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Abstract

:

The understanding of ergonomics is a vital competency for all peripheral nerve block operators. The essence of physical ergonomics for peripheral nerve block procedures can be summarised into three significant components: brain, musculoskeletal and needling. The first component includes strategies to optimise visuospatial neuroprocessing using equipment configuration. The second component reflects the careful planning of posture and position to improve procedural technique and reduce physical fatigue. The final component focuses on strategies to achieve needle beam alignment for optimal needle visualisation.
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1. Introduction


The practice of regional anaesthesia (RA) has been transformed with the advent of ultrasound guidance, and the use of this modality has become the accepted standard of care, particularly for peripheral nerve block (PNB) [1]. Ergonomics is already an established scientific discipline and can be readily applied in the design of modern anaesthesiology working practice standards [2]. The understanding of ergonomic concepts is therefore a vital competency for all PNB operators. This mini review introduces the theoretical foundations of ergonomics as applied to regional anaesthesia and discusses how this influences the conduct of PNB techniques.




2. Conceptual Framework of Physical Ergonomics in PNB


The International Ergonomics Association has proposed the following definition- “Ergonomics (or human factors) is the scientific discipline concerned with the understanding of interactions among humans and other elements of a system, and the profession that applies theory, principles, data, and methods to design to optimise human well-being and overall system performance” [3]. The general approach of ergonomics is thus to optimise system performance while ensuring the well-being of individuals at the workplace.



Ergonomics in PNB can be grossly divided into organisational, cognitive and physical components. Organisational ergonomics aims to improve patient throughput in the operating theatre complex through multidisciplinary cooperation. Cognitive ergonomics aims to optimise the decision-making process to improve PNB performance. Physical ergonomics aims to improve PNB performance through optimising techniques and operator comfort [4].



The essence of physical ergonomics as applied in the context of PNB can be summarised into three significant factors: brain, musculoskeletal and needling. The brain factor requires the need to balance visual and sensory cues with the ability to orientate and direct the needle tip to the desired location. The musculoskeletal factor involves the careful planning of posture and position to optimise needle tip control and reduce physical fatigue. The needling factor focuses on selecting an effective strategy for insertion of the block needle to facilitate injection of local anaesthetic to the desired target area.



2.1. Brain: Minimising Visuospatial Neuroprocessing Burden Using Equipment Configuration


The success of PNB results from the accurate placement of local anaesthetics in sufficient doses via needle near a target nerve or in a fascial plane, with no or minimal complications [5].



2.1.1. Importance of Gaze-Down Viewing


Ultrasound-guided techniques involve the simultaneous manipulation of the ultrasound probe and the block needle in three dimensions whilst looking at a two-dimensional screen. Fine needle adjustments are necessary to achieve a good local anaesthetic spread. The image displayed on the ultrasound screen functions as a visual interface.



In minimally invasive surgery (MIS), the best task performance is obtained with the monitor located in front of the operator, at the level of the hands, allowing gaze-down viewing and alignment of the visual and motor axes [6,7]. This ergonomic position has been extensively adopted in PNB (Figure 1).



The monitor screen serves as a visual interface for the procedure during surgery. However, there is a dissociation between these screen images and the hand manipulations required during MIS. This dissociation requires a geometric transformation between the spatial orientation of the images seen and manipulation of the instruments. This can be minimised by adequate image quality and size and by correctly aligning the visual display information with the physical operating field (i.e., left and right as well as up and down axes) on the same side as the manipulations [8]. Similar strategies apply to PNB, where the image of the needle on the ultrasound monitor screen should provide the most accurate representation of the anatomical field for a particular PNB. Thus, the proceduralist should ensure that the screen is adjusted so that needle movements in vertical and horizontal axes (up/down, left/right and forwards/backwards) are correspondingly displayed on the monitor screen.



The block needle should be held in the dominant hand for optimal fine motor control, particularly in right-handed operators, who show superior motor competence in the dominant hand [9].




2.1.2. Head-Mounted Display


Head-mounted display (HMD) is a technology that can superimpose a visual information display over the wearer’s field of view. In the first description of HMD in general anaesthesia, vital signs displayed on the HMD reduced the time required for visualising the anaesthesia workstation and allowed more time for the direct patient and surgical field monitoring [10].



