreted using Cohen’s benchmark and categorized as small (|r| = 0.10), medium (|r| = 0.30), or large (|r| = 0.50) [66]. For ANOVAs, partial η2 was calculated as an indicator of the effect size. The cutoffs of partial η2 values of 0.01, 0.06, and 0.14 were interpreted as small, medium, and large effects, respectively [66]. The applied cutoff values for Cronbach’s α were graded as follows: acceptable (>0.70), good (>0.80), and excellent (>0.90) [65].






3. Results


3.1. Patient Characteristics


A total of 135 patients who have undergone TKR at the Center for Orthopedics and Trauma Surgery in Schoen Clinic Hamburg Eilbek, Germany, from October 2015 to March 2019, agreed to participate in this study. Among these, 132 filled in at least one version of the inventory and were, therefore, included in the analysis. These participants are considered representative of those who have undergone TKR from among the German population in terms of age, gender, marital status, and employment status (Table 1).




3.2. Acceptance of the Inventory


Overall, the results showed that the inventory was widely well accepted. Not many patients made use of the possibility to comment on the inventory, but declared that they felt well represented. Preoperatively, 91% of the patients responded to the item regarding prominent pain. Moreover, all of those who indicated that they are experiencing pain indicated the painful area preoperatively, and 93% provided information about the painful area postoperatively. Overall, 91% of the patients provided information about the painful area, and 90–92% responded to items pertaining to the emotional state. Information regarding the general state of health was provided by 92% of the patients preoperatively and 94% postoperatively. Furthermore, postoperatively, the patients were asked about their somatic parameters, including their diets and mobility, and whether they were satisfied with them. In total, 86% of the patients responded to items pertaining to somatic parameters, and 87% indicated whether they were satisfied with the diet they received or whether they would have tolerated more or less. In addition, 94% of the patients provided information regarding their mobility, and 93% indicated whether they were satisfied with their amount of mobility or whether they could have moved more or less.




3.3. Pain


3.3.1. Painful Areas


In total, 72 patients (55%) stated that they had no other pain besides the preoperative knee pain, whereas 22 patients (17%) pointed out more than one painful area preoperatively besides knee pain. Postoperatively, 87 patients (66%) denied additional pain, 25 patients (19%) reported one additional painful area, and 11 patients (8%) reported several additional painful areas. As all the patients indicated that they were experiencing knee pain related to the upcoming surgery, the additional painful areas were further analyzed. In total, 36 patients (32%) experienced pain in one additional area pre- and postoperatively, 17 patients (15%) experienced additional pain preoperatively but not postoperatively, seven patients (6%) experienced no additional pain preoperatively but some pain postoperatively, and 51 patients (46%) experienced no additional pain either pre- or postoperatively.



Patients who reported additional pain besides knee pain preoperatively were more than those who reported the same postoperatively: χ2(1) = 36.41, p < 0.001, φ = 0.57. Both pre- and postoperatively, the most prominent painful areas besides the knee were the back, shoulders, arms, and legs. In total, 27 patients experienced back pain preoperatively and 15 patients experienced the same pain postoperatively. Moreover, 19 patients experienced shoulder and arm pain preoperatively and 10 patients experienced the same pain postoperatively. Finally, 18 patients experienced leg pain preoperatively and 10 patients experienced the same pain postoperatively.




3.3.2. Pain Intensity, Frequency, and Duration


The median of the average preoperative knee pain score was found to be NRS = 4 (interquartile range = IQR = 3–5), whereas the maximum pain was NRS = 8 (IQR = 8–9). The median average postoperative score was found to be NRS = 1.97 (IQR = 2–3). All patients reported experiencing knee pain several times a day. In total, 74% of them stated that they have been experiencing knee pain several times a day for more than a year, 15% have been experiencing knee pain for more than 6 months, 8% have been experiencing knee pain for 3–6 months, and only 1% has been experiencing knee pain for less than 3 months.





3.4. Factor Loading Pre- and Postoperatively for Emotional States


The PCA revealed particular factor loadings, and the KMO measure of sampling adequacy was found to be 0.81, representing a relatively favorable factor analysis. Moreover, Bartlett’s test of sphericity was found to be significant (p < 0.001), indicating that the correlations between items were sufficiently large to perform a PCA. Only factors with eigenvalues of ≥1.0 were considered [62,67]. Examination of the Kaiser criteria and scree plot resulted in an empirical justification for retaining two factors with eigenvalues exceeding 1.0, accounting for 60% of the total variance. Among the factor solutions, the Varimax-rotated two-factor solution yielded the most interpretable solution, and all items loaded highly on only one of the two factors (Table 2). All the data obtained preoperatively loaded on one factor, and all the data obtained postoperatively loaded on another factor. Hence, the results showed that “emotional states preoperatively” loaded on a different factor than that of “emotional states postoperatively.” To perform a reliability analysis, Cronbach’s α was calculated to assess the internal consistency of the “emotional state pre- and postoperatively” subscale, which consists of 14 items. The internal consistency of the inventory was found to be excellent, with a Cronbach α of 0.90 for “emotional state pre- and postoperatively.”




