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Preface


Most accomplished clinicians credit much of their success to their mentors. All of the contributors to this book have benefitted from and acted as mentors. Over the past 15 years, the contributors have participated in an online discussion group as part of a virtual community of endodontists from around the world. All of us post cases for discussion, review research, collectively solve clinical problems, and learn from our long-term successes and failures. One day one of the members suggested that it would be nice if we could catalog and share some of this knowledge with a wider audience. That is the purpose of this book.


This book is “microscope centric” in the sense that all the contributors use a dental operating microscope for every patient. The procedures described in this book are best performed (and some can only be performed) under a dental operating microscope. Although endodontics can be performed without a microscope, a clinician’s level of care improves as microscope skills are acquired. The first five chapters are devoted to the microscope itself, including operatory design, photographic and video documentation of treatment, and how to do clinical procedures in the most efficient and ergonomic manner for the doctor and assistant. This material will be very useful to clinicians who are designing or remodeling an office and who want to document their work. It will be useful for both beginners and experienced clinicians and especially graduating residents.


This book is also “CBCT centric.” CBCT (cone beam computed tomography) is an integral part of the daily practice of all of the contributors. Two chapters are devoted to utilization of CBCT in endodontics, and it is integrated into the clinical chapters throughout the book. Several additional chapters on CBCT were originally planned for this book, but the amount of material grew to the point that a separate book is currently underway. It will contain material collected and organized in a manner that is not available anywhere else in the dental literature. It will be heavily referenced and will require several readings and “study” to gain an understanding of the benefits and pitfalls of CBCT and many of the common errors in interpretation.


The importance of recalls is emphasized throughout the book. Without long-term recalls, we are totally in the dark as to whether our treatments are successful. When recalls are included in the endodontic literature, they are rarely more than 2 or 3 years' follow-up. Recalls only start to become relevant in the 5- to 10-year time frame. We currently practice in the “implant era,” where relevant time frames have stretched out to 15- and 20-year measures of success and failure. A number of chapters are therefore devoted to restorative procedures, because in many cases, the restorative status of the tooth before and after endodontic treatment is the most important factor that determines longevity.


This book is designed to be a clinician’s guide in daily practice and is not a substitute for standard endodontic textbooks. It is not intended to be “scholarly” or “evidence based,” although some of the chapters are well referenced. Many of the chapters are devoted to a single procedure or topic and are written as how-to guides. Specific armamentaria and step-by-step instructions are included, and documented cases are used to illustrate specific principles. Chapters include practical information and “pearls” on a wide range of everyday clinical problems and scenarios. These chapters are intended to provide clinical guidance to clinicians performing unfamiliar procedures or wanting to learn alternatives to their usual approach. It is a book written by clinicians for clinicians, at a specialist level, but it is intended for anyone who wants to provide endodontic care at a high level.


Richard S. Schwartz, DDS
Venkat Canakapalli, MDS




Introduction


The contributors to this book come from various backgrounds, geographic locations, and clinical areas of expertise. What they all share, however, is a specific vision of what the specialty of endodontics represents today and, more specifically, what an endodontist represents. In attempting to set the highest possible clinical standard for our specialty, we call upon all endodontists to join us in a re-examination of our core principles and a rededication to the vision that began this specialty more than 60 years ago.


The first part of this re-examination addresses the question: “What is endodontics?” The American Association of Endodontists answers this question with the following:


Endodontics is the branch of dentistry that is concerned with the morphology, physiology, and pathology of the human dental pulp and periradicular tissues. Its study and practice encompass the basic clinical sciences including biology of the normal pulp; the etiology, diagnosis, prevention and treatment of diseases and injuries of the pulp; and associated periradicular conditions.1


This answer shapes and constrains the traditional view of clinicians and academics who consider the primary purpose of endodontic therapy to be the prevention or elimination of apical periodontitis “by means of cleaning, shaping, disinfecting, and filling the root canal system.”2 This diseasecentric orientation dominates the priorities and directs the focus of our scientific research and scientific journals. It permeates our critical evaluation of clinical procedures and the procedural recommendations found in many textbooks for the broader dental audience.3–15 It concludes that addressing the endodontic “triad” is the basis for successful endodontic treatment and forms the foundational basis of our specialty.12,14–16


The contributors to this book view the purpose and end goal of endodontic treatment from a different perspective. We see endodontics as a branch of restorative dentistry whose primary purpose is the preservation of the natural dentition over the length of a patient’s life. Such a difference in vision is not merely pedantic in nature; it affects virtually every facet in the study of endodontics. Specifically, it affects how we make clinical decisions and how we interpret and measure our outcomes, and it establishes our procedural goals and recommended best practices. The assumed concordance of the goals of tooth preservation and disease elimination—assumptions that permeate our specialty—we view with increasing skepticism, and we suspect that these goals often operate at cross-purposes. Endodontics has fixated on clinical treatment objectives and end points directed toward removal of the pulpal remnants and bacteria that are believed to be the etiologic agents of endodontic disease. Thus, elimination of the causative agents of disease has become the objective of endodontic treatment.3 This focus often comes at the cost of competing considerations, which are at least as important for long-term tooth preservation, including structural and restorative considerations.


The key aspect of this discussion starts with a new answer to the question “What is a successful outcome?” Traditionally, endodontic outcome measures were diseasecentric, with disease being defined based on histologic critera.17–19 Because we generally do not have histology available as an outcome measure, we rely on radiographic findings to determine the presence of apical periodontitis,9,17 and the radiographic outcome is considered a primary measure of “success.”20 Strindberg21 developed the initial definition of success in 1956, which included very stringent criteria, including radiographic re-establishment of a well-defined periodontal ligament. With the introduction of CBCT into endodontics, a new Periapical Index (PAI) based on CBCT was developed,22 which has continued this discussion.23–26 These erroneous outcome measures have created problems for our specialty for decades that will not be improved by a CBCT-PAI. CBCT allows clinicians to identify even more “lesions” and “pathology” associated with teeth that have been free of clinical signs and symptoms for decades. Compounding this problem is that the majority of endodontic outcomes analysis counts death of the tooth as a good outcome because extracted teeth are excluded from the analysis. So ingrained in the clinician’s psyche is this radiographic measure of outcome that study designs that violate basic CONSORT guidelines are common, with little awareness of how skewed the analysis becomes. Therefore, we are not only studying the wrong outcome measure, but we are studying it incorrectly.


