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Abstract
BACKGROUND
New implants for total knee arthroplasty (TKA) are continuously introduced with the proposed benefit of increased performance and improved outcome. Little information exists on how the introduction of a novel arthroplasty implant affects the perioperative and surgical outcome immediately after implementation. 

AIM
To investigate how surgery-related factors and implant positioning were affected by the introduction of a novel TKA system.

METHODS
A novel TKA system was introduced at our institution on 30th November 2015. Seventy-five TKAs performed with the Persona TKA immediately following its introduction by 3 different surgeons (25 TKAs/surgeon) were identified as the Introduction Group. Moreover, the latest 25 TKAs performed by each surgeon prior to introduction of the Persona TKA were identified as the Control Group. A Follow-up Group of 25 TKAs/surgeon was identified starting 1-year after the end of the introduction period. Demographics, surgery-related factors and alignment data were recorded, and intergroup differences compared.

RESULTS
Following introduction of the novel implant, Persona TKA was utilized in 69% (71%), 53% (54%), and 45% (75%) of primary TKA procedures by the three surgeons, respectively (Follow-up Group). Mean surgery time was increased by 28% (P < 0.0001) and mean intra-operative blood loss by 25% (P = 0.002) in the Introduction Group, while only the mean surgery time was increased in the Follow-up Group by 18% (P < 0.0001). Overall alignment was similar between the groups apart from femoral flexion (FF) and tibial slope (TS). The number of FF outliers was reduced in the Introduction Group with a more pronounced decrease in the Follow-up Group.

CONCLUSION
Introduction of the new TKA implant increased surgical time and intraoperative blood loss immediately after its introduction. These differences diminished one year after introduction of the new implant. Fewer outliers with respect to FF and TS were seen when using the novel TKA implant. Further studies are needed to investigate if these differences persist over time and correlate with patient reported outcomes.
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Core Tip: Limited information exists in the literature on how the introduction of a novel total joint arthroplasty (TKA) system translates to improvements in early surgical outcome and component alignment in first adopters. The introduction of a novel TKA implant increased surgical time and intraoperative blood loss immediately after its introduction, but diminished one year after introduction of the implant. As only minor improvements with respect to optimal TKA alignment were observed following its introduction, surgeons should take increased care when introducing new procedures and consider logistics when selecting novel implants, as small gains in alignment should be balanced against inferior peri-operative outcomes.

INTRODUCTION
The use of total knee arthroplasty (TKA) has risen globally throughout the last 2-3 decades and is projected to increase even further[1]. New implants for TKA are constantly introduced with the proposed benefit of increased performance and improved outcome for patients. In recent years, this rapidly advancing trend concurrently necessitated a stricter scrutiny of the regulatory environment around the introduction of novel medical devices with ambitions of strengthening patient safety and monitoring claimed effects[2-4]. A focus on the long-term outcome after TKA introduction, which is gained through prospective and registered studies, is critical in its own right, and the introduction is similarly accompanied by more immediate changes in relation to learning curves and early clinical outcomes. Little information exists on how early surgical outcome is affected following the introduction of a novel TKA system[5,6]. One study found significant variations in model-specific learning curves for new TKA systems, with some systems showing a learning curve with an increase in early revisions[7]. 
The expectation of improvements offered by the new systems in comparison to the former established systems, is unfortunately sometimes contradicted by evidence of undesirable effects on revision rates[8,9] and patient-perceived outcomes[10]. Furthermore, novel TKA systems are generally priced higher compared to older systems[11]. 
The Persona® (Zimmer-Biomet, Warsaw, Indiana, United States) TKA was introduced in our department as a supplement to two older established TKA systems. The aim of this study was to investigate how surgery-related factors as well as implant positioning were affected by the introduction of the novel TKA system. Furthermore, we aimed to investigate the utilization rate of the novel system, and how surgical experience with the implant affected the procedure. 

