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Background: Arthroscopy simulators offer safe and reproducible training to orthopaedic residents, thereby obviating the need for cadaver specimens. In addition, they collect data that can serve to investigate learning curves and evaluate training programmes with the goal of improving the quality of arthroscopy teaching. In this study, a cohort of surgeons was evaluated before and after a European theoretical and practical training programme that used a knee arthroscopy simulator. The primary objective was to assess whether the overall performance score was improved by the training programme. The secondary objectives were to determine which tasks and skills were improved by the programme, to compare a novice group to an experienced group, and to identify targets for improvement.

Hypothesis

: A theoretical and practical training course improves the scores achieved on an arthroscopy simulator task. Methods: A prospective comparative study was performed in 34 surgeons during the advanced arthroscopy training course organised by the European Paediatric Orthopaedic Society (EPOS) in January 2018. All participants performed a diagnostic task on the

VirtaMed ArthroS ™ simulator before and after the programme. The participants were divided into two groups based on number of knee arthroscopies performed each year, i.e., >20 (experienced group) vs. ≤20 (inexperienced group). The following parameters were compared between the two groups: overall score, operative time, percentage of iatrogenic injuries, camera and hook path lengths, and success in identifying anatomical structures.

Results:

The overall score on the diagnostic task was 199 before and 203 after the training programme (p=0.02). The operative time decreased significantly, from 185 to 115.9 seconds (p<0.01). Camera path length decreased from 85.2 to 49.2 cm and hook path length from 65.5 to 15.0 cm (p<0.05). The mean proportion of arthroscopies with iatrogenic tibial cartilage injuries diminished from 2.7%±1.7% (range, 0-6.7) to 1.8%±1.8% (range, 0-7) (p=0.03); no change occurred in femoral injuries. When each group was assessed separately, the only significant change found in the experienced group was a decrease in operative time, whereas in the inexperienced group all parameters improved significantly. However, visualisation of anatomical structures was unchanged.

Conclusion

: Participation in the training programme improved overall performance, and the gains were greatest in the inexperienced group. During the post-training evaluation, some of the major anatomical structures were classified by the simulator as incompletely visualised, raising concern about a risk of underdiagnosis during arthroscopic explorations.

Introduction

Virtual reality simulation is a breakthrough in surgical skills training and is increasingly used for novices, post-residency surgeons, and continuing education [START_REF] Walbron | Virtual reality simulation in orthopedics and trauma surgery in France : Current status and perspectives[END_REF]. In the field of orthopaedic surgery, visual reality simulation is particularly well suited to the teaching of arthroscopy skills. Avland et al. [START_REF] Alvand | Innate arthroscopic skills in medical students and variation in learning curves[END_REF] have reported marked variations in innate arthroscopy skills among residents. Howells et al. [START_REF] Howells | Transferring simulated arthroscopic skills to the operating theatre: a randomised blinded study[END_REF] established that arthroscopic skills acquired on a simulator were transferred to procedures performed in the operating room. Simulators are effective tools for teaching surgical anatomy without resorting to cadaver specimens, which are scarce, expensive, and subjected to burdensome regulations. In 2012, The French High Authority for Health (HAS, Haute Autorité de Santé) issued a report on the current status and future prospects of simulation in the field of healthcare [START_REF] Stunt | Validation of the ArthroS virtual reality simulator for arthroscopic skills[END_REF], making ten suggestions to improve care quality and safety. Thus, simulation would seem poised to become an integral part of healthcare procedure training under the ethical rule 'Never the first time on the patient.' Scientific societies can determine which simulator programmes are best suited to their needs, evaluate them, and develop research networks on simulation training. Among these societies, the European Paediatric Orthopaedic Society (EPOS) held a 2-day advanced arthroscopy course at the Swiss Foundation for Innovation and Training in Surgery (SFITS) on the 25 th and 26 th of January 2018 in Geneva, Switzerland. The course included theoretical presentations on arthroscopy and two cadaver workshops led by senior surgeons who were renowned arthroscopists and members of the EPOS Sports Med Study group. The primary objective was to assess whether the total performance score was improved by the training programme. The secondary objectives were to determine which tasks and skills were improved by the programme, to compare a novice group to an experienced group, and to identify targets for improvement. The working hypothesis was that a theoretical and practical training course would improve the scores achieved on an arthroscopy simulator.