For these and other reasons, we draw a distinction between process-centered outcomes, clinician-/disease-centered outcomes, and patient-centered outcomes:


•   Process-centered outcomes are the results of procedures the clinician performs. These include factors like the target parameters and end results of the cleaning, shaping, and obturation procedures and the radiographic appearance of the completed case. In many cases, process-centered outcomes have no relationship to clinician-/disease-centered outcomes or patient-centered outcomes, yet they make up the vast majority of articles in the endodontic literature.


•   Clinician-/disease-centered outcomes are signs and findings that the clinician measures or observes as proximal evidence of treatment efficacy, or lack thereof. First among these is radiographic evidence of resolution of apical periodontitis (often inappropriately described as “healing of the lesion”). This outcome measure may or may not be related to the selected process-centered outcomes or to patient-centered outcomes.


•   Patient-centered outcomes are outcomes that are relevant to patients.27 They are outcomes that patients notice and care about, such as survival or loss of the tooth, normal function, symptoms such as pain or swelling, or health-related quality of life.27 A test for patient-centeredness is the following question: “Were it to be the only thing that changed, would patients be willing to undergo a treatment with associated risk, cost, or inconvenience?”


Process-centered outcomes and clinician-/disease-centered outcomes are important, but only as they serve to help us improve or predict patient-centered out-comes.28


The perspectives expressed throughout this book emphasize patient-centered outcomes. Our historical focus on processcentered outcomes and clinician-/disease-centered outcomes has misled us into studying the wrong outcome measures over an inappropriately short time frame. Much of this problem traces back to how we have defined endodontics and endodontic disease from the beginning. 


When reading these chapters, please keep in mind that the primary goal of endodontic treatment is the long-term preservation of the dentition, not the lack of evidence of apical periodontitis. This lack of evidence of apical periodontitis, which is all a radiograph can show, is often mistaken for total elimination of disease (or evidence of health), based on the processes we infer are required to eliminate the disease. Obviously, all of us would wish to totally eliminate disease if we could; however, this is rarely possible in chronic disease states. Trying to achieve this goal by aggressive coronal and radicular preparations results in weakening of the tooth or, in some cases, premature loss of the tooth, with no real evidence that it results in a better “Strindberg result.” We must look at the larger picture and develop diagnostic and treatment protocols that better serve the goal of long-term tooth retention.


Gary B. Carr, DDS
John A. Khademi, DDS, MS
Richard S. Schwartz, DDS
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	PART I


	The Dental Operating Microscope
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The Role of the Microscope in Modern Endodontic Practice


Before considering ergonomics and operatory design, we should clarify our ultimate objective. Briefly, in an ideal ergonomic practice, all procedures are performed under the microscope, even those that do not require a microscope to be performed competently. For example, screening a patient for oral cancer, administering anesthesia, and checking occlusion are procedures that are not typically thought to need magnification. The important question is not whether the microscope is required to perform a task but rather, in performing one set of tasks with the microscope and another set without it, is ergonomic efficiency negatively affected? The answer to that question is almost always “yes.”


Working in an environment where the microscope is constantly being moved into and out of the field is extremely inefficient and tends to be very distracting for the doctor, the assistant, and even the patient. Such a practice model fragments continuity of care, reduces focus on the task at hand, and often requires the use of Classes III, IV, and V motions (described later), thus dramatically decreasing both health and efficiency. For these reasons, we have come to understand that if the clinician can learn to incorporate ergonomic techniques and perform all procedures under the microscope—whether magnification is needed or not—then efficiency, focused concentration, competence, teamwork skills, and job satisfaction are all enhanced.


Understanding Basic Ergonomic Principles


Ergonomics is the science of maximizing human performance and well-being and involves a study of both human excellence and health. Proper ergonomic design is necessary to prevent repetitive strain injuries and other musculoskeletal disorders, which can develop over time and lead to long-term disability. Box 1-1 summarizes the benefits of implementing ergonomic science into operatory design.












	Box 1-1


	Benefits of implementing ergonomic science into operatory design












•   Stress reduction


•   Reduction in repetitive motion injuries


•   Healthy posture


•   Elimination of burnout


•   Enhancement of clinical excellence


•   Maintenance of optimal mental outlook


•   Time-motion efficiency


•   Healthy practice culture


•   Elimination of disability


•   Efficient office design


•   Safety


•   Performance consistency


•   Retention of talented staff


•   Reduction of fatigue





Ergonomic classes of motion


Ergonomic science classifies the kinds of motions required to perform a specific task. Generally, a task that can be completed using a single class of motion is more efficient than the same task performed with multiple classes of motion. For example, passing a mirror using just a Class I motion is far more efficient than using a combination of Classes I, II, III, IV, and V motions. Table 1-1 summarizes the classifications of motion, and there are several videos available on YouTube demonstrating how they impact efficiency and performance during endodontic procedures.1












	Table 1-1


	Classifications of motion
















	Class I


	Moving only the fingers







	Class II


	Movement from the wrist







	Class III


	Movement from the elbow







	Class IV


	Movement from the shoulder







	Class V


	Movement from the waist










In endodontics, proper ergonomic design criteria are based on the goal of reducing Classes III, IV, and V motions while producing a healthy and injury-free environment where Class I and Class II motions predominate. With proper training, discipline, and teamwork, it is possible to perform nearly all endodontic procedures under a microscope using only Class I and Class II motions, with only an occasional need for Class III motion. Once this skill is mastered, the clinician will reap the benefits of increased productivity, heightened competence, stress reduction, postural balance, and an enhanced practice culture of focused teamwork.


