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(57) ABSTRACT 

A computer assisted Surgery system includes a display for 
visual rendering of Surgical data, a processor for receiving a 
control signal and performing operations associated with the 
control signal and for controlling the Surgical data rendered 
by the display, and a wearable input device in communication 
with the processor. The wearable input device in one embodi 
ment includes a mounting Surface on a first side of the input 
device for mounting to a body portion of a user and a sensor 
assembly located on the side of the input device opposite the 
mounting Surface. 

-56 
  



Patent Application Publication Jan. 27, 2011 Sheet 1 of 5 US 2011/0022033 A1 

18 

32 18 

26 

  



Patent Application Publication Jan. 27, 2011 Sheet 2 of 5 US 2011/0022033 A1 

  



Patent Application Publication Jan. 27, 2011 Sheet 3 of 5 US 2011/0022033 A1 

  



Patent Application Publication Jan. 27, 2011 Sheet 4 of 5 US 2011/0022033 A1 

66 64 
72 / 

70 
68 

Fig. 6 

  



Patent Application Publication Jan. 27, 2011 Sheet 5 of 5 US 2011/0022033 A1 

START 

STOREMEDICAL 
DATA 

SURGERY 
PREPARATION 

MOUNT INPUT 
DEVICE ONUSER 

DON SURGICAL 
GOWN 

ESTABLISH 
COMMUNICATIONS 

POSITION 
CURSOR 

DEPRESS 
MECHANICAL 

SWITCH 

90 

92 

94 

96 

98 

100 

102 

104 

DISPLAY 106 
SURGICAL 

DATA 

PERFORM 
ACTIVITY 

108 

11 O 

Fig. 8 
END 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2011/0022033 A1 

SYSTEMAND METHOD FOR WEARABLE 
USER INTERFACE IN COMPUTER ASSISTED 

SURGERY 

0001. This application is a divisional of co-pending appli 
cation Ser. No. 1 1/319,960, filed Dec.28, 2005, the disclosure 
of which is herein totally incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to computer assisted surgery 
and, more particularly, to user interface devices used in com 
puter assisted Surgery. 

BACKGROUND 

0003. The use of computer assisted surgery systems (CAS 
systems) or image guided Surgery systems is becoming wide 
spread. In a typical CAS system, a computer and a position 
measurement device are used in order to measure the position 
of Surgical instruments, devices and a body portion of the 
patient. CAS systems also incorporate a memory means to 
store medical data such as e.g. X-rays, computertomographs 
or magnetic resonance images (MRIs). The medical images 
may be gathered pre-operatively or intraoperatively. 
0004 Computer assisted orthopaedic surgery systems 
include a) computertomogram (CT) based systems, may be 
used preoperatively to establish a three-dimensional anatomi 
cal model of a bone or bone fragment that is referenced during 
the surgical procedure to identify the respective bone or bone 
fragment through a landmark based or Surface based registra 
tion or matching procedure; b) CT based and fluoroscopy 
systems, which use the same method as CT based systems to 
establish a three-dimensional anatomical model, whereby the 
preoperative CT of a bone or bone fragment is registered or 
matched to the intraoperative respective bone or bone frag 
ment through using a Surface model of the bone or bone 
fragment and its projections in the planes of the fluoroscopic 
images; and c) fluoroscopy based systems, which use cali 
brated fluoroscopes to generate undistorted images of a bone 
or bone fragment and virtual geometric representations of the 
projection of Surgical tools. 
0005. When used during a surgical procedure, most CAS 
systems require input from the Surgeon in order to specify the 
data to be shown or to alter the program flow. The Surgical 
data may include data stored preoperatively as well as data 
obtained during the Surgery, Such as blood pressure, heart 
rate, oxygen levels, etc. Many systems rely upon a non-sterile 
assistant to input instructions at a keyboard or with a mouse, 
but these systems are inefficient and risk miscommunication. 
0006. In other systems, an input device is physically 
located within the operating room. The input device is gen 
erally covered with a plastic material to provide a physical 
barrier against the spread of germs. When control of the CAS 
is required, the Surgeon or other personnel within the operat 
ing room go to the location of the input device and operate the 
device. This approach is cumbersome since it requires a dedi 
cated location for the input device within an already crowded 
operating room. Moreover, the movement of personnel to the 
location of the input device creates undesired activity within 
the operating room. 
0007 Some systems have attempted to address the short 
comings of the above described approach in various ways. 
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One such approach is to provide an input device in the form of 
a foot operated device. Of course, this type of a device 
becomes a hazard when personnel are moving about the loca 
tion of the foot operated device. Moreover, the foot operated 
devices do not provide for cursor control. 
0008 What is needed, therefore, is a CAS input device that 
allows personnel to control the CAS during an operation. 
0009 What is further needed is a CAS input device that 
does not require personnel to move to a specific location 
within the operating room to operate the device. 
0010 What is also needed is a CAS input device that is 
conveniently located for ease of access and which allows for 
the control of the cursor on a display. 
0011 What is needed is a CAS input device that does not 
present a hazard to individuals moving about an operating 
OO. 

