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			Surgery can be defined as a “curative mechanistic intervention to correct or modify any pathological process in the body amenable to manual manipulation”.


To implement the surgical process there are two prime desiderata:


Good visualisation of the area of activity.


Adequate manipulatory mechaanisms to achieve the requisite modification of the pathological process





For several centuries these objectives have been achieved by the somewhat simplistic concept of:


Displaying the affected area of the body through open access incisions often of an incongruously gross degree for the indicated task.


Using manipulation of the hands within the body to power basic instrumentation which has changed little in design for many decades - namely the scalpel, the haemostat, the grasping forceps and the scissors.





			It has also been the experience of many surgeons over the last 50 years that when a circumspect and gentle use of even these somewhat basic mechanisms was invoked the results of surgical intervention both in terms of morbidity and mortality was vastly improved. It was always taught by ones more thinking mentors that gentleness in the manipulation of tissues was one of the greatest secrets of surgical success.


			Over the last 100 years increasing sophistication in instrumentation has resulted in the lessening of interventional trauma in many areas. For example, the advent of the lithotripsy resulted in a fall in mortality of the  treatment of the bladder stone from 40 per cent to 1 per cent.  More recently the treatment of gall stone obstruction of the bile duct by ERCP has vastly reduced the morbidity of this procedure. [1] The difference in the results of extracorporeal lithotripsy and endoscopic stone extraction for renal calculi when compared with open renal surgery is perhaps the most striking example. [2] Endoscopic cholecystectomy is perhaps the latest but just one more example of this progressive trend that has penetrated to all areas of interventional therapy. [3]


			Evaluation of these changes in the mid 1980s gave rise to the concept of “Minimally Invasive Therapy”[4,5] with its primary aim of reducing trauma in all areas of interventional medicine. It was also the realisation that most of these outstanding advances have been due almost entirely to the advent and application of newer and more complex instrumental technology - the lithotripter is again an excellent example.  Such thinking encouraged the establishment of the Society of  Minimally Invasive Surgery in 1989 later to become the Society for Minimally Invasive Therapy to encompass the interventional radiologists already forming a covert branch of interventional medicine.  Other similar societies have subsequently evolved.


			Probably the most important thrust that has permitted these profound changes in the interventional attitude has been the evolution of instrumentation which has developed along two main paths.


Imaging and Methods of visualising the target of pathology.


Manipulation. Sophisticated manipulatory mechanisms that have permitted refinement in organ handling and the avoidance of unnecessary tissue trauma.


Imaging and Methods of Visualisation


a) Endoscopy.


b) Scanning systems: CT, NMR and ultrasound





a) Endoscopy


			The distant history of the endoscope has been well documented commencing with the development of the Lichtliter by Bozzini (Fig 1) in the late nineteenth century passing through the incandescent bulb endoscopes introduced by Nitze to the current solid rod lens system (Fig 2) devised by Hopkins in the 1950s and 1960s and the fibreoptic endoscopes. (Fig 3)  It is interesting to remark that nearly all the systems have been pioneered in clinical use by the specialist surgeons, notably the urologist, gynaecologist, ENT and orthopaedic surgeons.


			Endoscopes enable the detailed examination of the area of surgical interest to be undertaken, frequently under magnification, but most importantly they allow close inspection of areas of the body inaccessible to the naked eye. Finally and probably most importantly they permit visualisation to be achieved through very small instruments of only a few millimetres in diameter thus obviating the need for vastly traumatic intrusion into the body purely as a means for obtaining adequate visualisation of  the operation area.


			Until about ten years ago it was customary to place the eye to the optic of the endoscope to view the area of interest. (Fig 4) With the introduction of the small chip cameras in the mid 1980s it is now almost unusual to place the eye to the endoscope. The imaged picture is now projected on one or two television monitors so that not only the operator can see the area of activity but also the rest of the staff in the operating theatre. (Fig 5)


			Endoscopes may be used by way of  constructed artificial channels made into the operative area or they may be introduced through the natural apertures of the body - the mouth, nose, ears, urethra, anus and vagina. Endoscopes may be simply classified into solid rod and flexible systems.(Fig6)





Solid rod endoscopes





			These instruments have a hollow steel shaft into which a series of small glass rod lenses is inserted. These lens systems transmit excellent images with little loss of clarity. They are made in a wide variety of sizes usually measured in circumference and millimetres known as the Charier or French scale although there is now tendency for the manufactures to quote instrument size in millimetres of diameter rather than this old scale. The smallest range from 2-3 mm up to extremely large instruments of 28 mm but the most commonly used are those in the 7-10 mm range. The optics are arranged to give either a 0 degree straight ahead view or an oblique viewing angle ranging from 0-70 degrees. The field of view subtended is also variable from a wide to narrow angle of spread. Illumination is provided by glass fibre bundles arranged alongside the viewing optic and powered from a high intensity external light source connected by a flexible cable to the proximal end of the instrument. These instruments are usually quite robust and can be chemically or heat sterilised and vary considerably in length from 2 to + 30cms. They are in common use in:





Urology as cystoscopes, resectoscopes, nephroscopes and ureteroscopes.


