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DESCRIPTION
TECHNICAL FIELD

[0001] This invention relates generally to the field of accommodating intraocular lenses and, 
more particularly, to a method for assessing residual accommodation in presbyopic eyes.

BACKGROUND OF THE INVENTION

[0002] The human eye in its simplest terms functions to provide vision by transmitting light 
through a clear outer portion called the cornea, and focusing the image by way of a crystalline 
lens onto a retina. The quality of the focused image depends on many factors including the 
size and shape of the eye, and the transparency of the cornea and the lens. When age or 
disease causes the lens to become less transparent, vision deteriorates because of the 
diminished light which can be transmitted to the retina. This deficiency in the lens of the eye is 
medically known as a cataract. An accepted treatment for this condition is surgical removal of 
the lens and replacement of the lens function by an artificial intraocular lens (IOL). In the 
United States, the majority of cataractous lenses are removed by a surgical technique called 
phacoemulsification. During this procedure, an opening is made in the anterior capsule and a 
thin phacoemulsification cutting tip is inserted into the diseased lens and ultrasonically vibrated. 
The vibrating cutting tip liquefies or emulsifies the lens so that the lens may be aspirated out of 
the eye. The diseased lens, once removed, is replaced by an IOL.

[0003] In the natural lens, distance and near vision is provided by a mechanism known as 
accommodation. The natural lens is contained within the capsular bag and is soft early in life. 
The bag is suspended from the ciliary muscle by the zonules. Relaxation of the ciliary muscle 
tightens the zonules, and stretches the capsular bag. As a result, the natural lens tends to 
flatten. Tightening of the ciliary muscle relaxes the tension on the zonules, allowing the 
capsular bag and the natural lens to assume a more rounded shape. In this way, the natural 
lens can focus alternatively on near and far objects.

[0004] As the lens ages, it becomes harder and is less able to change its shape in reaction to 
the tightening of the ciliary muscle. Furthermore, the ciliary muscle loses flexibility and range of 
motion. This makes it harder for the lens to focus on near objects, a medical condition known 
as presbyopia. Presbyopia affects nearly all adults upon reaching the age of 45 to 50. Various 
accommodative intraocular lenses (lOLs) have been proposed. However, it can be difficult to 
assess the accommodative response in particular eyes, making it likewise difficult to predict 
how an implanted IOL will respond.

[0005] Fisher, R. F., "The force of contraction of the human ciliary muscle during 
accommodation", Journal of Physiology, vol. 270, no. 1, 1st August 1977, pages 51-74, and US 
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2010/130888 A1 are representative of the relevant state of the art. Document US 2010/130888 
A1 relates to systems and methods for selecting an intraocular lens based on an available 
amount of accommodative force measured by an angle indicator inserted into the capsular 
bag.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIGURE 1 is a schematic depicting a mechanical model of a patient's eye;

FIGURE 2 is an example system for determining an accommodative force in a patient; and

FIGURE 3 is an example method for determining at least one intraocular lens parameter based 
on a determination of accommodative force in a patient.

SUMMARY OF THE INVENTION

[0007] The present invention provides a system and method for determining an 
accommodative force in a patient as defined in claims 1 and 8, respectively.

[0008] Various embodiments of the present invention provide sensors for assessing residual 
accommodative function. In a particular embodiment, a system for determining an 
accommodative force in a patient includes a sensor adapted to detect motion of a lens of the 
patient relative to a globe of the patient's eye, a controller configured to determine an 
accommodative force in the patient based on the relative motion and to determine at least one 
parameter for an intraocular lens based on the accommodative force, and an interface 
adapted to output the at least one parameter for the intraocular lens. The embodiments 
discussed below are exemplary, and various changes can be made to these illustrative 
embodiments. For example, the features of one embodiment can be combined with those of 
another embodiment.

DETAILED DESCRIPTION

[0009] As shown in FIGURE 1, the eye 100 can be illustrated mechanically as a system in 
which the lens 102 is suspended by zonules 104 attached to the ciliary body 106, causing the 
lens to be flattened by the tension in the zonules. As a patient accommodates, the ciliary body 
106 contracts, and the tension in the zonules 104 is reduced, allowing the lens 102 to become 
more round. The change in tension when the zonules are tightened or slackened reflects the 
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residual accommodative force in a presbyopic eye.

