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(57) Abstract

The present invention provides a headrest apparatus (33) (and
associated method), which includes a means for sensing a degree of
contact (35) between a subject’s head and the headrest and means for
providing sensory feedback (150) based on the degree of contact. The
apparatus includes a means for receiving at least one portion of the
head (106) of the subject or patient, such as the forehead, and may
include additional means for receiving another portion of the head, such
as the chin. The apparatus (33) is adjustable in multiple directions to
accommodate physical characteristics of the patient’s head or to place
the patient’s head in a desirable position for observation or treatment.
In use, the contact—sensing means (35) is used to determine whether or
not the patient has moved his or her head away from the head-receiving
means (106), and the sensory feedback means (150) is used to alert the
patient of his or her movement out of contact with the head-receiving
means (106) so that the patient may respond by re—establishing and
maintaining the necessary contact. The present invention also provides
a treatment system (15) (and associated method) which includes the
headrest apparatus (33) and a means for irradiating tissue within a region
of the head of the patient, such as ocular or corneal tissue.
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FIELD OF THE INVENTION

The invention relates generally to a headrest for a subject and a
method of using same. More particularly, this invention relates to a headrest which
is useful to receive the head of a patient in preparation for and during medical
treatment, especially medical treatment of the eye. The headrest and method of
using same are particularly useful in a system which directs a defined pattern of
electromagnetic radiation to a cornea in a controlled manner for the purpose of
reshaping the comea and a method associated with such apparatus.

BACKGROUND OF THE INVENTION

Apparatus for performing laser surgery, which include a variety of
patient headrests, and methods of using same, are known. For convenience and
patient comfort, the headrests employed in such apparatus are often designed to
accommodate a patient who is placed in an upright, seated position before the
treatment apparatus. These headrests may include rests for the forehead and chin
of the patient, the latter of which may be adjustable to accommodate the
configuration of the patient’s head.

By way of example, in the Published International Patent
Cooperation Treaty Application WO 98/22055, Clapham discloses a laser surgery
station for treating a patient who is positioned in an upright, seated position. The
station includes a head support unit which retains the patient’s head in a fixed,
predetermined position relative to laser beam. The head support unit includes a

forehead rest and a chin rest, the latter of which is said to be adjustable (in an
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unspecified manner). The laser surgery station of Clapham is disclosed as being
useful for performing refractive surgery by corneal photoablation.

Further by way of example, in U.S. Patent No. 5,000,563, Gisel et
al. disclose an apparatus for observation and/or treatment of a patient, which
accommodates both seated and recumbent positions of a patient. The apparatus
includes a headrest system which immobilizes the head of the patient. The headrest
includes a forehead rest and a chin rest, the latter of which may be adjusted by
means such as a bellows. The headrest system further includes two handles to
diminish patient fatigue. The apparatus of Gisel et al. is disclosed as being useful
for carrying out ophthalmological laser surgery.

In a further example, namely, U.S. Patent No. 5,098,426, Sklar et al.
disclose a work station for performing laser surgery on a patient seated in an upright
position. The work station includes a rest unit which is adjustable (in an
unspecified manner) as a unit and includes rests for the forehead and chin of the
patient. The work station of Sklar et al. is disclosed as being useful for
ophthalmological laser surgery.

There is a need for a headrest, usefully employed in the observation
or treatment of patients, which is conveniently adjustable in a multi-dimensional
manner to accommodate the various configurations of patients’ heads.
Additionally, there is a need for a headrest which allows the head of a patient
preparing for and/or undergoing observation or treatment to be unrestrained, while
providing the patient with sensory feedback when patient’s head is making
insufficient contact with the headrest, so that the patient may resume headrest
contact appropriate to the observation or treatment. There is a particular need for
such a headrest which is useful in ophthalmological treatment, such as photothermal
keratoplasty.

Although there are many specific treatment procedures which
involve directing a highly controlled beam of electromagnetic radiation to an eye,
keratoplasty procedures are currently receiving a great deal of attention because of
their ability to correct an eye for near-sightedness, far-sightedness and/or
astigmatism. In one surgical procedure, a radiation beam is used to cut controlled
portions of the cornea by ablation of tissue in its path. One specific application of
this procedure is in the performance of a radial keratotomy procedure which does
not require use of a knife to make radial cuts in the cornea. In another specific
application, an outside surface of the cornea is removed by an excimer laser in order

to reshape it.
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In an alternative procedure, which avoids cutting the cornea, at least
one focused beam of electromagnetic radiation within the infrared portion of the
spectrum is directed into the eye to shrink collagen tissue within the cornea in order
to cause corrective changes in the cornea curvature. This technique, often termed
photothermal keratoplasty, is the subject of U.S. Patent Nos. 4,976,709 and
5,618,284 to Bruce J. Sand (hereinafter, “the Sand Patents”), which patents are
expressly incorporated herein in their entirety by this reference. This collagen
shrinkage technique promises to provide permanent changes to the optical
characteristics of the human cornea with a higher degree of safety and patient
comfort than is the case with techniques that involve physically cutting and
removing portions of the cornea.