MATERIALS AND METHODS
Study population
On the 30th November 2015, the Persona TKA was introduced in our institution (Copenhagen University Hospital Hvidovre, Denmark).
We included 75 consecutive knees treated with the Persona TKA in the introduction period starting from  November 30th 2015 immediately following implementation by three experienced surgeons (25 TKAs/surgeon) (Introduction Group), along with a Control Group (n = 75) consisting of the most recent consecutive TKAs performed by the same surgeons prior to introduction of the Persona TKA (25 TKAs/surgeon). Finally, a Follow-up Group of 62 consecutive knees starting from 365-d after each respective surgeon ended their initial 25 Persona TKAs was included. In the Follow-up Group, two of the three surgeons managed to complete 25 TKAs, while the third surgeon only completed 12 TKAs due to a recent change in the first choice of TKA system at our institution. In summary, we retrospectively identified a total of 212 patients who underwent primary unilateral TKA surgery at our institution (Figure 1). The patients were operated between 11th August 2015 (the first patient in the Control Group) and 3rd December 2018 (the last patient in the Follow-up Group). However, it should be noted that the three orthopedic surgeons’ individual timeframes were shorter which was ascribed to differences in volume and utilization frequency of the novel system following its introduction. From start to finish, surgeon 1 spent ~3.2 years, surgeon 2 spent ~2.5 years and surgeon 3 spent ~2.8 years. In these individual timeframes, the orthopedic surgeons performed a total of 96, 118 and 96 TKAs, respectively. As surgical skill, experience and caseload varies across orthopedic surgeons we ensured a study design which accounted for these variances by studying the same experienced orthopedic surgeons throughout the study. Patients were registered and included in this study through use of the institution’s patient registry. Only cruciate retaining (CR) implants were included in the analysis. 
The patients were pooled into three cohorts for data analysis purposes: Control Group, Introduction Group and the Follow-up Group. The patients were included based on their primary unilateral CR TKA, surgeon and timeframe, and as such unselected for all other factors. All patients were monitored for 90-d after surgery, and any readmissions or deaths were recorded. No patients were lost due to follow-up or died within the 90-d period. 
Following the introduction of the Persona system, a company representative was present during surgery for as long as the surgeon deemed necessary. All patients were operated in a well described standardized fast-track setup[12]. A standard medial parapatellar incision was used. Femoral and tibial surfaces were prepared using standard cutting guides using a measured resection technique. All surgeons aimed for neutral anatomical alignment[13]. Resurfacing of the patella was performed in all cases. The novel system (Persona) differed with respect to the anatomical baseplate, option for 1 mm increment adjustment for tibial bearing size, option for adjusting gaps through anteriorized and posteriorized instrumentation of the femur, option to adjust distal femoral resection in 1 mm increments and option to adjust distal femoral resection angle in 1-degree increments. Blood loss management was similar across TKA systems with bone plugging of the femoral canal, 1 g tranexamic acid administered at the start of the operation and re-administered 3 h later. No drain or tourniquet was applied, and spinal anesthesia was given to all patients.     
Demographic parameters such as age, gender, length of operation, body mass index (BMI), levels of pre-operative American Society of Anaesthesiologists score (ASA score) were recorded (Table 1). Radiological parameters including AP alignment of tibial and femoral components, femoral flexion (FF), tibial slope (TS), post-operative tibio-femoral angle (TFA), pre-operative TFA, lateral and medial tibial overhang were recorded (Table 2). Perioperative factors constituting measured blood loss, any intraoperative complications, length of operation, length of stay (LOS), and readmissions within 90 d were recorded (Table 3). For blood loss and length of operation, patients in the Introduction Group were pooled into five chronologically ordered patient groups from earliest (0-5) to latest (20-25) TKA by each surgeon, to detect any initial improvements due to the learning curve (Figure 2 and Figure 3).
Changes in the mentioned surgery-related factors and early outcome were compared between the three groups. The alignment measurements were compared and analyzed with respect to the gold standard of optimal component placement[13]. Optimal alignment was therefore characterized as follows: TFA = 3-7.5° valgus, femoral component AP alignment: 83-88°, tibial component AP alignment: 87-93°, femoral flexion: 87-90°, and tibial slope: 83-90°. For AP alignment, femoral and tibial components, < 90 degrees corresponds to varus placement and > 90 degrees corresponds to valgus placement. Any alignment outside the optimal alignment interval was considered an outlier. Tibial overhang was recorded if overhang measured  1 mm. All measurements were performed by the main authors using Orthopedic Tools add-on built into Impax Client software. 
The use of knee systems other than the newly introduced system (AGC Total Knee System or Vanguard CR Total Knee System, Zimmer Biomet, Warsaw, Indiana, United States) for patients receiving primary unilateral TKAs during the time period encompassing either the Introduction Group or Follow-up Group was registered. The data on the use of alternative TKA systems were subsequently used to develop a perspective on the surgeon-specific adaptation rate to the novel system (Table 4). 

