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Problem Statement
During ultrasound procedures, sonographers must apply high levels of force with an unnatural arm positioning while performing detailed movements, the combination of which increases the number of work-related injuries.  Our goal is to develop an ergonomic design to minimize the forces applied and improve the current ultrasound procedure.

Background Information

Ultrasound is a widely used technique for imaging the inner organs of the body using sound waves.  An ultrasound transducer (Figure 1) is used by a specialized technician called a sonographer to probe the outer surface of a patient’s body and produce a relevant image of the inner organs. The tip of the transducer is called a piezoelectric and is used to sense sound waves given off from the body structures and convert them to electric signals so they can be made into an image.  A gel must be used on the surface of the skin in order to propagate the sound waves, which do not travel through air. In addition to the transducer, a large console (made up of a keyboard and viewing screen) is used in an ultrasound reading to compile and display the image, make various adjustments, and change settings.
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Figure 1: An ultrasonic transducer


There are many types of procedures performed by sonographers using ultrasound.  Two of the most time-consuming and fatiguing procedures are biopsies and echocardiograms. A biopsy is performed by a doctor, who inserts a needle in a patient’s body, aiming to take a sample of a tumor. The doctor guides the needle using the image created by the sonographer, which must be very exact to include the small dimensions of the needle and to accommodate for the precise nature of the procedure.

Similar to a biopsy, an echocardiogram has duration of approximately 45 minutes and can be made difficult in large patients who have excess skin and tissue surrounding the heart. The procedure images the heart of a patient to identify problems in heart valves or the function of the heart muscles.  The sonographer must apply a large amount of force to the transducer in order to penetrate the tissue and circumvent the ribs to create a good image. The patient lies on his/her side (Figure 2) while the sonographer first applies pressure on a certain position on the patient’s chest and then on a position on the patient’s side in an upward direction through a hole in the bed.
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Figure 2: An echocardiogram

These types of procedures, especially the echocardiogram, require the sonographer to apply large amounts of force for long periods of time, while still needing to make detailed movements. These factors lead to a high incidence of musculoskeletal injuries. In fact, 80% of sonographers suffer from an injury such as this, most commonly in the neck, shoulder and/or wrist.  Studies show that these disorders arise primarily because of the force needed in certain procedures (See Figure 3).  It can also be noted that the pinching motion needed in conjunction with the force may cause problems as well by having the stretched tendons rub across the carpal bones thus causing swelling of the tendons.
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Figure 3: Survey of sonographers – Tasks that aggravate musculoskeletal symptoms (Mean scores on a 5 point scale) [Murphy]


Some of the main musculoskeletal injuries affecting sonographers are carpal tunnel syndrome, tendonitis, and shoulder bursitis. The former occurs in a region of the wrist that forms a tunnel of ligaments and tendons. When these structures become overused, as can happen with movements made by a sonographer, they become inflamed and cut off the nerve that runs from the arm to the hand through the “carpal tunnel.”  Tendonitis develops when the tendons in the wrist or elbow (connecting muscle to bone) become inflamed.  Bursitis arise when the bursa (fluid filled sacs located at the joints) are inflamed, putting pressure on the joints and causing discomfort. The symptoms of all three musculoskeletal disorders mentioned can include pain, numbness, swelling, or weakness. A visual description of carpal tunnel syndrome, tendonitis, and bursitis is shown in Figure 4.
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Figure 4: (a) Carpal Tunnel Syndrome (b) Shoulder Bursitis and Tendonitis


Due to the prevalence of the aforementioned injuries, many companies and research groups have tried to improve the current design and ultrasound procedure, all with little improvement. Companies have designed more ergonomic transducers with grooves or varied shapes that accommodate a palmer grip.  Also, groups have urged sonographers to use proper posture and to stretch occasionally.  However, these improvements have not lowered the incidence of injury because they do not eliminate the most important contributing factor: force applied for an extended period of time with an unnatural positioned arm.  Currently, research groups are working on more handle re-designs in the hopes of alleviating sonographer injuries.
Client Requirements


The client specified several requirements for the new transducer design.  First, the design should not interfere in any way with the sonographer collecting the ultrasound data of the patient.  Next, the design should minimize the force the sonographer must apply, especially for sustaining the force during a procedure.  The design should also eliminate strain on the joints and muscles from being in unnatural positions to perform the procedures.  Thirdly, since the ultrasound procedures usually requires small and precise movements of the transducer, the design must still allow for those movements.  Also, the device must be adaptable to varying situations like different sized patients, or different beds and ultrasound consoles. Finally, the design must be user friendly, and should not pose any danger to the patients or hospital staff.  (See appendix A).
Design Alternatives

Handle Redesign


The first design proposal is aimed at decoupling the push and pinching forces the sonographer must apply simultaneously during a procedure.  The design is composed of three parts: a handle, the transducer, and a wrist splint (see Figure 5).
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Figure 5:  The transducer is attached to the handle by a flexible attachment.  The handle fits snugly into the palm of the hand.  The wrist splint is not shown in diagram.