Executing efficient ergonomics is a habit that is mastered through repetitive training. While bad habits are difficult to break once formed, good habits and proper technique can become part of routine practice in a short period of time. A clinician or an assistant can learn the required skills if there is effortful practice and a work environment conducive to learning and mastering a new skill set.


Key design parameters of ergonomic operatory design


Operatory design and ergonomic technique go hand in hand. Even if the clinical team is practiced and wellversed in proper ergonomic skills, it is almost impossible to execute good ergonomic practice if the operatory does not reflect proper ergonomic design.


The circle of influence, a key principle in both operatory and front office design, posits that all instruments (ie, armamentaria, recordkeeping devices, viewing monitors) involved in the delivery of care should require nothing more than a Class III motion for both the doctor and the assistant (Fig 1-1). Employing such a principle places significant constraints on operatory and front office designs. Additionally, the operatory should be designed with sight angles so that there is little need to turn one’s head to view monitors, use keyboards, or procure accessory devices.


[image: images]


Fig 1-1 (a) Aerial view of the circle of influence design principle. View of the doctor’s (yellow circle) and the assistant’s (red circle) respective circles of influence. (b) The circle of influence design principle states that all required instruments and devices are within easy reach.


There are nine key elements that are required to realize good ergonomic operatory design (Table 1-2). The following sections describe each one briefly and discuss its role in ergonomics.












	Table 1-2


	Nine elements required for good ergonomic operatory design
















	Element


	Requirement







	Microscope parameters


	Six-step or zoom with lowest magnification down to 2.2×







	Patient chair and headrest


	Must be freely movable (rotation) and without a headrest







	Doctor and assistant stools


	Dual adjustable (height and angle) armrests, adjustable lumbar support







	Microscope mounting


	Wall, ceiling, floor mounts







	Assistant/co-observation scope


	Adjustable, dual-axis (not single-axis) co-observation tube with inclinable binoculars







	Doctor cart or delivery system


	Freely movable with internal water supply and compressor







	Back wall design


	Self-contained assistant’s platform and storage as well as suction







	Assistant monitor


	Viewable from the assistant’s working position







	Doctor monitor


	Viewable from both the doctor’s and the assistant’s working position










Microscope parameters


In order for the clinician to perform all dental procedures under a microscope, the lowest magnification should be not much over 2.2×. If the magnification is higher (ie, 3.5× or even 2.7×), it is difficult to complete certain procedures such as giving anesthesia, placing bands, prepping teeth, or performing an oral cancer examination, among others. If the practitioner adopts a model of practice where the scope is moved in and out of the operating field for different procedures and there is a continual changing of working positions, the result will be frustration and inefficiency and, ultimately, disappointment with microscope use. Lower productivity can be avoided if the microscope’s lowest magnification is 2.2×.


The ideal practice model is to bring the microscope into position at the start of a patient visit and never change that position until the procedure is completed.2 We recommend a six-step microscope or a zoom microscope that has the capability of low-power magnification of 2.2× (Fig 1-2). At this magnification, the clinician can see from the floor of the nose to the bottom of the chin on most patients and is able to perform an oral examination, oral cancer screening, and occlusal examination provided he or she is able to move the patient chair effortlessly. Figures 1-3 and 1-4 demonstrate the circle of light range and the view seen at 2.2×. Clinicians using three-, four-, or five-step microscopes experience far more difficulty and typically revert back to a practice model where the microscope is used only for certain procedures, thereby guaranteeing inefficiency.
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Fig 1-2 A six-step microscope with beam splitter, assistant’s scope, and camera.
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Fig 1-3 The circle of light shows the viewing area with a six-step microscope.
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Fig 1-4 View seen at 2.2× with a six-step Global microscope.


Patient chair and headrest


In observing hundreds of endodontists over a 20-year period, the author has concluded that one of the most significant impediments to good ergonomic technique involves poor patient positioning and chair ergonomics.


The secret to working effectively under the microscope is to move the patient chair, not the microscope. Nearly all endodontic procedures are performed with the patient in the Trendelenburg position, in which the patient is in the supine position with the feet higher than the head by 15 to 30 degrees. It is seldom necessary to change the patient from this position, whether you are working on the maxilla or the mandible or performing surgical endodontics. What the clinician needs is to be able to move the patient chair laterally in an eastwest direction with either the knees or the legs while working under the microscope. For such motion to happen effortlessly requires a patient chair that “floats” freely, so the microscope itself rarely needs to be touched other than to change magnifications or make small adjustments in focus.


What may not be evident to all clinicians is that nearly all endodontic procedures have a natural procedural flow to them, and the skillfulness required for these procedures is affected adversely by even minute interruptions or fragmentation. Preventing this fragmentation by moving the chair instead of the microscope eliminates such interruptions and allows one to work continuously with total focus on the procedure itself and not on the tool being used to perform the procedure.


A second factor concerning the patient chair is the size and location of the chair headrest. The headrest is almost always a problem for the endodontist performing all procedures under the microscope. With most headrests, the patient’s head cannot be positioned close to the doctor’s lap, and the doctor will be required to bend forward at the waist (a Class V motion), creating back, neck, and shoulder stress. Patient chairs with removable headrests are far more preferable. Head and neck comfort for the patient can easily be provided by a Tempur-Pedic pillow placed underneath the head and shoulders (Fig 1-5) while allowing the patient’s head to be correctly positioned in the doctor’s lap (Fig 1-6). Figures 1-7 and 1-8 compare the changes in positioning required with the standard chair headrest and the removable headrest.
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Fig 1-5 (a) Pillow placement replacing the chair headrest. (b) Pillow placement to support the neck.
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Fig 1-6 Patient head positioned close to the doctor or assistant’s lap.
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Fig 1-7 (a and b) Headrest prevents proper patient positioning and requires bending from the waist.
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Fig 1-8 (a) Headrest removed. Notice the upright position of the operator. (b) Close-up view of the patient with the headrest removed and the operator in an upright position.


