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Abstract


Many patients need eye drop medications on a daily basis.  These medications are used to treat a variety of diseases, including glaucoma and cataracts.  These maladies typically occur in elderly patients, who not only have these diseases, but multiple sclerosis, Parkinson’s, poor motor control, and tremors as well.  Because of tremors and poor motor control, patients often have difficulty placing an eye drop into the eye.  Additionally, the poor motor control causes some patients to over-squeeze the bottle, causing a stream of medication.  These medications can be fairly expensive, reaching an upwards of $25 for a bottle a few milliliters in volume.  Therefore, there needs to be a method to prevent the wasting of medication.  Contained in this study are three designs that address the problems of getting the eye drop into the eye and patients’ poor motor control.  
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Problem Statement


Our goal is to develop an eye drop device that can deliver a single drop of medication while also preventing the flow of excess medication (streaming).  Furthermore, this device should assist the user in placing the eye drop into the eye and accommodate the array of differently sized bottles that are used in eye drop medications.  The device should also facilitate the squeezing of the bottle.  We hope to reduce the cost of eye drop medication by administering a minimal amount with a high success rate of getting the eye drop into the eye.
Client Research

Our client, Lynn Buhmann, nurses elderly glaucoma patients.  Many of these patients are also hindered by multiple sclerosis, Parkinson’s disease, rheumatoid arthritis, or a general sense of maladroitness and tremors.  Several of her patients are blind or lack eyes entirely, which makes it even more difficult for these patients to self-administer eye drops.  

Most patients need several eye drop medications for multiple times each day.  Many of these medications are expensive, some reaching more then $25 for a bottle a few milliliters in volume.  When a patient has tremors, there is a great amount of difficulty in positioning the bottle for successful self-administration.  Often times the patient will completely miss the eye, causing the drop to fall onto the face.  When a patient has a loss of dexterity and poor motor control, it is very easy to over-squeeze the bottle, causing a stream of medication to come out and subsequently wasting this expensive medication.  (Buhmann, 2004)
Background

Glaucoma is an eye condition that affects around 3 million people in the United States (Glaucoma Research Foundation, 2004).  This disease causes the person’s eyesight to gradually diminish due to increased eye fluid pressure.  If the disease goes untreated, blindness can occur.  Therefore, it is important to detect this condition in its early stages and begin treatment immediately.  


One of the most common treatments for glaucoma is prescription eye drops.  However, no eye drop medication improves the condition of the disease.  Instead, glaucoma medication prevents the worsening of eyesight, and since this attempts to maintain a steady state, the medication must be administered frequently, meaning at least on a daily basis or more depending on the brand.  Common medications for glaucoma include timolol and pilocarpine.  With these medications, the average drop volume ranges from 44-55 µL (Lal, 1993).  However, the typical eye can only hold 30 µL (Lal, 1993), where the excess liquid flows either down the cheek or into the lacrimal duct.  Therefore, not only do patients waste medication because of their disabilities, but medication is inherently wasted by the design of the bottle.  Ideally, these eye drops should range from 15-30 µL because the medicinal effects are the same as a dosage greater in volume.
Current Devices
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Figure 1. The Autodrop and Autosqueeze devices from Owen Mumford.  These devices facilitate the positioning of the eye dropper bottle and the squeezing of same, but they fail to prevent the wasting of medication (Owen-Mumford, 2004).


There are several products on the market that seek to assist the patient in placing the eye drop into the eye, but none hinder the streaming of medication.  One such device is the Autodrop/Autosqueeze device (Figure 1) from Owen Mumford (Medical Supply Company, 2004; Vitality Medical, 2004).  The Autodrop can be placed over the eye, and with the Autosqueeze attached, the eye dropper bottle can be easily squeezed.  Because the Autosqueeze uses leverage for squeezing the eye dropper bottle, it takes less force to administer medication.  However, this facilitated squeezing could cause streaming.


