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Introduction:

Apprenticeship (or mentoring) is defined by UNESCO as a "network for the transmission of knowledge by members of the profession". Historically, Halsted had defined it by gradual advancement of the junior surgeon under the control of a senior during the surgical internship, offering a free transmission of knowledge and "clinical, technical and behavioral" skills to deal with whatever patients and situations were encountered [START_REF] Carter | The fruition of Halsted's concept of surgical training[END_REF].

The development of non-residency teaching, particularly through simulation, seems to compete with this classic learning pattern to the point sometimes of a dichotomy or even of competition between "residency teaching by mentoring" and "teaching outside residency by simulation" [2].

It is urgent to reconcile these two pedagogical visions to offer students a modernized surgical education with through phases (i) Phase The first part of the article will list the new tools of this modern apprenticeship.

The second part will illustrate the new rules and modalities of operation of this new knowledge transmission network.

II) New tools for transmitting operative knowledge

The operating room has long been the unique place for surgical learning because what was happening in the operating room was not visible from the outside, especially during open surgery. This is no longer the case, especially since the development of laparoscopy and robotics. New tools have therefore been developed that offer better visibility of surgical procedures, both inside and outside the operating room.

IIa) The dissemination of the operative image Within the operating room, the visualization deep in the hole of the operative gesture was initially reserved for the surgeon and first assistant; with the development of minimally invasive surgery and the use of video monitors, it has become widely available. Today, high-resolution screens, sometimes with 3-D, allow high-quality visualization, sometimes approaching microsurgical conditions, for all staff in the operating room.

In addition, the recording, then the editing and the export of these images in the form of surgical films is now available on general video download platforms like YouTube or on specialized platforms like WebSurg [START_REF]Websurg : the online university of IRCAD[END_REF], which allow the wide dissemination of interventions varying from the simplest to the most complex, and allow the young surgeon to learn the fundamentals and the experienced surgeon to develop new skills.

Finally, the development of specialized courses within training programs has led to live surgery sessions during which an expert performs the intervention in real time in front of learners. The viewers can even possibly interact with the surgeon during the procedure. This common practice, however, raises issues of distraction impairing patient safety during the intervention [START_REF] Ruiz De Gordejuela | Live surgery courses: retrospective safety analysis after 11 editions[END_REF] and the educational value of these sessions [START_REF] Brunckhorst | Systematic review of live surgical demonstrations and their effectiveness on training[END_REF].

IIb) Diffusion of the surgical gesture

The development of communication, particularly in the field of robotic surgery, now allows "tele-mentoring" defined by the performance of a surgical gesture helped by a distant mentor. There are four levels of tele-assistance: (i) simple verbal guidance by a distant mentor who watches a video of the intervention live and verbally guides the surgeon, (ii) teledemonstration, where a distant mentor indicates points of interest on the surgeon's screen, (iii) tele-assisted surgery, where the mentor controls the camera or a remote instrument via a robotic console, (iv) tele-surgery, where the mentor performs the entire intervention remotely. The more advanced the interaction, the more complex and expensive is the telecommunications network. The teaching experience of the learning surgeon must be weighed against the financial impact (cost of the procedure), ethical issues (patient safety) and legal concerns (responsibility and liability in the event of complications) [START_REF] Hung | Telementoring and Telesurgery for Minimally Invasive Procedures[END_REF].

Besides robotic surgery, which offers these functionalities within the dual console [START_REF] Goonewardene | Single-versus dual-console robotic surgery: dual improves the educational experience for trainees[END_REF], tele-companion technology uses portable tools such as Google Glass to put the learner and the mentor in contact [START_REF] Wei | Using Google Glass in surgical settings: systematic review[END_REF]. The development of these less expensive techniques allows their access to developing countries [START_REF] Mccullough | Google Glass for Remote Surgical Tele-proctoring in Low-and Middle-income Countries: A Feasibility Study from Mozambique[END_REF]. Network instability, image distortion and overexposure are limitations of this approach. IIc) Simulation of the operative gesture Essentially all surgical procedures are available for simulation, from the simplest to the most complex, whether by open surgery, laparoscopy or robotics. A distinction is made between procedural simulators (synthetic or electronic) and virtual simulation (virtual reality, augmented reality, serious games, animal simulation, cadaveric simulation)

IIc1) Synthetic simulators:

Widely used in laparoscopy and robotics, synthetic simulators allow the repetition and perfection of basic gestures. They significantly improve the surgical adeptness of the learners and these acquisitions persist over time [START_REF] Dubuisson | Do laparoscopic pelvic trainer exercises improve residents' surgical skills? A randomized controlled trial[END_REF]. They are poorly developed for open surgery [START_REF] Davies | Open surgical simulation--a review[END_REF]. The simple Pelvi-Trainer offers the benefits of realistic force feedback, high availability and low cost.