Doctor and assistant stools


The incidence of disability claims for both doctors and assistants is surprisingly high. A Dutch study3 reports that nearly half of all dentists will experience a disability that will prevent them from working at full capacity during their career. Similarly, almost 90% of dentists will suffer from some physical impairment of their back, neck, shoulder, arm, or wrist during their productive career that will impact their practice significantly. Therefore, proper posture and sitting positions are imperative in microscopic endodontics. Repetitive motion injuries are common, and it is rare to find an endodontist or assistant who has practiced for more than 10 years who does not have some type of physical problem with the neck, back, shoulder, or wrist. All of these injuries affect job performance and job satisfaction/fulfillment, increase working stress, and bring significant economic repercussions. Although repetitive stress injuries are complex in both their origin and course, all healthy ergonomic technique starts with correct posture and sitting positions, so it is imperative to pay attention to how one sits and positions oneself while working.


Proper armrest placement


With correct posture and positioning at the microscope, it is possible to work in such a way where your postural support muscles are relaxed and at rest (Fig 1-9). Dual (ie, right and left), movable armrests are critical for both the doctor and the assistant, and their correct use can completely eliminate shoulder and neck pain that is caused by spasms of the trapezius and sternocleidomastoid muscles. Because an assistant is required to have both right- and left-handed skills, having armrests appropriately positioned for the assistant is crucial (Fig 1-10). The standard half-circle armrest found on most assistant stools is a very poor choice because it forces the assistant to be too far away from both the doctor and the assistant microscope and makes erect posture impossible, thus necessitating a Class V motion (bending at the waist) (Fig 1-11).
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Fig 1-9 Ergonomically healthy doctor and assistant positioning.
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Fig 1-10 Proper design of armrests for the assistant.
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Fig 1-11 (a) Improper assistant’s chair with forced bending at the waist. (b) Healthy, upright sitting position and relaxed posture for the assistant.


Posture and positioning during suctioning


Because accurate suctioning is fundamental to competent assisting, it is important for an assistant to be able to perform this procedure erect and without muscular stress. In Fig 1-12, the assistant uses her left hand, with elbow on the armrest, to accurately position the suction tip. The handgrip used to hold the suction device also deserves attention, as it is important to avoid stressful pronation of the wrist typically experienced by assistants performing suctioning on patients. Bending and twisting during assisting is one of the primary drivers of assistant injury and may very well be one of the major factors in assistant burnout. If assistants are physically fatigued from bending and twisting all day and return to their families at night physically exhausted, it will inevitably have a negative impact on job satisfaction and talent retention.
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Fig 1-12 (a and b) Assistant suctioning position using the left hand from two viewing angles. (c and d) Proper hand position to eliminate fatigue.


Proper suction placement


Extreme accuracy in suction placement plays an important role in defogging the mirror and avoiding water-spray splash from the handpiece (Fig 1-13) in all phases of endodontics, including conventional retreatment, and surgical endodontics where the ability to see cannot be compromised. Often clinicians are not aware of the increase in efficiency achieved by simply having accurate suction placement by their assistant. Even the distance of as little as 1 or 2 mm can make all the difference between a mirror that stays debris- and splash-free and one that does not.
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Fig 1-13 (a and b) Improper suction and mirror placement with resultant mirror splash. (c and d) Proper mirror and suction placement that minimizes mirror splash. Notice how far away the mirror is placed from the site and where the suction tip is placed.


Microscope mounting


The dental operatory is a confined space, and it requires careful planning to develop an effective ergonomic design. Because microscopes do not function well when they are used at the maximum extension of their arms, careful measurements need to be taken to ensure that the operator always has some degree of freedom of positional movement of the microscope. Patients vary in height and size, and an improper mounting can make treating patients outside the normal range difficult and uncomfortable.


The choices for microscope mounting include floor, wall, and ceiling mounts. Floor mounts are very problematic for a variety of reasons mostly having to do with the restriction of patient access to and from the chair as well as restriction of the east-west rotational movement of the chair. If new construction is contemplated, the ceiling mount is far more preferable because access to the microscope from the doctor’s side should require no more than a Class IV motion (Fig 1-14).
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Fig 1-14 (a) Microscope placement requiring only a Class IV motion to bring it into use. (b) Ceiling mount.


Ceiling mounts over the patient’s right or left hip position are less desirable than a rear-mounted ceiling location. The hip-mounted location can impede a patient’s ingress or egress to the chair and may present a hazard, causing a patient to potentially strike their head against the microscope if they stand up too quickly. This problem is not present with rear-mounted installations.


The microscope’s range of motion, both vertically and horizontally, needs to be considered during mounting. The microscope should not be mounted so that it is ever needed at the maximum range of its extension arms. The author prefers the rear back wall or rear ceiling mount both for its ease of installation and ease of moving it into and out of the operating field (Figs 1-15 to 1-17.
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Fig 1-15 Back wall mount.
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Fig 1-16 Side wall mount.
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Fig 1-17 Ceiling mount. Scope access using a Class IV motion.


Assistant/co-observation scope


Assistant/co-observation tubes (or scopes) are one of the greatest advantages of parallel-optics microscopes. A co-observation tube is attached to the beam splitter on the microscope, and a properly configured assistant’s scope allows the assistant to sit in an ideal upright position, always muscularly at rest for all endodontic procedures including surgical endodontics. The advantage of this approach should not be taken lightly, and endodontists who take the time to train their assistants in this technique never return to using a microscope that does not have a co-observation scope.


The configuration of the assistant’s scope is critical. It must be a dual-axis (not single-axis) scope that utilizes two degrees of freedom around two separate axes (Fig 1-18). It must also have inclinable binoculars, not fixed binoculars (Fig 1-19). If the co-observation scope is not configured properly, the assistant will not be able to achieve the ideal ergonomic sitting position for every procedure. Single-axis assistant scopes are to be avoided, as are fixed-angle binoculars, because these handicap the assistant ergonomically and will greatly compromise the assistant’s ability to function at a high level.
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Fig 1-18 Dual-axis assistant scope.
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Fig 1-19 (a) Dual-axis and inclinable binoculars on an assistant scope. (b) Range of motion of inclinable binoculars.