Gynaecology as laparoscopes, hysteroscopes and resectoscopes.


Orthopaedics as arthroscopes.


In General Surgery as laparoscopes and transanal resectoscopes.


In ENT as sinus endoscopes and laryngoscopes.  Less commonly rod lens systems are coming into use in vascular and neurosurgery.  Magnifying systems are used external to the body as operating microscopes in ENT, ophthalmology, neurosurgery and microvascular surgery.





Flexible Endoscopes 


			These are much more delicate instruments and are built of coherent bundles of glass fibres that transmit a good image but with less clarity than the solid rod systems. Flexibility of the fibre bundle allows these endoscopes to be deflected away from straight lines so they may be used to negotiate deviations in direction particularly when used intraluminally in the bowel or bronchus and moreover to negotiate around intraperitoneal structures when used laparoscopically. Those in common used are:





Gastroenterology - oesophagoscopes, gastroscopes, duodenoscopes, colonoscopes and choledochoscopes.


Thoracic surgery - bronchoscopes.


Urology - ureteroscopes, cystoscopes and nephroscopes


Gynaecology - salpingoscopes.


ENT - sinus and laryngoscopes.





Fig.6
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			With this armamentarium of endoscopes most areas of the body have become accessible to optical visualisation. Further developments in endoscope design that are already being marketed are 3D systems that allow multi-dimensional assessment of areas of interest which obviously provide an aid to manipulations by secondary ancillary instruments. Zoom and autofocus endoscopes (Fig 7,8) are also coming into production that will enable the operator to close focus onto the area of optimum interest and then revert to a panoramic view of the whole area of operation to gain orientation of the position of associated manipulatory instruments. Such Zoom systems may well become voice activated in the near future so the surgeon need not move his hands away from his primary instrumentation to change optical focus.


			Probably the next most important development will be the advent of High Definition Television Systems which give pictures of superb detail of the operative field under magnification such that the operator can have the impression of viewing the abdominal contents as being totally exposed as in laparotomy. Unfortunately such systems are at present unduly expensive but as with most electronic apparatus the price will in due course be reduced.


			The Chip cameras which transmit the optical image into the digital electronic form are also undergoing modification and miniaturisation (Fig 9) so that instead of being mounted in the instrumental probe at its proximal end outside of the body the chips will be distally placed thus diminishing the diameter of the probe and reducing the need for optical transmission systems along the probe; the connection between the chip and electronic control box will be made simply by wires and will also enable the instrument to become totally flexible.














b) Scanning systems


			The newer scanning modalities of ultrasound, CT X-ray and Nuclear Magnetic Resonance imaging are already being applied directly to the interventional process rather than as a purely diagnostic tool.Initially these systems were used to demonstrate transverse sectional images of the body. The next step was the ability to develop multiplanar images by NMR and finally we have the reconstructed 3D computer images of all body areas from these primary scans. (Fig 10) Such systems have until quite recently been used in a diagnostic mode so that the interventionist needed to remotely assess the pathology concerned.


			More recently such systems are being looked at in a more interventionist manner by the radiologists and the neurosurgeons. For example CT or NMR images of the patient's head and brain are initially constructed. Underlying pathological processes can be identified within the brain substance, their detailed relationships determined and a 3 Dimensional reconstruction of the organ developed. (Fig 11) This developed image can then be projected on to the head of the patient at the time of surgery and the best trajectories and paths of access determined through small access tracks and burr holes to avoid the necessity for the construction of large osteo-plastic craniotomies.


			The latest development of the split ring NMR (Fig 12) scanner can now allow the interventionist to not only scan and visualise lesions such as brain tumours but will also permit guided operative interventions with the insertion of probes and catheters into identified lesions under direct real time scanning control. They will also enable the identification of access trajectories for optical endoscopes to be inserted into areas of interest without damage to nearby vital structures and permit for example the clipping of intracranial aneurysms.


			Thus in the last five years we are seeing the development of imaging systems that will not only supersede our direct optical visualisation of the area of surgical interest but will also provide facilities for more detailed manipulations in the operative area. Our areas of activity will thus be vastly expanded by the facilities already being offered by the techniques and manipulations of these scanning systems which more and more will invoke the expertise of the interventional radiologist.


		In effect the modern endoscopes and scanning systems that are being offered will be the eyes at the tip of our fingers which can see round corners, see through solid structures and provide us with extraordinary clarity of detail in a way that we have never been able to achieve with open surgery. For instance, instead of viewing the cystic/ bile duct junction at a distance of two feet we are now able to visualise the anatomy under magnification at a distance of a few millimetres with the resultant implications for greater safety in any interventional procedures.





2. Manipulation


			Now that the endoscope and other imaging techniques have permitted astonishingly  good visual access to practically all areas of the body through minimal access sites we are now entering a new phase in the evolution of manipulatory instrumentation.The requirement for vast access incisions for visualisation being negated a similar need has arisen to modify and reduce the size of ancillary manipulatory instrumentation.