3.5. Sensitivity to Changes


The sensitivity to changes was calculated for pain, emotional states and general state of health (Table 3). The pain ratings differed significantly pre- and postoperatively with great effect sizes. For the emotional states, the results showed that the emotional states “sad,” “anxious,” and “irritated” as well as the “general mood” differed significantly pre- and postoperatively with large effect sizes. The patients were found to be significantly more sad, anxious, irritated, and generally less content preoperatively. However, the emotional states “tired” and “weak” did not differ significantly pre- and postoperatively. Finally, general state of health differs significantly. Preoperatively, the patients indicated that their mood was rather good to moderate, whereas after the surgery, they reported an improved state of health that they referred to as good.




3.6. Internal Validity


3.6.1. Pain


The item pertaining to pain was found to correlate significantly with that in von Korff et al.’s questionnaire (r = 0.34, p < 0.001).




3.6.2. Emotional State


The emotional state was found to correlate significantly with pain-related obstructive self-instructions derived from FSS (see Study Design and Materials). In particular, obstructive self-instructions (e.g., “I can’t stand the pain anymore”) were found to exhibit moderately to strongly significant correlations preoperatively with feelings of sadness (r = 0.48, p < 0.001), anxiety (r = 0.37, p < 0.001), tiredness (r = 0.43, p < 0.001), numbness/dizziness (r = 0.43, p < 0.001), weakness (r = 0.53, p < 0.001), and irritation (r = 0.31, p < 0.001), as well as the general mood (r = 0.28, p < 0.001). Similarly, obstructive self-instructions were found to exhibit moderately to strongly significant correlations postoperatively with feelings of sadness (r = 0.41, p < 0.001), anxiety (r = 0.46, p < 0.001), tiredness (r = 0.33, p = 0.001), numbness/dizziness (r = 0.27, p = 0.005), weakness (r = 0.45, p < 0.001), and irritation (r = 0.48, p < 0.001). Moreover, “sad” was found to correlate with depression from PHQ-4 preoperatively (r = 0.58, p < 0.001) and postoperatively (r = 0.55, p < 0.001), whereas “anxious” was found to correlate with general anxiety from PHQ-4 preoperatively (r = 0.51, p < 0.001) and postoperatively (r = 0.63, p < 0.001).




3.6.3. General State


The general state of health was found to correlate significantly with the observer rating (r = 0.32, p < 0.001) of health, and the form of exercise was found to correlate significantly with the observer rating (r = 0.22, p = 0.02) of exercise.




3.6.4. Somatic Parameters


In total, 73% of the participants considered the diet that they consumed to be a light to normal diet. A total of 1% stated that they received no food, 5% reported receiving a limited amount of water or tea, 7% reported receiving an unlimited amount of tea, 7% reported receiving soup or yoghurt, 1% reported receiving mashed food, and 7% did not provide an answer. Moreover, 18% of the patients stated that they would have tolerated more or other food, 65% were content with their diet, 5% stated that they did not tolerate the food provided, and 11% did not reply to the question.



In total, 73% of the patients were able to move freely without any help. A total of 1% stated that the only form of physical exercise was physiotherapy at the bedside, 3% reported requiring help to walk to the bathroom, 4% reported being able to walk to the bathroom without help, 8% reported being able to move with the help of the hospital staff, 5% reported being able to move with help from other people, and 8% did not reply to the question. Moreover, 17% reported being confident that they would have tolerated more exercise, 72% were content with their level of exercise, and 3% reported being overstrained with their level of exercise.






4. Discussion


In this article, we described the development and validation of the PHI, a tool that helps assess the quality of recovery in the perioperative setting. It is highly relevant to increase the quality of recovery in the perioperative setting because the management of postoperative pain is still inadequate [20]. To assess the quality of recovery, this developed tool focuses on the quality criteria that are considered the most important for the patients: pain, general state of health (including emotional states), and somatic parameters (mobility, nourishment). Moreover, it covers the whole perioperative setting by focusing on patient-relevant criteria and also enables a regular comparison. It also assesses the outcome measures of the patients themselves and provides a method for external assessment so that the outcome measures can be evaluated from different perspectives.