SUMMARY 

0012. A method of performing a medical procedure in 
accordance with the invention includes mounting an input 
device on a user, establishing a communications link between 
the input device and a computer, placing a light permeable 
garment over the input device, sensing with the input device 
a desired cursor control input through the light permeable 
material, generating a cursor control signal based upon the 
control input, and controlling the visual rendering on a dis 
play based upon the cursor control signal. 
0013. In one embodiment, a computer assisted surgery 
system includes a display for visual rendering of Surgical 
data, a processor for receiving a control signal and perform 
ing operations associated with the control signal and for con 
trolling the Surgical data rendered by the display, and a wear 
able input device in communication with the processor for 
receiving input from a user wearing the interface device, 
converting the input into the control signal and transmitting 
the control signal to the processor. 
0014. In a further embodiment, a computer assisted sur 
gery system includes a display for visual rendering of surgical 
data; a processor for receiving a control signal and perform 
ing operations associated with the control signal and for con 
trolling the Surgical data rendered by the display, and a wear 
able input device in communication with the processor. The 
wearable input device includes a mounting Surface on a first 
side of the input device for mounting to a body portion of a 
user, and a sensor assembly located on the side of the input 
device opposite the mounting Surface. 
0015 The above-described features and advantages, as 
well as others, will become more readily apparent to those of 
ordinary skill in the art by reference to the following detailed 
description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 depicts a block diagram of a computer 
assisted Surgery system including a wearable input device 
with an optical sensor in accordance with principles of the 
present invention; 
0017 FIG.2 depicts a perspective view of the input device 
of FIG. 1; 
0018 FIG.3 depicts a perspective view of the input device 
of FIG.1 mounted on the left forearm of a user in accordance 
with principles of the present invention; 
0019 FIG. 4 depicts a block diagram of the input device of 
FIG. 1: 
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0020 FIG.5 depicts a perspective view of the input device 
of FIG.1 mounted on the right forearm of a user inaccordance 
with principles of the present invention; 
0021 FIG. 6 depicts an alternative embodiment of a wear 
able input device Suitable for mounting to the chest, forearm, 
or other appendage of a user in accordance with principles of 
the present invention; 
0022 FIG.7 depicts an alternative embodiment of a wear 
able input device incorporating mechanical Switches suitable 
for mounting to the chest, forearm, or other appendage of a 
user in accordance with principles of the present invention; 
and 
0023 FIG. 8 shows a flow diagram of a method of per 
forming a Surgical procedure using the input device of FIG. 1 
in accordance with principles of the present invention. 