One way to deliver a desired electromagnetic radiation pattern to the
cornea is by projection from a short distance removed from the cornea. One
instrument for doing so is described in the Published International Patent
Cooperation Treaty Application WO 94/03134 (hereinafter, “the PCT Publication”),
which publication is hereby incorporated herein in its entirety by this reference.
This instrument allows an ophthalmologist, or other attending physician or
practitioner, to select and to deliver a specific pattern and amount of
electromagnetic radiation to each patient in accordance with the condition to be
corrected. It is desirable for such an instrument to perform efficiently corrective
photothermal keratoplasty procedures on a large number of patients with a high
degree of accuracy, effectiveness, safety and convenience.

There remains a need for a treatment system, usefully employed in
the ophthalmological treatment of patients, which includes a patient headrest that
is adjustable in a multi-dimensional manner to accommodate the various
configurations of patients’ heads. Additionally, there remains a need for a such a
system which includes a headrest that allows the head of a patient preparing for
and/or undergoing such treatment to be unrestrained, while providing the patient
with sensory feedback when patient’s head is making insufficient contact with the
headrest, so that the patient may resume headrest contact appropriate to the
treatment.

SUMMARY OF THE INVENTION
The present invention provides a headrest apparatus (and associated
method), which includes a means for sensing a degree of contact between a
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subject’s head and the headrest and a means for providing sensory feedback based
on the degree of contact.

Briefly, the apparatus includes a means for receiving at least one
portion of the head of the subject or patient, such as the forehead, and may include
additional means for receiving another portion of the head, such as the chin. The
apparatus is adjustable in multiple directions to accommodate physical
characteristics of the patient’s head or to place the patient’s head in a desirable
position for observation or treatment. This adjustability is important for both
patient comfort and versatility in observation or treatment.

Preferably, the patient’s head is not immobilized, but merely
received by the apparatus. For many patients, this lack of restraint is important for
comfort and/or mitigation of anxiety, as some treatment procedures are lengthy
and/or anxiety-provoking. For the observing or treating physician, the lack of head
restraint may be less desirable, as certain movements of the head may interfere with
a particular observation or treatment. Thus, in the present apparatus, a contact
sensor is used to determine whether or not the patient has moved his or her head
away from the head-receiving means, so that contact is re-established or observation
or treatment of the patient is interrupted pending the re-establishment of contact
suitable for observation or treatment. Further, a sensory feedback means is used to
alert the patient of his or her movement out of contact with the head-receiving
means, of which an inattentive, fatigued or anxious patient may be unaware, so that
the patient may respond by re-establishing and maintaining the necessary contact.
Preferably, the sensory feedback is variable, such as a sound of variable frequency,
tone, or volume, according to the degree of the lapse in contact, so that the patient
is encouraged to respond with an appropriate level of attention, movement and
speed.

The present invention further provides a treatment system (and
associated method), which includes the headrest apparatus and a means for
irradiating tissue in a region of the head of a patient, such as the eye region. The
system is usefully employed in any of a wide variety of tissue treatment applications
for which a headrest is desirable, for example, cosmetic or substantive treatment of
facial tissue.

According to a particularly preferred embodiment, this treatment
system is used to receive a patient’s head and to irradiate the corneal tissue of a
patient with electromagnetic radiation in order to reshape the cornea, for example,
in the manner of the Sand Patents, the PCT Publication, and a co-pending U.S.
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Patent Application Serial No. _/_/__ of Herekar et al., entitled “METHOD AND
APPARATUS FOR EXPOSING A HUMAN EYE TO A CONTROLLED
PATTERN OF RADIATION”, filed concurrently with the present application,
which co-pending application (hereinafter, “the co-pending application™) is hereby
incorporated herein in its entirety by this reference. That is, the treatment system
of this preferred embodiment is usefully employed to receive the patient’s head in
a manner suitable for irradiation of sensitive corneal tissue and to irradiate such
tissue. The treatment system provides adjustment capability, positioning versatility,
and sensing and feedback capability appropriate for ophthalmologic treatments such
as photothermal keratoplasty, as well as many patient-comfort features which
facilitate such treatment.

Additional objects, advantages and features of the present invention
will become apparent from the description of preferred embodiments, set forth
below, which should be taken in conjunction with the accompanying drawings, a
brief description of which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of an ophthalmic treatment instrument,
including a headrest for a patient, from a side that faces an attending physician.

Figure 2 is a perspective view of the instrument of Figure 1 from an
opposite side that faces a patient.

Figure 3 is a side view of the instrument of Figures 1 and 2 with
typical positions of a patient and attending physician being outlined.

Figure 4 is a perspective view of a headrest for a patient, such as a
headrest shown in any of Figures 1-3, from a side that faces a patient. The headrest
is enlarged (relative to that shown in Figures 1-3) in this view.

Figure 5 is a straight-on view of the headrest of Figure 4 from an
opposite side that faces an attending physician.

Figure 6 is a side view of the headrest of Figures 4 and 5.

Figure 7 is a schematic illustration of a sensing and feedback system
employed in a headrest for a patient, such as a headrest shown in any of Figures 1-6,
according to an embodiment of the present invention. The portion of the headrest
shown is enlarged in this schematic illustration.

