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Background: Performance skills of a surgeon for a specific surgical technique range from 1 (novice) to 5 (expert). Mentoring can bring the surgeon to level 3. Simple experience rarely allows achievement of level 5, in contrast to deliberate practice, in which performance skills

are improved by setting learning goals based on feedback about the trainee's previous performance.

Hypothesis: When learning a technique for the internal fixation of distal radius fractures, the level of performance skills achieved is higher with deliberate practice than with mentoring or simple experience.

Material and Methods: Four surgeons each performed minimally invasive plate osteosynthesis (MIPO) of 15 distal radius fractures. The procedures were recorded by an HD camera. The first five fractures (step 1) were treated after mentoring, the next 5 fractures after reading an article and viewing a reference video (step 2), and the last 5 fractures after viewing and commenting 20 short videos highlighting possible errors (step 3). Each recording of the procedures performed by the surgeons was scored using the Objective Structured Assessment of Technical Skills (OSATS, 10 items on basic skills [B] and 10 on MIPO-specific skills [S]).

Results: For the basic skills, the mean OSATS scores (on 50) were 31 for step 1, 31 for step 2, and 43 for step 3. For the specific skills, the mean OSATS scores (on 50) were 25 for step 1, 29 for step 2, and 48 for step 3. For overall skills (B+S), the mean OSATS score (on 100) was 56 for step 1, 60 for step 2, and 91 for step 3.

Discussion: Our study confirms that the deliberate practice teaching method is more efficient in improving surgeon skills than simple experience. Deliberate practice consists of four essential steps: (i) setting a well-defined goal, (ii) being motivated to improve one's performance, (iii) receiving immediate feedback, and (iv) having multiple opportunities to repeat and gradually perfect one's performance. Our main hypothesis was verified, since the results of learning a MIPO technique, as assessed using the OSATS scale, were significantly better with a video-assisted deliberate practice technique than with mentoring or simple experience.

Introduction

The performance skills of a surgeon for a specific surgical technique range from 1 (novice) to 5 (expert) [START_REF] Tang | Why and how to report surgeons' levels of expertise[END_REF]. Acquiring the motor skills for a specific surgical technique involves three successive steps: cognition, integration, and automaticity [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF]. Studies have shown that mentoring allows surgeons to achieve level 3 for a specific surgical technique [START_REF] Ericsson | Deliberate practice and acquisition of expert performance: a general overview[END_REF]. Different passive and active teaching tools can improve performance when used alongside mentoring [START_REF] Reznick | Teaching surgical skills-changes in the wind[END_REF]. Passive methods consist of attending classes, reading articles, and viewing videos or demonstrations [START_REF] Liverneaux | Should we ban Live Surgery?[END_REF]. Active methods involve participating in discussions, practicing on simulators, and teaching (Fig. 1). These methods, encompassed by the term "simple experience", are rarely sufficient to achieve level 5 performance skills. In contrast, studies suggest that deliberate practice can bring level 5 within reach, for instance when learning to play the violin [START_REF] Ericsson | Deliberate practice and the acquisition and maintenance of expert performance in medicine and related domains[END_REF]. Deliberate practice consists in improving one's performance by voluntarily setting learning goals based on feedback about one's own previous performance. Deliberate practice has not until now been evaluated for orthopaedic surgery in the operating room.

The objective of this study was to determine whether the performance skills of 4 surgeons at level 3 as measured on the Objective Structured Assessment of Technical Skill (OSATS) scale [START_REF] Martin | Objective structured assessment of technical skill (OSATS) for surgical residents[END_REF] could be improved by using deliberate practice to learn a technique of minimally invasive plate osteosynthesis (MIPO) of distal radius fractures. The OSATS score is obtained by defining criteria that are scored from 1 (poor) to 5 (excellent). The number of criteria varies according to the surgical technique that is being evaluated. It is determined by the expert or experts conducting the study [START_REF] Marsh | Fracture and dislocation classification compendium -2007: Orthopaedic Trauma Association classification, database and outcomes committee[END_REF]. The total score is the sum of the scores for each criterion. Our main hypothesis was that the OSATS score obtained for the MIPO technique used to treat distal radius fractures would be higher when surgeons used video-assisted deliberate practice versus mentoring or simple experience.