IIc2) Electronic simulators:

Many models exist for laparoscopy and for robotics that incorporate very powerful software allowing recreation of a realistic 3-D environment. They allow the performance of simple surgical gestures but also the acquisition of complex procedural skills (appendectomy, simple or complex cholecystectomy with varying levels of inflammation and anatomical variations). In this environment, the mentor can assess the learner's ability to develop a surgical strategy and make intra-operative decisions. Software permits the analysis of movements, time, usual errors (loss of sight of an instrument, instrument collision) and allows evaluation of the student's progress throughout repeated sessions. Their higher price and necessary maintenance make them less available. Several literature reviews and randomized trials have demonstrated the benefit of electronic simulators compared to traditional coaching for the acquisition of technical skills [START_REF] Martin-Perez | Virtual reality simulation for surgery: from video games to transanal total mesorectal excision[END_REF][START_REF] Smith | Comparative analysis of the functionality of simulators of the da Vinci surgical robot[END_REF][START_REF] Palter | Validation of a structured training and assessment curriculum for technical skill acquisition in minimally invasive surgery: a randomized controlled trial[END_REF]. Some simulators offer an even more complete experience. The XTT ™ is a robotic surgery simulator for the operator associated with a simulator for minimally-invasive surgery for his assistant. Its exercises make it possible to develop teamwork as well as coordination and communication between the surgeon and assistant [START_REF] Sessa | Face and content validity of Xperience TM Team Trainer: bed-side assistant training simulator for robotic surgery[END_REF].

IIc3) Virtual reality:

Virtual reality, allows a person wearing a dedicated headset associated with receivers, to move about intuitively in a simulated 3-D environment. It can allow training in a standardized intervention or the pre-operative visualization of a patient-specific anatomical plan drawn from imagery data, making it possible to locate in advance the essential anatomical structures. [START_REF] Kowalewski | Validation of the mobile serious game application Touch Surgery TM for cognitive training and assessment of laparoscopic cholecystectomy[END_REF][START_REF]Formations Médicales en Réalité Virtuelle et en Réalité Augmentée REVINAX[END_REF] IIc4) Augmented reality:

Augmented reality allows 2-D or 3-D images to be superimposed in real time on the actual visual field. It can, for example, allow the addition of the imaging data to actual vision allowing better assessment of the location of a tumor in relation to adjacent tissue structures [START_REF] Quero | Virtual and Augmented Reality in Oncologic Liver Surgery[END_REF].

IIc5) Serious games

Many serious games exist within the framework of the simulation of the surgical act that allow, for example, to reproduce the operating steps of a cholecystectomy. However, these games are not good for evaluating a surgeon's technical skills [START_REF] Chon | Serious Games in Surgical Medical Education: A Virtual Emergency Department as a Tool for Teaching Clinical Reasoning to Medical Students[END_REF].

IIc6) Animal simulation

Animal simulation allows the acquisition of complex procedural skills in a simulated environment very close to reality. Its costs remain high, and the organizational and ethical oversight require intense supervision. The anatomical variations between the human and the pig reduce the realism of certain surgical procedures in the porcine model compared to cadaver surgery. Harvesting and banking of animal organs (pig's foot, intestine, abdominal wall) makes it possible to create procedural simulators that are commonly available at relatively low cost.

These allow the simulation of open, laparoscopic or robot-assisted surgery [START_REF] Palter | Resident perceptions of advanced laparoscopic skills training[END_REF][START_REF] Aggarwal | Training junior operative residents in laparoscopic suturing skills is feasible and efficacious[END_REF].

