
IOSR Journal of Dental and Medical Sciences (IOSR-JDMS) 

e-ISSN: 2279-0853, p-ISSN: 2279-0861.Volume 25, Issue 5 Ser. 2 (May. 2026), PP 16-26 

www.iosrjournals.org 

 

DOI: 10.9790/0853-2505021626                          www.iosrjournals.org                                                    16 | Page 

Role Of Magnification In Endodontics: A Comprehensive 

Narrative Review 
 

Dr Supriya Prathipati, Dr Gopala Abhishek, Dr Laharee Ginjupalli,  

Dr Cheranjeevi Jayam, Dr Anila Bandlapalli, Dr Manasa Chinthala 
Senior Resident, Dept Of Dentistry, AIIMS Mangalagiri1, Senior Resident, Dept Of Dentistry, AIIMS 

Mangalagiri2, Junior Resident, Dept Of Dentistry, AIIMS Mangalagiri3 

Additional Professor, Dept Of Dentistry, AIIMS Mangalagiri4 

Professor, Dept Of Conservative Dentistry & Endodontics, SIBAR Dental College5. 

Assistant Professor, Department Of Pediatric And Preventive Dentistry,St. Joseph Dental College, Eluru6 

 

Abstract 
Magnification devices have significantly enhanced visualisation, precision, and overall treatment quality in 

modern endodontics. By improving both direct and indirect vision, these devices enable clinicians to identify 

complex root canal anatomy better and perform procedures with greater accuracy. Among the available options, 

dental loupes are the most commonly used due to their affordability, ease of use, and minimal disruption to clinical 

workflow. They offer advantages such as improved ergonomics, posture, and enhanced detection during 

restorative and endodontic procedures. However, limitations, including image instability with head movement 

and restricted magnification range, may affect their efficiency. 

In contrast, dental operating microscopes provide superior magnification, illumination, and image stability, 

leading to enhanced diagnostic accuracy and reduced procedural errors. The integration of fibre-optic 

illumination further improves visibility, allowing treatment to be performed under safer and more controlled 

conditions. Over the past three decades, the use of microscopes has gained increasing acceptance, particularly 

in endodontics, aligning with the principles of minimally invasive dentistry. 

This narrative review evaluates the types (commonly used types), applications, advantages, and limitations of 

magnification devices in endodontics. It highlights their role in improving clinical outcomes and emphasises the 

need for wider adoption and training to optimise endodontic practice. 
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I. Introduction 
Successful endodontic treatment depends on accurate diagnosis, thorough cleaning and shaping of the 

root canal system, and complete obturation. However, the complex and variable nature of root canal anatomy 

often poses significant challenges to clinicians, especially when procedures are performed under unaided vision. 

Limited visibility can lead to missed canals, procedural errors, and compromised treatment outcomes. Therefore, 

enhanced visualization has become a critical factor in improving the precision and predictability of endodontic 

therapy.1 

Magnification devices have emerged as essential tools in modern dentistry, particularly in endodontics, 

where detailed visualization of the operating field is crucial. These devices improve both direct and indirect vision, 

allowing clinicians to identify fine anatomical details such as accessory canals, microfractures, and calcifications 

that are otherwise difficult to detect. The most commonly used magnification aids include dental loupes and dental 

operating microscopes, each offering distinct advantages in terms of magnification levels, illumination, and 

ergonomics.2 

Dental loupes are widely used due to their affordability, ease of use, and minimal disruption to clinical 

workflow. In contrast, dental operating microscopes provide higher magnification and superior illumination, 

significantly enhancing diagnostic accuracy and treatment efficiency. The integration of fiber-optic lighting with 

magnification has further improved the quality of visualization, enabling clinicians to perform procedures with 

greater safety and precision.3 

Over the past few decades, the adoption of magnification in endodontics has increased considerably, 

driven by advancements in technology and the growing emphasis on minimally invasive dentistry. The use of 

magnification allows clinicians to conserve healthy tooth structure while improving treatment outcomes, aligning 

with contemporary principles of conservative dental care.4 
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This narrative review aims to provide a comprehensive overview of magnification devices in 

endodontics, including their types, advantages, limitations, and clinical applications, as well as their impact on 

treatment outcomes. 