Material and method

To gain insight into the process and challenges of knee arthroscopy training, the participants were tested on a knee arthroscopy simulator (ArthroS ™ , VirtaMed, Schlieren, Switzerland). At the end of the test, the simulator assigned an overall score and provided data on several parameters including operative time, camera path length, hook path length, cartilage surface area injured during arthroscopy, and percentage of each anatomical structure visualised.

Participants

The study prospectively included 34 participants, 17 males and 17 females, with a mean age of 37.5±6.1 years (range, 28-52 years) and a mean time in practice of 7±5.9 years (range, 1-21 years). Of the 34 participants, 30 (88%) managed only paediatric patients and 18 (53%) worked at least part of the time at university hospitals. Table 1 reports the main features of the participants.

To allow statistical comparisons, the participants were divided into two groups based on their arthroscopy case experience, as assessed by completion of a self-administered questionnaire before the start of the course (Table 1). The cut-off chosen to define the groups was 20 arthroscopies per year.

Training programme

Training was delivered over 2 days by five members of the EPOS Sports Med Study Group. The topics were as follows: meniscal repair, tibial spine fracture, repair and reconstruction of the anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL), and fixation and reconstruction in osteochondritis dissecans. Podium presentations and video recordings (3 h) were followed by case discussions (4 h) then by a cadaver workshop (3 h).

The practical component consisted in having a technique demonstrated by a teacher then performed by each participant.

Simulation

A knee simulator was used. The participants (Figure 1) were asked to perform an arthroscopic exploration of a simulated normal right knee before and after the 2-day training course. During the tests, the participants received no help from other persons or from the simulator's task manager designed to guide trainees. Each participant was asked to identify and visualise in its entirety each of the following structures: posterior horn, middle section, and anterior horn of the medial and lateral menisci; proximal and distal insertions of the ACL and PCL; popliteal tendon; medial condylar incline; trochlear groove; patellar joint surface; and quadricipital recess. Performance was assessed as the percentage of the structure that was visualised. Complete visualisation (100%) required the participant to centre the different parts of the relevant anatomical structure in the middle of the image. At the end of the test, the participant was also assigned a composite score combining operative time, visualisation of each anatomical structure as a percentage of the total, camera path length, hook path length, and percentage of iatrogenic injuries to the femur and tibia (Figure 1).

Statistical tests

The statistical analysis was performed using Excel for Mac 14.7.1 (Microsoft, Redmond, WA, USA). The data are described as mean±SD and range. Student's t test was chosen to compare groups. Analyses were also performed separately in each group. Values of p<0.05 were taken to indicate significant differences.

Results

Overall population of participants

The training course was followed by a significant increase in the overall score, from 199±7.5 (range, 175-208) to 203±3.8 (range, 192-208) (p=0.02) and by a significant decrease in operative time, from 185.8±91.2 s (range, 49.9-439.3 s) to 115.9±57.4 s (range, 20.2-259 s) (p<0.1). Path lengths decreased significantly, from 85.2±39.6 cm (range, 29.3-176.1 cm) to 49.2±60.7 cm (range, 0-225.1 cm) for the camera (p=0.03) and from 65.5±38.2 cm (range, 20.7-211.6 cm) to 15±28 cm (range, 0-109.1 cm) for the hook (p<0.01) (Table 2).

The safety score improved significantly, from 18.5±2.1 (range, 13-20) to 19.5±1.1 (range, 14-20) (p=0.02). More specifically, the surface area of tibial cartilage injury, as a percentage of total surface area, declined from 2.7%±1.7% (range, 0%-6.7%) to 1.8%±1.8% (range, 0%-7%) (p=0.03). The decline in surface area injured at the femur was not statistically significant (4.4%±1.8% [range, 1.9%-8.8%] before vs. 4.0%±1.5% [range, 1.9%-6.7%] after the training course). Table 3 reports the performance on the visualisation task.

Separate analyses of groups based on experience

In the experienced group (n=12), the only parameter that was significantly improved by the training course was operative time, which decreased from 130.45±46.00 s (range, 61.05-197.35 s) to 95.08±42.22 s (range, 39.67-181.85 s) (p<0.05). In the inexperienced group (n=22), in contrast, significant improvements occurred for the following parameters: overall score, operative time, camera path length, and hook path length.