Many clinicians have a difficult time understanding the benefits of a co-observation scope. However, there are many advantages of a co-observation scope in endodontics: (1) enhanced teamwork and practice focus; (2) increased clinical competence; (3) increased efficiency; (4) retention of top assisting talent; (5) less guesswork on the part of the assistant; (6) preservation of the ergonomic health of the assistant; (7) more accuracy in the performance of critical assistant functions; and (8) promotion of a practice culture centered around clinical excellence.


Doctor cart or delivery system


Dental delivery units have their own ergonomic constraints for the endodontist who performs all procedures under a microscope. The common methods of dental delivery systems used in endodontics—rear delivery or over the patient—are very poor models for the microscopic approach. The circle of influence principle and the need to minimize the frequency of Classes III, IV, and V motions demand a mobile cart system delivered from the front side of the operator. It is imperative that the clinician not reach for handpieces, ultrasonics, or Stropko Irrigators (SybronEndo) in a way that requires any motion from the shoulder or any motion that requires lifting of the elbow off the chair armrest. The delivery cart should be easily positioned so that a single Class III motion is all that is needed to grasp any required device (Fig 1-20). Having a self-contained water supply and onboard compressor makes the cart even easier to move and minimizes the contents of the connecting umbilicus (Fig 1-21).
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Fig 1-20 (a) Positioning of the doctor cart for Class III motions. (b) Class III motion to the doctor cart.
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Fig 1-21 Umbilicus connection to the doctor cart.


Back wall design and assistant’s platform


An ergonomically designed back wall and assistant’s platform is critical to successful ergonomic practice, and the time spent designing the back wall and assistant’s work area carefully will pay dividends. The back wall design should conform to the circle of influence principle, allowing the assistant to have ready access to all instruments and devices with minimal movement as well as access to the mouse, keyboard, and monitor while assisting. Building the assistant’s platform or tray into the back wall has the advantage of creating a large platform in a compact space with full access to all instruments and devices using only Class III motions. The assistant’s tray or platform needs to be positioned so that a sitting assistant can access the tray at postural rest in an upright sitting position. The assistant’s monitor needs to be placed directly in front of the assistant, at eye level, so it is visible while the assistant is sitting at the microscope using the co-observation scope. Figures 1-22 to 1-25 demonstrate the back wall, the assistant’s platform, and their correct positioning.
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Fig 1-22 Spatial relationship of the doctor cart, microscope, back wall, and assistant’s work area.
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Fig 1-23 Back wall design with the assistant’s monitor.
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Fig 1-24 Assistant’s platform.
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Fig 1-25 Standard assistant positioning and back wall design.


Assistant monitor


As mentioned previously, the placement of the assistant’s monitor is critical and is one of the most common errors made in operatory design. Ideal design allows the assistant to continue assisting while still being able to enter data. As shown in Fig 1-26, the assistant can view the monitor simply by averting his or her eyes for a brief moment without even turning the head. Such ergonomic efficiency results in the clinician never being without an assistant, while the natural flow of procedures is not interrupted on account of the assistant being indisposed or otherwise distracted.
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Fig 1-26 (a and b) Proper positioning of the assistant’s monitor allows continual assisting and digital recordkeeping simultaneously.


Conversely, improper placement of the monitor handicaps the assistant and results in fragmentation of clinical procedures, contributing to frustration for both the doctor and the assistant. Figure 1-27 shows improper placement of the monitor and is unfortunately the typical placement seen in commercial dental operatory designs.
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Fig 1-27 (a and b) Improper monitor placement. The assistant must turn away from the assistant’s scope to enter data.


Doctor monitor


Similarly, the doctor’s monitor should be placed so that he or she can view the monitor without turning the head. The doctor typically has a need to examine radiographs throughout the course of most procedures, so the monitor should be large, correctly positioned, and in a direct line of sight so turning of the head is not required. The author has found that a large monitor placed on the cart fulfills this need best (Fig 1-28).
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Fig 1-28 (a and b) Doctor’s monitor placed on the cart for direct line-of-sight viewing.


 


Conclusion


Efficient ergonomics in a microscope-centered practice requires a constellation of factors to be present. Frequently, this is a step-by-step process as the clinician gradually appreciates the value of working in such a manner. Table 1-3 summarizes some of the common problems and their solutions for creating an ideal ergonomic practice.












	Table 1-3


	Common problems and solutions for creating an ideal ergonomic practice
















	Problem


	Reason for the problem


	Solution







	Moving scope in and out of the operating field


	Magnification not low enough


	Purchase a six-step microscope or a microscope that has the lowest magnification of 2.2×







	Moving scope more than necessary


	Patient chair not easily moved


	Purchase a chair that is easily moved back and forth







	Inefficiency during procedures


	
•   Too many Classes III, IV, and V motions


•   No armrests on doctor and assistant stools


•   No assistant scope



	
•   Practice and drill using only Class I and Class II motions


•   Obtain an assistant’s scope








	Assistant uncomfortable at scope


	
•   Not a dual-axis assistant’s scope


•   Improper assistant stool


•   Improper patient and doctor positioning



	
•   Ensure proper assistant’s scope configuration


•   Correct the assistant stool


•   Correct doctor and patient positioning








	Neck and/or back pain


	
•   Chair headrest requires doctor and assistant to bend at waist


•   No doctor or assistant armrests


•   Poor patient positioning



	
•   Remove the patient chair headrest


•   Have adjustable armrests for doctor and assistant


•   Place the patient in the Trendelenburg position
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Capturing high-quality digital images through a microscope is both highly rewarding and informative. Many authors have described the value of implementing digital photography in the dental office and how it can support:


•   More effective diagnosis and treatment planning


•   Dental/legal documentation


•   Forensic documentation


•   Insurance verification


•   Patient/referral education and marketing tools


•   Communication with laboratories, dental team members, and colleagues1–3


The goal of this chapter is to convey the basic principles needed to get the clinician “up and running” with microscope photography utilizing equipment that may already be available.