Material and methods

Study design

The local ethics committee approved the study (Reference CE-2020-40).

The four surgeons were level 3 clinical fellows or non-tenured hospital surgeons.

Between December 2019 and March 2020, they treated distal radius fractures using the MIPO technique. A level 5 expert surgeon identified 20 criteria (Table 1) for the OSATS score. The total OSATS score ranged from 20 to 100. The level of the four surgeons was first established by the expert surgeon and confirmed by the OSATS intervals of equal amplitude (Table 2).

The four level 3 surgeons (S1, S2, S3, and S4) were asked to perform internal fixation of distal radius fractures type A2 or C1 in the AO classification (Table 3) [START_REF] Marsh | Fracture and dislocation classification compendium -2007: Orthopaedic Trauma Association classification, database and outcomes committee[END_REF]. Before starting the study, each surgeon had operated at least 30 distal radius fractures using the MIPO technique. An independent level 3 surgeon acted as an observer using a dedicated software platform (qvident ® , Caresyntax™, Boston, MA, United States) to view the video recordings of the operations obtained using an HD camera integrated in the surgical lighthead (TruVidia™ Wireless ® , TRUMPF Medizin Systeme GmbH + Co. KG™, Saalfeld, Germany). Fifteen video recordings were not assessable due to poor visibility of the surgical field and were excluded from the study (Table 3). The software platform qvident ® ensured confidentiality of the patient data. The independent observer was trained by a level 5 expert surgeon.

Operative procedure

The surgical technique consisted in fixing distal radius fractures with posterior displacement using a locked plate (Initial R ® , Newclip Technics™, Haute Goulaine, France), under local and regional anaesthesia, according to the MIPO technique with a dedicated tool kit [START_REF] Liverneaux | The minimally invasive approach for distal radius fractures and malunions[END_REF]. Each procedure was filmed (Figure 2).

Data collection

The data collection method involved three learning steps: mentoring (Step 1), simple experience (Step 2), and deliberate practice (Step 3) (Figure 3). Each step lasted about 1 month, which was the time needed for each surgeon to perform the MIPO technique on 5 fractures.

In Step 1, each of the 4 surgeons was asked to perform internal fixation of 5 consecutive distal radius fractures using the MIPO technique that they had learned during their residency and practiced as clinical fellows in the department.

The second step consisted in asking each of the 4 surgeons to perform internal fixation of 5 consecutive distal radius fractures after reading an article [START_REF] Liverneaux | The minimally invasive approach for distal radius fractures and malunions[END_REF] and viewing a reference video whose description of the original MIPO technique was considered to be the desired goal

[10].
The third step consisted in asking each of the 4 surgeons to perform internal fixation of 5 consecutive distal radius fractures after viewing 20 short videos (Video 1) describing all the errors committed during the previous steps and evaluated according to the OSATS scale.

Among the 40 video recordings of internal fixations performed by the 4 surgeons, the expert surgeon selected 20 brief clips that best highlighted the errors observed for the 20 criteria. The interval between steps 2 and 3 was 13 days.

At each step, a score between 1 and 5 (1, poor; 2, mediocre; 3, fair; 4, good; 5, excellent) was assigned to each of the OSATS scale criteria by the observer surgeon who viewed the videos. Among these 20 items, 10 evaluated basic surgical skills (B) and 10 skills specific of the MIPO technique (S). Each video was thus assigned a B score on 50, an S score on 50 and a total score on 100 (T=B+S). Finally, at each step, the radiation dose was recorded in mGy and the operative time in minutes.