The comparison of the two groups showed a significant difference before the course in the overall score, operative time, and camera path length. After the course, only camera path length remained significantly different between the two groups (Table 4).

Discussion

The main finding from this study is that repeating a simulator task and participating in the EPOS training programme significantly improved the scores obtained by a heterogeneous cohort of European surgeons on a diagnostic test performed using a knee simulator, from 199±7.5 (range, 175-208) to 203±3.8 (range, 192-208) (p=0.02). The parameter that showed the most significant improvement was the time needed to explore a normal knee, which decreased from 185.8±91.2 s (range, 49.9-439.3 s) to 115.9±57.4 s (20.2-259.0 s) (p<0.01).

Few published data are available on knee simulator performance in similar cohorts of surgeons. Most studies compared a group that received simulation training to another that did not. A single study, by Cychosz et al. [START_REF] Cychosz | Fundamentals of Arthroscopic Surgery Training program improves knee arthroscopy simulator performance in arthroscopic trainees[END_REF], collected data using the same task on the same type of simulator. The participants were 43 medical students with no arthroscopy experience, who were randomised to training with vs. without an arthroscopy simulator. At the evaluation done after training, only the overall score was significantly better in the simulator group; none of the other parameters was significantly improved. In another study, which used a different type of simulator ( 6), a simulation-based knee arthroscopy course was followed by a significant decrease in the time needed by surgical trainees to complete a diagnostic task.

We chose the VirtaMed virtual reality simulator (4) because it had been used previously in several studies (7-9) and had been shown by Martin et al. to most closely replicate reality in external appearance. Studies have established that surgical experience is associated with the scores obtained on shoulder and knee simulators [START_REF] Tofte | Knee, shoulder, and Fundamentals of Arthroscopic Surgery Training: Validation of a virtual arthroscopy simulator[END_REF]. A 2014 meta-analysis by Shantz et al. [START_REF] Shantz | The internal validity of arthroscopic simulators and their effectiveness in arthroscopic education[END_REF] identified 13 studies on arthroscopy simulation. The mean number of participants per study was 29.5 and the participants were usually orthopaedic surgery residents. None of these studies used the VirtaMed simulator. Our study provides information not only on previously investigated parameters such as operative time, overall score, camera and hook path lengths, and iatrogenic cartilage injuries but also on the quality of visualisation of the intra-articular structures.

A study from the US randomised 14 orthopaedic surgery residents to simulator training or didactic training [START_REF] Rebolledo | Arthroscopy skills development with a surgical simulator: a comparative study in orthopaedic surgery residents[END_REF]. The effects of training were assessed based on performance of a task on a cadaver model. Time to task completion was 30% less in the simulator group. Other studies suggest that skills acquired on an arthroscopy simulator may be successfully transferred to procedures on cadaver specimens [START_REF] Henn | Shoulder arthroscopy simulator training improves shoulder arthroscopy performance in a cadaveric model[END_REF] and patients (14-16). Waterman et al. [START_REF] Waterman | Simulation training improves surgical proficiency and safety during diagnostic shoulder arthroscopy performed by residents[END_REF][START_REF] Rashed | The role of arthroscopic simulation in teaching surgical skills: A systematic review of the literature[END_REF] reported that surgeons trained using a simulator performed operating room procedures faster and more safely than did their counterparts trained without simulation.

In the most robust study to date on arthroscopy simulation, the Arthroscopy Association of North America (AANA) [START_REF] Martin | Arthroscopic training courses improve trainee arthroscopy skills: A simulation-based prospective trial[END_REF] prospectively enrolled 48 orthopaedic surgery trainees into an observational study. Each participant was tested on a shoulder simulator before and after a combined theoretical and practical training programme similar to the one used in our study.

After the programme, task completion times and camera and hook path lengths were significantly improved compared to baseline. These findings are similar to ours obtained in a population of European surgeons who had widely differing training histories and were tested on a knee arthroscopy simulator.

The separate analysis of experienced and inexperienced participants showed that, although simulator task performance improved in both groups, the gains were greatest in the group with limited experience. Thus, the inexperienced participants showed improvements in several major parameters (overall score, operative time, and camera and hook path lengths).