Photography Basics


Before we enter into the discussion of capturing photographic images through a microscope, a review of some basic photography concepts is in order. Table 2-1 defines terms such as resolution, aperture, depth of field, iris, magnification, focal length of the objective lens, International Organization for Standardization (ISO), shutter speed/exposure time, and white balance, which are referenced throughout this chapter. Illustrations for some of these terms follow. These concepts serve as an important foundation in mastering clinical photography skills.












	Table 2-1


	Basic photography concepts
















	Photography concept


	Basic definition


	Key principle(s)







	Resolution


	
•   The sharpness and clarity of an image.


•   Also refers to the ability of an imaging system to resolve detail in the object that is being imaged.4–6



	
•   Commonly measured in pixels, which are the smallest addressable element in the image or display device.7,8 Pixels are typically reported in terms of megapixels.


•   Megapixels are calculated by multiplying an image’s pixel columns by pixel rows and dividing by one million.7,8


•   Increasing the number of pixels will more accurately represent the original object (Fig 2-1).








	Aperture


	The size of the hole through which light travels through an optical system.9


	•   Directly relates to both the amount of light that is allowed into an optical system and the depth of field imparted into images captured through that system.







	Depth of field


	The distance between the nearest and farthest objects that appear acceptably sharp in an image (Fig 2-2).


	
•   One of the single most important characteristics of a surgical microscope, depth of field determines how possible it is to achieve a focused view of an object within an extended depth.10


•   In microscopic endodontics, maximum depth of field is desired so as to give observers the greatest amount of detail and understanding.








	Iris


	An adjustable aperture used to control the amount of light passing through a lens or optical system. (According to Webster’s Dictionary.)


	
•   An iris can be added to optical systems or lenses to constrict (in varying amounts) the aperture, which in turn increases or decreases the depth of field.10 Closing an iris in an optical system will decrease the aperture of the system but will increase the depth of field of that system.


•   A byproduct of decreasing the aperture of a system is to decrease the amount of light allowed through the system. Therefore, closing an iris is the desired method used to increase the depth of field of a system; however, other methods must be used to compensate for the loss of light that incurs.








	Magnification


	The process of enlarging the size of something such as an optical image. (According to the American Heritage Dictionary.)


	
•   Increasing the magnification decreases the depth of field. This can easily be demonstrated when comparing the view of an object at low magnification with that of the same object at high magnification.


•   Example: An operating microscope might have 45 to 50 mm of depth of field at low magnification but only 2 to 3 mm of depth of field at high magnification.








	Focal length of the objective lens


	The distance from the plane of the lens to the point that an image is in focus (Fig 2-3). (Note that this should not be confused with the focal length of a camera lens, which is discussed later.)


	
•   Increasing the focal length of an objective lens will increase the depth of field.


•   Example: A 300-mm objective lens will be in focus farther away from a subject and have a greater depth of field than a 200-mm objective lens, so increasing the focal distance of an objective lens will increase the depth of field of the system.


•   As the focal length of an objective lens is increased, the magnification of the lens will decrease, which translates into greater depth of field and less magnification at longer focal lengths.








	International Organization for Standardization (ISO)


	The standardized industry scale for measuring sensitivity to light.11 It pertains to the sensitivity of a digital camera’s image sensor.


	
•   Measured in numbers, with the lower numbers (eg, ISO 100) being the least sensitive to light and the higher numbers (eg, ISO 6400) being the most sensitive to light.11


•   With increased sensitivity (ie, higher numbers), the camera sensor can capture images in low-light environments without a flash; however, higher sensitivity adds grain or “noise” to the picture (Fig 2-4), and too much noise may become objectionable at higher ISO settings.12








	Shutter speed, also known as exposure time


	
•   The length of time (expressed in seconds) a camera’s shutter is open when taking a photograph.13


•   The length of time that your image sensor “sees” the scene you are attempting to capture.14



	
•   Longer exposure times allow the shutter to be open longer, which allows more light to be captured by the sensor.


•   However, longer shutter speeds will allow more camera movement to be captured by the sensor as well, which might result in blurry images when too much movement is captured by the sensor.


•   The actual speed chosen for a given picture will vary depending on the operator’s ability to control microscope movement and how much blur is acceptable.


•   Generally, the shutter speed should be set at 1/125th of a second or faster to minimize the effects of microscope movement on the image.








	White balance


	The process of removing unrealistic color casts, so that objects that appear white in person are rendered white in the photo.15


	
•   Adjusted to get the colors in images as accurate as possible.16


•   Adjustments can be made manually by using the camera to record a truly known white target or automatically by having the camera digitally determine the proper white target for each image captured.


•   Most digital cameras used in microscope dentistry can detect white balance automatically.
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Fig 2-1 Visual example of resolution. Note that higher resolution is achieved when more pixels are used.
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Fig 2-2 Visual example of depth of field. (Courtesy of Jared C. Benedict.)
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Fig 2-3 Visual example of focal length of the objective lens. (Courtesy of Carl Zeiss.)
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Fig 2-4 Visual example of ISO numbers. Note the added noise in the picture at the right due to the higher ISO number. (Courtesy of Nasim Mansurov.)


Microscope Armamentarium Important for Photography


For the purposes of this chapter, it is assumed that the practitioner already has a thorough understanding of the basic parts of the microscope (ie, objective lens, magnification changer, binoculars, and eyepieces). Properly outfitting an operating microscope for photography requires several key accessories: a co-observation microscope, a dual-iris diaphragm, a beam splitter, a photo adapter, 10× eyepieces, a reticle, a light source, a ring flash, digital single-lens reflex (DSLR) camera body, and in some cases a supplemental ring flash (Box 2-1 and Fig 2-5). Each of these essential microscope accessories is described in detail in the following sections.












	Box 2-1


	Complete list of accessories necessary for capturing digital images through a microscope












•   Assistant co-observation microscope


•   Dual-iris diaphragm


•   Beam splitter (Typically, 50/50 beam splitters are recommended; however, other configurations are available.)