Statistical analysis

The goal of the statistical analysis was to determine, for each of the five unpaired qualitative variables (B, S, T, radiation dose, and operative time), whether significant differences existed across the three steps.

Given our small sample size, conventional frequency analysis with results expressed as p values would have provided only low statistical power. Here, we used Bayesian methods, which consist in computing the probability that a difference will or will not be found. These methods provide greater power. A probability between 0 and 1 is obtained, which is far more accurate than the binary response p< or p≤0.05. A probability that the difference in credible intervals between the two groups is greater than 90% indicates a marked difference, a difference greater than 95% a very marked difference, and a difference greater than 97.5% the equivalent of a significant difference.

All statistical analyses were performed using the R project (https://www.r-project.org), version 3.1.0, and JAGS (https://sourceforge.net).

Results

Tables 4 and 5 report the analytic results and Tables 6 and7 the synthetic results.

The level of each surgeon established before the study by the expert surgeon was confirmed by the results of Step 1, since all total OSATS scores were between 47 and 64 (Tables 2 and4).

The statistical results are reported in Table 8.

Discussion

The clinical outcomes of surgical techniques are extensively evaluated in the literature.

The evaluation methods include non-specific criteria such as pain [START_REF] Ferreira-Valente | Validity of four pain intensity rating scales[END_REF] and specific criteria such as the QuickDASH score in hand surgery [START_REF] Beaton | Measuring the whole or the parts? Validity, reliability, and responsiveness of the disabilities of the arm, shoulder and hand outcome measure in different regions of the upper extremity[END_REF]. Factors that influence clinical outcomes consist not only of the type and stage of the health condition, the patient's general health status, and the surgical indication but also of the technical performance of the surgeon. This last factor has been less extensively studied. [START_REF] Moulton | Teaching surgical skills: what kind of practice makes perfect?: a randomized, controlled trial[END_REF]. To evaluate technique performance, the OSATS score has been suggested [START_REF] Faulkner | Validation of an objective structured assessment of technical skill for surgical residents[END_REF]. Several studies used a specific OSATS score, notably to assess the learning curve of residents on surgical procedure simulators [START_REF] Jokinen | Effect of structural training on surgical outcomes of residents' first operative laparoscopy: a randomized controlled trial[END_REF]. Others have used the OSATS score to compare training techniques, for instance in microsurgery [START_REF] Liverneaux | Robotically assisted microsurgery: development of basic skills course[END_REF].

As part of surgical risk management, improving the OSATS score for a specific surgical procedure, i.e., improving the surgeon's performance, should lead to better clinical outcomes by decreasing the occurrence of surgical complications [START_REF] Fecso | Technical performance as a predictor of clinical outcomes in laparoscopic gastric cancer surgery[END_REF]. In our study, we did not directly evaluate the clinical effects of improving surgical performance. Instead, we analysed only the improvement in surgical performance, using a specific OSATS score. Our results show that, for the distal radius MIPO technique, level 3 surgeons remained at the same level after using mentoring and simple experience but improved to level 5 after using deliberate practice as their learning tool In another study of residents who used a procedure simulator for articular ankle fractures, deliberate practice training involving a one-on-one review of video recordings showing their errors was followed by a decrease in the number of fluoroscopies during the procedure and by a significant improvement in surgeon performance measured by an OSATS score [START_REF] Karam | Surgical coaching from head-mounted video in the training of fluoroscopically guided articular fracture surgery[END_REF]. In a similar study by the same authors, the quality of the reduction did not correlate with the OSATS score [START_REF] Anderson | Objective Structured Assessments of Technical Skills (OSATS) does not assess the quality of the surgical result effectively[END_REF]. However, both studies included level 1 surgeons [START_REF] Tang | Why and how to report surgeons' levels of expertise[END_REF] and used surgical procedure simulators. In contrast, we studied level 3 surgeons, who operated fractures in patients. Finally, in some fractures, notably at the distal radius, the quality of the articular reduction may not correlate with the clinical outcome [20]. We found that, although the operative time did not decrease significantly across the three steps, the radiation dose diminished after step 3. This paradoxical finding may be explained by the fact that acquiring movement automaticity for a surgical technique requires more than 5 operations [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF].