[0010] The lens 102 floats in liquid (vitreous and aqueous humor) within the eye 100. This 
allows the lens 102 to move relative to the surrounding eye tissue forming the globe of the eye, 
including the sclera and cornea. Ordinarily, the zonule tension is such that the lens 102 moves 
simultaneously with the eye 100, such as when the head turns. However, rapid eye 
movements can cause the lens 102 to lag behind the movement of the eye 100. This is the 
case with saccadic motions, rapid movements of the eye corresponding to changes between 
points of fixations. During a saccade, the eye 100 moves rapidly enough that the lens 102 can 
lag behind. This causes a wobble in the lens 102 as the tension in the zonules causes the lens 
102 to settle back into position.

[0011] One technique for measuring residual accommodative force is to compare the wobble 
caused by saccadic motion when the patient is accommodating versus when the patient is not 
accommodating. The lens 102 can be modeled as a damped harmonic oscillator with a spring 
constant k representing the elastic tension in the zonules and a damping force reflecting the 
surrounding viscous fluids. The time required for the oscillations to stop then can be used to 
model the corresponding zonular tension.

[0012] FIGURE 2 illustrates an example system 200 for measuring the oscillations of the lens 
102 relative to the eye. The system 200 includes a light source 202, a photosensor 204 and 
controller 206. The controller 206 include a processor 208, a memory 210 and a user interface 
212. In the example embodiment, the light source 202 projects light onto a patient's eye. The 
light source 202 can also generate a suitable fixation pattern within the patient's field of view to 
cause the patient to accommodate or disaccommodate as needed. The photosensor 204 
measures the reflections of light from the patient's eye in order to provide an indication of the 
relative location of the lens 102 relative to the globe of the eye 100. In an example 
embodiment, the photosensor 204 can record Purkinje reflections from various interfaces in 
the eye, such as the first and fourth Purkinje reflections corresponding to the anterior corneal 
surface and the posterior lens surface, respectively. The Purkinje reflections can likewise be 
used to track the relative motion of the lens 102 and the globe of the eye 100 using known 
techniques for eye tracking, thus providing an indication of the degree of oscillation.

[0013] The controller 206 includes the processor 208, which may include any microprocessor, 
microcontroller, integrated circuit, or other suitable electronic components suitable for 
processing electronic information. The memory 210 may be any volatile or non-volatile 
information storage suitable for storing information for processor 208, including magnetic, 
electronic, or optical storage. The interface 212 allows the system 200 to exchange information 
with a user of the system, including input devices such as a keyboard, keypad, touch screen or 
mouse controller and output devices such as a monitor or a printer.

[0014] In operation, the controller 206 receives signals from the photosensor 204 indicative of 
the relative motion of the lens 102 and the globe of the eye 100 during saccadic motion, 
determines the relative zonular tension in accommodating and disaccommodating states, and 
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calculates the residual accommodative force in the patient's eye based on the comparison. As 
noted previously, this comparison can be based on a damped harmonic oscillator model that 
accounts for the viscosity of the surrounding fluid with the zonules applying a different spring 
force when tightened and slackened. The system 200 can then output the calculated 
accommodative demand via the interface 212. The output can be a direct measurement of the 
residual accommodative force, or it can instead represent a selection of an intraocular lens for 
the patient that responds to the accommodative demand.

[0015] In the case of intraocular lens selection, there could be a selection from a variety of lens 
models or an adjustment of an adjustable lens parameter to provide the needed combination 
of accommodation with the residual accommodation of the patient. In one example, a variety of 
accommodative lenses could be designed with varying haptic shapes or other mechanical 
features that provide a different response depending on the accommodative force exerted on 
the lens. In another example, there may be a tension adjustment or distance adjustment in the 
haptics of the lens that can be set based on the measurement of the residual accommodation 
force. In another example, an accommodative lens might be a liquid-filled, curvature changing 
lens that changes accommodative power as force is exerted on it, and the amount of liquid 
used to fill the lens could be adjusted to alter the mechanical response. In short, any suitable 
parameter that varies as a function of accommodative force could conceivably be selected or 
adjusted based on the residual accommodation measured.