Statistical analysis
Continuous data were presented as means with standard deviations (SD) or as medians with range, and categorical data as absolute numbers and percentages (%) or medians. For comparison of variables between age groups, the Student’s t-test, Pearson’s Chi squared test (χ²-test) or the Mann Whitney U test were applied when appropriate. SPSS Statistics Software version 25.0 was used. P-values less than 0.05 were considered statistically significant.
No approval from the National Ethics Committee was necessary as this was a non-interventional observational study. This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. Permission to store and review patient data was obtained from the Danish Data Protection Agency Jr, No. 2007-58-0015. 

RESULTS
No significant demographic differences between the three groups were found, aside from a significant discrepancy in the mean age of patients in the Introduction Group, who were 4.5 years younger than the controls (P = 0.009) (Table 1). 
Immediately after introduction of the novel implant, the Persona TKA system was utilized in 69%, 53%, and 45% of primary TKA procedures by the three surgeons at our institution. In the Follow-up Group the Persona TKA was utilized in 71%, 54%, and 75% by the respective surgeons (Table 2). Remaining knees in either period were treated with one of the former TKA standards (AGC- or Vanguard TKA).
Mean operation time significantly increased from 50 to 64 min subsequent to introduction of the Persona TKA system (P < 0.0001), and this increase was still evident in the Follow-up Group (P < 0.0001) although it decreased to 59 min (Table 3). Median intraoperative blood loss significantly increased from 200 mL to 250 mL following the introduction (P = 0.002). This difference disappeared in the Follow-up Group (P = 0.84) (Table 3). Length of stay (LOS) was significantly reduced from 2 d to 1 d (median) exclusively in the Follow-up Group compared with the Control Group (P = 0.032) (Table 3).
The initial learning curve effect on operation time in the first 25 novel TKAs showed signs of a reduction after the initial 5 TKAs in the Introduction Group for each surgeon, with a decline from 70 min (median) in the initial 5 patients for each surgeon to between 65-58 min (Figure 2). However, no signs of an initial learning curve were observed in the first 25 novel TKAs regarding improvements in blood loss management as a function of the surgeon’s experience in the novel system (Figure 3).
Alignment measurements on digital X-rays showed significant differences with respect to the lateral component alignment. Tibial slope (TS) was 88.8-, 85.1- and 84.9 degrees (mean) for the Control, Introduction, and Follow-up Group, respectively (Table 2), with a significantly increased posterior slope for both the Introduction and Follow-up Groups.
Mean FF was 86.2 degrees for the Control Group vs 88.2 degrees for both the Introduction and Follow-up Groups. The number of outliers with respect to FF was reduced in the Introduction Group (37% outliers) and reduced further in the Follow-up Group (26% outliers) when compared to patients in the Control Group (59% outliers). No significant changes in TS outliers were observed. No differences in medial- and lateral tibial overhang were found (Table 2).