Another device, called Xal-Ease (Figure 2), works like a trigger, where a bottle of Xalatan medication is placed in the device and the trigger squeezes the bottle (Pfizer, 2003).  Obviously, this device cannot regulate the flow of medication, but it can be placed over the eye.  And it can only be used with a single type of eye dropper bottle, which is by no means a common shape.
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Figure 2. A Xal-Ease device that works in conjunction with a Xalatan bottle.  The device’s trigger can be squeezed to push on the Xalatan bottle.
Design Constraints


The design of our eye dropper device is focused on patient-related concerns – poor motor control, tremors, and medicinal cost.
 Therefore, the device should be inexpensive, simple, safe, comfortable, and easy to use.  Elderly persons who wish to maintain their independence need an eyedropper they can use themselves without a supervisor or health care professional’s assistance.  Therefore, the eyedropper should function in a private home situation or in a nursing home/hospital/assisted living environment.  The dropper should be lightweight, portable, and have no complicated machinery that may confuse the user.


Since the sterility of the eye drop medication needs to be maintained, the device should either be disposable or cleanable with household soap and water.  Since patients often use a variety of medications, the device should accommodate several bottle sizes and shapes.  To help patients with poor motor control, the device should incorporate a component that helps the user squeeze the bottle.  And especially for self-administration, the device should allow the patient to easily place the eye dropper bottle over the eye.  
Design One 

Overview

The basic principal of the ball dropper design is as follows:  A small ball is placed inside a thin glass or plastic tube (Figure 3).  The tube connects to the bottle of eye medication at one end and tapers at the other end to form the dropper tip.  Ideally, this setup should prevent a stream of dropper medication from exiting the tapered end.  To obtain a drop of medication, the user simply applies a force to the walls of the dropper bottle.  The bottle’s walls deform slightly and the pressure inside the bottle increases.  If the pressure applied is small, the predominant result is the leakage of fluid past the ball-glass interface.  This leakage is collected at the dropper tip until a drop has formed, at which time it then falls from the tip into the user’s eye.  The amount of fluid that leaks past the ball stopper is dependent upon the texture, material, and diameter of the ball.  In the event that the user pushes on the bottle with excessive force, the ball will flatten slightly and push against the walls of the glass tube, effectively preventing an excessive amount of fluid from passing to the dropper tip.  The ball would be restrained so that it wouldn’t move during the process of inverting the device.  A complete design would also incorporate a component to aid the user in placing the drop over the eye and a component to assist the user in squeezing the bottle of medication. 
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Figure 3. Cut-away view of the ball dropper system.  
Advantages and Disadvantages
The main advantage is that this device should be able to prevent a stream of liquid from being expelled and wasted.  Also, this device is simple and easy to manufacture.  The success of this design hinges on the ball/glass interface.  If this junction is too leaky, too much fluid would flow past the ball.  If the seal is too tight, no fluid would flow and no drops would form.  The elasticity of the ball is also of paramount importance.  Since the ball would have to be relatively flexible to flatten under low pressures, the material of the ball would have to be determined through experimental testing.  Calculating this variable would be a difficult task.  Finally, cleaning the device could prove difficult as the ball would prevent flushing of the dropper tube.

Overall, this device would solve the main problem—streaming medication—but only if every aspect of the design worked correctly.  If one variable, such as the ball diameter or material, was slightly changed, the device would be difficult, if not impossible, to use.  
Design Two
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Figure 4. The rotating cylinder system.  A. An oblique view with the top portion transparent.  Through the top vertical cylinder, a depression is visible within the horizontal cylinder.  This depression can hold the size of an eye drop.  B. Bird’s eye oblique view.

Overview

On the top of the device sits a reservoir where medication can be stored (Figure 4).  The top of this reservoir is threaded, like a bottle cap, so sterilized glass/plastic bottles may be screwed on.  Once a patient acquires his/her medication, the medication can be transferred to these sterilized bottles and subsequently screwed onto the eye dropper device.  


The reservoir sits superjacent to an enclosed, rotary cylinder.  Bored into this cylinder is a depression calibrated to the size of an eye drop.  By rotating the cylinder, the liquid can be transferred down and administered to the patient.  With calibration, the depression would be large enough to account for surface adhesion between the medication and device material.  The logic is that the system works like a two-way valve, where the cylinder can extract enough liquid for one drop, rotate, and partition off the remaining medication.  


In the process of transferring the eye drop, the device would curve and conform to the cylinder so that a residue does not form in rotation.  An opening about twice the size of the eye drop will be at the end of the pathway.  For ease of use, the bottom of this device will house a cup that can be placed over the eye.  Therefore, the device can be stabilized while resting on the person’s face and ease the process of rotating the cylinder.  