DETAILED DESCRIPTION 

0024 FIG. 1 illustrates a block diagram of a computer 
system 10 for use in computer assisted Surgery. The computer 
system 10 includes a Surgical computer 12 which is in com 
munication with a network 14, a display 16 and an input 
device 18. The surgical computer 12 may further be in com 
munication with other peripherals such as peripheral 20. 
Peripheral 20 may be an external memory, a Surgical device, 
a printer, or other desired device. 
0025. The surgical computer 12 includes an internal pro 
cessor 22 and an internal memory 24 in communication with 
the processor 22. The internal memory 24 includes instruc 
tions which allow the surgical computer 12 to interface with 
the network 14 and various peripherals such as input device 
18, display 16 and peripheral 20 as is known in the art. The 
internal memory 24 further includes instructions which, 
when executed by the processor 22, allow the Surgical com 
puter 12 to be used to assist in performance of a Surgical 
operation. 
0026. The network 14 in this embodiment is a local area 
network for a medical facility which provides a Surgeon or 
other medical personnel with access to resources useful in the 
conduct of a particular operation. By way of example, the 
resources may include medical records, the internet, and 
Video-conferencing capability. Alternatively, some or all of 
the resources may be provided in the internal memory 22. 
Communication between the network 14 and the Surgical 
computer 12 may be accomplished using cables, optical com 
munications, radio frequency (RF) communications or any 
other desired mode of transferring data. 
0027. The display 16 in this embodiment is a cathode ray 
tube (CRT) used for rendering graphical representations of 
data under control of the Surgical computer 12. Any appro 
priate type of display may be used in accordance with the 
present invention including liquid crystal diode (LCD) dis 
plays, light emitting diode (LED) displays and heads-up dis 
plays (HUD). 
0028 FIG.2 depicts a perspective view of the input device 
18. The input device 18 includes a body 26 with an outer side 
28 and an inner side30. A plurality of slots 32.33 (see FIG.5), 
34 and 36 extend through the body 26 from the inner side 30 
to the outer side 28. The slots 32, 33, 34 and 36 may be used 
with one or more straps to mount the input device 18 onto a 
user. By way of example, in FIG. 3 the input device 18 is 
mounted onto the forearm 38 of a user by a strap 40 extending 
between the slot 34 and the slot 36 and a strap 42 extending 
between the slot 32 and slot 33 (see FIG. 5). 
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0029. The straps 40 and 42 may be made of a material such 
as VELCROR). The use of VELCROR) traps allows a single 
input device 18 to be used with forearms of various sizes. 
Nonetheless, it may be desired to provide a plurality of input 
devices configured with different curvatures. More specifi 
cally, the inner side of the input devices may have different 
radii of curvature. In Such embodiments, Small, medium and 
large curvature input devices may be provided so as to com 
fortably fit a number of different sized users. Alternatively, 
the input device may include a body made of expandable 
material. In this alternative embodiment, the body of the input 
device stretches to conform to the size of the user's forearm so 
as to maintain the input device Snuggly in position on the 
user's forearm. 