DISCUSSION
In this study, 212 patients were investigated regarding the implementation of a novel TKA and its influence on perioperative and surgical outcomes. An increase in operation time of 14 min (from 50 min to 64 min) was seen immediately after the introduction of this novel TKA system. This increase was still evident, but lower, 1 year after its introduction. Intraoperative blood loss showed a transient rise following its introduction with 50 mL blood loss (+25%), with no difference recorded 1 year after introduction of the system (Table 3). 
A reduction in femoral flexion (FF) of 2.0 degrees (from 88.2 to 86.2) resulted in improved optimal overall component placement compared to the Control Group, and significantly reduced the number of FF outliers in the Introduction Group (from 58.7% to 37.3% outliers). The observed reduction in FF outliers was even more pronounced in the Follow-up Group (25.8% outliers). We also found a significantly increased posterior TS following introduction of this system (TS: 85.1 degrees) and Follow-up Group (TS: 84.9 degrees) compared to the Control Group (TS: 88.8 degrees). This also caused a reduction in the number of TS outliers in both groups receiving novel TKAs compared to the Control Group, although the reduction was not significantly different (Table 2). 
Appropriate surgical training in the new procedure could help resolve the inexpedient increase in time and blood loss, although Weber et al[14] found no significant differences in outcome between senior and trainee surgeons in TKA surgeries. Their study was, however, a retrospective study with a risk of selection bias, and all trainee surgeons had 2 years of surgical education prior to performing the surgery and were supervised throughout the operation by senior surgeons. Relatedly, a multicenter study examining the learning curve of a novel TKA introduction found no difference in intraoperative outcome and patient reported outcome measures (PROMs), and only a slight increase in operation time[15]. All surgeons in our study were very experienced at performing knee arthroplasty, thus limiting the learning curve. Nevertheless, the changes in surgery time and intraoperative blood loss found in this study do suggest that a learning curve is present even for experienced knee surgeons following the introduction of a novel knee system. Evidence suggesting rapid improvement was observed specifically for surgery time after the first 5 TKAs for each surgeon, while blood loss management showed no signs of improvements in the first 25 TKAs for each surgeon. This suggests that the orthopedic surgeons experience with specific TKA systems affects intraoperative outcome indicators at a different pace (Figure 2 and Figure 3). 
Other studies have investigated the role that the introduction of a novel knee system may play on early outcome. A Swedish study found that a poor routine by the surgeon affected surgical outcome and was especially pronounced for technically challenging implants[16]. A nationwide register-based Finnish study examined the ten most common TKA implants at introduction and found large differences in survival and revision risk, and interestingly, 4 of the 10 systems appeared to show a surgeon learning curve at the expense of the first patients who received inferior results[7]. Besides substantiating the plausibility that a wide degree of variance exists between TKA system designs and their ease of use, the study supports our findings as our Follow-up Group showed superiority in both intra- and early postoperative outcomes when compared with the Introduction Group. 
It appears that our findings on cemented TKAs were not mirrored when compared to early outcomes following the introduction of a novel cementless TKA system. A small American study by Cohen et al[17] looked at how the introduction of a cementless TKA compared with a conventional cemented TKA system, and found no significant difference in intra-operative blood loss and a 5 min shorter (-11%) operating time for the newly introduced cementless TKA. Their results are in line with available literature on existing TKA systems[18,19], although it should be noted that Cohen et al merely changed the means of fixation of the implants, while our study investigated a complete change of the entire TKA system. 
In terms of clinical relevance, we believe our findings of an increase in mean operation time of 14 min in the Introduction Group is clinically significant as it constitutes a 28% mean increase. With 3 and 5 cases daily, this difference adds up to 42 min and 1 h and 10 min, respectively. We believe this to be a direct consequence of more complex instrumentation.  The median increase in intra-operative blood loss of 50 mL has little clinical significance for patients, and may partly be the result of increased operation time as it shows a positive correlation with increased blood loss[20].
In recent times the utilization of guides and other navigation have increased the opportunity to intraoperatively control alignment and osseous resections during TKA[21,22]. The Persona implant introduced in this study makes use of bespoke instrumentation and as such offers inherent advantages regarding fit and placement of the femoral and tibial components as opposed to the former AGC and Vanguard systems. This provides an advantage for the surgeon which could explain the improved TS and FF alignment and an approximately 35% reduction in outliers even directly following introduction of the novel TKA system, as several of the critical elements during the procedure have been made easier.
Length of stay (LOS) was significantly shorter only in the Follow-up Group with the median length of stay of 1 d compared to 2 d in the Control Group. However, this finding is most likely unrelated to the implant, as continuous evolvement of the fast-track setup in our institution with continuously decreasing LOS may explain the differences in LOS between the groups[23]. 
Limitations of this study include the unavailability of PROMs; thus, the longer term outcome of patients in the three groups remains unclear, as we have no reports or evidence to support any viewpoint. Also, the sample size of patients was fundamentally determined by the number of Persona TKAs at our institution, and an orderly power analysis was consequently not applied in the study design. Our study included three surgeons from the same institution as our point of reference, and it is possible that results may vary between hospitals, although a large American study found similar overall readmission rates, LOS and postoperative adverse outcomes in TKA operations between top rated and other hospitals[24]. 
BMI, gender, pre-operative ASA score and pre-operative tibiofemoral angle were the same for all three groups suggesting homogeneous patient demographics and thus limited selection bias, apart from patients in the Introduction Group who were 4 years (mean) younger that the others, suggesting that surgeons do tend to select a novel (and more expensive system) for younger patients. The strengths of this study lie in the use of the secure local registries which ensure that data is collected unbiasedly. Individual surgeons vary in performance, and by including three surgeons it enabled more general data to be obtained in which the individual surgeon’s performance plays a smaller role. 