When connected to the ultrasound machine, the ultrasound images can be projected to a head-mounted display (HMD) (Figure 2a,b). HMD has been shown to improve ergonomics in studies using mannikins and animal simulations by automatically aligning the axes [11,12]. In two simulated nerve block studies, blocks with HMD were faster than without [13,14]. The same group of authors [13] performed a clinical study with HMD. Regional blocks performed with HMD were significantly faster with significantly fewer head movements and attempts [15].



The wired HMD technology used in the above references [10,11,12,13,14,15] and Figure 2a,b are attached to the ultrasound machine and may obstruct the movement of the PNB operator. In the future, wireless technology may be more ergonomic [14].



Instead of commercially available HMD, a smartphone attachment to a headset with input from the ultrasound machine has been described to facilitate simulation training [16]. A smartphone connected to a wireless ultrasound probe and attached to a flexible neck mobile phone holder has been used clinically to maintain eye-hands alignment [17].




2.1.3. Visuospatial Aptitude


Visuospatial and psychomotor skills are necessary for the performance of PNB. Visuospatial aptitude is a better predictor than the psychomotor ability for the performance of ultrasound-guided procedures [18]. Even in novices, visuospatial ability testing can predict the performance of ultrasound-guided needling [19].



Novice operators usually perform blocks poorly and without implementing basic ergonomic principles [20]. Formal training in ultrasound-guided PNB should include visuospatial processing and fundamental ergonomic factors.



One of the best possible ergonomic outcomes for visuospatial neuroprocessing in PNB is achieved by aligning the visual and motor axes, gaze-down image display and exact side placement of the needle image and needle entry.





2.2. Environment Principles


Operating room (OR) temperature should be at least 20 °C to 23 °C [21]. At the same time, relative humidity should be kept between 20% to 60% [21]. Adequate and adjustable lighting should be available. Silence is the most optimal situation while performing blocks. Noises arising from staff activities, conversations, ventilation and the anaesthetic workstation should be minimised to between 40 dB and 80 dB and for short periods only [21,22].



A standard OR should be the size of 38 m2 to 55 m2 (400 square feet to 600 square feet) with adequate ventilation of 20 air changes per hour. There should be ample space for the ultrasound, trolley, operator and assistant positioned close to the patient during the PNB performance [23,24].



Operation theatre staff should don level 1 personal protective equipment (PPE)— namely surgical face mask, apron, gloves and eye protection—for PNB on suspected or confirmed COVID-19 patients [25]. All block procedures should be carried out as aseptic procedures. For continuous PNB, an additional sterile gown for the operator and assistant is required [26].




2.3. Role of Assistants


Most PNB performances warrant a two-person technique where the operator advances the needle tip whilst an assistant administers the injectate through an attached catheter. Ergonomically, the first assistant should be located on the dominant side of the operator. Both the operator and assistant also should monitor the needle hub for blood during gentle aspiration before each aliquot of injectate given. The assistant also must observe for expansion of intended spaces on the ultrasound monitor while administering the injectate [25].



Ideally, there should be a second assistant that helps in communicating with the patient, providing physical and psychological support. The second assistant must also support the patient in the best position and help prevent movement during the procedure [26].




2.4. Musculoskeletal: Neutral Posture and Patient Positioning


Anaesthesiologists are at high risk of developing a work-related musculoskeletal disorder (WRMD), particularly in the neck and lower back. The most significant ergonomic risk identified was bending for a long duration [27]. Upper limb disorders affecting the hand, arm and neck are common among anaesthesiologists [28].



WRMD has an 84% to 90% incidence among ultrasound professionals. The body parts most often affected in decreasing order were shoulder, neck, wrist, back and hands. Apart from pain, the other reported symptoms included muscle spasm, inflammation, swelling, loss of sensation, numbness and clumsiness [29].