•   10× eyepieces


•   DSLR photo adapter


•   Reticle for dominant eye side eyepiece


•   Light source


•   Ring flash*


•   DSLR camera body





*Note that the use of a flash is not mandatory and depends on the microscope manufacturer, light source intensity, and DSLR technology.
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Fig 2-5 (a and b) Key accessories necessary for microscope photography: dual-iris diaphragm (A); beam splitter (B); photo adapter (C); co-observation/assistant microscope (D); reticle (E) (note that the reticle is not visible in photo); DSLR camera (F); ring flash (G).


Co-observation/assistant microscope


Of all microscope accessories, the co-observation microscope (also referred to as an assistant microscope) is perhaps the most valuable (see Fig 2-5). It offers a three-dimensional view of the operative site and allows an assistant to work in real time with full optical clarity and depth of field that cannot be matched by a video monitor or any other device available on the market today. When working through the microscope, the assistant can do more than simply follow along, passing instruments or files with limited visibility. The co-observation microscope creates a four-handed microenvironment that allows the assistant to pass and receive instruments precisely at the location and in the orientation that the doctor needs them; to assist in diagnosis and pulp testing procedures; to suction directly adjacent to but not in obstruction of the doctor’s view; to perform countless mirror changes to maintain good visibility; to air-jet debris away from the operative site and/or the doctor’s mirror to maintain good vision; and to aid in the administration of anesthesia.


An assistant scope also proves to be invaluable during microscope documentation. Tasks such as changing to a clean photography mirror, suctioning adjacent to the mirror for all clinical photographs so as to prevent fogging, remotely triggering the camera, changing the camera settings, and titling and organizing images are all facilitated with the assistant working through the microscope.


Dual-iris diaphragm


As mentioned earlier (see Table 2-1), an iris closes and opens the aperture, which respectively increases or decreases the depth of field of an optical system (Fig 2-6). An operating microscope has two optical pathways (one for each eye), so each pathway requires an iris—hence the term dual-iris diaphragm. Operating microscopes have inherently poor depth of field, especially at higher magnifications. Adding a dual-iris diaphragm to a microscope allows the operator to manually decrease the aperture of the microscope, thereby increasing the depth of field in the system. This invaluable component will impart a greater vertical range of focus in the viewing field, which offers a great amount of sharpness and detail in what the operator is viewing and planning to photograph through the operating microscope. However, it is important to remember that closing the dual-iris diaphragm to increase the depth of field will decrease the amount of light passing through the optics. Therefore, the operator might need to make adjustments or add additional accessories to the system to increase the amount of light needed for optimal photography results.
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Fig 2-6 (a) Image taken with the dual iris wide open and therefore with less depth of field and more light (ISO 400). (b) Image taken with a closed dual iris and therefore with more depth of field but less light (ISO 8000). Closing the dual iris shows more detail but will require additional light, higher ISO, or both.


When assembling the operating microscope, the operator has to place the dual-iris diaphragm directly below the beam splitter (described below) (see Fig 2-5). Operating the dual-iris diaphragm is accomplished either by pushing a sliding bar mechanism to the left or right (in Global Surgical models) or by turning a serrated dial (in Carl Zeiss and similar models) toward or away from the operator (Fig 2-7). Either of these motions will open and close the iris’s mechanism. However, at the time of this writing, only Zeiss’s dial mechanism has a “click-stop” in each position, making the adjustment both reproducible and one that can be accomplished without looking at the device.
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Fig 2-7 Doubleiris diaphragm (Carl Zeiss) (left) and dual-iris diaphragm (Global Surgical) (right).


Beam splitter


The beam splitter divides (splits) the light traveling through the microscope between that which will eventually go on to the eyepieces and that which will continue to either one or two side ports. Peripheral accessories such as a DSLR camera, a video camera, or an assistant microscope can easily be attached and removed from the side ports. Typically, beam splitters have two side ports, although most manufacturers also make a single side port version for those who need only one peripheral device. The two-port beam splitter houses two cube prisms (one for each optical pathway of the microscope), which splits the light beam so that a portion goes to the side port and the remainder continues on to the eyepiece. The most common type is a 50/50 beam splitter, which directs 50% of the light to the eyepiece and 50% to the side port (Fig 2-8). Other beam splitter configurations exist that are designed to allow more or less light to pass through to the operator’s eyepieces. For example, the Zeiss 20 beam splitter (Carl Zeiss) sends 80% to the eyepiece and only 20% to the side port, and the Virtual Beamsplitter (Global Surgical) sends 96.5% to the eyepiece and only 3.5% to the peripheral port (Fig 2-9). Allowing more light to pass to the operator’s eyepieces translates into a brighter image, where the operator can see and focus more sharply while less light is sent to the camera. Beam splitters that give more light to the operator’s eyepieces were originally designed to work well with video cameras due to their heightened light sensitivity. DSLR cameras were not so fortunate and performed poorly with these beam splitters (reduced light to the side port) because light is a valuable and limited commodity in microscope photography and is the biggest obstacle to acquiring great photographs.3
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Fig 2-8 Diagrammatic view of a 50/50 beam splitter. Each prism divides or “splits” the light in half so that 50% continues on to the eyepieces and 50% goes to the side port.
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Fig 2-9 Virtual Beamsplitter (Global Surgical) (bottom left) and 50/50 beam splitter (top right).


As DSLR camera technology has continued to improve with higher ISO capabilities, so has the application of these beam splitters where less light is sent to the side port. For example, instead of equally splitting the light, the Virtual Beamsplitter actually reflects 3.5% of the viewable light via a small, fully reflective disc in the center of the viewing field (see Fig 2-9). This small-diameter reflective surface also decreases the aperture of the optical pathway, thereby increasing the depth of field of the resulting image. This combination will result in darker images with good depth of field, which, when coupled with a camera capable of shooting at higher ISOs, can produce images with excellent depth of field and lighting without the use of a dual iris. Therefore, newer generations of DSLR cameras have allowed some users to forgo the use of a dual iris once they make the necessary lighting changes through altering the ISO in the camera.


Finally, it is important to remember that regardless of the type of beam splitter used, the shutter speed should not be set below 1/125th of a second.