0030. The input device 18 further includes a USB connec 
tion 44 and an optical sensor well 46 for placement of a sensor 
assembly. The USB connection 44 provides a path for com 
munications with the Surgical computer 12 and further pro 
vides power to the input device 18. The USB connection 44 
may be connected to the surgical computer 12 by a USB cable 
48. Alternatively, the USB connection 44 may be connected 
to an RF transmitter so as to provide a wireless connection. Of 
course, the input device may be a self contained wireless unit 
with an internal power Supply. Alternatively, a separate power 
Supply may be used so that the battery or other power source 
may be placed at a different location on the body of a user, 
such as on a belt. This minimizes the weight of the input 
device 18 and facilitates replacement of the power source as 
well as facilitating the provision of redundant power sources. 
0031. Ablock diagram of the input device 18 is depicted in 
FIG. 4. The input device 18 includes a micro controller 50, the 
USB connector 44, a USB connector 52, two mechanical 
switches 54 and 56, an optical sensor 58 which controls an 
LED 60. The optical sensor 58 and the LED 60 are located in 
the optical sensor well 46 shown in FIG. 2. In this embodi 
ment, the optical sensor 58 includes a charged-coupled device 
(CCD) array and a lens for focusing reflected light onto the 
array. Alternatively, the optical sensor 58 can have a photo 
sensitive element other than a CCD array, such as a number of 
photo-diodes or photo-transistors. 
0032. The input device 18 allows a user to interact (e.g., 
effect cursor movement, Scrolling, or button action) with the 
surgical computer 12. Movement relevant to the input device 
18 is detected by a sensor assembly and translated into posi 
tion data, and is communicated to the Surgical computer 12 
via the USB connection 44. In this embodiment, light from 
the LED 60 reflects off of a surface moving past the optical 
sensor well 46, and causes an image of the Surface or object to 
be generated. This image is detected by optical sensor 58. 
0033. The direction and distance of movement can be 
determined by a series of Such detected images. In one 
embodiment, the reflected images are focused by a lens onto 
the CCD array. Each image can be represented by a number of 
pixels on the CCD array. A difference between consecutive 
images indicates movement, while no difference between 
consecutive images indicates lack of movement. The image 
difference data is determined by the microcontroller 50 and 
communicated to the Surgical computer 12 which in turn 
controls the position of a cursor rendered on the display 16. 
0034. The optical sensor 58 is calibrated such that the 
movement of material used in a Surgical gown or other gar 
ment is not detected. By way of example, while Surgical 
garments are typically impermeable to fluids, they will allow, 
to some extent, energy in the form of light to pass through. 
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Accordingly, an optical sensor, Such as one available in a 
PocketMouseTM Wireless Mini or a PocketMouse Optical 
Mini computer mouse commercially available from Kensing 
ton Computer Products Group, of Redwood Shores, Calif., 
does not detect the movement of thematerial. When the user's 
hand is moved over the top of the optical sensor well 46 and 
Surgical gown material, however, the movement of the handis 
detected. Accordingly, the input device 18 may be worn and 
operated beneath a Surgical gown. Additionally, because the 
use of a material that is somewhat light permeable allows a 
user to easily determine the location of the optical sensor well 
46 even when the optical sensor well 46 is covered by the 
material. 