 

History 

The concept of magnification in dentistry gained significant attention in 1978 when Dr Apotheker and 

Dr Jako introduced the idea of using an operating microscope in dental practice. They proposed that enhanced 

visual acuity achieved through magnification could greatly benefit endodontics by improving precision and 

treatment outcomes. This marked the beginning of a new era in dental visualisation.5 

The first commercially available dental operating microscope, the Dentiscope, was introduced in 1981 

by Chayes-Virginia Inc. Despite its promising optical capabilities, the device faced several limitations. It offered 

only a single magnification level (8×), had a fixed focal length, utilised angled illumination, and was 

ergonomically challenging due to its floor-mounted design and poor balance. These shortcomings hindered its 

widespread acceptance, and the product was eventually discontinued in 1986. Its failure highlighted the 

importance of ergonomic design alongside optical performance in clinical devices.3 

In the late 1980s, Gary B. Carr recognised the potential of microscopes in endodontics and actively 

promoted their use, particularly in apical surgeries. Around the same time, Howard S. Selden became the first to 

publish on the application of dental operating microscopes in nonsurgical endodontic procedures, further 

supporting their clinical relevance.6 

A major milestone occurred in the mid-1990s when the American Association of Endodontists 

recommended the inclusion of microscopy training in endodontic education. This proposal was accepted by the 

American Dental Association through its Commission on Dental Accreditation, and by 1997, microscopy training 

became a mandatory component of advanced endodontic programs. This institutional support significantly 

accelerated the adoption of magnification in clinical practice.6,7 

Further advancements were achieved in 1999 when Gary B. Carr introduced an improved dental 

operating microscope featuring Galilean optics and confocal illumination. Unlike earlier models, this system 

provided superior illumination by aligning the light path with the visual axis, along with enhanced ergonomics 

tailored for dental procedures. These improvements led to widespread acceptance of the dental operating 

microscope, which has since become an indispensable tool not only in endodontics but also in other dental 

specialties.7 

Overall, the evolution of magnification in dentistry reflects a transition from basic visualization methods 

to highly sophisticated optical systems, significantly enhancing diagnostic accuracy, treatment precision, and 

clinical outcomes. 

 

Table 1: Evolution and Types of Magnification Aids in Dentistry 
Magnification Aid Type Key Contributor(s) Year 

Magnifying Glass Basic optical aid Early scientists Pre-1900 

Loupes (Simple/Binocular) Optical magnification Various developers Early–Mid 20th century 

Prism (Keplerian) Loupes Advanced loupes Optical engineers 1970s–1980s 

Operating Microscope (Concept) Microscopic magnification Dr. Apotheker, Dr. Jako 1978 

Denti scope (First DOM) Dental Operating Microscope Chayes-Virginia Inc. 1981 

DOM in Endodontics Clinical application Howard S. Selden 1986 

Modern DOM Advanced microscope Gary B. Carr 1990s 

Endoscope Endodontic visualization Various researchers 1990s 

Orascope Micro-endoscope Dental innovators 2000s 

 

Levels Of Magnification 

Magnification in endodontics is commonly categorized into three levels based on the degree of 

enlargement and clinical application.7 

 

i)Low Magnification (2× – 8×) 

Usually achieved with simple or compound dental loupes 

Provides a wide field of view and good depth of field 

Primarily used for: 

Routine dental examination 

Basic endodontic access 

General restorative procedures 

Advantages: Easy to use, minimal learning curve, improved ergonomics 

Limitations: Limited ability to visualize fine details 
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ii)Mid Magnification (8× – 16×) 

Achieved using high-power prism loupes or lower magnification settings of microscopes 

Offers better visualization of anatomical details 

Used for: 

Detection of additional canals 

Canal negotiation 

Precision restorative procedures 

Advantages: Improved detail with acceptable field of view 

Limitations: Requires operator adaptation and experience 

 

iii)High Magnification (16× – 25×) 

Achieved using Dental Operating Microscopes (DOM) 

Provides highly detailed visualization of the operative field 

Used for: 

Identification of microfractures and calcified canals 

Retrieval of separated instruments 

Endodontic microsurgery 

Advantages: Maximum precision, superior illumination, enhanced treatment outcomes 

Limitations: Expensive, technique-sensitive, reduced field of view 

 

Magnifying devices 

LOUPES: 