			The basic surgical armamentarium of scalpel, grasping forceps, haemostat, scissors and needle and thread permitted incision, dissection, haemostasis, resection and anastomosis of tissues. Obviously these conventional hand held instruments have become unsuitable for manipulations occurring down fine access tracks and thus instrumentation is rapidly becoming modified to accept these new challenges.The initial endoscopic procedures such as prostatic resection, arthroscopy and endoscopic nephrolithotomy substituted high frequency cutting currents in place of the scalpel by introducing ancillary instrumentation down operating channels and irrigation channels integral with the endoscope. Grasping was still achieved by long shafted modifications of conventional dissecting forceps and haemostats but there was a marked deficiency in the ability to achieve reconstruction in the nature of suturing and anastomosis of divided tissues. Haemostasis as in open surgery could still be achieved by diathermy coagulation.


			It was probably the advent of interventional laparoscopic surgery in the mid 1980s particularly by the gynaecologist, Semm, in Germany that led to the newer generation of manipulatory instruments that have recently emerged. (Fig 13) Such instruments have been specially configured so that they may be passed through small secondary access tracks of a few millimetres and the access ports down which they are placed for laparoscopic surgery have been well publicised in this field and will not be independently itemised. (Fig 14) The main surgical manoeuvres described above can now be achieved by these newer instruments, for instance:





Cutting and dissection of tissue is now achieved by high frequency diathermy utilising needles, hooks, forceps and activated scissors.


Grasping is produced by means of elongated narrow bladed forceps.


Haemostasis is achieved by diathermy coagulation or by stapling.


Conjunction of tissues is now more frequently being performed by stapling devices.  Suturing at a distance through small access channels has proved unduly laborious and would seem doomed to be gradually excluded from the  manipulatory repertoire.


Clearance of blood clot and debris from the operative area is by means of fine irrigation and suction devices rather than by swabbing with absorbent cotton fibres.





			All these instruments were initially produced in a  “non disposable” mode but in the last five years many have become available as “disposables”. These are in general costly and there is now a swing back to the re-usable configuration. It is true however that these types of surgical instruments are increasingly proving less than adequate for the newer interventional tasks that are being undertaken.


			Magnification of the target tissues has demonstrated the relative crudity of the current devices and has highlighted the clumsiness of manually coupled and manipulated instrumentation. The length of these instruments usually of the order of 30 cms, originated with the gynaecologists who operated on the pelvic organs from umbilical level.  There is of course little need for such elongated and clumsy instrumention. The area of surgical interest directly targeted with shorter and delicate instrumentation would be more beneficial and  are being slowly developed. The stupidity of the ‘Harley Davidson’ position needed to use these instruments is immediately apparent.


			It is thus almost inevitable that much more sophisticated methodologies will be evolved in the next few years. It is entirely possible that some form of mechanical or robotic assistance will be required to control and guide the manipulatory end effector of the future.  Such mechanisms have already been introduced into the areas of ophthalmology, neurosurgery and ENT surgery.


			Two shortcomings of current laparoscopic instruments are immediately apparent:


The movements are restricted to an area with limited degrees of freedom based around the access point of the instrument through the body wall such that the end of the effector cannot move fully and freely in space as in an open surgical approach.


When viewed endoscopically the end effector cannot be moved intuitively as in open surgery because of the restriction of movement of the instrument at the point of entry into the body. For example a downward movement of the forceps appears as an upward movement on a TV monitor and can prove to be disastrously confusing to the endoscopically inexperienced.


			To overcome this disability it would seem that in time we are going to need articulated effectors with six degrees of freedom such as is available with the human hand to enable the end effector to be placed accurately and orientated in space. How therefore can an end effector be suitably coupled at a distance to the surgeons hand to produce the desired movements? One solution would be to have a robotic glove like device but this would obviously be very clumsy. Developments in the aviation and computer industries have already made such devices available and terminal mechanisms can be controlled by space mice, joysticks, trackers or immersion probes.


			Work at the Fraunhoffer Institute in Stuttgart [6,7,8] among others has already addressed this problem and has demonstrated that the immersion probe mechanism coupled with an articulated endoscope is probably going to be the most useful. A hand held stylus that is connected to an electromagnetic arm is gripped by the surgeon like a pen. Movement of the point of the stylus is tracked and reduplicated by slave instruments passed into the body through an access port. This slave instrument is visualised on a television monitor and its movements can be initiated and controlled by movements of the stylus in the surgeon's hand. These movements are seen under magnification and the stylus is activated and suitably stabilised by the tracking arm. This stabilisation also eliminates the commonly observed manual unsteadiness seen if the instrument is free held  by the surgeon. (Fig 15) Such stylus tracking mechanisms could be mounted with appropriate end effectors such as scissors, forceps and hooks and the arms could be programmed not to move outside pre-set dimensions thus avoiding instrumental trauma to surrounding vital structures. Mechanisms such as NMR scanners and endoscopes becoupled to the robotic arm will enable the surgeon to operate upon the patient remotely from a work station. This distance between surgeon and patient is then purely determined by the electronic connections between the two. Thus a surgeon could theoretically operate upon a patient in another hospital or even in another city or country by satellite linkage. 