When applied regularly, this tool could potentially assist in directing adequate postoperative support to manage pain. This is because to improve postoperative pain management, it is necessary to overcome the causes of inadequate management of acute pain [68]. One cause is that because pain is a multidimensional phenomenon [69,70], to manage postoperative pain effectively an interdisciplinary (e.g., pain therapists, surgeons, pain psychologists) [71] approach is important. However, the organization and the exploration of necessary support can be challenging. With this tool, the treating team can more easily assess which profession is needed and request further and necessary support to manage postoperative pain effectively. Hence, the PHI could overcome this obstacle because it includes different dimensions of pain management. For example, the pain scales would especially be relevant for pain therapists, the emotional states for psychologists, the mobility question for physiotherapists, and the nutrition items for dietitians. Thus, in general, the PHI is considered a valuable tool because adequate assessments and evaluations are the only means for an interdisciplinary postoperative treatment that not only has a direct effect on the immediate treatment outcome but also decreases the possibility of negative long-term effects.



The frequency of the application of the PHI depends on clinical need and purpose. In general, daily or near-daily use would be helpful to assess the clinical progression of treatment and healing. Therefore, if it is reasonable, daily or almost daily application of the PHI is recommended. Due to the reason that the inventory can be filled in within two minutes, it might be more time efficient to apply this tool instead of conducting a personal interview containing the same content. The results obtained in this study show that patients who undergo TKR report less pain postoperatively than preoperatively (baseline assessment) and are also more emotionally stable. This is in line with previous research findings, which have indicated that an upcoming surgery entails psychological stress for patients preoperatively [72,73] but that this stress decreases postoperatively [74,75]. In this study, we were able to focus on emotional states and to include different aspects pertaining to the emotional state without requiring a large number of questionnaires. It is also possible to evaluate the emotional states of patients who have a tendency to have depression or anxiety but are not psychopathologically depressed or do not have an anxiety disorder.



4.1. Strengths of the Study


Besides its primary aim of developing an inventory for assessing patient-relevant outcomes to evaluate the quality of recovery, the present study provides an inventory that helps assess whether an additional intervention related to pain treatment, emotional support, or changes in mobilization or diet is necessary and should be introduced. This is considered highly relevant because of the known lack of adequate postoperative pain treatment [20]. The different subscales revealed favorable psychometric properties in terms of factor loadings, excellent Cronbach’s α values, and other relevant measures. In general, it was found that the PHI is a potentially useful tool that can be applied in the perioperative setting to compare the quality of recovery between different health care providers and different types of surgery. Within the development phase, the patients’ perspective was thoroughly included; in each development step, patients were encouraged to state their opinion and their statements were then included in the modification of the PHI. Hence, it can be concluded that this inventory truly includes aspects that are considered the most relevant for the patient within the perioperative setting. This inventory was tested to ensure that it is easy to understand by all patients, reflects the patients’ personal perspectives, is well accepted, maps changes in the perioperative period, and is easy to apply in everyday clinical practice. Generally, the PHI is considered the first inventory that is particularly designed for the perioperative setting, and it allows the assessment of the quality of recovery and helps point out whether further immediate treatment is required. This may help prevent negative long-term consequences, such as chronic pain or decreased quality of life, which could have positive economic consequences.




4.2. Limitations of the Study


Given the chosen target group, the average age in this study was relatively high (68 years). The age is a limiting factor because the results cannot without further studies be generalized to all age groups. However, for the investigated patient group, the age is representative. Moreover, for the purpose of the final validation, only patients who underwent TKR were considered, whereas for previous validation general surgery patients were considered. Furthermore, anesthesia-relevant effects are not included in the inventory, but might also be relevant for further treatment. One limitation of the inventory is that only the average pain is asked, but is not differentiated between pain at rest and pain at movement. Therefore, for a more detailed assessment, in the most recent edition of the inventory items concerning pain at rest and pain at movement were added.




4.3. Future Research Steps


To generalize the results to other types of surgery, the PHI should be implemented for different types of surgery and age groups and the results should be confirmed using confirmatory factor analysis. Including the results obtained with other types of surgery can help establish and accurately evaluate the differences between the types of surgery and quality standards. Another planned research step is to merge the PHI with a questionnaire which focuses primarily on negative clinical effects of the anesthesia (e.g., nausea, dyspnea). A study is currently ongoing on this instrument (Fischer, M., Zöllner, C. https://clinicaltrials.gov/ct2/show/NCT04528537?term=quality+of+recovery&cond=quality+of+recovery&draw=2&rank=3, accessed on 29 March 2021).