Loupes are among the most commonly used magnification devices in clinical practice. They operate on 

the principle of converging lenses to enlarge the image of the object being viewed. Structurally, loupes consist of 

two monocular optical units placed side by side, which are aligned to focus on the same object. This arrangement 

produces a magnified image with a degree of stereoscopic visualization, thereby enhancing depth perception and 

overall clarity of the operative field.8 

 

Advantages of loupes 9 

1. Loupes are compact, lightweight, and occupy minimal space, making them easy to handle, use, and store. 

2. They require very little maintenance. 

3. They are more cost-effective compared to operating microscopes. 

4. They can be used without the need for specialized training. 

5. They do not restrict the clinician’s movements during procedures. 

6. For procedures that do not require high magnification or intense illumination, loupes are more convenient than 

operating microscopes, particularly in the initial stages. 

7. Prism telescopic loupes provide enhanced optical advantages, including a wider field of view, greater depth of 

field, and longer working distance, with magnification typically ranging from 2.5× to 8×; they may also 

incorporate coaxial fibre-optic illumination to improve visibility. 

 

Disadvantages of loupes 9 

1. Magnification with loupes is limited, usually effective only up to about 5×; higher magnification is better 

achieved with microscopes. 

2. Illumination is inferior compared to operating microscopes. 

3. Image stability is affected by head movements. 

4. Loupes provide limited or no true stereoscopic vision, reducing depth perception. 

5. High-magnification loupes tend to be bulky and heavy, causing discomfort during use. 

6. Prolonged use of poorly fitted loupes can lead to eye strain, fatigue, and potential visual issues. 

7. They do not allow attachment of accessories such as cameras or recording devices for documentation. 

 

TYPES OF LOUPES 

 

 

Single -Lens Optical System 

A simple lens system consists of a single convex (positive) lens that converges light. Light rays from the 

object pass through the lens and are focused to form a magnified image. 

 

S. No. Type of Loupe 

1 Single-lens optical system 

2 Galilean system (two-lens system) 

3 Keplerian system (prism-based system) 
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Single-Lens Optical System 

Advantages: 

1. Provides a fixed focal length and consistent working distance. 

2. Simple design that is lightweight and economical. 

 

Disadvantages: 

1. Produces lower image resolution compared to multi-lens systems such as telescopic loupes and operating 

microscopes. 

2. The fixed working distance may compromise ergonomics, making it less comfortable for the clinician. 

 

Galilean System 10 

IT consists of two lenses; a concave eyepiece lens and a convex objective lens. The eyepiece lens is 

stronger (i.e. has a higher diopter value) than the objective lens. 

 

Advantages: 

1. Provides higher magnification compared to simple lens systems. 

2. Offers improved depth of field and adequate working distance. 

3. Delivers better optical resolution. 

 

Disadvantages: 

1. Magnification is generally limited (around 2.5×); increasing it further leads to issues with weight, bulk, and 

reduced image quality. 

 

Keplerian System11 

The Keplerian loupe system is a type of surgical telescope that uses a prism-based (roof prism) design 

to fold the light path. It consists of two or more convex (positive) lenses. In this system, the secondary focal point 

of the objective lens aligns with the primary focal point of the eyepiece lens, enabling effective image formation 

with enhanced optical performance. 

 

Advantages: 

1. Provides superior optical clarity. 

2. Produces a flatter and more uniform image across the entire field of view. 

 

Disadvantages: 

1. Heavier in weight. 

2. More expensive compared to other loupe systems. 

3. Characterized by longer barrel length. 

Well-designed loupes should promote proper ergonomics by maintaining a forward head posture of less 

than 25°. They typically provide magnification ranging from approximately 2× to 5×. Based on their mounting 

design, loupes are broadly classified into two types: front lens-mounted (flip-up) loupes and fixed-mounted 

loupes, also known as through-the-lens (TTL) systems. 

 

Flip-Up Loupes12 

Flip-up loupes are designed with the telescopic lenses mounted on a hinge mechanism positioned in front 

of the carrier lenses. This allows the clinician to easily move the loupes out of the field of vision when not required 

during a procedure. 