Our study has several limitations. First, there was a learning curve for using the camera. Thus, we had to exclude 15 video recordings that were not assessable because the surgeon's or the aid's head obstructed the field of view. Second, we did not conduct a parallel group study in which one group of surgeons would have used simple experience and the other deliberate practice. Instead, we used a single group of surgeons who successively used mentoring, simple experience, and deliberate practice. Nevertheless, our findings establish that progress was minimal between the first two steps and considerable between step 2 and step 3. Third, we chose the MIPO technique for the distal radius and the OSATS scoring system. These choices may be challenged, but they were suitable for the specific objective that was explained to the 4 study surgeons. Finally, we included only 4 surgeons and 60 video recordings. We did not find a significant improvement in the OSATS score between steps 1 and 2. This result does not mean that the simple experience method has no merits. In reality, the media supplied to the 4 study surgeons between steps 1 and 2 focussed on improving specific skills and not basic skills.

Our study confirmed that the deliberate practice training method was more efficient than simple experience for improving surgical performance skills. The deliberate practice method consists of four main steps: (i) setting a clearly defined goal, (ii) being motivated to improve one's performance, (iii) receiving in-the-moment feedback, and (iv) having many opportunities to repeat and perfect one's performance [START_REF] Ericsson | Deliberate practice and the acquisition and maintenance of expert performance in medicine and related domains[END_REF].

Our main hypothesis is verified, since the results of learning a distal radius fracture fixation technique, as measured by the OSATS score, were significantly better with videoassisted deliberate practice than with conventional training by mentoring and simple experience.

In conclusion, the video-assisted deliberate practice training method deserves to be generalised to many other surgical procedures in order to optimise the learning curves of trainees and to improve risk minimisation in surgery. Recording of the videos. The surgeon is the subject performing internal fixation of a distal radius fracture, illustrated by the hand. A camera secured to the surgical lighthead films the procedure and transfers the images to a computer. The computer recorded 20 videos for Step 1.

Figure 3

Comparison of the three steps. OSATS scores for step 1 (mentoring), then step 2 (simple experience), and finally step 3 (deliberate practice). The OSATS scores for the three steps are compared.

Table 1. The 20 criteria used to determine the OSATS score for evaluating anterior plate internal fixation used to treat distal radius fractures according to the MIPO technique. Of the 20 criteria, 10 evaluate basic surgical skills and 10 skills specific of the MIPO technique. The criteria were developed by a level 5 surgeon (according to Tang and Giddins, 2019) Under the X-ray tube Not under the X-ray tube but within the surgical field Outside the surgical field >1. [START_REF] Ericsson | Deliberate practice and the acquisition and maintenance of expert performance in medicine and related domains[END_REF] S1-4: the four study surgeons; Steps 1 through 3: the three data collection steps (see text); B1-10, the 10 items evaluating basic surgical skills (see Table 1); N/5: mean of the 5 videos
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Table 2 .

 2 OSATS scoring tool with 20 criteria to assess anterior plate internal fixation of the distal radius using the MIPO technique. Of the 20 criteria, 10 evaluate basic surgical skills and 10 skills specific of the MIPO technique. The criteria were developed by a level 5 surgeon (according toTang and Giddins, 2019) 

	mGy

OSATS: Objective Structured Assessment of Technical Skills; MIPO: minimally invasive plate osteosynthesis; FPL: flexor pollicis longus; FCR: flexor carpi radialis: PQ: pronator quadratus

Table 3 :

 3 Distribution of the fracture types and of the number of unassessable video recordings during the three steps of anterior plate internal fixation of distal radius fractures

	using the MIPO technique			
			AO classification		Number of unassessable video recordings
	Step	A2.1 A2.2 C1.1 C1.2	
	Step 1	3	8	6	3	9
	Step 2	1	4	1	14	4
	Step 3	2	8	1	9	3
	AO classification [9]				

Table 4 .