5. Conclusions


The PHI is a general tool that focuses on a detailed evaluation of pain and the state of health within the perioperative setting. It allows the assessment of the quality of recovery and helps guide immediate adequate interdisciplinary postoperative pain treatment. Therefore, it is recommended to apply the PHI in the perioperative setting because it is easy to understand, is well accepted, maps changes in the perioperative setting, and includes patient-relevant parameters.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/jcm10091965/s1, The PHI.





Author Contributions


Conceptualization, R.K.; methodology, R.K.; validation, J.S.; formal analysis, J.S.; investigation, R.K. and J.S.; data curation, R.K. and J.S.; writing—original draft preparation, J.S.; writing—review and editing, R.K.; visualization, J.S.; supervision, R.K.; project administration, R.K.; funding acquisition, R.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the German Research Foundation (DFG), grant number FOR 1328/1, KI 1350/3-1, KI 1350/3-2, and SFB/TRR 289 Project No. 422744262.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of Ethical Commission DGP (protocol code RK_082013 and date of approval 18 September 2013).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available on request due to privacy and ethical restrictions.




Acknowledgments


We thank the physician Christian Roder, the nursing staff and the study participants for their important contribution.




Conflicts of Interest


The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results. The authors declare no conflict of interest.




References


	



Wu, C.L.; Rowlingson, A.J.; Partin, A.W.; Kalish, M.A.; Courpas, G.E.; Walsh, P.C.; Fleisher, L.A. Correlation of postoperative pain to quality of recovery in the immediate postoperative period. Reg. Anesth. Pain Med. 2005, 30, 516–522. [Google Scholar] [CrossRef]

	



Wu, C.L.; Richman, J.M. Postoperative pain and quality of recovery. Curr. Opin. Anaesthesiol. 2004, 17, 455–460. [Google Scholar] [CrossRef] [PubMed]

	



Brook, R.H.; A McGlynn, E.; Cleary, P.D. Quality of health care. Part 2: Measuring quality of care. J. Head Trauma Rehabil. 1997, 12, 101–102. [Google Scholar] [CrossRef]

	



Kluivers, K.B.; Riphagen, I.; Vierhout, M.E.; Brölmann, H.A.; De Vet, H.C. Systematic review on recovery specific quality-of-life instruments. Surgery 2008, 143, 206–215. [Google Scholar] [CrossRef]

	



Myles, P.S.; Hunt, J.O.; Nightingale, C.E.; Fletcher, H.; Beh, T.; Tanil, D.; Nagy, A.; Rubinstein, A.; Ponsford, J.L. Development and psychometric testing of a quality of recovery score after general anesthesia and surgery in adults. Anesth. Analg. 1999, 88, 83–90. [Google Scholar] [PubMed]

	



Wu, C.L.; Fleisher, L.A. Outcomes research in regional anesthesia and analgesia. Anesth. Analg. 2000, 91, 1232–1242. [Google Scholar] [PubMed]

	



Myles, P.S. More than just morbidity and mortality—Quality of recovery and long-term functional recovery after surgery. Anaesthesia 2020, 75 (Suppl. 1), e143–e150. [Google Scholar] [CrossRef]

	



Bisgaard, T.; Rosenberg, J.; Kehlet, H. From acute to chronic pain after laparoscopic cholecystectomy: A prospective follow-up analysis. Scand. J. Gastroenterol. 2005, 40, 1358–1364. [Google Scholar] [CrossRef]

	



Perkins, F.M.; Kehlet, H. Chronic Pain as an Outcome of Surgery. Anesthesiology 2000, 93, 1123–1133. [Google Scholar] [CrossRef]

	



García-Miguel, F.; Serrano-Aguilar, P.; López-Bastida, J. Preoperative assessment. Lancet 2003, 362, 1749–1757. [Google Scholar] [CrossRef]

	



Djulbegovic, B.; Guyatt, G.H. Progress in evidence-based medicine: A quarter century on. Lancet 2017, 390, 415–423. [Google Scholar] [CrossRef]

	



Bowyer, A.J.; Royse, C.F. Postoperative recovery and outcomes—What are we measuring and for whom? Anaesthesia 2015, 71, 72–77. [Google Scholar] [CrossRef]

	



Institute of Medicine (IOM). Crossing the Quality Chasm: A New Health System for the 21st Century; National Academy Press: Washington, DC, USA, 2001. [Google Scholar]

	



Harrington, L. Quality measurement. In Medical Quality Management: Theory and Practice; Giardino, A.P., Riesenberg, L.A., Varkey, P., Eds.; Springer International Publishing: Cham, Switzerland, 2021; pp. 33–51. [Google Scholar]

	