 The transducer is attached to the handle while it is still free to rotate in any direction, allowing for the exact adjustments the sonographer must make.  The handle will be composed of a firm, but soft material, and it fits tightly into the palm of the sonographer.  The goal of this design is that the sonographer does not have to push with the small muscles of the fingers while pinching; instead he/she applies the pushing force with the palm, and still can use the agile fingers for small movements.  The wrist splint is to help stabilize the sonographer’s wrist and forearm to reduce strain.

The advantages of this design are that the transducer is still very mobile and therefore the ultrasound procedure will not be obstructed.  The design also helps to prevent wrist and forearm strain since the sonographer does not have to apply a large pinching force.  Also, there is the possibility of making the part of the handle in contact with the palm to be replaceable so that it is comfortable for people with many different sized hands.

The main disadvantage of this design is that since the sonographer still must apply all the pushing force for the entire duration of the procedure, the strain on shoulder and upper arm is not reduced.  Other issues include sanitation concerns since the handle and wrist splint may be difficult to clean.  Also, the design may still be uncomfortable for the sonographer since the fingers are positioned around the transducer head in a slightly unnatural position.
Transducer Redesign

The second design proposed focused on redesigning the transducer completely in order to allow the hand to be in a more natural position.  The main body of the transducer would fit around the sonographer’s hand.
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Figure 6:  Outside side view of second design option.

Inside, there would be a handle, similar to a bicycle handle, which the sonographer would grip and where they would apply the force.  
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Figure 7:  Bottom view of second design option showing the handle grip inside.

The actual transducer portion of the design would be a separate piece which would be attached with some sort of elastic material to the main body.  
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Figure 8:  Top view of second design option.

Ideally, this method of attachment would allow the transducer portion to move at a less degree than the main body when the sonographer makes movements with his/her wrist.


The main advantage with this design is that it allows the sonographer to apply the force with a very natural position of the hand thus reducing the strain on the fingers, wrist, and elbows.  Also, the transducer would be able to be used for many procedures and by many different sonographers.


The disadvantages, however, is that the design may not allow for the needed precise movements.  Even if the elastic material did allow for very small movements, the sonographer would have to adjust to the subtleties of the types of wrist movements are needed which may be hard to adapt to.  Also, this design does not eliminate the unnatural positioning of the arm used when applying the force and thus, the injuries to the shoulder would still be a problem.  Thirdly, the elastic material used may cause sanitation concerns if it cannot be cleansed easily.
Mechanical Arm


The third design proposal’s main objective is to reduce or eliminate the constant force that must be applied by the sonographer during long duration procedures.  This design consists of an arc which is positioned above the bed and patient and a mobile arm which can move along the arc and lock into place.  The arc itself will use clamps to attach to the sides of the bed (Figure 9A).  The arm is attached to a slider (Figure 9B) which can move along the arc and can be locked at any position allowing for 180˚ adjustability.  The arm itself is composed of two segments.  The first segment is attached to the slider with a ball and socket joint allowing for 360˚ rotation which can also be locked in place.  The second segment is attached to segment 1 through a hinge joint which allows for 180˚ mobility in one plane.  This mobile capability should be sufficient since segment 1 has 360˚ rotation.  Segment 2 is also unique in the sense that it is actually composed of two components: one hollow tube, and a smaller solid tube (Figure 9C).  The solid tube is placed inside the hollow tube and is allowed to move in and out of the hollow tube and can be locked in place with respect to the hollow tube.  This allows for length adjustment in the arm, which is useful since not every patient is the same size.  Finally, the transducer would be placed at site D in Figure 9.  The exact mechanism to which the transducer will be attached is yet to be determined; however it will allow the sonographer to make precise movements with the transducer.
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Figure 9:  Diagram of mechanical arm design.  Consists of an arc, an arc slider (B), and an adjustable arm(C).  The arc attaches to a hospital bed with clamps (A).  The transducer is attached at site D.
The idea of this design is that the sonographer applies an initial force that is needed during a procedure, such as an echocardiogram.  The sonographer can then lock the joints of the arm so that the arm will then apply the force needed.  This will eliminate harmful forces applied over a long period of time which causes injuries to the wrist and shoulder of the sonographer.  