The Future





Training


			Thus the concept of minimally invasiveness is inevitably leading surgical instrumentation into a more mechanistic and possibly robotic area of manipulative control. We are currently in a half way situation between free hand held instrumentation and robot assisted control. There is obviously much work to do in the next few years to perfect this newer instrumentation and refining it to our needs. Whilst simple grasping, cutting and haemostasis can be easily achieved the next large hurdle is the development of more sophisticated anastomotic and stapling systems to allow conjunction and reconstruction of divided tissues. Ablation of large tissue masses such as tumours and removal through small access ports is a further problem that will be addressed with tissue macerators and diathermy and laser vaporisers.


			A further consequence of the development of these newer instrumental systems is the need for surgeons to train and undergo retraining to encompass these newer skills. Much has been written in the medical and lay press on this topic  in the last year or so. Clearly for those unused to the endoscope and the dissociation of visualisation from manipulation it is of vital importance to develop training systems to encourage accurate hand eye co-ordination. Such skills can usually be achieved by simple “lunch box simulation” using inanimate objects for practice such as the peeling of grapes or the dissection of animal entrails. The next step would be to practise on anaesthetised live animals but quite rightly such systems are banned in the United Kingdom.


			In order to progress from a simple simulation to more advanced systems the computer industry has been hard at work attempting to recreate the whole of the intra-abdominal contents coupled with simulated manipulatory instruments with tactile feed back to produce a virtual reality abdomen. At the time of writing such systems are unduly simplistic and unconvincing and the next logical step in training is surely for the trainee to assist an experienced operator at a number of clinical procedures and then to carry out simple procedures under conditions of strict proctoring. It should be pointed out that most of these training systems are directed at laparoscopic interventions which in reality constitutes only a modest area of activity when the whole of the surgical spectrum of ENT, orthopaedics, urology, neurosurgery and vascular are considered.











The Interventional Radiologist


			It must have become apparent to the most casual surgical observer that the interventional radiologists have over the last decade begun to move more and more into the area of therapy rather than diagnosis. This trend started in the late 1970s with the development of angiographic techniques for visualisation of arterial lesions and progressed into therapy with the inception of intraluminal balloon dilatation of obstructed vessels. Since that time the radiologists have become even more active in their ability to ream, dilate and stent obstructive vessels and to embolise arterio-venous malformations and even whole organs such as the kidney. Their instruments are in general simple comprising of guide wires and catheters but there is now progression into more sophisticated devices such as expandable arterial stents, mechanical reamers and intraluminal lasers.


			In gastroenterology the ability to pass an endoscope into the duodenum and intubate the bile duct through the ampulla has allowed the radiologist or medical gastroenterologist to remove bile duct stones with baskets and fragment them if necessary with electrohydraulic, ultrasound or laser disintegrators. Direct hepatic puncture has allowed the radiologist to insert expandable mesh stents for treatment of bile duct strictures both benign and malignant with reasonable long term results.


			In urology, percutaneous puncture of the kidney to provide drainage and extract stones is being performed without the need for surgical intervention and prostatic stenting instead of transurethral resection is ideal for treatment of acute retention in the fragile patient.


			Fine needle biopsy of lesions in any organ such as the liver, lymph nodes of the prostate is now common place and is usually done under ultrasound guidance. Radiological micro discectomy is now possible for the treatment of prolapsed spinal discs by needle puncture of the appropriate area and either mechanical or chemical dissolution of the nucleus pulposus followed by aspiration without any need for surgical intervention.


			The advent of the split ring nuclear magnetic resonance scanner is obviously going to open up potential areas for the radiologist to display his interventional skills for example direct needling of liver metastases followed by the passage of a laser fibre into the tumour with laser disintegration of all malignant cells which can now be done entirely by the radiologist without any surgical input. The advent of the technique of extracorporeal focused ultrasound is being rapidly developed and will probably come into use for treatment of bladder carcinoma and benign hypertrophy of the prostate, metastatic lesions of the liver and possibly intracerebral lesions.


			It must be again emphasised that most of these advances in interventional radiology have emanated from the increasingly sophisticated instrumentation that has been developed in the last few years. This process is inevitably set to continue and rather than adopt a confrontational attitude it is essential to enter into a symbiotic partnership with our interventional radiologists. I have personally experienced the valuable input of my radiological colleagues into the management of renal calculi by various methods and I am sure that radiologists should become part of any standard interventional team within most specialities.