DESCRIPTION OF PREFERRED EMBODIMENTS

PCT/US99/20034
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The various aspects of the present invention, those summarized
above and others, are illustrated herein in relation to a system that corrects vision
by photothermal keratoplasty. Such a system is described in greater detail in the
above-mentioned, co-pending application of Herekar et al.. The system is easily
configured to generate precisely a desired pattern of electromagnetic radiation to
correct a vision deficiency, such as far-sightedness, of a particular patient. The
specific type or amount of vision correction required by the particular patient
determines the specific configuration appropriate for that patient.

Many aspects of the present invention are also applicable to other
techniques of vision correction, wherein certain parameters are different, such as the
radiation wavelengths, patterns, exposure times, and the like. Further, many aspects
of the present invention are applicable to the generation of radiation patterns for
uses other than vision correction. Additionally, many aspects of the present
invention are applicable to operation of a wide variety of medical treatment or
diagnosis systems.

An example of a system according to the present invention is now
generally described with respect to Figures 1-3. By way of convenience, the system
is described herein with reference to terms which correspond to a representation 80
of a three-dimensional Cartesian coordinate system, including an x-axis, a y-axis,
and a z-axis, such that rightward, leftward, lateral, horizontal, or like movement is
in a direction (x-direction) substantially parallel to the x-axis; upward, downward,
elevational, vertical, or like movement is in a direction (y-direction) substantially
parallel to the y-axis; and forward, backward, proximity-adjusting, or like
movement is in a direction (z-direction) substantially parallel to the z-axis.

The system is specifically designed for use in an office of an
ophthalmologist, other physician or medical service provider, where reliability and
ease of use are important since technical assistance is not on site or very close to the
office. A base 11 is provided with casters for ease of movement of the system
within the office. A table assembly 13 is carried by the base in a manner such that
it is adjustable in an upward and downward direction with respect to the base. A
motor (not shown in Figures 1-3) within the base is used to facilitate such
adjustment. This allows vertical adjustment of an optical radiation delivery
instrument 15 to suit a physician 17 who is performing the procedure and a
particular patient 19 who is having his or her vision corrected. This adjustment,
along with a typically independent adjustment of physician and patient chairs 21
and 23, permits comfortable positioning of both the physician and patient with
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respect to the instrument 15. Handles 20 and 22 on opposite sides of a top 25 of the
table of the assembly 13 make it easy to move the system by rolling it on its casters.

The radiation delivery instrument 15 is carried on the top 25. During
the procedure, the physician looks through binoculars 27 on one side of the
instrument 15 and a treatment optical radiation pattern exits the other side of the
instrument at opening 29. This radiation is directed through a few inches of air to
a patient eye 31 being treated. Only one eye is treated at a time in one procedure.
In order to place the treated eye in a fixed position with respect to the table
assembly 13, a headrest assembly 33 is attached to the table top 25. This headrest
assembly 33 is described in greater detail below in connection with Figures 4-7.
Generally, in one operational embodiment, the patient’s head is placed in contact
with this assembly 33 in preparation for or during treatment, and optionally urged
against it or strapped against it. A transducer 35 is built into a top of the headrest
assembly 33 in a position to be contacted by the forehead of the patient. This
transducer provides an electrical signal with a magnitude related to a degree of
contact between the patient’s forehead and the assembly. By way of example, the
degree of contact, and thus, the electrical signal, may be related to an amount of
pressure or force applied to the assembly 33 when the patient’s forehead contacts
the assembly. The resulting electrical signal is used to confirm an appropriate level
of contact or to indicate an inappropriate level of contact between the patient’s
forehead and the headrest assembly. Thus, this electrical signal is usefully fed into
an electronic control portion of the system that, for example, may provide a desired
safety response, such as shutdown of the radiation delivery system or provision of
physician or patient feedback.

Once the patient’s head is placed against the headrest assembly 33,
the radiation pattern from opening 29 is manually aligned with the eye 31 by
movement of the optical instrument with respect to the table top 25. The physician
so moves the instrument by manipulating a joystick type of handle control 37 on a
base 39 of the instrument. The handle 37 operates a mechanism (not shown)
positioned under the base 39 of the instrument 15 that, in response to movement of
the handle 37 to the left or right by the physician 17, moves the projected radiation
pattern between the patient’s right and left eyes and horizontally adjusts the pattern
on the selected eye 31 being treated. Movement of the handle 37 forward and
backward by the physician 17 moves the instrument 15 toward and away from the
patient, respectively, to control the focus of the radiation pattern on the eye 31 being
treated. Vertical motion of the instrument 15 with respect to the table top 25 is not
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provided in this example, but could also be provided. Rather than moving the
instrument 15 up and down with respect to the table top 25, the vertical position of
the patient eye 31 being treated is controlled by a mechanical adjustment of the
headrest assembly 33, as further described below in relation to Figures 4-7, in
combination with an adjustment of the patient’s chair, if and as necessary.

Included as part of the optical instrument 15 is an illuminator 41 that
directs light through a top prism 43 to the patient eye being treated from a side of
the eye. This illuminates the eye so that the physician 17 may have a clear view of
it through the binoculars 27 when carrying out the treatment procedure. The
illuminator 41 is rotatable by hand with respect to the instrument 15 about an axis
(not shown), as shown and described in more detail in the co-pending application.
The attending physician may easily adjust the angle of the eye illumination, while
looking through the binoculars, in order to obtain a good view of the eye being
treated. The illuminator 41 will generally be rotated to one side or the other,
depending upon whether the right or left eye of the patient is being treated. Since
the prism 43 directs light from about the same height as the treatment radiation
output opening 29, it is rotated out of the way when treatment radiation is directed
against the patient eye 31. The intensity of light from the illuminator 41 is adjusted
by the physician through rotation of a knob 47 on the base 39 of the instrument.