The mechanical arm design has several advantages as well as disadvantages.  The advantages include the versatile movement of the arm allows for various positions needed in procedures.  It also reduces the force applied by both the shoulder and wrist of the technician and is feasible to produce and could be used in any hospital.  Some disadvantages are that it is not efficient to use in all ultrasound procedures and it does not have the ability to make fast adjustments of the arms since the sonographer must unlock, move, and lock each segment to make large adjustments.
Design Evaluation
Additional Client Requirements


The client’s preferences are very important in the evaluation of the three design proposals.  Further consultation with the client generated a few more client preferences and requirements.  The client prefers to eliminate the sustained forces that must be applied, and especially to focus on two special procedures: the electrocardiogram and the biopsy.  The two procedures require the transducer to be held stable over an extended period of time.  Currently the transducer manufacturers are developing new handle designs, but are not addressing the problems caused by extended force application.  The client prefers a design that abolishes prolonged pushing for procedures such as electrocardiogram and biopsy where the transducer will remain in a relatively small area. 
Design Matrix

To decide on a proposed design, a design matrix was used to evaluate the three design ideas (Table 1).  The designs were assessed based upon seven requirements, with emphasis on ability to reduce force and make precise movements.  The mechanical arm scored highest in these categories, and also has the highest overall score (higher scores is more favorable).  Hence, the mechanical arm design is chosen as the proposed design.
	 
	Handle redesign
	Transducer redesign
	Mechanical arm

	Ability to reduce force
	1
	1
	3

	Ability to make precise movements
	2
	1
	3

	Comfort
	1
	2
	3

	Feasibility
	3
	1
	2

	Ease of use
	3
	2
	2

	Adaptability to different people
	1
	3
	3

	Lack of interference with procedures
	3
	2
	2

	Total
	14
	12
	*18*


Table 1.  Design matrix.  Each design was evaluated with the criteria such as ease of use, comfort, ability to reduce force, and ability to make precise movements.  Each design was given a score from 1 to 3; 1=poor, 2=good, 3=excellent, based on its performance relative to the criteria.  The handle redesign, transducer design, and Mechanical arm design scored 14, 12, and 18 respectively.  The mechanical arm design was chosen for the final design based on these criteria.
Proposed Design


The final design chosen is based on mechanical arm design; however a few adjustments were made to improve its application.  The first improvement is to have the clamp on one side of the arc be detachable while using a pivot joint for the other point of attachment to the bed.  This allows the patient to have easy access to the bed with the arc still attached.  Also, the arc will then be easily stored when not in use, and can be moved to the side of the bed without having to detach the entire device.  Secondly, for part of the echocardiogram procedure, the sonographer must reach from underneath the bed.  The detachable side of the arc will allow the device to pivot under the bed and reattach.  The sonographer then can use the device from underneath the bed.  However, the limited amount of space under the bed may not allow the arc to fit in the given space.  The solution to this dilemma is to make the arc’s height adjustable.  We propose to solve this problem by applying the two tube idea as stated for segment 2 of the mechanical arm design to the sides of the arc.   We would connect the adjustable tubes to the clamps and the arc portion of the design, this way the arc can be raised and lowered according to the size of the patient and to fit under the bed.  The third adjustment is to allow the arc to move parallel to the bed and this can be accomplished by using long clamps on the sides of the bed in which the arc can slide along.  
Conclusions and Future Work
The biggest potential setback of the mechanical arm design is the stability issue, especially if the arc is placed above the patient, stability is especially important in terms of ensuring the safety of the patient as well as the precision of the data collected.  This can be solved by using the most advantageous material to build the arc.  Another factor that would improve stability is to use the appropriate type of clamps that attach the arc to the bed.  Repetitive testing of the arc is required to determine the mechanical properties of the arc. 
           The next step is to actualize the various components of the proposed design.  Research on the various possible materials, such as for building the arc, arm segments, clamps and/or hinges, is necessary for building the prototype.  Since it is important to have a range of the forces applied by sonographers, one of the objectives is to measure the forces applied by sonographers during an ultrasound procedure. Also, a method must be developed to securely lock the arm segments and hinges.  Finally, the prototype must be built, and tested rigorously.
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Product Design Specifications
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Function:
During ultrasound procedures, sonographers must apply high levels of force while performing detailed movements, the combination of which increases the number of work-related injuries.  Our goal is to develop an ergonomic design to minimize the forces applied and improve the current ultrasound procedure.