Gittell, J.H.; Fairfield, K.M.; Bierbaum, B.; Head, W.; Jackson, R.; Kelly, M.; Laskin, R.; Lipson, S.; Siliski, J.; Thornhill, T.; et al. Impact of relational coordination on quality of care, postoperative pain and functioning, and length of stay: A nine-hospital study of surgical patients. Med. Care 2000, 38, 807–819. [Google Scholar] [CrossRef]

	



Salmon, P.; Hall, G.M.; Peerbhoy, D.; Shenkin, A.; Parker, C. Recovery from hip and knee arthroplasty: Patients’ perspective on pain, function, quality of life, and well-being up to 6 months postoperatively. Arch. Phys. Med. Rehabil. 2001, 82, 360–366. [Google Scholar] [CrossRef] [PubMed]

	



Donovan, M.; Dillon, P.; McGuire, L. Incidence and characteristics of pain in a sample of medical-surgical inpatients. Pain 1987, 30, 69–78. [Google Scholar] [CrossRef]

	



Marks, R.M.; Sachar, E.J. Undertreatment of Medical Inpatients with Narcotic Analgesics. Surv. Anesthesiol. 1973, 17, 515–516. [Google Scholar] [CrossRef]

	



Sommer, M.; De Rijke, J.M.; Van Kleef, M.; Kessels, A.G.H.; Peters, M.L.; Geurts, J.W.J.M.; Gramke, H.-F.; Marcus, M.A.E. The prevalence of postoperative pain in a sample of 1490 surgical inpatients. Eur. J. Anaesthesiol. 2008, 25, 267–274. [Google Scholar] [CrossRef]

	



Apfelbaum, J.L.; Chen, C.; Mehta, S.S.; Gan, A.T.J. Postoperative Pain Experience: Results from a National Survey Suggest Postoperative Pain Continues to Be Undermanaged. Anesth. Analg. 2003, 97, 534–540. [Google Scholar] [CrossRef]

	



Wu, C.L.; Raja, S.N. Treatment of acute postoperative pain. Lancet 2011, 377, 2215–2225. [Google Scholar] [CrossRef]

	



Kehlet, H.; Wilmore, D.W. Evidence-Based Surgical Care and the Evolution of Fast-Track Surgery. Ann. Surg. 2008, 248, 189–198. [Google Scholar] [CrossRef] [PubMed]

	



Kehlet, H.; Wilmore, D.W. Multimodal strategies to improve surgical outcome. Am. J. Surg. 2002, 183, 630–641. [Google Scholar] [CrossRef]

	



Goldberg, D.S.; McGee, S.J. Pain as a global public health priority. BMC Public Heal. 2011, 11, 770. [Google Scholar] [CrossRef] [PubMed]

	



Fishbain, D.A.; Cutler, R.; Rosomoff, H.L.; Rosomoff, R.S. Chronic Pain-Associated Depression: Antecedent or Consequence of Chronic Pain? A Review. Clin. J. Pain 1997, 13, 116–137. [Google Scholar] [CrossRef]

	



McWilliams, L.A.; Cox, B.J.; Enns, M.W. Mood and anxiety disorders associated with chronic pain: An examination in a nationally representative sample. Pain 2003, 106, 127–133. [Google Scholar] [CrossRef]

	



Michaelides, A.; Zis, P. Depression, anxiety and acute pain: Links and management challenges. Postgrad. Med. 2019, 131, 438–444. [Google Scholar] [CrossRef] [PubMed]

	



Bruce, J.; on behalf of the Recovery Study Group; Thornton, A.J.; Scott, N.W.; Marfizo, S.; Powell, R.; Johnston, M.; Wells, M.; Heys, S.D.; Thompson, A.M. Chronic preoperative pain and psychological robustness predict acute postoperative pain outcomes after surgery for breast cancer. Br. J. Cancer 2012, 107, 937–946. [Google Scholar] [CrossRef]

	



Pinto, P.R.; McIntyre, T.; Almeida, A.; Araújo-Soares, V. The mediating role of pain catastrophizing in the relationship between presurgical anxiety and acute postsurgical pain after hysterectomy. Pain 2012, 153, 218–226. [Google Scholar] [CrossRef] [PubMed]

	



Theunissen, M.; Peters, M.L.; Bruce, J.; Gramke, H.F.; Marcus, M.A. Preoperative anxiety and catastrophizing: A systematic review and meta-analysis of the association with chronic postsurgical pain. Clin. J. Pain 2012, 28, 819–841. [Google Scholar] [CrossRef]

	