Conclusion


			Thus currently there is a concerted swing away from the conventional methods of achieving surgical intervention spurred on by the well documented benefits of a less traumatic approach to interventional therapy.  Much of the success in this area in the last twenty years has been due to increasingly sophisticated instrumentation that is still very much in the development phase. The pace of change is quite often dictated by the wishes of our patients to be exposed to the least possible bodily trauma to cure their condition and is a driving force in a situation that provides ongoing scope for interventional innovation particularly in the area of new instrumentation.
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 “To err is human 


Not to err is machine’’


						(nathan1994)





			High failure and morbidity rates exist in operations requiring precision or repeated mechanical actions. This is well exemplified in operations on the spine, base of skull and the intracranium. Complicated anatomy with closely related vital structures make these procedures technically demanding and even a small human error can lead to tragic complications. The present availability of modern imaging systems where the images are digitally enhanced with a computer or generate 3-D models can give accurate and vivid pictures of  the complicated operating field and go as far as to even simulate the consequences of a surgeon's action. In situations where precise human action is required or a trajectory with minimal access is needed robots have been developed to assist the surgeon. 





Definition


			The Robotic Institute of America defines a robot as "A reprogrammable multifunctional manipulator designed to move material, parts, tools or specialised devices through variable programmed motions for the performance of a variety of tasks."


			A robot is not a hard automatom that cannot vary its task nor is it intuitive as a human. It is a flexible programmable machine, primitive in comparison to the five senses, power of judgement or manual dexterity of a human. Thus a robot falls  between human labour and hard automation.





Historical Review


			The term Robot first appeared in Karel Capek's play R.U.R. (Rossums Universal Robot) in 1923. In Czech the word robota  means ‘a worker (slave)’ to relieve the master from his toils. The first robotic process was implemented in the die casting industry in 1961 to protect men from the hostile work environment. The great motor industries of Japan and America soon incorporated robots into their assembly lines. Although these robots were multifunctional they could not sense and intuitively vary their tasks. American and Soviet space programs in the late sixties lead to the development of robots with sensors that could react to various situations.


			The seventies saw the first use of robots in medicine to rehabilitate physically handicapped patients. They were autonomous wheelchairs with stair climbing facility and simple arms for feeding, drinking and other manipulative tasks. In the late eighties passive robots for stereotactic neurosurgery and an active robot to transurethrally resect the prostate gland were developed. The first active robotic surgery in the world was performed in April 1991 to remove quantities of prostatic tissue from a patient.[9]





The Structure of a Robot


			Robots can be easily compared to the human in their structure and depending upon their use they may comprise of few or all the systems. The mechanical design forms the skeleton of the robot and this varies widely depending on its function. Designing a robot to perform a wide range of tasks is costly and very complicated, thus most robots are designed for a specific task. 


			The skeleton or the framework is moved by actuators that are the muscles of the robot. These actuators maybe pneumatic, hydraulic or powered by electric motors. Hydraulic forces are commonly used when gross movements with great force but minimal accuracy is required. For precise delicate movements with accuracy are required, electrical actuators such as AC or DC servomotors are used. With the recent development of micromotors (microactuators) very delicate and accurate motions in tiny confined spaces can be achieved.


			The actuators are usually controlled by a motion controller which are the pyramidal and extra pyramidal systems of the robot. The motion controller makes the system inherently faster but more complicated. The motion controller is in turn controlled by a computer  which forms the brain of the robot. 


			Sensors are incorporated into a robot to give information of the robot's position and it's surrounding environment. These sensors can be positional, force or visual. Positional sensors are essentially potentiometers that sense the position of the robot or its effectors within the given working space. Force sensors delineate the consistency of the tissues and are especially useful in orthopaedic surgery where the torque of the drill needs to be altered depending on the density of the bone. Visual sensors are used to analyse various imaging modalities like CT, NMR and ultrasound scans. Thus the sensors can inform the computer of a varying environment that can appropriately change the commands to the actuators and adjust the movement of the frame much like the human animal but in a primitive form.


Robots in Medicine


			In medicine robots are available for healthcare to assist physically handicapped patients at their homes and offices; for paramedical services to transport patients; for medical laboratories to do various tasks such as tissue typing and DNA sequencing;  for diagnostic medicine and to assist in surgery. Fig 17 shows the various robots developed in medicine.


Fig. 16


Classification of Medical Robots
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Robots in Surgery


				Robots used in surgical practice maybe Active or Passive depending on their function. Active robots perform a part of or most of the operative procedure while passive robots aid in guiding trajectory, matching prosthesis, giving information about the depth and position of tools and simulating operations.


Robotic Simulation Devices


				Following great success in the military and aviation industries robotic simulators have been gradually introduced into medicine. The demand for  speciality training in medicine is growing exponentially, requiring the training of increasing numbers of specialists and allied health professionals. It is difficult, time consuming and potentially hazardous to patients to train health staff in actual situations like the operating theatres or cardiac resuscitation units. These circumstances would benefit from robotic simulations in standardising learning, shortening of the learning curve, establishing the criteria of competency, the ability of regulatory agencies to certify and recertify surgeons and a possible rapid dispersal of new techniques.[10]


				The first interactive simulator was the Sim Aid Medical simulator which was a realistically configured human body developed at the University of Southern California in 1980 to interact with medical students. In 1982 a Cardiopulmonary resuscitation simulator was developed by the American Heart Association that forms an integral part of cardiac training in medicine. In 1984 a Shock Trauma simulator was developed which requires instantaneous response to developing patient situations which would in turn change its response to the users' actions. Recently anaesthetic simulators incorporating a complete anaesthetic machine with all the monitors and a patient surrogate has been developed. It has been programmed to present normal, unusual and emergency situations and responds accordingly to the users' actions.[11]





Glossary





Simulation		a participatory experience with significant aspects of a given procedure, which must faithfully reproduce the reality of the procedure as closely as possible.  