[0016] Other alternative systems for measuring the relative motion of the lens and the globe of 
the eye could include ultrasound or optical coherence tomography (OCT) techniques. In 
general, any suitable method for locating the relative positions of the lens to the globe of the 
eye with sufficient resolution and acquisition speed could in principle be adapted for the 
present invention. Therefore, while a light source and photosensor as disclosed as an example 
above, any sensor for measuring the position of the lens relative to the globe can function 
within the system 200.

[0017] FIGURE 3 is a flowchart 300 of an example method of determining a parameter for an 
intraocular lens according to a particular embodiment of the present invention. At step 302, the 
method includes measuring motion of a lens of a patient relative to a globe of the patient's eye. 
The method then includes determining an accommodative force in the patient based on the 
relative motion at step 304. Next, at step 306, the method includes determining at least one 
parameter for an intraocular lens based on the accommodative force. Finally, at step 308, the 
method includes outputting the at least one parameter for the intraocular lens. The various 
method steps can be performed using any suitable apparatus according to any embodiment of 
the invention described herein or other suitable variations apparent to one skilled in the art.
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1. System (200) til bestemmelse af en akkommodativ kraft hos 
en patient, som omfatter:
en sensor, der er indrettet til at påvise oskillationer af en 
linse hos patienten i forhold til patientens øjeæble (100) 
forårsaget af rykvis bevægelse;
en styreenhed (206), der er konfigureret til at bestemme en 
akkommodativ kraft hos patienten baseret på oskillationerne 
ved anvendelse af en dæmpet harmonisk oskillatormodel af 
linsen og til at bestemme mindst én parameter for en 
intraokulær linse baseret på den akkommodative kraft; og
en grænseflade (212), der er indrettet til at udlæse den 
mindst ene parameter for den intraokulære linse.

2. System ifølge krav 1, hvor sensoren omfatter en lyskilde 
(202) og en fotosensor (204).

3. System ifølge krav 2, hvor fotosensoren (204) påviser 
Purkinje reflektioner fra en anterior overflade af øjet og fra 
mindst én overflade af linsen.

4. System ifølge krav 1, hvor sensoren er en optisk kohærens 
tomografi (OCT)-sensor.

5. System ifølge krav 1, hvor sensoren er en 
ultralydssensor.

6. System ifølge krav 1, hvor den mindst ene parameter er 
haptisk tension for den intraokulære linse.

7. System ifølge krav 1, hvor den mindst ene parameter er et 
fyldningsvolumen for den intraokulære linse.

8. Fremgangsmåde til bestemmelse af en parameter for en 
intraokulær linse, som omfatter:
måling (302) af oskillationer af en linse hos en patient i 
forhold til patientens øjeæble forårsaget af rykvis bevægelse; 
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bestemmelse (304) af en akkommodativ kraft hos patienten 
baseret på oskillationerne ved anvendelse af en dæmpet 
harmonisk oskillatormodel for linsen;
bestemmelse (306) af mindst én parameter for en intraokulær 
linse baseret på den akkommodative kraft; og
udlæsning (308) af den mindst ene parameter for den 
intraokulære linse.

9. Fremgangsmåde ifølge krav 8, hvor oskillationerne af 
linsen måles (302) ved anvendelse af en lyskilde (202) og en 
fotosensor (204).

10. Fremgangsmåde ifølge krav 9, hvor fotosensoren (204)
påviser Purkinje reflektioner fra en anterior overflade i øjet
og fra mindst én overflade af linsen.

11. Fremgangsmåde ifølge krav 8, hvor oskillationerne af 
linsen måles (302) ved anvendelse af en optisk kohærens 
tomografi (OCT)-sensor.

12. Fremgangsmåde ifølge krav 8, hvor oskillationerne af
linsen måles (302) ved anvendelse af en ultralydssensor.

13. Fremgangsmåde 
parameter er haptisk

ifølge
tension

krav 8, hvor den mindst
af den intraokulære linse.

14. Fremgangsmåde ifølge krav 8, hvor den mindst
parameter er et fyldningsvolumen for den intraokulære linse.
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FIG. 3