 

Figure 1: flip-up loupes 
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Advantages: 

1. Can be worn continuously and flipped out of the visual field when necessary. 

2. Can be used by multiple clinicians, as they are adjustable. 

3. Less interference with intraoral or digital photography. 

4. Easier and quicker to repair compared to custom-made systems. 

5. Provide a better declination angle, promoting improved head posture and ergonomics. 

6. Allow easy modification of eyeglass prescriptions by an optician. 

 

Disadvantages: 

1. Generally heavier than fixed (TTL) loupes. 

2. May lose alignment due to frequent adjustments or accidental movement. 

3. Hinges and screws can loosen over time, causing instability or unintended movement during use. 

 

Through-the-Lens (TTL) Loupes12 

Figure 2: through-the lens loupes 

 
 

Through-the-lens (TTL) loupes are fixed-mounted systems in which the telescopic lenses are directly 

embedded into the carrier lenses with a predetermined declination angle. Because of this fixed design, they remain 

stable and do not lose alignment during use. 

 

Advantages: 

1. Lighter in weight compared to flip-up loupes. 

2. Provide a wider field of vision, as the lenses are positioned closer to the eyes. 

3. Maintain consistent alignment since they are custom-fitted for the individual user. 

 

Disadvantages: 

1. More expensive than flip-up loupes. 

2. Can make communication with patients more difficult during procedures. 

3. Must be removed when the clinician needs to look away from the operative field. 

4. Limited declination angle may lead to slight bending of the neck and back, affecting ergonomics. 

5. Any change in vision prescription requires returning the loupes to the manufacturer for lens replacement. 

 

Dental Operating Microscope 

Dental Operating Microscope (DOM) – Introduction 

The Dental Operating Microscope (DOM) represents a significant advancement in magnification 

technology in modern dentistry, particularly in endodontics. Introduced into dental practice in the late 20th 

century, the DOM has revolutionized the way clinicians visualize the operative field by providing enhanced 

magnification, superior illumination, and improved precision during procedures. 

The concept of using the operating microscope in dentistry was pioneered by Dr. Apotheker and Dr. Jako 

in 1978, marking a turning point in endodontic practice. Since then, the DOM has become an essential tool, 

especially for complex procedures such as locating calcified canals, managing perforations, retrieving separated 

instruments, and performing microsurgical endodontics.5 
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The DOM typically provides variable magnification ranging from low (3×–8×) to high levels (up to 25× 

or more), allowing the clinician to adjust visualization according to procedural requirements. It is equipped with 

coaxial illumination, which delivers shadow-free, intense light directly along the line of sight, thereby enhancing 

visibility even in deep or narrow operative areas.7 

In addition to improved visualization, the DOM promotes better ergonomics by enabling clinicians to 

maintain an upright posture, reducing musculoskeletal strain during prolonged procedures. It also facilitates 

documentation and teaching through the integration of cameras and video systems.13 

Overall, the Dental Operating Microscope has become a cornerstone in contemporary endodontics, 

significantly improving diagnostic accuracy, treatment outcomes, and clinical efficiency. 

 

Components of Dental Operating Microscope 

The dental operating microscope (DOM) is composed of three principal components, each playing a 

crucial role in achieving optimal visualization, illumination, and ergonomics during clinical procedures. 

 

1. Supporting Structure 

The supporting structure forms the mechanical framework of the microscope and ensures stability as 

well as precise positioning. 

It typically consists of a floor-mounted (FIG 3), wall-mounted (FIG 4), or ceiling-mounted stand with 

articulated arms (FIG 5). These arms allow smooth, multi-directional movement and enable the clinician to 

position the microscope accurately over the operative field without effort. The structure is counterbalanced to 

maintain stability and prevent drift during procedures. Modern systems often include locking mechanisms and 

ergonomic handles, allowing fine adjustments while maintaining asepsis. 

 

 
FIGURE 3. Floor mounted supporting structure 

 

 
FIGURE 4. Wall mounted supporting structures 
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Figure 5: ceiling-mounted supporting structures 

 

2. Microscope Body (Optical System) 

The microscope body houses the optical components responsible for magnification and image clarity. It 

includes eyepieces (ocular lenses), an objective lens, and a system of magnification changers such as step 

magnification or zoom systems. The binocular head provides stereoscopic vision, allowing depth perception and 

three-dimensional visualisation of the operative field. Many microscopes also feature inclinable binocular tubes, 

enabling customisation according to the operator’s posture and comfort. Beam splitters may be incorporated into 

the body to facilitate attachment of cameras or video recording systems for documentation and teaching purposes. 