Seamless Images		images realistically linked without any gaps or visual jumps between images.





Real-Time		images that appear and change in response to the user’s action and appear seamless.





Interactive Video Technology (IVT)


			a simulation system that uses actual images stored on video disc player and later displayed in real-time.





Computer Graphics Simulation (CGS)


			a simulation system that uses computer generated graphics instead of the actual images as in IVT.





Video Graphic Tool Technology (VGTT)


			a simulation system that uses a hybrid of IVT and CGS to portray movement of devices in several planes over the actual endoscopic pictures in real time.





Variable Resistance Devices (VRD)


			it gives variable tactile feedback resembling closely to the varying human tissue consistency





Calibration	


			to spatially configure a robot to the human body so its stored images of landmarks and anatomy accurately correspond to the operating field. 


			Endoscopic simulators for upper and lower gastrointestinal tracts (GIT) have been developed. A system to teach upper GIT endoscopy has been developed which consists of a standard non-instant jump video disc player, a computer with a touch screen monitor and IVT connected to a  moulded mannequin. Optical sensors and potentiometers relate the position of the endoscope in the mannequin so that as it is moved, real-time pictures of the digestive tract appear and seamlessly change with the users actions.  A similar ERCP simulator has been developed which uses an endoscope with VRD. The original model of this simulator allowed only cannulation and movement within the duodenum but recent improvements with CGS and VGTT also allow straightening manoeuvres and the performance of a pancreatogram or cholangiogram. Similar devices have been developed for flexible sigmoidoscopy and colonscopy.[10,11]


				Presently simulators using VRD, CGS real-time seamless images are being developed for laproscopic cholecystectomy, bronchoscopy, angioscopy and angioplasty. The next logical and futuristic step will be the development of intelligent endoscopes. These will be capable of automatic steering and guidance if requested and could recognise pathology or present information from a visual database for comparison. 





Orthopaedic Surgery


				In the prosthetic surgery of bones a major consequence of imprecise surface or cavity preparation is inadequate contact between bone and prosthesis. The resulting gaps lead to micromotion between bone and prosthesis affecting the quality and quantity of bony ingrowth. This leads to persistent thigh pain in hip surgery and roentogenographically visible failure. It is thus desirable to have a perfect 3 dimensional fit between bone and prosthesis. This desire has lead to the development of robots in this field.


Prosthetic Hip Surgery


				A purpose built robot has been developed to mill the femoral canal accurately for a variety of selected prosthesis. It consists of a milling machine the movements of which are controlled by a computer. Pre-operatively 3 fine calibration pins are driven under local anaesthesia one each into the greater trochanter and the two femoral condyles. The hip is CAT scanned and a 3-D model generated to select a prosthesis.[12]


				After exposing the hip, the femur is immobilised using an external fixator which is attached to the base of the robot. A ball attached to the robot arm is moved over the 3 calibration pins to spatially configure the robot so it knows where its drill is in relation to the bone. Under the surgeon's supervision the femoral canal is milled accurately. 


				Studies on human cadavers and dogs showed that by the traditional hammer and broach method the cavity was oversized by 33% while the robot had a submillimetric accuracy. A pilot study on 10 patients was safely carried out with a success rate of 70% at a years follow-up. Presently a large series of 300 patients is undergoing clinical trial.[13,14] 


				A similar robot is being developed to not only to mill the femoral canal but also prepare the acetabulum for total hip replacement allowing early mobilisation and placement of stress on the joint.


Prosthetic Knee Surgery


				Success in knee replacement crucially depends on accurate placement of the prostheses on the ends of the femur and tibia to achieve perfect alignment. Systems similar to the active robot for hip surgery are in development for robotic total knee replacement.


Anterior Cruciate Ligament(ACL) Reconstruction


			Plastic reconstruction of the ACL involves making two tunnels one each in the femoral notch and the tibia and then inserting and fixing the patellar tendon. The success of the procedure depends on the tunnel-tendon position and the initial tension selected. Ideally the graft should be isometric and remain constant in length during extension and flexion. To achieve this a computerised optical localiser using infrared emitters and CCD cameras have been developed to optimise the placement of the tunnels. A clinical trial on 12 patients has been reported with good success rates.[15]