The base 11 includes a number of electrical receptacles for
connection to power and communications systems. Included are a receptacle 49 for
a power cord, a receptacle 51 for a telephone line and a receptacle 53 for a local-
area network (LAN). Several controls and devices are provided on the physician’s
side of the table assembly 13. These include a key-operated power switch 55 and
an emergency button 57 that turns off the treatment radiation source. A floppy-disk
drive 59 is also positioned on a side of the table facing the physician. A compact-
disk (CD) drive 61, a high- capacity, removable-disk drive 63 and a slot 65 for
receiving a smart card are also provided. Many of the radiation sources used in the
system and a controlling computer are installed in the base unit 11. A foot switch
67 is provided for the physician to use to start treatment after the system is adjusted
for a particular patient eye.

A primary input/output device to the system’s controlling computer
system is a touch-sensitive screen 69. It can be mounted to the table top 25 on
either the right (as shown) or left side of the physician, by attachment to respective
receptacles 71 and 73. Thus, the attending physician may select whichever side is
the most convenient. A typical computer keyboard may also be connected to the
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internal computer system through a receptacle 75 in the base unit 13, although it is
unlikely that it will be used by the physician to perform treatments since the touch
screen 69 is usually preferred. A tray (not shown) can be added to extend the table
top 25 to support a keyboard. A keyboard will be useful when a significant amount
of data is input or retrieved through the treatment system, rather than though another
computer connected in a LAN with the treatment system. Standard computer-
peripheral receptacles 76 and 78 are also provided for connection to an external
printer and monitor, respectively. '

The headrest assembly 33 is now described in greater detail in
relation to Figures 4-7. In Figure 4, the headrest assembly 33 is shown in a
perspective view from a side 100 which faces a patient. In Figure 5, the headrest
assembly is shown in a straight-on view from the opposite side 102 which faces a
physician. A side view of the headrest assembly is shown in Figure 6.

Generally, the headrest assembly 33 is an apparatus for receiving the
head of a subject which is typically used when it is desired to observe or to treat the
subject’s head, or a region thereof. Thus, the headrest assembly 33 is usefully
employed by a physician 17 to receive the head of a patient 19 for the observation
and/or treatment of tissue in a particular region of the head, as depicted in Figure
3. As described above, the headrest assembly is desirably employed in system
including means for irradiating tissue, particularly such a system that corrects vision
by photothermal keratoplasty, as described in greater detail in the co-pending
application. ,

The headrest assembly 33 includes a base 104 which supports a
means 106 for receiving the patient’s head (Figure 3). The base 104 may be of any
construction sufficient to support means 106, and preferably, is constructed for
attachment to a table top, such as table top 25 of Figures 1-3. The base may include
means 105 for attaching the base to a table top, such as holes 105 for receiving
conventional screws or bolts (not shown) therethrough, to be secured in a known
manner in corresponding screw- or bolt-receiving means (not shown) in the table
top, as may be seen from Figure 4, or base pegs 107 to be received in peg
receptacles (not shown) in the table top, as may be seen from Figures 5 and 6.

The receiving means 106 is of a substantially open construction to
allow the physician to observe the head of the patient. Preferably, the receiving
means 106 is constructed to frame the patient’s head where the patient’s head
contacts the receiving means and at least one side, and preferably both sides, of the
patient’s head. Thus, as shown in Figure 3, the receiving means 106 of the headrest
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assembly 33 may include a top, bar-like portion 107 to frame the patient’s head
along the forehead and at least one side, bar-like portion 108 along at least one side
of the face, allowing the physician 17 to observe the facial region of the head of the
patient 19, in particular the eye region, therethrough. Naturally, the receiving
means is of a construction sufficient to facilitate the physicians’s unobstructed
observation of the region of interest, and thus, may be constructed for receiving not
only the forehead, as described above, but any other appropriate region of the
patient’s head, such as the temples, the cheeks, the jaws, the chin, or a portion of the
back of the head, including the nape of the neck, should a rest, or cradle, for the
back of the head (not shown) be employed.

In order to facilitate appropriate placement of the patient’s head in
relation to the receiving means 106 for isolation of the region to be observed or
treated, the receiving means 106 may include markers 110 which correspond to a
desired positioning of the region of interest. For example, the receiving means 106
may include a side element 108, or two such side elements, having a marker 110
thereon corresponding to a desired position of an eye of the patient when the head
of the patient is received in the receiving means. The receiving means 106 may be
adjustable relative to the base 104 to accommodate a dimension or proportion of the
patient’s head. For example, the receiving means 106 may be slidingly moved
along posts 112 in an upward or downward direction, according to the vertical
dimension of the patient’s head, so that the region of interest is appropriately
positioned for observation or treatment when the patient’s head is received by the
receiving means. Any other appropriate means for vertical adjustment of the
receiving means relative to the base could also be employed.