10× eyepieces


The primary function of the eyepieces in an operating microscope is to project and magnify an image for the user. A secondary function is to allow the user to individually adjust a diopter setting (optical power to switch from near to far focus) to equilibrate each eye so that all parts of the microscope are in focus on the same plane (see section on parfocal adjustment later in this chapter). Current operating microscope eyepieces are called wide field, because they provide a wider field of view than earlier generations of eyepieces, and high eyepoint, which means that the eye can be farther away from the lens of the eyepiece and still allow the user to see the image. This facilitates the use of eyeglasses and also allows the operator to keep his or her eyes at a short distance from the eyepiece to avoid continually bumping or moving the microscope.


Eyepieces are available in many different powers, the most common choices being 10× and 12.5×; however, the most appropriate choice for dentistry is 10× due to ergonomic requirements. This becomes clear when considering that 12.5× eyepieces have 25% more magnification than 10× eyepieces. When a clinician commits to working entirely through an operating microscope, procedures such as diagnosis, administration of anesthesia, evaluation of quadrant occlusion, placement of rubber dam, implant surgery, temporomandibular joint evaluation, and quadrant photography are all facilitated by the lower magnification of the 10× eyepieces. Finally, the eyepiece magnification also affects the assistant’s perspective, where the eyepieces of the co-observation microscope need to have equivalent (10×) or perhaps less (8×) magnification than the doctor’s view. The assistant’s tasks would be greatly impaired by having the reduced field diameter and decreased depth of field if the eyepieces had a higher magnification.


Eyepiece power affects the magnification of the entire optical system, which in turn can also affect the choice of photo adapter. Utilizing 10× eyepieces translates into the operator viewing the field at a lower magnification, and because it is most desirable to have photographic images at or near the magnification of what is seen through the microscope, a lower-magnification photo tube in the focal length range of F = 220 mm is required. The inverse of this is also true: In a microscope where the operator is using 12.5× eyepieces, a higher-magnification photo adapter should be employed to make sure that the camera is capturing close to but not greater than what the doctor is seeing through his or her eyepieces.


DSLR photo adapter


The DSLR photo adapter, which attaches the camera body to the microscope, is a cylinder with lenses and a mirror (or prism) that carries the light to the camera so that it focuses directly on the camera sensor and fills it to the maximum level.4 It basically acts as a photographic lens that attaches the camera body to the microscope. This small accessory is fraught with much controversy, as there are many criteria that contribute to a superior photo adapter, such as focal length, light transmission, lens quality, image quality, construction, centering ability, weight, and ease of connecting and disconnecting cameras. Although all are important, due to the scope of this writing, only focal length is discussed here.


The focal length of a camera lens refers to the distance between the lens and the image sensor when the subject is in focus, usually stated in millimeters.17 In photography, camera lenses with a longer focal length produce higher-magnification images compared with lenses of a shorter focal length. Most photo adapters available on the market have a focal length of 170 mm (lower magnification) to 340 mm (higher magnification), so some have twice the magnification of others. Images taken at a magnification that is too low will not fill the image sensor of a DSLR camera, causing a vignetting effect where the image periphery is darkened, producing the effect of a dark circle around the image. Images taken at higher magnification will fill the image sensor, but as the magnification increases, the depth of field decreases, which can lead to a problem where the photo adapter’s depth of field is less than that of the microscope. This translates into out-of-focus images; while the operator might be seeing an image in focus through the microscope, it will be outside the depth of field of the photo adapter, so the camera will see it as out of focus.


There are several other concerns related to the use of higher-magnification photo adapters. When the visual frame of the microscope is greater than what the camera can see, accurate framing becomes more challenging. Also, a basic principle of optics states that light intensity decreases as magnification increases, which means that higher–focal length adapters will produce darker images compared with their lower– focal length counterparts. Finally, higher–focal length lenses use more lens glass and put the camera body farther away from the lens, thereby creating additional light loss and compounding the effect of the higher-magnification light loss. For all of these reasons, when today’s DSLR camera bodies (APS-C sized sensors) and microscope systems are considered, the preferred focal length range for a photo adapter is 200 to 250 mm (Fig 2-10).
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Fig 2-10 Photo adapters: (a) F = 220 (Carl Zeiss); (b) DCA-220 (EIE2); (c) DSLR XMount (Global Surgical); (d) F = 340 (Carl Zeiss).


Reticle


Another simple component in the microscope photography setup is a reticle, which appears similar to a crosshairs or dotted circle in a gun sight and is placed in one of the doctor’s eyepieces. This often forgotten yet indispensable little component offers the benefit of allowing the operator to easily center and frame every image as it is captured. Without it, the operator will find that centering becomes a frustrating task, whereas once a reticle is utilized, off-center images will never be an issue again. It is important to determine which eye is the doctor’s dominant eye, as the reticle will be placed in the eyepiece corresponding with that eye. Although the use of an assistant co-observation system is highly beneficial, it is not necessary to place a reticle in the assistant’s eyepieces as well as the doctor’s.


Light source


The four types of light sources currently available for microscope use are halogen, metal halide, light-emitting diode (LED), and xenon. While all light sources vary by manufacturer, fiber-optic cable quality (broken fibers can severely affect the light output of the microscope), and lamp age, the source with the highest initial intensity is xenon (up to 200 kLux), followed by LED (65 to 85 kLux), metal halide (50 kLux), and halogen (50 to 65 kLux). Xenon lighting also offers the best color temperature (5,400 to 5,500 K) because it is most similar to daylight (5,500 to 6,000 K). However, regarding color temperature of LED lighting, there is wide variation in the industry, and it is difficult to generalize. For example, some metal halide and LED light sources (5,500 to 6,000 K) approximate that of xenon, while some are much higher (8,000 K). Halogen light sources (3,500 K) have a color temperature that is skewed toward the red end of the spectrum, which makes them a poor choice as the sole source of light for photography. Finally, although xenon light sources offer the best color temperature and light intensity, consideration should be given to the high cost of xenon lamps versus the life span, intensity, and color temperature of LED light sources. Therefore, readers should carefully weigh all factors when selecting a light source.
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