Overall, the optical system is designed to provide high-resolution, distortion-free images across varying 

magnification levels. 

 

 
Figure 6: parts of microscope body 

 

3. Light Source 

The light source is a critical component that provides bright, focused illumination. The light source is 

generally powered by a 100- to 150-watt halogen light bulb that is connected to the microscope with a high 

efficiency fiber optic cable. Most dental operating microscopes use coaxial illumination, where the light is 

directed along the same optical path as the line of sight, eliminating shadows and enhancing visibility in deep or 

narrow areas. Common light sources include halogen, xenon, or LED systems, with modern microscopes 

increasingly favouring LED lights due to their longevity, energy efficiency, and consistent brightness. The 

intensity of illumination is adjustable, allowing the clinician to optimize lighting conditions based on procedural 

requirements. 
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Beam Splitter (Dental Operating Microscope Accessory) 

The beam splitter is an optical accessory placed between the binocular head and the magnification 

changer of the dental operating microscope. Its primary function is to divide the light path coming from the 

microscope objective and redirect a portion of the image/light toward external recording or viewing devices. 

 

Working Principle 

The beam splitter typically divides the optical beam in a 50:50 ratio, meaning: 

• 50% of the light is directed to the operator’s eyepieces for direct visualization. 

• 50% is diverted to auxiliary devices such as a camera adapter or video system. 

This ensures that the clinician maintains uninterrupted visualization while simultaneously enabling 

documentation or team observation. 

 

 
 

Clinical Applications of Dental Operating Microscope in Endodontics 

The dental operating microscope (DOM) has significantly enhanced the scope of endodontic practice by 

improving visualization, precision, and clinical outcomes across a wide range of procedures. 

 

1. Enhanced Visualization 

The surgical microscope provides superior illumination and magnification, thereby improving visibility 

during various dental procedures and allowing clinicians to perform highly precise operative tasks.14,15 

 

2. Improved Diagnosis 

The DOM is an excellent diagnostic aid for detecting microfractures and craze lines that are not visible 

to the naked eye or even with loupes. Under high magnification (approximately 16×–24×) and coaxial 

illumination, even subtle structural defects can be clearly identified, improving early diagnosis and treatment 

planning.16-18 

 

3. Identification and Removal of Denticles 

Calcified structures such as denticles are commonly encountered and may obstruct canal orifices or 

impede instrumentation. The dental operating microscope facilitates their precise identification and controlled 

removal, ensuring unimpeded canal access.19 

 

4. Detection of Hidden Canals 

One of the most significant applications of the DOM in nonsurgical endodontics is the identification of 

additional or hidden canals. Enhanced magnification and illumination improve visualization of complex root 

canal anatomy, thereby reducing the risk of missed canals.20,21 

 

5. Management of Open Apex Cases 

In teeth with open apices, modern apexification and regenerative procedures require meticulous handling 

of materials and anatomy. The DOM assists in precise manipulation during these advanced endodontic 

procedures, improving clinical predictability.22 

 

6. Management of Calcified Canals 

Calcified canals often remain undetectable under conventional vision or low magnification. Under the 

DOM, differences in colour, texture, and translucency of dentin become more evident, allowing clinicians to 

identify canal pathways and safely negotiate calcified regions.23 
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7. Perforation Repair 

In cases of root or furcal perforations, the microscope is invaluable for accurate localisation and 

assessment of the defect. This precise visualisation helps in planning and executing effective perforation repair, 

thereby improving prognosis. 24 

 

8. Removal of Fractured Posts 

Magnification and enhanced illumination enable the clinician to clearly visualise the coronal aspect of 

fractured posts. This allows conservative removal with minimal loss of tooth structure and reduced risk of 

iatrogenic damage such as perforation, thereby improving tooth preservation outcomes.25 

 

9. Retrieval of Fractured Instruments 

The DOM is essential for the safe retrieval of separated endodontic instruments. It provides precise 

guidance while minimising unnecessary dentin removal and reducing the risk of further canal damage.26 

 

10. Evaluation of Final Canal Preparation 

After cleaning and shaping, a small amount of irrigant such as sodium hypochlorite can be introduced 

into the canal and examined under high magnification. The presence of bubbling indicates residual organic tissue, 

suggesting the need for further irrigation and refinement of cleaning procedures.27 

 

11. Supporting minimally invasive endodontics 

One of the most significant contributions of magnification is in access cavity preparation. Under high 

magnification and coaxial illumination, the clinician can accurately locate canal orifices and differentiate between 

calcified dentin and true canal pathways. This facilitates the design of conservative or contract access cavities, 

preserving peri-cervical dentin, which is crucial for long-term tooth strength and fracture resistance. Enhanced 

visualisation reduces the need for excessive tooth structure removal, traditionally performed to compensate for 

limited visibility. 