As previously described, the headrest assembly 33 includes a means
35 for sensing a degree of contact between the contacting portion of the patient’s
head, such as the forehead, and the receiving means. As shown, the sensing means
35 is disposed on the receiving means 106 at an appropriate location for contact,
such as the top portion 107 of the receiving means 106 for receiving the patient’s
forehead.

The sensing means 35 may be any means appropriate for sensing a
degree of contact or an amount of pressure or force, including any appropriate
optical, semiconductor, electrical, ultrasonic, or hydraulic sensor. For example, the
sensor 35 may include a material, such as a piezoelectric material, or in the case of
a hydraulic sensor, a fluid-filled cavity, which is responsive to an amount of force

or pressure applied thereto when the patient’s head is received in the receiving
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means 106 and contacts the sensor 35 Preferably, the sensor 35 includes a
transducer, particularly a piezoelectric transducer, which provides a signal 140
(Figure 7) having a magnitude related to the degree of contact between the patient’s
head and the receiving means 106, or an amount of force or pressure applied to the
sensor when the patient’s head contacts the sensor.

The signal 140 from the sensing means 35, schematically shown in
Figure 7, is used to confirm an appropriate level of contact or to indicate an
inappropriate level of contact between the patient’s head and the receiving means
106, particularly the latter. This feedback concerning the level of patient contact is
important, as often a patient moves his or her head during or after placement on the
receiving means, for example, because of inattention, fatigue, discomfort, or
anticipation or fear of the procedure, such that the patient is in a position which is
non-optimal, inappropriate, or unsafe for the planned procedure. Any movement
which reduces contact with the headrest is of interest. Often such movement will
be back and away from the treatment system, such as the optical radiation delivery
instrument 15, for example, when the patient fears irradiation of sensitive tissue
such as his or her ocular tissue. Other movements of particular interest are lateral
movement with respect to the receiving means and forward movement toward the
treatment system and away from a headrest receiving the back of the head. When
the procedure is the irradiation of tissue, any such movement can have undesirable
consequences, for example, the irradiation of tissue other than the tissue of interest.
Thus, the signal 140 may be used to alert the physician to the movement of the
patient, and perhaps more importantly, since the physician’s reaction time may be
too slow, to interrupt treatment or to shut down the treatment system automatically
to prevent any undesired consequences, as further described in the co-pending
application.

The signal 140, which may be an electrical signal, either analog or
digital, travels through any appropriate communication means 130, such as
electrical wires, from the sensing means 35 (which is preferably non-metallic or
electrically non-conductive) to a feedback system 150. The communication means
130 may be channeled from the sensor 35 through any hollow interior portions of
the headrest assembly 33, such as any hollow interior of the receiving means 106,
the side elements 108, the posts 112, and/or the base 104, or may be otherwise
configured. The feedback system provides sensory feedback to the patient, to a
heads-up display 200 which provides feedback to the physician, and/or to an
electronic control system 300 for the treatment instrument for treatment interruption
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or shut down, as schematically shown in Figure 7. The heads-up display 200 should
be located in the physician’s field of view so as not to interfere with the field of
view of the patient’s eye undergoing observation or treatment. Typically, the
electronic control system 300 will be located in proximity to the treatment
instrument, such as the radiation delivery instrument 15.

While the patient’s head may be secured against the receiving means
106 to prevent undesired movement, such as by use of an adjustable strap or an
adjustable band (not shown) attached to the side portions 108 of the receiving
means via attachment means 111, this is not always conducive to the mental or
physical comfort of the patient. For example, a patient who may be fearful of a
procedure may find being immovably held in front of the treatment instrument
anxiety-provoking. Further, unless the securing means is adjusted to secure the
patient’s head rather tightly, which may be physically uncomfortable for the patient,
the level of contact may still be insufficient for appropriate positioning or securing
of the patient’s head. Thus, it is desirable to involve the patient in placing his or her
head securely on the receiving means 106, or even urging his or her head
thereagainst, such that restraining means are optional.

The headrest assembly 33 provides patient feedback to facilitate a
patient’s involvement in placing or maintaining his or her head on the receiving
means 106 in an appropriate position for observation or treatment. That is, as
schematically shown in Figure 7, the headrest assembly 33 includes a means 150,
operably connected to the sensing means 35, for providing sensory feedback to the
patient when the signal 140 indicates that the degree of contact is below a
predetermined value. The feedback means 150 includes means 142 for generating
a sensory signal 144, preferably an analog signal, such that when the degree of
contact is below the predetermined value, the patient receives the sensory signal.
The sensory signal 144 may be any signal that may be perceivable by the senses of
a patient, such as an auditory signal, a visual signal, and a tactile signal. Preferably,
when the treatment to be performed concerns a patient’s eye, the sensory signal is
non-visual or at least not visible to the eye undergoing treatment. When the patient
senses the sensory signal, he or she is thereby informed that contact with the
headrest assembly is decreased or insufficient, so that contact should be increased
or resumed.