Lower Limb Deformity Correction By Ilizarov’s Method


			In this procedure multiple osteotomies are done and the bony pieces connected to an external fixator. By gradually  adjusting the fixator the angle or the length of the bone can be corrected. The success of the procedure depends on accurate 3 dimensional alignment of the pieces per and post-operatively. Computer assisted 3D models are first generated from CT scans. Using these models, simulation exercises are done that would  indicate the best osteotomy placement sites and position of the external fixator hinges. Postoperative rate and duration of the bone adjustments can also be simulated and the best surgical plan drawn.[16]


Spine


				Insertion of spinal screws is a delicate operation with a great potential hazard of driving a screw into the spinal cord or nerve roots and causing paralysis or damaging abdominal and intercoastal vessels.. The operation requires accurate placement of a fine screw through the lamina with careful consideration to the depth, angle and torque. A purpose built active robot has been developed to precisely drive a screw guided by 3-D CT scan and MRI images. A clinical trial on 6 patients has demonstrated the robot to be extremely accurate and safe.[17]





Neurosurgery


			For decades in neurosurgery mechanical stereotactic frames have been used  to guide the surgeon towards a deep seated lesion through burr holes to avoid a formal craniotomy. The frames are cumbersome to use and often cause post-operative pain at their fixation sites to the skull. Moreover they have the disadvantage that the surgeon operated only by feel without visual orientation. Based on this principle a passive robotic arm has been developed and clinically tried with success in intracranial surgery. It consists of an aluminium arm with joints allowing 6 axes of movements. High precision digital encoders within the joints accurately reflect its position in space. It has a versatile final segment that can accommodate various end effectors like blunt needle pointers, endoscopes, biopsy forceps and ultrasound transducers with their central axes and tips coinciding to the same position.  


			Using CT scan and MRI images 3-D models are generated pre-operatively and  the arm is calibrated and positioned. The computer then superimposes the CT scan or MRI pictures on the operating field so that the surgeon can plan an accurate and least traumatising trajectory. The arm has been successfully used  in intracranial biopsy, draining haematomas, endoscopy and fenestrating cysts. In all the cases a small burr hole was accurately placed and trajectory formed with the help of the robotic arm thus avoiding a formal craniotomy.[18]


			A similar arm has been motorised to make it an active robot. This robot is preprogrammed to automatically move the end effector to selected sites with submillimetric accuracy. A similar active robot has been developed with which the operation can be pre-operatively simulated, perfected and stored in memory to be later used during the actual procedure. Clinical reports are awaited. 





Abdominal surgery


			Passive and active robotic arms have been developed as assistants in laproscopic surgery. The arms are similar in their mechanical design and consists of joints that can be independently moved and fixed during surgery. Pneumatic or servomotors are used to move the joints. In most of the designs the arms are controlled manually while two models use a head gear which controls the motions of the arm  by movement of the surgeon’s head. One model using voice commands has been recently developed and clinically tried with success. The arms have been built to hold and move laproscopic cameras, instruments and retractors. The major advantage of these arms is that upto 6 memory positions can be stored and with a single command the camera can be made to focus on to a port entry site or back to the target area. [19,20]





Radiosurgery


			The aim of conformal radiotherapy is to deliver with high precision a specific dose of radiotherapy on a target volume, concurrently irradiating only little healthy tissues and organs. Ablation of intracranial tumours using a gamma knife requires accurate delivery to avoid radiating normal brain tissue. With the help of computers 3-D models of the brain and the lesion are generated from CAT scan and MRI images. With the head fixed in a ring these images are used to target the gamma knife accurately onto the lesion. Trials have revealed a high success rate.


			A similar system using CAT and MRI images has been developed to generate a 3 D image of the prostate. During therapy transrectal ultrasound images are used to calibrate the patient to the pre-operative 3 D images and accurate targeting of the radiation beam achieved. This avoids unnecessary irradiation of the bladder and rectum preventing distressing post irradiation symptoms. Clinical trials are yet to be reported.[21]





Otolaryngologic Surgery


			Surgical localisation of infected or deformed mastoid antrum, sigmoid sinus and tegmen mastoideum can be difficult even for the seasoned otologist. Further many surgeons routinely perform a mastoidectomy to identify the superior semicircular canal  and internal auditory canal .Computerised imaging and robotic surgery would be advantageous to perform these operations. A passive robot similar to the neurosurgical one has been developed and tried on cadavers with a high success rate.[22] 


			During stapedectomy a fine hole needs to be drilled in the footplate of the stapes to attach the prosthetic piston. This requires delicate and precise manoeuvres as the inner ear can be easily damaged. A computer assisted drill has been developed and tried with success on cadavers. This indicates the breakthrough point  and the position of the tip of the drill so that rapid retraction can be achieved after maximum and precise drilling.[23] 





Urology


	Semi Automatic Resection of The Prostate 


			It was in this field that the worlds first active robot was used successfully on patients. Transurethral resection of the prostate (TURP) forms the major workload of Urologists and requires considerable time and experience to learn. Despite its high success rate it has a morbidity of nearly 18%. The chief causes of the morbidity are haemorrhage and transurethral resection syndrome, both of which are directly related to the resecting time. These factors clearly indicate the advantage of a shorter operating time not only to avoid surgical but also anaesthetic complications.