CONCLUSION
The introduction of a new TKA implant at our institution increased surgical time and intraoperative blood loss immediately after introduction. These differences decreased one year after introduction of the new implant. Only minor differences were observed with respect to alignment, which mainly constituted improvements in lateral component alignment following introduction of the new system, and these were further pronounced in the follow-up. Further studies are needed to investigate if these differences persist over time and correlate with patient reported outcomes. Surgeons should take increased care when introducing new procedures and consider the logistics when choosing a novel implant as small gains in alignment should be balanced against inferior peri-operative outcomes.

ARTICLE HIGHLIGHTS
Research background
Globally, the use of total knee arthroplasty (TKA) has risen throughout the last 2-3 decades and is projected to increase even further. The introduction of novel implants for TKA is a frequent occurrence with proposed benefits for patients, but is unfortunately sometimes contradicted by evidence of undesirable effects with regard to revision rates, costs, and patient-perceived outcomes. Little information exists on how early surgical outcome and implant positioning are affected following the introduction of a novel TKA system.

Research motivation
This study focused on the early logistical challenges posed by the introduction of a novel TKA system. In particular, the short-term clinical outcomes in patients with emphasis on how surgery-related factors and implant positioning are affected following the introduction of a novel TKA system. The utilization rate across surgeons and how surgical experience with the implant affects outcome were investigated.

Research objectives
This short-term study showed that a learning curve is present even for experienced knee surgeons following the introduction of a novel knee system. Information from this study may help to increase care when introducing new procedures and logistical considerations when choosing a novel implant, as small gains in alignment should be balanced against inferior peri-operative outcomes. These findings will be useful as a basis for comparisons for future studies and correlations with patient reported outcomes.

Research methods
This retrospective study included 212 TKA patients undergoing surgery at Copenhagen University Hospital Hvidovre. We included 75 consecutive knees treated with the novel TKA system in the introduction period starting from November 30th 2015 immediately following implementation by three experienced surgeons (25 TKAs/surgeon), along with a control group of 75 patients. A Follow-up Group consisting of 62 consecutive knees starting from 365-d after each respective surgeon ended their initial 25 novel TKAs was also included. Patient demographics, surgery-related factors and alignment data were recorded using the institution’s patient registry.

Research results
This study examined how early clinical outcome, implant positioning and utilization rate were affected by the introduction of a novel TKA system between August 2015–December 2018, and how increased surgical experience with the implant affected patient outcome. The novel TKA system was utilized in 69% (71%), 53% (54%), and 45% (75%) of primary TKA procedures by the three surgeons, respectively (Follow-up Group). Mean surgery time was increased by 28% and mean intra-operative blood loss by 25% in the Introduction Group, whereas only the mean surgery time was increased in the Follow-up Group by 18%. Small improvements were observed in alignment. FF outliers were reduced in the Introduction Group with a more pronounced decrease in the Follow-up Group.

Research conclusions
Little information exists on how early surgical outcome is affected following the introduction of a novel TKA system. This study brings a unique view on short-term outcome following the introduction of a novel TKA system in relation to implant positioning, early clinical outcome and the learning curve. It accounts for variances between surgeons by studying the same experienced orthopedic surgeons throughout the study, as surgical skill, experience, and caseload varies across surgeons. Increased surgical time and intraoperative blood loss was observed immediately after introduction of the new system. These differences diminished one year after introduction of the new implant.  Our findings suggest that surgeons should take increased care when introducing new procedures and consider the logistics when choosing a novel implant, as small gains in alignment should be balanced against inferior peri-operative outcomes.

Research perspectives
Further studies are needed to investigate if these differences persist over time and correlate with patient reported outcomes.
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Figure Legends
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Figure 1 Flowchart representing the selection process. TKA: Total knee arthroplasty.
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Figure 2 Initial learning curve effect on operation duration in the first 25 novel total knee arthroplasties. The box represents the interquartile (IQ) range. Median indicated by line across the box; The whiskers are no greater than 1.5 times the IQ range; Outliers are cases with values between 1.5 and 3 times the IQ range depicted by circles.  

[image: ]
Figure 3 Initial learning curve effect on intra-operative blood loss management in the first 25 novel total knee arthroplasties. The box represents the interquartile (IQ) range. Median indicated by line across the box. The whiskers are no greater than 1.5 times the IQ range; Outliers are cases with values between 1.5 and 3 times the IQ range depicted by circles; Extreme outliers are cases with values more than 3 times the IQ range depicted by asterisks. 
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