By way of example, the signal-generating means 142 may be an
oscillator. The feedback means 150 may further include an amplifier 146, operably
connected to the signal-generating means 142, for amplifying any signal 144 that
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is too weak to be perceived with relative ease by the patient. The feedback means
150 may also include a means 148, operably connected to the signal-generating
means 142 or the amplifier 146, for conveying the sensory signal 144 to the patient,
such as a speaker, a lighting device, a vibrating device, and the like. If a vibrating
device is used, the conveying means 148, such as a vibratory paging device, should
be in close proximity to or touching the patient to facilitate tactile sensing.
Preferably, the output from the feedback means varies according to the degree of
contact detected by the sensor 35. For example, if the level of contact has fallen off
slightly, moderately, or greatly, preferably, the signal would vary accordingly to be
of low, medium, or great intensity, so that the patient would respond with an
appropriate level of attention and speed. When the treatment concerns the eye of
a patient, preferably, the signal is auditory, such as a sound which varies in tone or
pitch or a sound which varies in intensity or volume.

The predetermined value for the desired degree of contact between
the patient’s head and the receiving means 106 may be based on a number of
factors, such as the margin of error for the observation or treatment procedure,
patient capability and comfort, and physical constraints of the sensor or headrest
apparatus. By way of example, when an amount of pressure is being sensed, this
predetermined may be in a range of about one to about two pounds of pressure.
When the headrest assembly is being used in tissue treatment applications,
preferably, the sensing and feedback means are employed during the placement of
the patient’s head and up to the time of treatment, and not just during the actual
treatment procedure. This pre-treatment sensing and feedback exercise is important
to allow the patient to become accustomed to the feedback operation of the system,
such that the patient may act accordingly during the actual treatment procedure,
when proper head contact and positioning may be critical.

While mechanical securing of the patient’s head is optional, it is
desirable to aid the patient as much as possible in placing and positioning his or her
head appropriately in relation to the headrest assembly 33. Such aid may be in the
form of at least one hand rest 114 or handle for receiving a hand, and preferably,
two such hand rests are provided, as shown in Figures 4-6. The hand rests 114
should be positioned for patient comfort, such as near the base 104 and attached to
the posts 112 of the headrest assembly, as shown. These hand rests 114 should be
designed for patient comfort, as well, and thus, may include comfortable grips 160,
of any desirable shape, textured 162 and/or smooth 164, for the patient’s hands, as
detailed in Figures 5 and 6. The patient may use these hand rests 114 to assist him
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or her in establishing and maintaining the necessary degree of contact with or
pressure against the headrest assembly and to reduce fatigue.

Another aid may be in the form of an additional means 118,
supported by base 104, for receiving a portion of the patient’s head. That is, while
means 106 receives a portion of the patient’s head, such as the forehead, means 118
receives another, lower portion of the patient’s head, such as the chin, to aid the
patient in placing and maintaining an appropriate position. Any appropriate head
portions may be selected for being received in receiving means 118, such as the
temples, the cheeks, the jaws, the chin, or a portion of the back of the head, such
as the nape of the neck, should a rest, or cradle, for the back of the head (not shown)
be employed, provided the selected portion is lower than that received in the
receiving means 106. When the treatment concerns the eye, preferably the forehead
is received by the receiving means 106 and the chin is received by the receiving
means 118.

The headrest assembly 33 shown in Figures 4-6 includes receiving
means 106, having a forehead rest 107 and side elements 108 as described above,
and receiving means 118, including a chin rest 120 and support means 122. The
chin rest 120 may be in the form of a cup, as shown, to provide good support for the
weight of the patient’s head, as well as additional patient comfort. The chin rest
120 may also accommodate disposable tissues and have wipe-down capability. The
support means 122 is attached to the posts 112 of the headrest assembly and serves
as a base for the chin rest 120.

Preferably, the chin rest 120 is adjustable to conform to a dimension
or proportion of the patient’s head or to achieve a desired angular or leaning
position of the head. For vertical adjustment (in the y-direction), adjusting means
116 may be manipulated to move the chin rest 120 up or down relative to the
receiving means 106. The adjusting means 116 may be any appropriate means,
such as the two knobs which are simply turned in one direction or the other for the
desired upward or downward movement of the support means 120 along posts 112.
The adjusting means 116 may provide for any desired extent of adjustment, such as
an adjustment of approximately two inches, as schematically detailed by the dotted
line configurations shown in Figure 6. Adjustment in the y-direction is useful to
accommodate a vertical dimension or length of a patient’s head, for example, from
forehead to chin. :

Adjustment of the chin rest 120 relative to the receiving means 106
is also possible in the z-direction, for example, to accommodate a patient having a
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chin set forward or backward relative to his or her forehead or to achieve an angled
head position, such as a forward-leaning position in which the patient’s forehead
closer to the treatment instrument than the patient’s chin or a backward-leaning
position. Any appropriate adjustment means 124 may be provided for this
adjustment, such as a track-type adjustment means, as shown in Figure 4, where the
chin rest 120 is moved back and forth along a track 124 and then secured in the
proper position by any appropriate means, such as a screw or bolt to be received
through a hole 126 and secured therebelow in a screw- or bolt-securing means (not
shown) in the track 124. Adjustment of the chin rest 120 relative to the receiving
means 106 is also possible in the x-direction, for example, to accommodate a patient
having a chin set to the right or left relative to the center of his or her forehead, or
to achieve an angled or side-leaning head position, using any appropriate means
(not shown), such as a track-type adjustment means running in an x-direction.

