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Abstract
BACKGROUND
[bookmark: _Hlk114505509]Around one third of patients who undergo total knee arthroplasty (TKA) will eventually have the contralateral knee replaced. Overall patient satisfaction after staged bilateral total knee arthroplasty procedures performed on different days is reportedly similar to unilateral TKA. Nevertheless, in our anecdotal experience patients often report less satisfying outcomes following the second side. A cursory review of available literature tended to confirm that observation. We sought therefore to consolidate all of the available data on this issue to further investigate this phenomenon.

AIM
To consolidate available published data revealing satisfaction scores among patients following staged bilateral TKA, and to evaluate the phenomenon of less satisfying results following TKA2.

METHODS
A systematic review of available literature reporting on satisfaction with TKA1 and TKA2 after staged bilateral knee arthroplasty was undertaken using PubMed, Google Scholar, and Embase. From 427 records, five full-length articles met criteria for inclusion in the meta-analysis. The data were then extracted and assessed on the basis of the Reference Citation Analysis (https://www.referencecitationanalysis.com/).

RESULTS
A total of 1889 patients with an average age of 68 (range: 38–92) underwent staged bilateral TKA with outcomes reported at 1 year following each TKA with a mean 21.9 mo between surgeries (range: 2 d to 14.5 years). Overall satisfaction with both knees was 83.70% (1581) and dissatisfaction with both knees was 2.75% (52). In the remaining 13.56% (256) who were dissatisfied with one side, 61.0% were dissatisfied with TKA2, and 39.0% were dissatisfied with TKA1. Patient-reported outcome scores for TKA2 were frequently lower than TKA1 even in patients reporting overall satisfaction with both knees.

CONCLUSION
At 1-year follow-up, there was a 50% greater risk of dissatisfaction with TKA2 among the 13.56% of patients reporting dissatisfaction in one knee after staged bilateral TKA. Whether the interval between procedures or long-term follow-up changes these results requires further investigation.
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Core Tip: Total knee arthroplasty (TKA) is one of the most popular and successful treatments for end stage arthritis worldwide. Around one third of patients who undergo TKA will eventually have the contralateral knee replaced. Anecdotal experience has shown that patients tend to report decreased satisfaction following the second TKA procedure (TKA2). The primary aim of this review article was to assess patient satisfaction following TKA2 after staged bilateral knee arthroplasty. Ideally, quantifying reported dissatisfaction as well as reporting associated factors.


INTRODUCTION
Total knee arthroplasty (TKA) is a highly effective procedure for the treatment of end stage arthritis and is the most common arthroplasty procedure performed worldwide[1,2]. As such, it is important to investigate patient satisfaction and quality of life following surgery. Patient-reported outcomes and scoring systems have become essential measurement tools, particularly given the limited correlation that functional outcome scores and other direct measurement data have with patient satisfaction[3,4]. Patient scoring systems were first introduced in the 1990’s to investigate function in the context of quality of life and have since been used clinically, and in research, to reaffirm patient wellness in surgical healthcare[4,5]. Although a majority of patients report satisfactory outcomes following TKA, an estimated 10%-20% report being dissatisfied in the absence of clinical complications[1,2,6-8]. Investigation into factors predicting dissatisfaction tend to revolve around failure to meet expectations, recall bias, and physiologic rationale for hypersensitivity to pain[3,5]. Previous studies have also demonstrated associations with variables such as patient gender, patient age, history of rheumatoid arthritis, as well as patient personality traits[3]. There is also evidence that a history of any previous arthroplasty - not necessarily a previous knee replacement - lowered the expectations for the outcome of TKA[9].
In patients who have undergone total knee replacement, 25% or more will go on to have the contralateral side replaced[2,6,10]. Much of the literature on bilateral knee replacement focuses on pain improvement, functional outcomes, safety, efficiency, and cost-effectiveness of simultaneous bilateral TKA (one anesthesia event) compared to staged or staggered TKA (two anesthesia events)[2,7,11]. Unlike unilateral TKA, there is very limited data on patient satisfaction following staged TKA, particularly comparing one side to the other. In our anecdotal experience, many patients who have undergone staged bilateral knee replacement report less satisfying results with the second side (TKA2). Review of available literature on this issue revealed some data that tended to confirm this observation[7,12]. Reported reasons included failure to meet the anticipated improvements of pain and function compared to the first side (TKA1), slower return to activity, and inability to engage in full activity. Still, others provide no specific reasons for preferring TKA1 over TKA2, with some reporting uncertainty about their satisfaction with TKA2[7-9,11,13]. To consolidate these data, and better understand the phenomenon of unilateral dissatisfaction following staged bilateral TKA, we performed a systematic review of available literature reporting on both patient-reported outcomes and satisfaction.