0035. The USB connection 44 is used when the input 
device 18 is mounted on the left forearm of a user as shown in 
FIG. 3. This allows the USB cable 48 to be directed toward the 
back of the user and away from the hand of the user. When the 
USB connection 44 is used, movement of an appendage Such 
as a hand or finger in the direction generally defined by the 
direction from the elbow toward the wrist over the optical 
sensor well 46 is detected by the optical sensor 58 and trans 
lated by the microcontroller 50 into a signal corresponding to 
a desired movement of a cursor rendered on the display 16 
from a first location on the display 16 to a position to the right 
of the first location. 
0036 Similarly, movement of a hand or finger in the direc 
tion generally defined by the direction from the slot 34 to the 
slot 36 over the optical sensor well 46 is detected by the 
optical sensor S8 and translated by the microcontroller 50 into 
a signal corresponding to a desired movement of a cursor 
rendered on the display 16 from a first location on the display 
16 to a higher location on the display 16. 
0037. The USB connector 52 is similar to the USB con 
nector 44, however, the USB connector 52 is physically 
located at the end of the body 26 opposite to the USB con 
nector 44. Accordingly, when the input device 18 is mounted 
on the right forearm of a user, the USB connector 52 may be 
used to avoid having any cables extending out from the input 
device 18 toward the hand of the user. When the input device 
18 is mounted on the right arm of a user, control of the 
movement of a cursor on the display 16 is effected in the same 
manner as described above with respect to USB connector 44. 
0038. The mechanical switches 54 and 56 function in the 
same manner as the “left-click” and “right-click” buttons on 
a standard mouse. In this embodiment, the mechanical Switch 
54 is physically located to the left of the optical sensor well 46 
and the mechanical switch 56 is physically located to the right 
of the optical sensor well 46. Accordingly, the microcontrol 
ler 50 translates activation of the mechanical switch 54 into a 
“left-click’ control signal and activation of the mechanical 
switch 56 into a “right-click’ control signal. 
0039. In embodiments having a single USB connector, 
operation of the input device is the same as described above. 
When the single USB connector device is worn on the right 
forearm, however, it may be desired to modify the correlation 
between movement sensed by the optical sensor 58 and the 
position of a cursor on the display 16. Specifically, using the 
input device 18 as an example, when the input device 18 is 
located on a right forearm 62 with the USB connector 44 
positioned to be adjacent the wrist of the user, a USB cable 
connected to the connector 44 will extend, to Some extent, 
toward the wrist of the user. Typically, this is not desired. 
0040 Turning the input device 18 to position the USB 
connector 44 adjacent to the elbow of the user as shown in 
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FIG. 5 causes the optical sensor well 46, when viewed by the 
user, to be inverted and reversed and the position of the 
mechanical switches 54 and 56 relative to the optical sensor 
46 to be reversed. The surgical computer 12, however, may 
easily be programmed to account for this situation and be 
programmed to modify the correlation between movement 
sensed by the optical sensor 58 and the position of a cursor on 
the display 16. The alternative correlation may be activated 
by, for example, designating desired correlation from a con 
figuration menu or activating a Switch. 
0041. In the embodiment of FIG. 2, the input device 18 is 
configured to conform to the general shape of the forearm of 
a user. In alternative embodiments, the input device 18 may be 
configured to be mounted on other parts of a user's body Such 
as the chest of the user. One such embodiment is shown in 
FIG. 6. The input device 64 includes an optical sensor well 66, 
a USB output connector 68 and two loops 70 and 72. The 
input device 64 is relatively flat so as to be mounted comfort 
ably on, for example, the chest of the user using the two loops 
70 and 72. The input device 64 may also be mounted on the 
arm of the user if desired. 
0042 FIG. 7 depicts an input device 74 that may be 
mounted on a user So as to provide input to the Surgical 
computer 12 during a medical operation through a mechani 
cal sensor assembly. The mechanical input device 74 includes 
a control pad 76, two attachment posts 78 and 80, and a USB 
connector 82. Desired movement of a cursor is effected by 
pressing the control pad 76 at a location near the head of one 
of the arrows 84. Pressing the control pad 76 near the outer 
edges of the control pad 76 in this manner causes one or more 
of a plurality of mechanical Switches to be closed, indicating 
the desired direction of movement. Depressing the circle 86 
causes a centrally located mechanical Switch to be closed, 
thereby “selecting the location on the display 16 associated 
with the cursor. To assist in locating the control pad 76 when 
it is mounted underneath a garment, the control pad 76 and/or 
the arrows 84 and circle 86 may be lighted. 
0043 FIG. 8 depicts a method 90 for performing a surgical 
procedure using the computer assisted Surgery system of FIG. 
1. At the step 90, surgical data is stored in memory 24 of the 
host computer 12. Alternatively, the data may be stored in a 
memory accessible through the network 14. The data may 
include X-rays, steps for the planned Surgical procedure, and 
special precautions or constraints. The materials or devices to 
be used in the Surgical procedure. Such as prosthetics, may 
also be identified. 
0044) The surgical team including the individual identi 
fied to operate the input device 18 who, in this example, is the 
Surgeon, then undertake typical preparations for Surgery Such 
as sterilization, at the step 92. Next, the input device 18 is 
mounted on the forearm of the surgeon at the step 96. The 
input device 18 may be mounted on either the left forearm or 
the right forearm of the Surgeon. In this example, the input 
device 18 is mounted on the right forearm of the surgeon. 
0045. In embodiments including a battery pack and or 
wearable transceiver, those devices are also mounted on the 
Surgeon during this step. In this example, the input device 18 
is placed upon the forearm of the user and the straps 40 and 42 
are adjusted to provide a Snug fit. If desired, a garment or 
padding may first be placed on the forearm prior to mounting 
the input device 18 on the forearm. 
0046. At the step 98, the surgeon dons a surgical gown 
which is light permeable. Communication between the input 
device 18 and the computer 12 is then established by connect 
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ing the USB cable 48 between the USB connector 44 and a 
USB connector (not shown) on the computer 12 at the step 
100. The surgeon can visually verify that the input device is 
powered by looking for a reddish illumination on the sleeve of 
the Surgical gown. If desired, the Surgeon may modify the 
operational mode of the input device 18 at this point. This 
may be desired in single USB connector devices as discussed 
above. 
0047. At the step 102, the surgeon controls the position of 
the cursor on the display 16 by moving a hand over the 
illuminated area of the surgical gown. The optical sensor 58 
detects the movement of the hand and generates a cursor 
control signal based upon the detected movement. The cursor 
control signal is transmitted to the computer 12 which uses 
the cursor control signal to control the position on the display 
16 at which the cursor is rendered. 