Alternatively, adjustments to accommodate a dimension or
proportion of the patient’s head or to achieve a desired angular or leaning position
of the head may be facilitated by adjusting the receiving means 106 relative to the
chin rest 120. For example, vertical adjustment of the receiving means 106 may be
accomplished by moving the side elements 108 of the receiving means up or down
on posts 112, as previously described. Additionally, adjustments in the z- and x-
directions may be facilitated by the use of means therefor (not shown), such as the
track-type means described above, attached to the sensing means 35 or the receiving
means 106. Thus, at least one of the receiving means 106 and the receiving means
118 is adjustable relative to the other to conform to at least one dimension of the
patient’s head or to position the head in an angled or leaning position.

A further aid to the patient may be a sensing means 35 in the form
of a pad across the top portion 107 of the receiving means 106 where the forehead,
or other portion of the head contacts the headrest assembly, as shown in Figure 6.
Additionally, the chin rest 120 may be padded for patient comfort. For tissue
treatments as short as those sufficient for photothermal keratoplasty, as further
described in the co-pending application, such aids may still be desirable for patient
comfort, as the pre-operative procedures (such as patient orientation, alignment,
calibration, and safety procedures) may be lengthy enough to affect patient comfort.

The headrest assembly 33 described herein is usefully employed in
a system for treating tissue in a region of the patient’s head which includes a means
for irradiating the tissue when the degree of contact between the patient’s head and
the receiving means 106 is of at least the predetermined value previously described.

PCT/US99/20034
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The irradiating means is preferably a means for irradiating the tissue with infrared
radiation to shrink collagen within the tissue. Such a system may be used in the
treatment of a variety of tissue, such as corneal tissue, as well as non-corneal tissue
containing collagen. The system may also be used in a variety of treatments, such
as the photothermal keratoplasty treatment further described in the co-pending
application and various treatments for correcting an undesirable condition of
selected tissue, whether medically substantive, structurally substantive, functionally
substantive, or cosmetic, which modify a shape or structure of the tissue being
treated.

Preferably, the irradiating means used in the system is a laser. For
photothermal keratoplasty applications, where the wavelength of the treatment
radiation is in the infrared region of the electromagnetic spectrum, a holmium-
doped, yttrium-aluminum-garnet (YAG) crystal laser having a coherent radiation
output with a wavelength of about 2.1 microns is preferred. Preferably, the system
includes means 300, operably connected to the sensing means 35, for interrupting
tissue treatment when the degree of contact is below the predetermined value, to
avoid any undesirable consequences. Many of these preferred features are described
in greater detail in the co-pending application.

Although the various aspects of the present invention have been
described with respect to the preferred embodiments thereof, it will be understood
that the invention is entitled to protection within the full scope of the appended
claims.

PCT/US99/20034
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ITIS CLAIMED:

1. An apparatus for receiving a head of a subject for observation
or treatment of tissue in a region thereof, comprising:

a base;

first means for receiving a first portion of the head, said first
receiving means supported by said base;

means for sensing a degree of contact between the first portion and
said first receiving means, said sensing means disposed on said first receiving
means; and

means, operably connected to said sensing means, for providing
sensory feedback to the subject based on the degree of contact.

2. The apparatus of claim 1, wherein said first receiving means
is of a construction sufficient for receiving a forehead of the subject.

3. The apparatus of claim 1, wherein said first receiving means
is adjustable relative to the base.

4. The apparatus of claim 1, wherein said sensing means
comprises a material responsive to force or pressure.

5. The apparatus of 4, wherein said material is a piezoelectric

material.

6. The apparatus of claim 1, wherein said sensing means

comprises a transducer.

7. The apparatus of claim 6, wherein said sensing means
comprises a piezoelectric transducer.

8. The apparatus of claim 1, wherein said feedback means
comprises a generator of a sensory signal.

9. The apparatus of claim 8, wherein said feedback means

comprises an oscillator.
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10.  The apparatus of claim 1, wherein said feedback means

comprises an amplifier.

11.  The apparatus of claim 1, wherein the feedback means
provides sensory feedback to the subject when the degree of contact is below a
predetermined value.

12.  The apparatus of claim 1, wherein said feedback means
provides an analog signal corresponding to the degree of contact sensed by said
sensing means.

13.  The apparatus of claim 1, wherein said feedback means
provides an analog signal corresponding to an amount of force or pressure sensed
by said sensing means.

14.  The apparatus of claim 1, wherein said feedback means
provides audible feedback.

15.  The apparatus of claim 1, wherein said feedback means
provides tactile feedback.

16.  The apparatus of claim 1, wherein said feedback means
provides variable sensory feedback which corresponds to variations in the degree

of contact.

17.  The apparatus of claim 1, further comprising second means
for receiving a second portion of the head which is lower than the first portion, said
second receiving means supported by said base.

18.  The apparatus of claim 1, wherein said second receiving
means is of a construction sufficient for receiving a chin of the subject.

19.  The apparatus of claim 18, wherein said second receiving
means is of a construction sufficient for supporting the chin.
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20.  The apparatus of claim 17, wherein at least one of said first
receiving means and said second receiving means is adjustable relative to another

of said first receiving means and said second receiving means.