MATERIALS AND METHODS
We queried PubMed, Embase, and Google Scholar for articles using: “staged” or “staggered” or “sequential” and “bilateral arthroplasty” and “patient-reported outcomes.” PRISMA guidelines were followed for inclusion and exclusion of articles as shown in Figure 1. This review was submitted for registration with PROSPERO (ID: 299833). Only full-text articles with an English version available were included. Additional inclusion criteria were individually reported Oxford Knee Scores (OKS) as a patient reported outcome measure, and/or a satisfaction score for each knee, with follow-up of at least 1 year. Exclusion criteria included abstracts only, follow-up information missing, individual scores for each knee missing, and simultaneous knee replacement. The initial search returned 427 records; 397 had been excluded after screening, leaving 30 full-text articles. Of these, five articles explicitly reported information comparing outcome data between TKA1 to TKA2 for each patient. To determine the disparity in satisfaction between sides, we recorded the satisfaction scores of TKA1 and TKA2 or the OKS of TKA1 and TKA2 for patients that reported unequal satisfaction.
Patients who reported being uncertain about one knee and dissatisfied with the other were grouped according to the dissatisfied knee. Patients who reported being uncertain with one knee and satisfied with the other were grouped according to the uncertain knee. Patients with an OKS score difference below the minimal clinically important difference (MCID) for only one knee were considered dissatisfied with that knee; patients with an OKS score difference between knees that exceeded the MCID for the study, were considered dissatisfied with knee with the lower OKS. The use of the OKS to predict satisfaction was based on previous literature[14].

STATISTICS
Weighted values were used to calculate the average age and interval between surgeries.
The Q = W/S method was used to test for normality. Frequency data from each study were used to calculate the relative risk (RR) of TKA2 dissatisfaction in patients who reported unequal satisfaction after bilateral TKA. The RR was used under the assumption that unilateral dissatisfaction is relatively rare (< 10% of patients) and that using the odds ratio may result in an inflated rate of dissatisfaction with TKA2. Statistical significance was set at P < 0.05, chi-square analysis was used to determine the significance of the resultant RR. The Mann-Whitney U test was used to compare the RR of TKA2 dissatisfaction between studies. Calculations were performed using SPSS V.27 (IBM Corp., Armonk, NY, United States).

RESULTS
A total of 1889 patients from five studies underwent staged bilateral TKA with patient reported outcomes and satisfaction recorded at 1 year following each TKA. Two of the five studies (85% of patients) explicitly reported satisfaction. The most common PROMs used were the OKS, the Western Ontario and McMaster Universities Osteoarthritis Index, and short form 12 (SF-12). The average age was 68 years with a range of 38 to 92. The time interval between surgeries was not standardized; the largest study reported the widest interval range of 2 d to 14.5 years between sides, with an average interval of 21.9 mo. Table 1 summarizes the details of the five studies. The results of bias assessment with MINORS criteria are displayed in Table 2. Overall satisfaction with both knees across all studies was 83.70% (1581), and dissatisfaction with both knees was 2.75% (52). Two hundred fifty-six patients (13.56%) reported unequal satisfaction between knees. Assessing each study individually, two cohorts, Suzangar et al[4] and Abram et al[5], demonstrated a significantly increased relative risk of dissatisfaction with TKA2 vs TKA1. Comparing frequencies between studies, chi-square N-1 comparison showed a difference between Clement et al[6] and Abram et al[5], in the reported frequency of dissatisfaction with TKA1 and TKA2. No other differences were found within or among studies. The pooled data demonstrated a significant increase in the relative risk of dissatisfaction with TKA2 vs TKA1 among patients who reported unequal satisfaction (RR = 1.49, P < 0.01) shown below in Figure 2. Table 3 summarizes the results.