 4 Results for the 10 criteria evaluating basic surgical skills in the OSATS scale for evaluating fixation by an anterior plate of distal radius fractures using the MIPO technique, for each of the 4 surgeons S1-4: the four study surgeons; Steps 1 through 3: the three data collection steps (see text); B1-10, the 10 items evaluating basic surgical skills (see Table1); N/5: mean of the 5 videos

	Surgeons		B1			B2			B3			B4			B5			B6			B7			B8			B9			B10	
	S1-4		N/5			N/5			N/5			N/5			N/5			N/5			N/5			N/5			N/5			N/5	
		STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP	STEP
		1	2	3	1	2	3	1	2	3	1	2	3	1	2	3	1	2	3	1	2	3	1	2	3	1	2	3	1	2	3
	S1	3.6	3.6	5	3.2	3.8	4.6	3	3.2	4.6	3	3.8	4.4	2.6	3	3	4.2	3.2	4.4	3.6	2.2	3	3.6	4	4.4	4	4.2	4	3.8	4.8	5
	S2	3.2	4	4.4	3.6	3.4	4	1.4	1.8	5	2.6	4.2	5	1	1	4.6	4.8	3.4	5	3	2.2	3.2	3.4	3.6	4.2	4.4	4	4.6	5	4.4	5
	S3	2.8	2.8	4.2	3	3.4	4.8	3	2.6	3.8	4.4	4.2	5	1	1	4.6	3.6	3.2	4.6	1.8	1	3.2	3.4	3.2	4.2	3.8	3.6	5	4.4	4.4	5
	S4	2	2.2	3.2	3	2	4.6	2.6	2.2	3.2	4.6	5	5	1	1	4.2	3.2	2.4	5	1	1	3	2	2.2	2.8	4.2	4.4	5	4.6	4.8	4.6
	mean	2.9	3.15	4.2	3.2	3.15	4.5	2.5	2.45	4.15	3.65	4.3	4.85	1.4	1.5	4.1	3.95	3.05	4.75	1.8	1.6	3.1	3.1	3.25	3.9	4.1	4.05	4.65	4.45	4.6	4.9
	S1+S2+S3+S4																														

Table 5 .

 5 Results for the 10 criteria evaluating specific surgical skills in the OSATS scale for evaluating fixation by an anterior plate of distal radius fractures using the MIPO technique, for each of the 4 surgeons

	S1			S2			S3			S4			S5			S6			S7			S8			S9	
	/5			N/5			N/5			N/5			N/5			N/5			N/5			N/5			N/5	
	EP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3 STEP1 STEP2 STEP3
	.4	5	2.2	1	5	1	1.4	5	3	2.6	5	3.2	4.2	5	5	5	5	1.8	1.8	4.6	3	3.4	4	2.6	3	5
	.6	4.6	1.2	1.4	5	1	1	5	3	3	5	3	3.8	5	1.8	4.8	5	1	1.8	4.4	1.4	2.6	4	3.4	4.6	5
	3	5	1.6	1.4	5	2.2	1	5	2.8	3.4	5	4.6	4.2	5	5	5	5	1	1.8	3.4	2.2	4.6	4.2	3	4.6	5
	.8	5	2.4	1.4	5	1	1	5	3.4	3	5	3.6	3.8	5	4.8	5	5	1	1	5	2.2	4.2	4.6	3	3.8	5
	.7	4.9	1.85	1.3	4.9	1.3	1.1	5	3.05	3	5	3.6	4	5	4.15	4.95	5	1.2	1.6	4.35	2.2	3.7	4.2	2.9	4	5
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