			A feasibility study using a 5 axes industrial Unimate Puma robot revealed that automated resections were possible but the working envelope had to be restricted for maximum safety. This lead to the development of  a safety frame.  Manual transurethral resections of the prostate using the frame was successful on 40 patients. The frame was motorised and using transrectal ultrasound images of the prostate a pattern directed robot was developed.[24] Clinical trials (Fig 17) have proved it to be safe.[25] A current model using transurethral ultrasound images and faster software is under clinical trial. (Fig.18) 


Image Guided Nephrostomy


			Renal biopsies and percutaneous nephrostomies rarely lead to major complications but minor complications like persistent haematuria and capsular haematomas causing loin pain are frequently worrying. Three dimensional orientation using 2 dimensional images is difficult to learn and master. A passive robotic arm has been developed to accurately guide a nephrostomy needle into a specific point within the kidney using images from an x-ray C arm. Fig.5 This would be useful for creating nephrostomy tracts, draining the kidneys or for accurate biopsy of  renal lesions. Cadaveric trials are to be reported.[26]





Total Intestinal Endoscopy


			Miniature robots with diameters less than the size of a 1cm coin have been developed to travel through the entire gut from the mouth to the anus and relay normal or 3D pictures of the gastrointestinal tract. Two models one using tank wheel tracks and the other using spider legs have been developed. They are moved by microactuators and at present require a very thin flex to supply power. (Fig 19) Developments are underway to magnetically power this from external source so that these robots can be totally made active by remote control.











Dentistry


			Prosthetic tooth fillings require accurate preparation of the jaw bone so that the angle and position align well with that of the implant. A passive robot has been developed using CAT scans which identifies the optimal axis and trajectory to drill the jaw bone. Clinical trial on one patient has been done successfully and the system is being upgraded to an active robot.[27]





Ophthalmology


			Microcannulation of the retinal vessels to inject dye to study the vasculature or inject thrombolytic agents to clear emboli requires accuracy and precision. A purpose built active robot has been built which allows the surgeon to enter the sclera with a hypodermic needle through which it inserts a micropippette into a selected vessel. Animal trials have been done successfully and a new model is being developed for clinical trials.[28]  





Conclusion


			Thus in many areas the application of robotics to clinical surgery is progressing rapidly. In the next decade miniaturisation and more sophisticated intra operative imaging systems will increasingly aid the surgeon in tasks requiring the delicate and accurate manipulation of interventional instrumentation. Whilst obviously not replacing the manipulatory capabilities of the surgeon robotic instrumentation will undoubtedly become a vitally important assistant and aid in the areas of surgery requiring meticulous accuracy that cannot be obtained by the free motion of the human hand. It is of clear impotance that the surgeon of the 21st century should familiarize him or herself with these early developments.
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Legends to Illustrations





Fig 1		First primitive endoscope ( Cystoscope) by Bozzini





Fig2		Typical solid rod lens endoscope (cystoscope) developed by Prof  Hopkins 		1969, Reading University. UK





Fig 3		Fibreoptic flexible endoscopes ( Choledochoscope & bronchoscope)





Fig 4		Previous method of endoscopy, 1960s with the unsterile eye to the 			endoscope.





Fig 5		Current,1990s cofiguration of  endoscopy with camera and images 			displayed on high resolution televisions.





Fig 6		Classification of endoscopes





Fig 7		A typical laproscope (30 cms )	with a chip camera.





Fig 8		The new short (10 cms) zoom laproscope





Fig 9		A miniature camera chip in real size comparision to a pencil point.





Fig 10		Recostructed 3-D images of the kidneys and their vasculature from 			two dimensional scanning images.





Fig 11		3-D reconstruction of an accoustic neuroma within the cranial fossae 			showing its relation to the vital structures.





Fig 12		The split ring NMR for intra-operative scanning.





Fig 13		Laproscopic ancillary instruments.





Fig 14		Access ports for laproscopy and ancillary disposables.





Fig 15		The immersion probe stylus after Wapler M, Fraunhoffer Institute. 			Stuttgart.





Fig 16		Classification of medical robots





Fig 17		The world’s first active robotic surgery, April 1991, to remove prostatic 		tissue transurethrally.





Fig 18		Bench trial on potatoes with the new transurethral prostatectomy robot.





Fig 19		Total gut endoscopic robots


Cystoscope


Uretroscope


Nephroscope


Scrotoscope











Cystoscope


Uretroscope


Nephroscope





Paediatrics





Chest





Chest





ENT





Gastroduodenoscope





Cystoscope


Vaginoscope





Mediastinoscope





Bronchoscope








Laryngoscope





Sinoscope





Durascope





Neurosurgery





Chest





Angioscope








Vascular





Arthroscope





Orthopaedics





Laparoscope





General Surgery 





Gastroduodenoscope


Sigmoidoscope


Colonoscope


Cholangioscope





Urology





Gynaecology 





Tuboscope





Laparoscope


Hysteroscope


Salpingoscope