Khan, R.S.; Ahmed, K.; Blakeway, E.; Skapinakis, P.; Nihoyannopoulos, L.; Macleod, K.; Sevdalis, N.; Ashrafian, H.; Platt, M.; Darzi, A.; et al. Catastrophizing: A predictive factor for postoperative pain. Am. J. Surg. 2011, 201, 122–131. [Google Scholar] [CrossRef]

	



Sjöling, M.; Nordahl, G.; Olofsson, N.; Asplund, K. The impact of preoperative information on state anxiety, postoperative pain and satisfaction with pain management. Patient Educ. Couns. 2003, 51, 169–176. [Google Scholar] [CrossRef]

	



Trivedi, M.H. The link between depression and physical symptoms. Prim. Care Companion J. Clin. Psychiatry 2004, 6 (Suppl. 1), 12. [Google Scholar]

	



Klinger, R.; Krug, F.; Goßmann, M.; Damzog, U.; Dahme, B.; Bruch, H.-P. Das perioperative schmerz- und befindlichkeitsinventar: Ein fragebogen zur erfassung der perioperativen lebensqualität. Der. Schmerz. 1999, 13, 86. [Google Scholar]

	



Chapman, C.R.; Casey, K.L.; Dubner, R.; Foley, K.M.; Gracely, R.H.; Reading, A.E. Pain measurement: An overview. Pain 1985, 22, 1–31. [Google Scholar] [CrossRef]

	



Thong, I.S.K.; Jensen, M.P.; Miró, J.; Tan, G. The validity of pain intensity measures: What do the NRS, VAS, VRS, and FPS-R measure? Scand. J. Pain 2018, 18, 99–107. [Google Scholar] [CrossRef]

	



Jensen, M.P.; Karoly, P. Self-report scales and procedures for assessing pain in adults. In Handbook of Pain Assessment, 3rd ed.; The Guilford Press: New York, NY, USA, 2011; pp. 19–44. [Google Scholar]

	



Hjermstad, M.J.; Fayers, P.M.; Haugen, D.F.; Caraceni, A.; Hanks, G.W.; Loge, J.H.; Fainsinger, R.; Aass, N.; Kaasa, S. Studies Comparing Numerical Rating Scales, Verbal Rating Scales, and Visual Analogue Scales for Assessment of Pain Intensity in Adults: A Systematic Literature Review. J. Pain Symptom Manag. 2011, 41, 1073–1093. [Google Scholar] [CrossRef] [PubMed]

	



Karcioglu, O.; Topacoglu, H.; Dikme, O.; Dikme, O. A systematic review of the pain scales in adults: Which to use? Am. J. Emerg. Med. 2018, 36, 707–714. [Google Scholar] [CrossRef]

	



Karoly, P.; Jensen, M.P. Multimethod Assessment of Chronic Pain: Psychology Practitioner Guidebooks; Elsevier: Amsterdam, The Netherlands, 2013. [Google Scholar]

	



Wulf, H. Die Behandlung Akuter Perioperativer Und Posttraumatischer Schmerzen: Empfehlungen Einer Interdisziplinären Expertenkommission; Thieme: Stuttgart, Germany, 1997. [Google Scholar]

	



Schott, G.D. The cartography of pain: The evolving contribution of pain maps. Eur. J. Pain 2010, 14, 784–791. [Google Scholar] [CrossRef]

	



Shaballout, N.; Neubert, T.-A.; Boudreau, S.; Beissner, F. From Paper to Digital Applications of the Pain Drawing: Systematic Review of Methodological Milestones. JMIR mHealth uHealth 2019, 7, e14569. [Google Scholar] [CrossRef]

	



Hamill, J.K.; Lyndon, M.; Liley, A.; Hill, A.G. Where it hurts: A systematic review of pain-location tools for children. Pain 2014, 155, 851–858. [Google Scholar] [CrossRef]

	



Haefeli, M.; Elfering, A. Pain assessment. Eur. Spine J. 2006, 15 (Suppl. 1), S17–S24. [Google Scholar] [CrossRef] [PubMed]

	



Aluoja, A.; Shlik, J.; Vasar, V.; Luuk, K.; Leinsalu, M. Development and psychometric properties of the Emotional State Questionnaire, a self-report questionnaire for depression and anxiety. Nord. J. Psychiatry 1999, 53, 443–449. [Google Scholar]

	



Lopez-Delgado, J.C.; Rio, G.M.-D.; Flordelís-Lasierra, J.L.; Putzu, A. Nutrition in Adult Cardiac Surgery: Preoperative Evaluation, Management in the Postoperative Period, and Clinical Implications for Outcomes. J. Cardiothorac. Vasc. Anesth. 2019, 33, 3143–3162. [Google Scholar] [CrossRef]

	