DISCUSSION
The goal of this review was to consolidate available published data revealing satisfaction scores among patients following staged bilateral TKA, and to evaluate the phenomenon of less satisfying results following TKA2. The overall satisfaction rate for unilateral TKA and bilateral staged TKA is reported at 80%-89% with minimum 2-year follow-up[5,15,16]. Similar to previous reports, we calculated overall satisfaction with both sides of 83.70% after accounting for 52 patients (2.75%) who were dissatisfied with both sides (not included in tables). The remaining 13.56% of the included patients that were unilaterally dissatisfied varied widely by interval between surgeries, age, indications (osteoarthritis, inflammatory, and post-traumatic arthritis were all represented to unknown degrees) and inclusion/exclusion criteria. Although the studies included in this review reported significant differences in the rates of unilateral dissatisfaction, the proportion of patients reporting a preference for TKA1 over TKA2 was similar. Based on pooled data we found that the risk of an unsatisfying result with one side after staged bilateral TKA is about 50% greater for TKA2 (RR = 1.56) at the 1-year follow-up. We also predicted that the interval between TKA1 and TKA2, and the potential influence of recall bias based on the interval between surgeries and follow-up time, could be associated with unilaterally decreased satisfaction after staged bilateral TKA. Although we only included studies reporting results at 1 year, we could not account for the variation in surgical intervals. Therefore, there was not enough data shared among the included studies to determine additional variables associated with our results.

Correlation between Satisfaction and PROMs
Experience with shoulder arthroplasty literature has shown variable strengths of correlation to satisfaction using the Oxford Shoulder Score (moderate correlation, 0.311) and Quick DASH (weak correlation, -0.292)[17]. Unlike the Oxford Shoulder Score, the OKS has been shown to be a reliable, reproducible proxy for detecting patient satisfaction. Clement and colleagues further demonstrated the OKS is a highly accurate model for predicting patient satisfaction (AUC = 0.86)[14]. In patients with bilateral knee arthritis undergoing staged bilateral TKA, the most painful knee is typically replaced first. Unsurprisingly, TKA2 tends to have higher initial OKS scores, smaller gains postoperatively (often attributed to the ceiling effect, where the difference in the patient score and maximum score can be less than the minimum clinically important difference), followed by higher scores than TKA1 at 1 year and beyond[18-22]. However, the differences in OKS scores and satisfaction are reported in the context of high overall satisfaction, and do not readily explain the differences among patients that are dissatisfied with one side, nor the preference for one side over the other in this subgroup. The OKS may be an accurate screening tool for satisfaction, but its use in determining individual reasons for dissatisfaction has not been validated.

Factors affecting satisfaction
Pain was perhaps the most consistently reported factor that strongly correlated with satisfaction after surgery, and there is evidence suggesting the surgical interval and follow-up interval may have a role in actual pain perceived and recall of perceived pain, respectively[3,13,18,22,23]. An interval greater than 1 year has been associated with higher TKA2 satisfaction scores, while intervals less than 6 mo negatively impact TKA2 scores[12,13]. An interval less than 6 mo has also been associated with increased post-operative pain in the first 48 h based on analgesic requirements, suggesting a physiologic rationale for the potential recall bias[3,18]. Conversely, Gabr et al[8] found no difference in TKA2 pain or function scores after stratifying patients by intervals greater than or less than 6 mo. However, they reported TKA2 pain scores gathered beyond 1 year continued to improve with time, even exceeding those of TKA1[11]. Similarly, Clement et al[6] reported an increased interval from TKA1 correlated with increased TKA1 dissatisfaction, along with higher unilateral dissatisfaction with TKA1 over TKA2. Although their findings are contrary to ours, they were similarly unable to determine consistency in factors related to the preferred side in cases of unilateral dissatisfaction. Expectations and perceptions are also associated with satisfaction to varying degrees[23]. High rates of unmet postoperative expectations for activity and pain levels in TKA patients have been reported despite overall satisfaction (83% expected pain-free recovery, 43% met expectations, 52% expected to be fully active after surgery, and 20% achieved this)[22]. Negative psychosocial factors are shown to exaggerate negative clinical predictors and independently influence surgical outcomes, while general perceptions of the hospital stay have been strongly correlated with TKA satisfaction at 1 year[3,20,21,24]. In a study by Scott et al[9], expectations were lowered in younger individuals and those with high expectations before TKA1, and unilateral dissatisfaction occurred most frequently after TKA2[12]. Above average satisfaction was reported for TKA1 (93%) and TKA2 (87%) in the patients, but satisfaction with either side did not correlate within individuals. These findings further display the multifactorial subjectivity of satisfaction, the difficulty in discerning modifiable risk factors for dissatisfaction, and corroborate our experience and the results of this review.