In addition, magnification improves the identification of anatomical variations such as additional canals, 

isthmuses, and calcified entries, allowing more targeted and minimally invasive modification of access cavities. 

This results in improved canal negotiation while maintaining structural integrity of the tooth.28 

 

12.  Endodontic surgery 

By implementing the microscopic concept, first proposed by Prof. Kim in the 1990s, endodontic surgery 

has undergone a major transformation toward a more precise, predictable, and minimally invasive approach. The 

integration of the dental operating microscope into surgical endodontics has significantly improved visualization 

of the surgical field, allowing clinicians to perform procedures under high magnification with enhanced 

illumination and accuracy. 

Microsurgical endodontics facilitates more conservative osteotomy and root-end resection, ensuring 

better preservation of surrounding anatomical structures. It also enables precise identification of root apices, 

isthmuses, and accessory canals, which are often not visible under conventional vision. As a result, procedures 

such as root-end preparation, retrograde filling placement, and management of periapical lesions can be performed 

with greater control and reduced iatrogenic errors.29,30 

 

Disadvantages of Dental Operating Microscope 

Despite its numerous advantages in endodontics, the dental operating microscope (DOM) also presents 

certain limitations that may affect its routine clinical use. 

 

1. Excessive Magnification 

One of the most common drawbacks is the tendency to use excessively high magnification. A 

fundamental optical principle is that as magnification increases, the field of view decreases and the depth of 

field become narrower. This limitation can make surgical procedures more challenging, particularly when 

significant hand movements or spatial orientation is required. Excessive magnification may therefore compromise 

efficiency and ergonomics during complex procedures. 

 

2. Change in Clinical Technique 

The effective use of the operating microscope requires a modification of conventional clinical 

techniques. A common limitation is the failure to appreciate that the DOM is not restricted to advanced or 

experimental procedures alone, but is equally valuable in enhancing the precision of routine endodontic 

procedures, including periapical surgery and canal treatment. However, adapting to microscope-assisted 

techniques requires a learning curve and consistent practice. 



Role Of Magnification In Endodontics: A Comprehensive Narrative Review 

DOI: 10.9790/0853-2505021626                          www.iosrjournals.org                                                    25 | Page 

3. Lack of Adequate Practice and Training 

Another important limitation is the initial difficulty faced by operators when transitioning from unaided 

vision or loupes to microscope-assisted dentistry. The clinician must develop new psychomotor skills, including 

indirect vision, hand–eye coordination, and ergonomic adaptation. Without sufficient training and regular 

practice, the use of the DOM may initially appear cumbersome and time-consuming, potentially reducing its 

clinical efficiency. 

 

II. Conclusion 
Magnification has become an integral component of contemporary endodontic practice, transforming 

diagnosis, treatment precision, and clinical outcomes. The introduction of loupes and dental operating 

microscopes has significantly enhanced visualization of complex root canal anatomy, improved detection of 

microfractures and additional canals, and facilitated more conservative and predictable management of 

endodontic procedures. In particular, the dental operating microscope, combined with coaxial illumination and 

high magnification, has elevated the standard of care by enabling minimally invasive techniques, improved 

accuracy in procedures such as canal negotiation, perforation repair, retrieval of separated instruments, and 

management of calcified canals. 

Despite its clear advantages, the effective use of magnification systems requires adequate training, 

adaptation of clinical ergonomics, and a gradual learning curve. Challenges such as cost, limited accessibility, 

and operator dependency may also influence its routine adoption in general practice. However, with increasing 

technological advancements and emphasis on precision dentistry, magnification is no longer optional but is 

progressively becoming essential in modern endodontic therapy. 

In conclusion, magnification in endodontics bridges the gap between conventional techniques and 

advanced microsurgical precision, ultimately improving treatment success rates and preserving natural dentition 

with greater predictability. 
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