In contrast, only operative time improved in the experienced group. Similarly, Dammerer et al. [START_REF] Dammerer | Progress in knee arthroscopy skills of residents and medical students: A prospective assessment of simulator exercises and analysis of learning curves[END_REF] reported greater gains in a group of medical students than in a group of orthopaedic residents evaluated in the same way before and after the same training programme. In our study, participation in the training programme and repeating the simulator task tended to decrease the difference in performance between experienced and inexperienced surgeons.

The ability to visualise intra-articular structures was not significantly improved by the training programme in our study. However, it is important to note that, during the task, the operators considered that some structures had been properly visualised despite not having visualised them in their entirety. More specifically, for the patellar joint surfaces and trochlear groove, less than 20% of the visible surface area was identified. This behaviour on the part of the operators raises concern that patello-femoral osteochondral lesions may be underdiagnosed.

Thus, as performed in the studies by the ANAA [START_REF] Martin | Arthroscopic training courses improve trainee arthroscopy skills: A simulation-based prospective trial[END_REF] and by Cychosz et al. [START_REF] Cychosz | Fundamentals of Arthroscopic Surgery Training program improves knee arthroscopy simulator performance in arthroscopic trainees[END_REF] on training for residents, we are now able to conduct a scientific evaluation of the effectiveness of a training programme by assessing changes in performance on a simulator.

A limitation of the study is the presence of selection bias, since the participants volunteered and were therefore more likely to perform simulator tasks successfully.

Reproducibility and recall bias occurred also, as trainees remembered mistakes committed during the first test and strove to avoid them during the second test. This source of bias could be minimised by allowing a longer interval between the tests. Moreover, including an independent control group of surgeons who did not follow a training programme might shed light on the natural learning curve, thereby allowing further improvements in training programmes.

CONCLUSION

We evaluated a cohort of European surgeons who participated in a combined theoretical and practical training programme offered by the EPOS. Scores on a knee arthroscopy exercise were significantly improved after the programme. The improvements were greatest for operative time and motion sparing. The benefits of the programme were more marked in the less experienced surgeons. An analysis of anatomical structure visualisation showed that viewing of the trochlear and patellar joint surfaces was unsatisfactory. The knee arthroscopy simulator seems useful as a training and evaluation tool. Further studies are needed, notably with a control group to increase the robustness of the findings.
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Table 1 :

 1 Main features of the 34 study participants The total exceeds 34 and 100% because some participants practiced in more than one type of hospital.

	Sex	Females	17 (50%)
		Males	17 (50%)
	Number of	>20	12 (35.4%)
	arthroscopies/year		
		10	11 (32.3%)
		<5	11 (32.3%)
	Age of patients	Adults	4 (11.8%)
		Paediatric patients	30 (88.2%)
	Type of practice	Only orthopaedic	3 (8.8%)
		surgery	
		Only trauma surgery 1 (2.9%)
		Both	30 (88.3%)
	Place of practice a	University hospital	18 (52.9%)
		Public community	11 (32.4%)
		hospital	
		Private community	10 (29.4%)
		hospital	

a

Table 2 :

 2 Mean±SD (range) study parameter values before and after training

		Before	After	p value
		199 ± 7.5	203 ± 3.8	
	Overall score	(175-208)	(192-208)	0.02
		17.2 ± 3.5	19.3 ± 1.3	
	Grade	(7-20)	(15-20)	<0.01
		185.8 ± 91.2	115.9 ± 57.4	
	Operative time (s)	(49.9-439.3)	(20.2-259)	<0.01
	Camera path	85.2 ± 39.6	65.5 ± 38.2	
	length (cm)	(29.3-176.1)	(20.7-211.6)	0.03
	Hook path length	49.2 ± 60.7	15 ± 28	
	(cm)	(0-225.1)	(0-109.1)	0.03

Table 3 :