21.  The apparatus of claim 20, wherein said one adjustable
receiving means is adjustable in a y-direction.

22.  The apparatus of claim 20, wherein said one adjustable
receiving means is adjustable in a z-direction.

23.  The apparatus of claim 1, further comprising a means,
attached to said first receiving means, for securing the head.

24.  The apparatus of claim 23, wherein said securing means is
a strap or band.

25.  The apparatus of claim 1, further comprising at least one
means attached to said first receiving means for receiving a hand of the subject.

26.  The apparatus of claim 1, wherein said first receiving means
is of a construction sufficient to frame the first portion and at least one side of the
head.

27.  The apparatus of claim 26, wherein said first receiving means
comprises at least one side element for framing the at least one side of the head, said
side element having at least one marker thereon corresponding to a desired position
of an eye of the subject when the first portion is received in said first receiving

means.

28. A system for treating tissue in a region of a head of a subject,
comprising:

the apparatus of any one of claims 1, 17 and 20; and

means, opposing said first receiving means, for irradiating the tissue
with electromagnetic radiation.
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29.  The system of claim 28, wherein said feedback means
provides sensory feedback to the subject when the degree of contact below a
predetermined value.

30.  The system of claim 28, wherein said irradiating means
irradiates the tissue when the degree of contact is of at least a predetermined value.

31.  The system of claim 28, wherein said irradiating means
comprises means for irradiating the tissue with infrared radiation to shrink collagen

within the tissue.

32.  The system of claim 28, wherein the tissue is corneal tissue
and said irradiating means comprises means for irradiating the corneal tissue with
infrared radiation to shrink collagen within the corneal tissue.

33.  The system of claim 28, wherein the irradiating means
comprises a laser.

34.  The system of claim 28, further comprising means, operably
connected to said sensing means, for interrupting tissue treatment when the degree
of contact is below the predetermined value.

35. A method of receiving a head of a subject for observation or
treatment of tissue in a region thereof, comprising:

receiving a first portion of the head on a first receiving means
therefor;

sensing a degree of contact between the first portion and the
receiving means; and

providing sensory feedback to the subject based on the degree of
contact.

36.  The method of claim 35, wherein said receiving of the first
portion comprises receiving a forehead of the subject on the first receiving means.

37.  The method of claim 35, further comprising adjusting the
first receiving means to position the head.

PCT/US99/20034
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38.  The method of claim 35, further comprising adjusting the
first receiving means to conform to at least one dimension of the head. '

39.  The method of claim 35, wherein said sensing comprises
sensing an amount of force or pressure.

40.  The method of claim 35, wherein said providing feedback
comprises providing sensory feedback to the subject when the degree of contact is
below a predetermined value.

41.  The method of claim 35, wherein said providing feedback
comprises providing an analog signal corresponding to the degree of contact sensed
by said sensing means.

42.  The method of claim 35, wherein said providing feedback
means comprises providing an analog signal corresponding to an amount of force
or pressure sensed by said sensing means.

43.  The method of claim 35, wherein said providing feedback
comprises providing audible feedback.

44.  The method of claim 35, wherein said providing feedback
comprises providing tactile feedback.

45.  The method of claim 35, wherein said providing feedback
comprises providing variable sensory feedback corresponding to variations in the
degree of contact.

46.  The method of claim 35, further comprising receiving a
second portion of the head which is lower than the first portion on a second

receiving means therefor.

47. The method of claim 46, wherein said receiving of the second
portion comprises receiving a chin of the subject on the second receiving means.
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48.  The method of claim 47, wherein said receiving of the second
portion comprises supporting the chin.

49.  The method of claim 47, further comprising adjusting at least
one of the first receiving means and the second receiving means relative to another

of the first receiving means and the second receiving means.

50.  The method of claim 49, wherein said adjusting comprises
adjusting the at least one receiving means in a y-direction.

51.  The method of claim 49, wherein said adjusting comprises
adjusting the at least one receiving means in a z-direction.

52.  The method of claim 35, further comprising securing the
head.

53.  Themethod of claim 35, further comprising receiving at least
one hand of the subject on a third receiving means therefor.

54.  The method of claim 35, wherein said receiving of the first
portion comprises framing the first portion and at least one side of the head with the
first receiving means.

55.  The method of claim 35, further comprising providing a
reference for a desired position of an eye of the subject when the first portion is
received in the first receiving means.

56. A method for treating tissue in a region of a head of a subject,
comprising:

the method of any one of claims 35, 46 and 49; and

irradiating the tissue with electromagnetic radiation.

57.  The system of claim 56, wherein said providing feedback
comprises providing sensory feedback to the subject when the degree of contact is
below a predetermined value.
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58.  The method of claim 56, wherein said irradiating the tissue
comprises irradiating the tissue when the degree of contact is of at least a

predetermined value.

59.  The method of claim 56, wherein said irradiating comprises
5  irradiating the tissue with infrared radiation to shrink collagen within the tissue.

60.  The method of claim 56, wherein said irradiating comprises
irradiating corneal tissue with infrared radiation to shrink collagen within the

corneal tissue.

61.  The method of claim 56, wherein said irradiating comprises
10 irradiating the tissue with laser-generated radiation.

62.  The system of claim 56, further comprising interrupting
tissue treatment when the degree of contact is below the predetermined value.
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