To avoid WRMD, the most important preventive measure for the PNB operator is to adopt the neutral position while performing PNB [28]. Neutral posture is a seated or standing posture balanced around the operator’s centre of gravity (Figure 3). The neutral posture reduces musculoskeletal strain. The operator should avoid non-neutral postures—namely sustained reach, bending and twisting of the trunk; excess neck flexion, extension rotation; an uneven seated or standing weight distribution; wrist flexion or extension; and/or deviation pinch grip [29,30].



The two most common improper postures are arm abduction, defined as an angle greater than 30° between the torso and the upper extremity, and overreaching, which requires the operator to use the shoulder muscles (Figure 4). This can be avoided by moving the patient closer to the operator [29].



Neck flexion, extension, protraction and rotation leading to prolapsed intervertebral discs of the cervical spine and neck muscle tension can be minimised by putting the ultrasound monitor straight in front of the operator with a slight 15° to 20° neck flexion while viewing the monitor [29] (Figure 5a,b). Vertically adjustable articulating monitors would be helpful to achieve the ideal position for the above.



Trunk bending and twisting causing back pain and disc disease are avoided by keeping the patient and ultrasound aligned on the same visual axis and adjusting the patient bed, trolley or operating table [29] (Figure 6a,b).



Apart from the dominant hand, proper wrist position is also essential. Wrist flexion, extension and deviation possibly leading to increased pressure in the carpal tunnel are best avoided by assuming a neutral wrist position while holding the probe or the block needle [29] (Figure 7a,b).



A pinch grip on the probe increases the forearm muscle strain, while a palmar grip is firmer but with less strain [29] (Figure 8a,b).



Patient comfort and safety must be maintained during the procedure. The patient should rest comfortably on the operating table or trolley and access to the patient should not be obstructed. The patient’s position should be safe, pain-free, and ergonomic for the specific block. For example, for the erector spinae plane block or paravertebral block, the prone position is the best but may be placed in a lateral or sitting position if prone is uncomfortable [26].



The regional anaesthesia trolley or tray should also be placed on the dominant side of the operator’s handedness to avoid reaching across and overreaching to access the required instruments for the procedure [31].




2.5. Ergonomic Needling Strategy


Ultrasound-guided PNB can be divided into out-of-plane (OOP) and in-plane (IP) needle approaches [30]. Each technique has its advantages and disadvantages. The main concern for the OOP technique is the poor needle visibility, particularly of the needle tip. In contrast, the concern for IP is the difficulty to maintain complete needle visibility as this requires needle beam alignment [32]. Needle beam alignment is the most demanding aspect of the IP approach [33].



The IP approach can be further subdivided along the visual axis (AL) and across the visual axis (AC) (Figure 9a,b). The AL approach is associated with improved needle visualisation in pork and phantom simulations [34,35].



The needle is optimally inserted at a needle beam angle greater than 55° for the best needle visibility in the IP approach [36].



It is recommended that the operator rest the fingers or part of the hand on the patient to reduce fatigue, contributing to poor needle beam alignment [33,36] (Figure 10).



The needle guide has been shown to improve the visibility of the needle at a 45° angle in phantom models [37] (Figure 11).



There are numerous other technologies to improve needle tip visualisation. Needle construction to make it echogenic and ultrasound beam steering are technologies available in current practice [38,39,40,41]. In a 2017 review article, needle tip design, 3D/4D ultrasound, optical tracking, augmented reality, robotic assistance, image-based needle tracking, electromagnetic tracking and magnetism were discussed [42]. The above technologies are out of the context of physical ergonomics and hence will not be discussed here.