 3 Percentages of visualised surface areas and anatomical structures; the values are

	mean±SD (range)			
		Before training,	After training,	p
		% visualised	% visualised	value
	Overall visualisation score	16.2 ± 3 (7-24)	14.9 ± 3.2 (4-22)	NS
	Patella (%)	11.4 ± 21.4 (0-91.6)	9.4 ± 19.2 (0-82.6)	NS
	Quadricipital recess	12.3 ± 27.9 (0-89.9)	7.5 ± 17.6 (0-73.7)	NS
	Popliteal tendon	18.3 ± 4.8 (0-23.8)	11.9 ± 4.1 (0-22.7)	NS
	Trochlear groove	13.8 ± 22.9 (0-86.9)	17.3 ± 23.7 (0-87.9)	NS
	Medial recess	8.9 ± 17.9 (0-64.2)	11.3 ± 22.8 (0-77)	NS
	Medial meniscus, anterior horn 75.1 ± 35.9 (0-100)	75.6 ± 24.2 (29.5-100)	NS
	Medial meniscus, middle	86 ± 29.2 (1.8-100)	82 ± 28.6 (1.4-100)	NS
	section			
	Medial meniscus, posterior	92.2 ± 23.3 (0.4-100)	83.8 ± 30.1 (0-100)	NS
	horn			
	PCL	66.2 ± 10.7 (42-82.5)	61.2 ± 12.5 (27.3-79.6) NS
	ACL, tibial insertion	91.1 ± 13.2 (60.8-100)	92 ± 16.6 (10.7-100)	NS
	ACL, proximal insertion	97.1 ± 5.2 (82-100)	96.2 ± 7.2 (68.2-100)	NS
	Lateral meniscus, anterior horn 95.5 ± 10.1 (54.7-100)	91.6 ± 13.6 (52.4-100)	NS
	Lateral meniscus, middle	79 ± 29.8 (0-100)	60.9 ± 33.1 (1.8-99.7)	0.02
	section			
	Lateral meniscus, posterior	76.9 ± 29.8 (0-100)	72.2 ± 30.5 (0.1-100)	NS
	horn			
	NS, non-significant			

Table 4 :

 4 Study parameter values in each group according to number of arthroscopies performed

	Number/year	Tota	Overall	Operati	Motion-	Camer	Camer	Hook	Visualisati
		l	score	ve time	sparing	a path	a	path	on score
		scor		(s)	score	length	distanc	length	
		e				(cm)	e score	(cm)	
							(cm)		
	Experienced	>20		Experienced group: Results before training	
	group								
	Mean	203.	19.4	130.4	19.2	61.8	19.2	49.5	15.08
		4							
	SD	2.81	0.9	46.1	1.8	26.2	1.8	56.5	2.1
	Min	197		61	14	29.2	14	0	12
			17						
	Max	208	20	197.3	20	126.6	20 135.5	18
	Experienced	>20		Experienced group: Results after training	
	group								
	Mean	203.	19.6	95	19.8	45.5	19.8	18.7	14
		3							
	SD	2.9	0.6	43.2	0.5	17.6	0.5	30.7	2.2
	Min	198	18	39.6	18	22.3	18	0	10
	Max	208	20	181.8	20	91.2	20	78.7	18
	Experienced	>20	Experienced group: Comparison of results before vs. after training
	group								
	p value (t test)	0.4	0.2	0.04	0.3	0.07	0.3	0.1	0.6
	Inexperienced	<20		Inexperienced group: Results before training	
	group								
	Mean	197	16.0	215.9	16.3	97.9	16.3	49	16.7
	SD	8.2	3.7	96.1	4.2	40.2	4.2	64.1	3.3
	Min	175	7	49.9	7	32.9	7	0	7
	Max	208	20	439.3	20	176.1	20 225.1	24
	Inexperienced	<20		Inexperienced group: Results after training	
	group								
	Mean	202.	19.1	128.3	18	77.2	18	12.8	15.4
		1							
	SD	4.1	1.5	6.9	3.9	42.3	3.9	26.7	3.6
	Min	192	15	20.2	3	20.7	3	0	4
	Max	206	20	259.0	20	211.5	20 109.1	22
	Inexperienced	<20	Inexperienced group: Comparison of results before vs. after training
	group								
	p value (t test)	0.01	0.001 0.0008	0.1	0.1	0.1	0.01	0.2
		Befo							
		re							

Experienced group vs. Inexperienced group: Comparison of results before training

Figure 1: Knee simulator used for the study