Advantages and Disadvantages

Because this device delivers only the amount of medication needed, patient cost can be reduced.  Furthermore, it sufficiently assists the patient, because it takes little dexterity to position the device above the eye and only a little more deftness to turn the cylinder.  The cylinder is especially advantageous because it does not require a dexterous amount of force, as does the process of squeezing an eye dropper bottle to administer a certain amount of fluid.  Finally, this device can be manufactured for a very low cost.

Since eye dropper bottles do not come in a standardized size, this design cannot attach onto an eye dropper bottle, lest designed for a single medication.  And in this design—transferring medication to sterilized bottles—the medication is taken out of its shipping container, which poses risks for contamination and accidents, a very costly occurrence.  Finally, this device must be used while lying down.  Otherwise, the eye drop will miss the eye.
Design Three
Overview

[image: image6]
Figure 5. Universal bottle squeezer.  Any eye dropper bottle may be inserted to replace the red cylinder in the figure.  Using the screw, the paddles can be calibrated so that the bottle can only be squeezed so far.  Therefore, with calibration, the squeezing can be limited to a single drop.  
An eye dropper bottle (red cylinder – Figure 5) of any shape or size can be inserted into the top portion (Figure 5).  By squeezing the paddles of the top portion, promontories apply a force on each side of the eye dropper bottle.  To prevent the bottle from being overly squeezed, a screw allows the paddles to be adjusted so that the bottle can only be squeezed to a certain amount.  By limiting the squeezing of the bottle, the patient can regulate the amount of medication that is delivered by the device.  Regardless of the bottle’s shape or size, the screw can be adjusted so that only one drop is permissible.  If the dosage is greater than a single drop, the device could also be adjusted so that two drops may be emitted.  Alternatively, the device could be calibrated to a single drop with the action repeated more times.  Ideally, a doctor or nurse should calibrate the device.  Finally, the bottom of the device is shaped like a cone so it can be stabilized over the patient’s eye.  

Advantages and Disadvantages
The design is relatively cheap to make, as it would be fabricated entirely of plastic or a similar material.  It is easy to use, even for patients who have difficulties with fine motor control.  Most importantly, this design can accommodate all bottle sizes.  This design poses no hazard to the eye or the surrounding tissue. 

A major disadvantage of the design is the calibration component.  This may be difficult for nurses or doctors to do and may need to be done more than once as the bottle empties.  However, this could be ameliorated by pre-calibrating the device for commonly used bottles.  Doctors or nurses who calibrate the device could then be provided with this information in order to simplify the calibration process.
Our Chosen Design
Table 1. Design matrix for evaluating the three presented designs.  1 = good.  2 = medium.  3 = poor.  Therefore, the lowest score is the best design.
	
	#1
	#2
	#3

	Simplicity
	1
	2
	2

	Ease of use
	1
	1
	1

	Cost
	1
	3
	2

	Safety
	2
	1
	1

	Sterility
	3
	2
	1

	Accuracy
	3
	1
	2

	Total
	11
	10
	9



To objectively choose the best design of the three presented, we created a design matrix based on the following criteria: simplicity, ease of use, cost, safety, sterility, and accuracy.  Because the third design most successfully fulfilled these criteria, it received the lowest overall score of the three designs.  Therefore, our final design of the semester will be based on this design pending our client’s approval.
Future Plans

The designs presented in this paper will be reviewed and compiled to create a final design that meets the client’s requirements and other requirements mentioned in the PDS (Appendix A).  Our client will be consulted on these issues and other concerns (Appendix B).  A prototype of this final design will be constructed for demonstration purposes.  

Testing of the accuracy of the device is necessary to ensure its reliability and precision.  Error testing data should be obtained to measure the device’s range of error.  Malfunction testing will also be necessary to predict different types of misuse and their effects on the performance of the device.  For example, the device should perform regularly in spite of being dropped or stored under physical pressure (such as being in a purse or luggage bag).  The device should be tested to determine its fit with a variety of prescription eye dropper bottle sizes and shapes.  

Finally, the device may need to be calibrated for the user or for the bottle put into it.  This should be easily accomplished by the user with minimal manipulation.  To establish the effectiveness of the device, it should be used in human testing.  Elderly patients should try the device and see if it facilitates the process of administration.  
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Appendix A
PDS v2

Revision Date: 3/11/04

Delorme, J.J., Hanson, E.E., Weisshaar, C.L., Wentland, A.L.
Function: An eye drop measurement device that can deliver a single drop of medication, preventing the flow of excess medication.  This device will assist the user in placing the eye drop into the eye.