3. Conclusions


The adoption of the principles of physical ergonomics is essential for the efficiency of PNB performance and maintenance of the musculoskeletal well-being of the PNB operator. Improving PNB practice has the potential advantages of improving patient safety, especially in deep regional blocks. A summary (Table 1) has been made to provide the current updated concepts in PNB-related ergonomics.
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Figure 1. Monitor located in front of the operator, at the level of the hands, allowing gaze-down viewing and alignment of the visual and motor axes in front of the operator. 
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Figure 2. (a) Head-mounted display used while performing a femoral triangle block. Photo Credit: Tatsuo Nakamoto; Department of Anaesthesiology, Kansai Medical University; (b) The ultrasound image is displayed on the Epson Moverio BT-30E head-mounted display. Photo Credit: Tatsuo Nakamoto; Department of Anaesthesiology, Kansai Medical University. 
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Figure 3. Neutral position while performing a mid-forearm median nerve block. The operator is in a seated balanced position using a supported chair with the ultrasound monitor in front. 
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Figure 4. Improper posture: arm abduction more than 30°, overreaching, trunk rotation while standing from the opposite side during a transversus abdominis plane (TAP) block. 
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Figure 5. (a) Improper position: The operator is viewing the ultrasound monitor with a significant neck rotation to the left. (b) Proper position: The operator is viewing the ultrasound monitor straight ahead with a slight neck flexion. 
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Figure 6. (a) Improper position: The operator is positioned with significant trunk bending and twisting. (b) Proper position: The operator is sitting down in a neutral position on the side of the block with ultrasound monitor in front, aligned along the visual axis. 
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Figure 7. (a) Improper wrist flexion position. (b) Improper wrist flexion and deviation position. 






Figure 7. (a) Improper wrist flexion position. (b) Improper wrist flexion and deviation position.



[image: Applsci 11 09736 g007]







[image: Applsci 11 09736 g008 550] 





Figure 8. (a) Pinch grip while holding a probe will cause muscle strain. (b) Palmar grip while holding a probe will cause less fatigue. 
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Figure 9. (a) In-plane needling where the ultrasound monitor, transducer, needle and operator are along the visual axis improves needle visualisation. (b) In-plane needling where the transducer and needle are across the visual axis impairs needle visualisation. 
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Figure 10. Resting both hands on the patient reduces fatigue and improves beam needle alignment. 
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Figure 11. CIVCO needle guidance system improves beam needle alignment. Photo credit: CIVCO Medical Solutions. 
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Table 1. Summary of relevant ergonomics in peripheral nerve block.
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1.

	
Optimise the Balance between Visual Input and the Cognitive Capacity to Orientate and Respond to the Combination of Visual and Physical Feedback






	

	
(a)

	
The monitor is located in front of the operator, at the level of the hands, allowing gaze-down viewing and alignment of the visual and motor axes.




	

	
(b)

	
The image of the needle on the ultrasound monitor is placed on the same side as the needle entry.




	

	
(c)

	
The block needle is best held in the dominant hand for better fine motor control.




	

	
(d)

	
The head-mounted display has been shown to improve ergonomics by abolishing the need to view the ultrasound monitor directly.




	
2.

	
Careful Planning of Posture and Position to Reduce Physical Fatigue




	

	
(a)

	
Neutral posture is a seated or standing posture balanced around the operator’s centre of gravity.




	

	
(b)

	
Avoid non-neutral postures: sustained reach; bending and twisting of the trunk; excess neck flexion, extension or protraction and rotation; uneven seated or standing weight distribution; wrist flexion or extension; and/or deviation pinch grip.




	

	
(c)

	
Avoid improper postures: Arm abduction, defined as an angle greater than 30° between the torso and the upper extremity, and overreaching, requires the operator to use the shoulder muscles.




	

	
(d)

	
Place the ultrasound monitor straight ahead for the operator to have a slight 15° to 20° neck flexion while viewing the monitor (vertically adjustable articulating monitors).




	

	
(e)

	
Adjust the patient bed/trolley or operating table.




	

	
(f)

	
Adopt neutral wrist position while holding the probe or the block needle and resting on the patient’s body or using the patient’s skin for support.




	

	
(g)

	
Utilise palmar grip; it is firmer and there is less strain.




	

	
(h)

	
Regional anaesthesia trolley or tray should also be placed on the dominant side of the operator’s handedness to avoid reaching across and overreaching.




	
3.

	
Choosing an Effective Approach Strategy for Insertion of the Block Needle to Achieve Needle Beam Alignment for Optimal Needle Visualisation




	

	
(a)

	
Probe and needle should be aligned along the visual axis with an in-plane approach.




	

	
(b)

	
The needle is best inserted at a needle beam angle greater than 55° for the best needle visibility in the in-plane approach.




	

	
(c)

	
Use of needle guidance, echogenic needle and ultrasound beam steering improve needle visualisation.
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