IIc7) Cadaver simulation

Cadavers were widely used for surgical simulation in the past. The human cadaver is particularly useful for complex procedures requiring high anatomical realism. The limits are the very limited availability of anatomical specimens and the decreased realism of dissections (cadaveric rigidity, absence of bleeding).

The recent development of ventilated and perfused cadavers offers new perspectives in this field [START_REF] Delpech | SimLife a new model of simulation using a pulsated revascularized and reventilated cadaver for surgical education[END_REF] (Table 1). III) New tools for transmitting "non-operative" knowledge The surgical trainee operates in an increasingly standardized environment. He or she is at the interface of many medical and paramedical professions and must often confront serious events. Rapid mobilization of a fund of knowledge and a sense of leadership, and communication are essential and expected in this context. However, these "non-operative" qualities are not innate and the trainee who must learn these qualities only in a hospital environment may either be poorly prepared in the face of a complex and frequent situation or may be prematurely called upon to deal with grave circumstances beyond his capacities (management of a hemorrhagic shock by a new resident), or delay contact with certain rare and serious situations (announcement of a cancer diagnosis to patient or family). IIIa) "Non-operational" simulation (see Chapter 9)

IIIa1) Simulation of human interaction

Because of its low economic cost, human simulation is frequently used to place the trainee before a fictitious patient whose role is played by a human, healthcare professional or actor. While an office consultation can easily be recreated, it can be more difficult to simulate a more complex environment (emergency room, resuscitation, operating theater) and realism may be lacking, limiting internal support for the scenario or altering the student's reactions. Simulation of stable and frequent situations should be routinely taught to stimulate clinical reasoning and patient communication. This may involve 

IIIa3) Electronic simulation

Serious games are video simulations of real situations that can be programmed to put the learner in a diagnostic or therapeutic dilemma in order to help develop decision-making skills. Are the skills acquired during these serious games transferable to other contexts? This transfer is difficult to assess due to the variability of the scenarios [START_REF] Kuipers | The Role of Transfer in Designing Games and Simulations for Health: Systematic Review[END_REF] (Table 2)

IIIb) New networks for knowledge transmission

IIIb-1) Acquisition of knowledge

When discussing operative indications or for the application of new techniques, the young surgeon is no longer limited to the use of the resources of his service;

he can call on digital professional networks to help acquire skills necessary for the surgical profession.

Access to theoretical and scientific knowledge is largely dominated today by internet resources. These can be free of charge or require payment and are organized in very diverse forms, often published by learned societies.

-The teaching standards of the colleges of surgery in France were recently grouped in the SIDES-NG platform (www.uness.fr) [START_REF]Plateforme numérique UNESS[END_REF] -The recommendations of the High Authority for Health (HAS), recognized as references defining good clinical practice.

-Decision trees published by national or international learned societies for diagnosis and management of standardized cases.

-The Massive Open Online Course (MOOC), a huge library of free courses available throughout the world that is improving access to information in developing countries [START_REF] Zhao | The comparison of teaching efficiency between massive open online courses and traditional courses in medicine education: a systematic review and meta-analysis[END_REF] IIIb-2) Online peer network

Historically, the resources available to a junior surgeon for a difficult surgical indication were localized within his own surgical department, specifically from an on-call senior surgeon. The development of modern means of communication, primarily the smart phone, has profoundly revolutionized communication between junior and senior physicians by allowing the easy sharing of photographs, X-ray imagery or even videos, allowing remote mentoring through a secure network.

These concepts, much like telemedicine, can raise questions of confidentiality of data that is often transferred over non-dedicated networks. The effectiveness of this communication is maximal when the diagnosis is based on 3-D images (CT or MRI) and the proposed treatment is medical.

In the same vein, the young surgeon can now easily consult regional, national or international professional networks to obtain opinions on complex cases, albeit not as effectively in the emergency context. Dedicated peer-to-peer social networks, organized as web forums [START_REF] Paetow | Online Mastermind Groups: A Non-hierarchical Mentorship Model for Professional Development[END_REF] and web-based interactive multidisciplinary consultation meetings (RCP) are also part of this context. A social network is woven into the heart of these online training courses, and its documentation is evolving thanks to the community effort. It promotes mentoring by an active posture. Such networks are a strong motivational lever for continuous improvement of skills. (Figures 1 and2).