Limitations
This study was primarily limited by the amount of available evidence reporting individual satisfaction and associated patient-specific variables in those who underwent staged bilateral knee arthroplasties. TKA is the most common arthroplasty procedure worldwide[1]. Considering that 25%–30% of patients undergoing TKA will also have a contralateral TKA within 5 years, there is a substantial portion of the population not accounted for in this review of only 1889 total patients[2,6]. The article by Suzangar et al[4] accounted for over half of the included patients and stochastically dominated the data. The second largest study, by Clement et al[6], was 50% smaller and showed no difference in dissatisfaction between sides while being appropriately powered. Unlike the larger studies, the smaller studies included here did not show a difference in the risk of dissatisfaction between TKA1 and TKA2. They might have found a difference had the study been powered to do so. Additionally, treatment of Likert data as categorical or continuous is arguable, as is the granularity and balance of the scale (how many points, and whether the mid-point of the scale should be neutral and balanced by equal-opposite positive and negative responses). We treated Likert scales as continuous data, and therefore patients who reported “uncertain” on a 4-point scale were classified as dissatisfied with the uncertain side. Finally, we acknowledge the inherent limitations in use of the OKS as a satisfaction proxy which likely added an element of error, albeit statistically insignificant[9,18]. Nevertheless, the purpose of this review was to consolidate all of the available data to better study the phenomenon of unequal satisfaction following staged bilateral TKA. The OKS has been shown to be accurate for predicting satisfaction, and we believe including the study by Tucker et al[10] improved the statistical power and potentially reduced the bias imparted by larger studies[3,9,12,14].

CONCLUSION
In patients undergoing staged bilateral TKA, we calculated a 50% increased risk of dissatisfaction with TKA2 compared to TKA1 (RR = 1.56) but could not establish risk factors causally linked to this phenomenon. Reasons for unilateral dissatisfaction appear to be multifactorial and are inconsistent between and within patients. Patient education preoperatively about the possibility and probability of differences in subjective outcomes may help temper expectations and could potentially improve overall patient satisfaction.

ARTICLE HIGHLIGHTS
Research background
Total knee arthroplasty (TKA) is a highly effective procedure for the treatment of end stage arthritis, and is the most common arthroplasty procedure performed worldwide. Although many patients report satisfaction with their outcomes, an estimated 10%–20% report being dissatisfied in the absence of clinical complications. This is significant given that in patients who have undergone total knee replacement, 25% or more will go on to have the contralateral side replaced in the future. Unlike unilateral TKA, there is very limited data on patient satisfaction following staged TKA, particularly comparing one side to the other.

Research motivation
Our motivation arose from the anecdotal experience that patients who have undergone bilateral knee replacement in a staged fashion indicate that the second side (TKA2) had a less satisfying outcome compared to the first side (TKA1). Our initial cursory reviews of the literature also seemed to confirm this experience. However, little is known about the factors associated with these reports. To better understand the phenomenon of unilateral dissatisfaction, the goal of this study was to perform a systematic review on currently available literature investigating patient reported outcomes and satisfaction following staged bilateral TKA.

Research objectives
The primary aim of this review article was to consolidate available published data revealing satisfaction scores among patients following staged bilateral TKA and to evaluate the phenomenon of less satisfying results following TKA2. Ideally, quantifying reported dissatisfaction as well as trending associated factors.

Research methods
A systematic review of available literature reporting on satisfaction with TKA1 and TKA2 after staged bilateral knee arthroplasty was undertaken using PubMed, Google Scholar, and Embase. Among 427 records, five articles meeting inclusion criteria were included in the meta-analysis. Statistical analysis was performed to calculate relative risk of TKA2 dissatisfaction and compare the relative risk of TKA2 dissatisfaction between studies.

Research results
In the five included studies, a total of 1889 patients with an average age of 68 years underwent staged bilateral TKA with patient reported outcomes and satisfaction recorded at 1 year following each TKA. Average time between surgeries was 21.9 mo. Overall satisfaction with both knees was 83.70 % (1581), and dissatisfaction with both knees was 2.75% (52). In the remaining 13.56% (256) who were dissatisfied with one side, 61.0% were dissatisfied with TKA2, and 39.0% were dissatisfied with TKA1. Patient-reported outcome scores for TKA2 were frequently lower than TKA1 even in patients reporting overall satisfaction with both knees.

Research conclusions
In patients undergoing staged bilateral TKA, we calculated a 50% increased risk of dissatisfaction with TKA2 compared to TKA1. Although we were unable to establish risk factors linked to this phenomenon, there is high suspicion that the factors are multifactorial and often patient specific.