Klein, J.D.; Hey, L.A.; Yu, C.S.; Klein, B.B.; Coufal, F.J.; Young, E.P.; Marshall, L.F.; Garfin, S.R. Perioperative Nutrition and Postoperative Complications in Patients Undergoing Spinal Surgery. Spine 1996, 21, 2676–2682. [Google Scholar] [CrossRef] [PubMed]

	



Zafiropoulos, B.; A Alison, J.; McCarren, B. Physiological responses to the early mobilisation of the intubated, ventilated abdominal surgery patient. Aust. J. Physiother. 2004, 50, 95–100. [Google Scholar] [CrossRef]

	



Ibrahim, M.S.; Alazzawi, S.; Nizam, I.; Haddad, F.S. An evidence-based review of enhanced recovery interventions in knee replacement surgery. Ann. R. Coll. Surg. Engl. 2013, 95, 386–389. [Google Scholar] [CrossRef]

	



Sagar, S.; Harland, P.; Shields, R. Early postoperative feeding with elemental diet. BMJ 1979, 1, 293–295. [Google Scholar] [CrossRef] [PubMed]

	



Weimann, A.; Braga, M.; Carli, F.; Higashiguchi, T.; Hubner, M.; Klek, S.; Laviano, A.; Ljungqvist, O.; Lobo, D.N.; Martindale, R.; et al. Espen guideline: Clinical nutrition in surgery. Clin. Nutr. 2017, 36, 623–650. [Google Scholar] [CrossRef] [PubMed]

	



Petermann, F. Hospital Anxiety and Depression Scale, Deutsche Version (HADS-D). Z. Psychiatr. Psychol. Psychother. 2011, 59, 251–253. [Google Scholar] [CrossRef]

	



von Zerssen, D. Die befindlichkeitsskala. In Manual; Beltz Test: Weinheim, Germany, 1976. [Google Scholar]

	



Janke, W.; Debus, G. Die Eigenschaftswörterliste: Ewl; Verlag für Psychologie CJ Hogrefe: Göttingen, Germany, 1978. [Google Scholar]

	



Morfeld, M.; Petersen, C.; Krüger-Bödeker, A.; Von Mackensen, S.; Bullinger, M. The Assessment of Mood at Workplace—Psychometric Analyses of the Revised Profile of Mood States (POMS) Questionnaire. Psychosoc. Med. 2007, 4, 1–9. [Google Scholar]

	



Guy, W. ECDEU Assessment Manual for Psychopharmacology; US Department of Health, Education, and Welfare, Public Health Service: Washington, DC, USA, 1976.

	



Von Korff, M.; Ormel, J.; Keefe, F.J.; Dworkin, S.F. Grading the severity of chronic pain. Pain 1992, 50, 133–149. [Google Scholar] [CrossRef]

	



Flor, H.; Turk, D. Chronic back pain and rheumatoid arthritis: Relationship of pain-related cognitions, pain severity, and pain behaviors. J. Behav. Med. 1988, 11, 251–265. [Google Scholar] [CrossRef]

	



Löwe, B.; Wahl, I.; Rose, M.; Spitzer, C.; Glaesmer, H.; Wingenfeld, K.; Schneider, A.; Brähler, E. A 4-item measure of depression and anxiety: Validation and standardization of the Patient Health Questionnaire-4 (PHQ-4) in the general population. J. Affect. Disord. 2010, 122, 86–95. [Google Scholar] [CrossRef] [PubMed]

	



Cattell, R.B. The Scree Test For The Number Of Factors. Multivar. Behav. Res. 1966, 1, 245–276. [Google Scholar] [CrossRef]

	



Kaiser, H.F. The Application of Electronic Computers to Factor Analysis. Educ. Psychol. Meas. 1960, 20, 141–151. [Google Scholar] [CrossRef]

	



Möhring, W.; Schlütz, D. Standardisierte Befragung: Grundprinzipien, Einsatz und Anwendung. In Handbuch Standardisierte Erhebungsverfahren in der Kommunikationswissenschaft; Metzler, J.B., Ed.; Springer: Wiesbaden, Germany, 2013; pp. 183–200. [Google Scholar]

	



Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics; Pearson Education: Boston, MA, USA, 2013. [Google Scholar]

	



Cronbach, L.J. Coefficient alpha and the internal structure of tests. Psychometrika 1951, 16, 297–334. [Google Scholar] [CrossRef]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 1988. [Google Scholar]

	



Guttman, L. Some necessary conditions for common-factor analysis. Psychometrika 1954, 19, 149–161. [Google Scholar] [CrossRef]

	