IIIb-3) Artificial Intelligence

The development of artificial intelligence in surgery should make it possible, in the future, to refine clinicians' choices in the case of complex decisions beyond the individual capacities of most surgeons [START_REF] Mirnezami | Surgery 3.0, artificial intelligence and the nextgeneration surgeon[END_REF]. This may, for example, influence the choice of the timing of surgery in the context of multimodal therapy or the choice of radical vs. partial surgery. AI could make it possible to better inform the patient in a more personalized way by accurately predicting the risk of occurrence of complications that takes into consideration all of the patient's clinical, biological and imaging characteristics [START_REF] Sammour | Validation of an online risk calculator for the prediction of anastomotic leak after colon Cancer surgery and preliminary exploration of artificial intelligencebased analytics[END_REF]. The interface with the surgeon is then made through the use of a Clinical Decision Support algorithm that has access to "big data" sources integrated in a multi-parameter manner.

The IBM Watson Health® algorithm was the first such system instituted into routine use in 155 hospitals across North America in 2015.

IIIb4) Surgical data science

Introduced very recently, the concept of Surgical Data Science (SDS) combines progress in big data management and error detection with immediate feedback and intra-operative monitoring of the surgical gesture similar to aviation black boxes. Active robot-assisted learning combines analysis of all these data into a hands-on visual and auditory robotic guidance facilitating the learning of the technical gesture [START_REF] Vedula | Surgical data science: The new knowledge domain[END_REF].

IV) How does this impact the "junior-senior" educational interactions?

IVa) A revival of mentored apprenticeship

The numerous tools developed in recent years: (i) network teaching, (ii) rapid and interactive dissemination of information and knowledge, (iii) simulation within Surgical Schools have modified the learning interactions between junior and senior.

They will not replace traditional mentored apprenticeship, a "network for knowledge transmission knowledge from peer to peer on the job ". Rather, it will be a modernized version of it, a "digital mentored apprenticeship" or "mentored apprenticeship by simulation".

In fact, these new tools are not an end in themselves, but simply new pedagogic means that lend themselves to evaluation of the target (i.e., 1 st year intern) and of goals (acquisition of basic technical surgical skills) during a structured simulation session (briefing, simulation, debriefing.)

The patient remains at the heart of the surgical profession and it is a commonplace axiom that one learns surgery from taking care of "real patients".

But the blossoming of simulation in all of its forms (Figure 3) offers the student new patients to care for and learn from, "virtual patients", on whom they can now learn the profession of surgery outside the setting of the operating room.

Halsted's conceptualization of surgical apprenticeship, sometimes sarcastically referred to as "See one. Do one. Teach one.", finds itself absorbed and integrated into an engineered teaching system that takes place at multiple sites, with multiple links and supports. Such multimodal programs should be developed in the setting of i) on-line educational platforms (Digital Learning), ii) simulation centers that will, bit by bit, become veritable "Virtual Hospitals", and, of course, iii) in the University Hospital Centers and public and private hospitals that are host to residency training programs. Multiplicity:

The oversight of apprenticeship will be multiple with local mentoring, remote mentoring by a tutor from another faculty and possibly other wider peer-to-peer learning networks.

Assessment and monitoring:

The digital portfolio will be the student's record of operative and non-operative learning. The SIDES teaching platform will be the centralized monitoring tool for surgical training and will list all of the gestures performed in the simulation center or in the operating room (logbook).

Training contract:

The ancient tacit moral contract between the mentor and the learner will be formalized by an evolving written record which will guide the junior in acquiring the foundation of knowledge and skills necessary for the student's choice of professional exercise. (R.632-26 of the Education Code). It offers a personalized summary of the student's training progress.

Tutors and internship supervisors:

The tutor becomes the "professional life" coach, attentive to burn-out, to the equilibrium of work and life, who remains the guarantor of technical excellence, but also offers the transmission of professional know-how and ethical qualities, while allowing the student's talents to develop. The tutor guides the student through the maze of immediately available worldwide resources, including skills that even the tutor may not yet have mastered because, more than ever today, the student will be able to surpass the master !!

V) Conclusion

The mentored apprenticeship of the new surgeon benefits from many new tools including information networks and simulations. It becomes multiple and is sometimes conducted remotely, but its essence remains the transmission of skills from a senior surgeon to a junior surgeon.