Research perspectives
Future directions include investigating the effects of time between surgeries and scheduled long-term follow-up.
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Figure 1 PRISMA flow chart.
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[bookmark: _GoBack]Figure 2 Relative risk of unsatisfactory outcome following total knee arthroplasty 2. The studies are ordered along the vertical axis according to power from least (top) to greatest (bottom); the relative risk is given in a log10 scale along the horizontal axis. LL: Lower limit; UL: Upper limit.


Table 1 Study information, all studies included for analysis had a minimum follow-up of 1 year after each total knee arthroplasty
	Ref.
	Participants, n (weight %)
	Male, n
	Female, n
	Mean age, range
	Interval between TKAs, mo (range)
	PROMs
	Conclusions

	Suzangar et al[4], 2019
	1001 (53.0%)
	459
	542
	68.7
	25.6 (0.1-174.0)
	Satisfaction
	More dissatisfaction after TKA2

	Clement et al[6], 2019
	454 (24.0%)
	219
	235
	68.0
	16.8 (7.2-44.4)
	Satisfaction, OKS
	No difference between knees

	Abram et al[5], 2016
	250 (13.2%)
	84
	166
	66.0
	23.0 (2.0-74.0)
	OKS, WOMAC
	Lower TKA2 OKS

	Scott et al[9], 2014
	70 (3.7%)
	29
	41
	71.7
	7.8 (2.0-25.0)
	Satisfaction, OKS
	No difference between knees

	Tucker et al[10], 2021
	114 (6.0%)
	31
	83
	66.5
	16.2 (11.4-22.8)
	OKS
	Females less satisfied than males

	Pooled
	1889 (100.0%)
	822 (43.5%)
	1067 (56.5%)
	68 (38 to 92)
	21.9 (0.1-174.1)
	
	


Age reported in years. OKS: Oxford knee score; TKA1: First side total knee arthroplasty; TKA2: Second side total knee arthroplasty; WOMAC: Western Ontario and McMaster universities.

Table 2 MINORS assessment
	Ref.
	A clearly stated aim
	Inclusion of consecutive patients
	Prospective collection of data
	Endpoint appropriate to the aim of the study
	Unbiased assessment of the study endpoint
	Follow-up period appropriate to the aim of the study
	Loss of follow-up less than 5%
	Prospective calculation of the study size
	Total

	Suzangar et al[4], 2019
	2
	2
	2
	1
	N/A
	2
	2
	1
	12

	Clement et al[6], 2019
	2
	2
	2
	2
	N/A
	2
	2
	1
	13

	Abram et al[5], 2016
	2
	1
	2
	2
	N/A
	2
	2
	2
	13

	Scott et al[9], 2014
	2
	2
	2
	1
	N/A
	2
	2
	1
	12

	Tucker et al[10], 2021
	2
	2
	2
	2
	N/A
	2
	2
	1
	13


The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate). The global ideal score is 16 for non-comparative studies. N/A: Not applicable.


Table 3 Patients in each study reporting unequal satisfaction between knees after staged bilateral total knee arthroplasty
	Ref.
	Dissatisfied with TKA1, n
	Dissatisfied with TKA2, n
	Study RR
	95%CI LL
	95%CI UL
	Study significance 

	Suzangar et al[4], 2019
	61
	91
	1.49
	1.18
	1.88
	0.025

	Clement et al[6], 2019a
	21
	19
	0.90
	0.49
	1.66
	0.757

	Abram et al[5], 2016a
	15
	32
	2.0
	1.11
	3.61
	0.0211

	Scott et al[9], 2014
	4
	8
	2.0
	0.63
	6.34
	0.239

	Tucker et al[10], 2021
	0
	5
	12.0
	0.67
	215.26
	0.0901

	Pooled
	101 (39.5%)
	155 (60.5%)
	1.49
	1.17
	1.90
	0.001


1Based on number of patients with OKS score differences between knees exceeding MCID; calculation assumes skewness of distribution < 2. 
aPairwise comparison of proportions with Chi square N-1 statistic 17.847, P < 0.0001. 
Those that more satisfied with TKA2 are classified as “Dissatisfied with TKA1”; those that preferred TKA1 over TKA2 are classified as “Dissatisfied with TKA2” (n = 256, 13.6%). LL: Lower limit; TKA1: First side total knee arthroplasty; TKA2: Second side total knee arthroplasty; UL: Upper limit. Significance of the RR of dissatisfaction with TKA2 for each study with significance value set at P < 0.05.
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