Client Requirements:

· The ability to administer a prescribed amount of eye drop medication

· The ability to assist the user in placing the eye drop into the eye

· Sterility

· Portability

· Inexpensiveness

· Simplicity for the elderly

· Accommodation to any bottle size

· Safety

Design Requirements:

1.  Physical and Operational Characteristics

a. Performance requirements: The device can function multiple times on a daily basis.  The device should also be adaptable to fit most common bottle sizes.  It should be easily controllable with minimal manipulation.  

b. Safety: The device should be sterile and should not harm the surface of the eye or surrounding tissue.  The device should not have any sharp protrusions that may poke the eye.   

c. Accuracy and Reliability: The device should be able to dispense a specific dosage of medication.  The device should prevent medication from streaming out of the bottle.
d. Life in Service: The device should be operable for multiples times each day for at least a year without replacement.
e. Shelf-Life: The device should operate accurately at standard temperature and pressure.

f. Operating Environment: The device will be used at least once daily for less than one minute per usage period.  Depending on the patient, there could be a 24-hour idle time, at which the device will be kept at room temperature (~32 °C).  The device should remain clean during storage and usage times so that no dirt or dust buildup might alter its performance.  

g. Ergonomics: Complications associated with elderly instability should be overcome.  There are preexisting circumstances that must be accounted for when designing this device, such as tremors, blindness/limited vision, Parkinson’s disease, multiple sclerosis, carpal tunnel syndrome, and general weaknesses that may affect the user’s ability to squeeze the bottle, including a limited range of motion of the arm, head, and neck.  

h. Size: The device should easily fit in one hand, be lightweight, and be non-cumbersome.  The average palm size for a male person is 10.642 cm x 8.9408 cm and the dimensions for a female are 9.906 cm x 7.6962 cm.

i. Weight: The device should be light enough to raise it to one eye without dropping it or exerting a large loading force on the user.

j. Materials: There are no limits on materials, as long as the surfaces are cleanable.  The instrument should not have sharp protrusions that may injure the patient.  Plastic is an adequate material for its weight, durability, and cost.

k. Aesthetics: The device should fit in the hand and be smooth for ease of use and comfort.  An eye guide should contour to the eyes’ ridges comfortably and safely to ensure that the medication is placed in the eye.

2.  Production Characteristics

a. Quantity: Potential for thousands of units, depending on the number of patients/companies that desire the device.

b. Target Product Cost: Approximately $10 

3.  Miscellaneous

a. Standards and Specifications: FDA approval required

b. Customer: 

· The device should assist the user in placing the eye drop in the eye and measuring a specified dosage of medication

· The device should be tailored to the elderly

· The device should be inexpensive and sterile
· The device should accommodate all types of eye drop medications and bottle sizes

· The device should be easy to use with minimal manipulation or complications

c. Patient-related concerns: 

· The device should be sterile for interoperability and prolonged exposure to bacteria from maladies

· The device should aid in self-administration

· The device should be able to accommodate different bottle sizes so that patients requiring more than one medication can use the device for multiple instillations.   

· Low cost
d. Competition: 

· Eyedropper aid: Autodrop Eyedropper Aid from Owen-Mumford at 

http://www.vitalitymedical.com
· Xal-Ease device for Xalatan medication at http://www.anatomyoftheeye.com.

Appendix B
Potential Conflicts

In considering extraneous difficulties related to our project, our team is especially concerned with intellectual property rights.  Our third and chosen design is a combination of two products that are currently available on the market, namely the Autosqueeze and Autodrop.  Our design simply adds a component to regulate the delivery of a single drop.  If we decide to use this as our final design, we must be certain that the claims of our design are distinct from the products protected under patent law.

While intellectual property law is the primary concern of our project, a second difficulty arises in terms of human interaction with the product.  Our product should be designed to assist individuals with poor motor skills in administering eye drops.  However, elderly patients may squeeze the bottle too tightly, while some may not be able to squeeze the bottle at all.  It may be difficult to design a device that can accommodate both of these possibilities.  We need to consult our client about which problem she wishes us to address and/or evaluate which of our designs could possibly be used in both cases.   
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