Sinatra, R. Causes and Consequences of Inadequate Management of Acute Pain. Pain Med. 2010, 11, 1859–1871. [Google Scholar] [CrossRef] [PubMed]

	



Ip, H.Y.; Abrishami, A.; Peng, P.W.; Wong, J.; Chung, F. Predictors of postoperative pain and analgesic consumption: A qualitative systematic review. Anesthesiology 2009, 111, 657–677. [Google Scholar] [CrossRef] [PubMed]

	



Taenzer, P.; Melzack, R.; Jeans, M.E. Influence of psychological factors on postoperative pain, mood and analgesic requirements. Pain 1986, 24, 331–342. [Google Scholar] [CrossRef]

	



White, P.F.; Kehlet, H. Improving postoperative pain management: What are the unresolved issues? Anesthesiology 2010, 112, 220–225. [Google Scholar] [CrossRef]

	



Langer, E.J.; Janis, I.L.; Wolfer, J.A. Reduction of psychological stress in surgical patients. J. Exp. Soc. Psychol. 1975, 11, 155–165. [Google Scholar] [CrossRef]

	



Wetsch, W.A.; Pircher, I.; Lederer, W.; Kinzl, J.F.; Traweger, C.; Heinz-Erian, P.; Benzer, A. Preoperative stress and anxiety in day-care patients and inpatients undergoing fast-track surgery. Br. J. Anaesth. 2009, 103, 199–205. [Google Scholar] [CrossRef]

	



López-Jornet, P.; Camacho-Alonso, F.; Sanchez-Siles, M. Assessment of general pre and postoperative anxiety in patients undergoing tooth extraction: A prospective study. Br. J. Oral Maxillofac. Surg. 2014, 52, 18–23. [Google Scholar] [CrossRef] [PubMed]

	



Ramirez, D.A.; Brodie, F.L.; Rose-Nussbaumer, J.; Ramanathan, S. Anxiety in patients undergoing cataract surgery: A pre- and postoperative comparison. Clin. Ophthalmol. 2017, 11, 1979–1986. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 01965 g001 550] 





Figure 1. The item structure of the pain and state of health inventory (PHI). 
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Table 1. Demographic characteristics and baseline characteristics related to age, gender, marital status, and employment status.
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Item

	
Sample (n = 132)






	
Mean age, years (SD)

	
68 (9.4)




	
Male/female

	
58/74




	
Marital status




	
 Single

	
10




	
 Married

	
88




	
 Widowed

	
18




	
 Divorced

	
11




	
 Serious relationship

	
3




	
 Living separately

	
1




	
 Missing

	
1




	
Employment




	
 Incapacitated to work

	
7




	
 Unemployed

	
4




	
 Employed

	
32




	
 Retired due to illness

	
10




	
 Retired due to age

	
75
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Table 2. Varimax-rotated component matrix for the factor loading of emotional states.
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Item

	
Component




	
1

	
2






	
Postoperatively




	
General mood

	
0.862

	




	
Sad

	
0.798

	




	
Anxious

	
0.779

	




	
Weak

	
0.733

	




	
Irritated

	
0.720

	




	
Numb/dizzy

	
0.684

	




	
Tired

	
0.672

	




	
Preoperatively




	
General mood

	

	
0.840




	
Weak

	

	
0.811




	
Tired

	

	
0.758




	
Numb/dizzy

	

	
0.711




	
Sad

	

	
0.697




	
Anxious

	

	
0.664




	
Irritated

	

	
0.654
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Table 3. Pre- and postoperative indicators for sensitivity to changes in emotional states.
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Item

	
F

	
p

	
Partial η2

	
MeanPre (SD)

	
MeanPost (SD)






	
Pain




	
Pain

	
42.33

	
<0.001

	
0.28

	
3.95 (2.58)

	
2.09 (1.91)




	
Emotional state




	
Sad

	
29.03

	
<0.001

	
0.21

	
2.00 (2.25)

	
1.01 (1.47)




	
Anxious

	
50.45

	
<0.001

	
0.32

	
2.23 (2.43)

	
0.71 (1.20)




	
Tired

	
1.10

	
0.30

	
0.01

	
2.30 (2.12)

	
2.16 (2.03)




	
Weak

	
0.97

	
0.33

	
0.01

	
1.95 (2.24)

	
1.74 (1.94)




	
Irritated

	
21.18

	
<0.001

	
0.17

	
1.50 (1.85)

	
0.67 (1.20)




	
General mood

	
42.17

	
<0.001

	
0.17

	
2.05 (2.00)

	
1.16 (1.51)




	
State of health




	
State of health

	
20.22

	
<0.001

	
0.15

	
2.11 (1.04)

	
1.61 (0.94)
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