Client requirements: 

· Should not interfere with the collection of data

· Minimize force applied by sonographer 

· Eliminate applying large force over a long period of time.

· Reduce strain on joints and muscles which occurs when applying a large force in an unnatural position for the arm.

· Still allow for precise movements and adjustments

· Adaptable to different transducer models and consoles

· The transducer must be able to be held in a stable position, allowing for minute manipulations

Design requirements: 

1. Physical and Operational Characteristics 

a. Performance requirements: 

· Device used at least 10 times per day.

· Duration of each use varies depending on the medical procedures; duration varies from minutes to hours

· The device must withstand the force it takes to maintain appropriate contact with the patient as well as the force from the grip by the sonographer.

· Device will have direct contact with the patient and sonographer

· Device must operate with the current console designs.

b. Safety: 
· No sharp edges are allowed.

· Any electrical equipment of the transducer must not be in contact with either patient or sonographer.

· The materials that construct the device must not have potential toxic dangers.

c. Accuracy and Reliability: 

· Device shouldn’t interfere with readout 
· System must remain mechanically stable so it doesn’t move when left alone.

· Allows precise movements.
D. Life in Service

· Device must operate for a minimum of 5 years 

· Device must withstand 8 hours of operation each day seven days a week.

E. Shelf Life

· Stored in hospital environment
· Shelf life of 10 years

F. Operational Environment

· Standard hospital setting
· Room temperature
· Handled by many sonographers and other technicians
g. Ergonomics:
· Reduce the combination of “pinch” and “push” that sonongraphers use with the current device

· Sonographer should be able to easily use the console while manipulating the probe

· The maximum force applied by the sonographer should be no more than ___. (Requires further testing)

· The maximum torque of the hand and wrist may not exceed ____.  (Requires further testing).

h. Size:

· The part of the handle design that comes into contact with the patient should be no more than 6” square to avoid becoming cumbersome.

· The complete design should be easily stored and transportable in a hospital setting.

· Must allow a variety of people to use on many patients of different sizes.

i. Weight:
· The weight of the handle design should be +/- 5 ounces of the current design

· The complete design should be light enough so one person could transport it – less than 20 lbs.

j. Materials:
· Conducting metallic materials cannot be used in the handle design as they will interfere with the ultrasound readings

· Heavy-duty plastics or metals should be used for the mechanical arm design. 
· Materials must be able to withstand force the sonographer applies.

· Materials should not pose any risk to patient or sonographer.

k. Aesthetics, Appearance, and Finish:
· The handle should be shaped and textured so that it is comfortable for both the sonographer and patient

· The form should conform to the hand, wrist, and/or arm as much as possible

· The finish should be non-irritating to the skin

· For distribution purposes, design should have a smooth, sleek appearance which conforms to the standard hospital environment.

· The appearance should not be overwhelming for the patient.

2. Production Characteristics 


a. Quantity:
· One functional prototype as of right now

· One per echocardiogram bed if prototype is successful.
b. Target Product Cost:
· The cost to produce the handle design will be ~ $50 (Without client assistance)

· The cost to produce the arm design will be ~ $250. (Without client assistance)

· The cost to the public and industry will be comparable to the current design 
 

3. Miscellaneous 

a. Standards and Specifications:
· FDA approval is required

b. Customer:
· Many different sized patients with different amounts of adipose tissue.

· Private practices would like to use their staff as efficiently as possible; if possible, they would like to eliminate the role of the sonographer.
c. Patient-related concerns:
· Sterilization may be necessary depending on the invasiveness of the procedure

· Device needs to avoid making the patient uncomfortable or nervous

d. Competition:
· The following improvements have been made to the ultrasound devices: a more lightweight transducer probe, grooves in the transducer, a lightweight cable attachment, and adjustable chairs and consoles

· Many manufacturers are currently working on possible handle redesigns. 

· The mechanical arm is a more novel idea.
Appendix B

 Potential Conflicts

Ethically we must produce the safest design possible. Since our proposed design sustains force on a human body, we must be very careful to keep the patient from being harmed.  To achieve this, extensive testing will need to be performed to ensure the proper performance of the device. If we neglect to do this, we will be ethically liable for any potential problems caused. One human factor to consider is aesthetics. The patients may already feel anxious about the procedure, and if our design looks like a torture device rather than non-invasive medical equipment, he/she may become very uncomfortable; this is something we want to avoid.
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