0048. Once the cursor on the display is at the desired 
location, the Surgeon commands the operation associated 
with the cursor position by depressing the mechanical Switch 
56 at step 104. Depression of the switch 56 is detected by the 
input device 18 which generates a mechanical device control 
signal based upon the detected depression which is transmit 
ted to the computer 12. Based upon the location of the cursor 
on the display 16 and the receipt of the mechanical device 
control signal, the computer 12 executes a program. In this 
example, the executed program causes a stored Surgical data 
file to be accessed. Thus, at the step 106, a first surgical data 
is displayed. 
0049. In the event the surgical data is associated with a 
particular activity, the Surgeon performs the activity at the 
step 108. Such an activity may be, for example, the selection 
of a desired prosthetic device, selecting a desired incision 
location, etc. The Surgeon then determines if another Surgical 
data is needed at the step 110. If so, the method returns to step 
102 so as to display a second surgical data at the step 106. If 
no additional Surgical data is needed, the method ends. 
0050. While the present invention has been illustrated by 
the description of exemplary processes and system compo 
nents, and while the various processes and components have 
been described in considerable detail, applicant does not 
intend to restrict or in any limit the scope of the appended 
claims to such detail. Additional advantages and modifica 
tions will also readily appear to those ordinarily skilled in the 
art. The invention in its broadest aspects is therefore not 
limited to the specific details, implementations, or illustrative 
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examples shown and described. Accordingly, departures may 
be made from such details without departing from the spirit or 
Scope of applicant's general inventive concept. 
We claim: 
1. A method of performing a medical procedure compris 

ing: 
mounting an input device on a user; 
establishing a communications link between the input 

device and a computer; 
placing a light permeable garment over the input device; 
sensing with the input device a desired cursor control input 

through the light permeable material; 
generating a cursor control signal based upon the control 

input; and 
controlling the visual rendering on a display based upon 

the cursor control signal. 
2. The method of claim 1, wherein controlling the visual 

rendering further comprises: 
rendering a cursor on the display at a first location based 
upon the cursor control signal; 

rendering a first Surgical data in Support of a first Surgical 
activity based upon the first location of the cursor: 

moving the rendered cursor to a second location in 
response to a change in the cursor control signal; and 

rendering a second Surgical data in Support of a second 
Surgical activity based upon the second location of the 
CUSO. 

3. The method of claim 2, wherein the first surgical data 
comprises a first X-ray of a Surgical patient and the second 
surgical data comprises a second X-ray of the surgical patient. 

4. The method of claim 1, wherein sensing comprises: 
detecting, through the garment, movement of an object. 
5. The method of claim 4, wherein detecting further com 

prises: 
comparing a first image of the object with a second image 

of the object. 
6. The method of claim 5, wherein detecting further com 

prises: 
detecting the location of an appendage of the user. 
7. The method of claim 1, wherein mounting comprises: 
Mounting the input device to the forearm of the user. 
8. The method of claim 7, further comprising: 
rendering medical data of a patient undergoing Surgery 

based upon the cursor control signal. 
c c c c c 