The senior is no longer a surgeon that students come to watch, understand, and emulate, but a leader who guides the student inside and outside the operating room to acquire the skills necessary for personalized professional training. 

  1, basic training, Phase 2, in-depth training,, Phase 3, accountable autonomy phase; (ii) simulation training covering all the skills of the surgeon profession: not merely technical skills, but clinical skills, communication, cooperation, public health guarantor, scientist, and responsible agent from an ethical and deontological point of view; (iii) network training, which takes on a new meaning in the digital age, social networks, peer-to-peer networks, telementoring.

  (i)role playing where the part of the patient is played by a health care professional who mimics a pathology and adapts his reactions as the situation evolves. The script is not very detailed and leaves much room for improvisation, which makes it more difficult to formally assess the learner.(ii) the "standardized patient" with a more precise and less adaptable script where student assessment is easier because it is more reproducible from one session to another. The OSCE (Structured Objective Clinical Examination), the most classic example, is widely used in mentoring and skills assessment in English-speaking countries. [23] IIIa2) High-fidelity synthetic simulation Patient simulators are realistic lifelike mannequins controlled by remote computer that have many capabilities: opening of the eyes, pupillary reflex, voice, cardiac and pulmonary auscultation, pulse, possibility of endotracheal intubation, or insertion of urinary or gastric tubes. They allow realistic simulation of a complex environment such as an operating theater or resuscitation room. While these patient simulators do not allow the performance of a precise abdominal examination or a surgical procedure, they allow the trainee to be confronted with stressful life-threatening diagnostic and therapeutic situations (hemorrhagic shock, septic shock). When used with other healthcare professionals-in-training (anesthesiologists, resuscitators, nurses), they help develop leadership, teamwork and communication.

  IVb) A revival of "professional paths" The recent modifications of training mannequins for senior residents and the promised modifications for junior residents should constitute new landmarks for surgical training: Standardization: Theoretical knowledge is shared at a nationwide level on a teaching platform with standardized technical performance requirements detailed and recorded in the training booklet by simulation outside the operating room. Performance in the operating room is assessed by observation with a required number of procedures to be performed before the student obtains a Diploma of Specialized Studies (DES). Progressive learning and responsibility: The 3rd cycle of medical studies in France consisting of an initial basic year (internship), followed by three years of progressively deeper training (junior residency), and two years of assuming responsibility (senior residency) offers the progressive graded responsibility of a true apprenticeship program. Clinical scenarios, whether simulated or debriefed by network, should conform to the needs and requirements of the surgical training program and to the competencies that must be taught and mastered at each phase of the apprenticeship.
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 3 Figure 3: The surgical apprenticeship accompanied by a continuum of simulated clinical situations (on-line case studies, peer interactions, electronic simulators, animal and cadaveric simulators, operations on real patients)

  

Table 1 :

 1 Types of operative knowledge that are amenable to teaching by

	simulation		
	Type of	Example	Type of simulation
	competency		proposed
	targeted		
	Basic	Manipulate an object, reproduce a	Pelvic Trainer
	gestures,	movement	
	Hand-eye		
	coordination		
	Basic surgical	Suturing, knot tying, dissection,	Pelvic Trainer, Electronic
	gestures	manipulation of the camera,	simulator
	Procedural	Dissection of an organ, removal of an	Pelvic Trainer, electronic
	competences	organ, anastomosis	simulator, Animal
			simulation, Cadaver
			simulation
	Procedural	Response to variable parameters to	Electronic simulator
	competences	choose a particular procedure and/or	animal simulation,
	with cognitive	to choose to terminate a procedure,	cadaver simulation
	interactions	decision of the extent of a dissection	
		and or suture, choice of variations of	
		the standard procedure	

Table 2 :

 2 Examples of non-operative competences that can be taught by a

	simulation apprenticeship (reference HAS 2017 / Good practices guide for
	healthcare simulation)		
	Type of competency	Example	Type of simulation
	Develop clinical	Appendicitis	Human simulation,
	diagnostic and/or		role playing
	therapeutic reasoning		
		Hemorrhagic shock	High fidelity patient
			simulator (mannequin)
	Organize and set-up	Organization of a	
	procedures	surgical procedure in	
		the operating room