Sponsored Projects Summary
I. A Finger-Tip Tracker for Medical Examinations
Summary:  Starting this summer, Joel Burdick (Caltech) and Dr. Michael Pearl (an orthopedic surgeon with Kaiser Medical) want to develop a proof-of-concept prototype of a fingertip tracking device for medical examinations.  This system will precisely track the location of a physician’s fingertips while they palpate physical structures or manipulate appendages during medical examinations or therapies.  The precise measurements made by this device would provide improved data from conventional physical examinations, allowing for more accurate diagnoses, better monitoring of response to therapies, and would provide more consistent data for assessing the outcomes of new therapies.   

Background: During the course of medical examinations, therapies, or surgeries, medical doctors in a very wide variety of medical specialties palpate physical structures or manipulate joints, bones, or appendages.  For example, in the practice of orthopedics, the ability to palpate recognizable points of the human skeleton is an essential skill for diagnosis and treatment.  Skeletal bones have consistent protrusions that aid the examiner in localizing the bone in order frame the rest of the examination.  For example, the medial and lateral epincondyles of the knee, along with the perimeter of the patella and the tibial tubercle create a framework from which the examiner can palpate adjacent ligamentous structures such as the medial collateral ligament and the knee menisci (Figure 3).   Similarly, the medial and lateral epicondyles of the elbow, and radial and ulnar styloids of the forearm are prominent points that define the distal humerus and forearm (Figure 4).  The cluster of points that represent a given bone are informative in their own right but can also form a foundation that can be used in a variety of ways. For example, accurate representation of the skeleton provides the basis for defining the relative motion between any adjacent skeletal segments.  If the two segments are connected, the range of motion so measured defines the range of motion of the interposed joint.  
Measuring joint range-of-motion is an integral part of clinical orthopedics.  It is a standard part of nearly every orthopedic exam.  Typically, the examiner moves a joint through its range of motion and makes a visual estimate of the angular changes observed.  For more precise measurements, it is customary to lay a transparent goniometer next the joint to determine this angle.  Problems with accuracy, intra and inter observer variability, are widely known and discussed in the medical literature.  An examiner instrumented with at least two fingertip trackers on each hand palpating defined points of two adjacent skeletal segments, should be able to measure the angular changes between the skeletal segments with unprecedented precision.  A computer could conveniently record, process, and present movement data. Such a technology, while currently feasible, is not in use today.
Another common example where the ability to precisely monitor a physician’s finger locations is computer-assisted reduction of fractured bones.  The clinical practice of fracture reduction involves the identification of a fracture by X-ray, then the application of reduction principles, some form of fixation to the aligned skeletal segment and finally post-reduction X-rays to confirm fracture reduction.  The principles of fracture reduction consistently recommend longitudinal traction of the fractured segment while applying corrective forces to recreate the normal alignment of the segment (Figure 5).  The normal alignment of the segment is estimated by the clinician, in part by his or her knowledge of anatomy, and to a much greater extent by comparison to the patient’s unaffected, opposite side.  For some applications, this reduction process is performed under fluoroscopy.  The entire reduction process could be performed without X-ray radiation, guided by information determined by one or more gloves.  By determining the normal skeletal dimensions of the corresponding un-involved segment on the other side, the mirror image of this data establishes target parameters for the fractured segment. Using palpable skeletal landmarks on either side of the fracture, the clinician can align the fractured skeletal segment according to these parameters.  

Beyond orthopedics, many areas of medicine require a physician or medical specialist to measure the size and depth of physical structures for the purposes of diagnosis of injury or disease, planning therapeutic interventions, or monitoring the patient recovery process.   For example, physicians routinely estimate the size of enlarged prostates, tumors, or nodules via their fingertips.  Such measures are often done with the fingertips out of sight.  Despite the fact that such measures are made and recorded literally millions of time per day, it is current practice for physicians to guesstimate the size of this critical dimensions based on these fingertip placements.   We estimate that many such measurements are often only accurate to 30%!  However, such measurements are routinely used for diagnosis, treatment planning, and assessing treatment outcomes.  They are also the basis for clinical trials that assess the validity of new treatments. Moreover, such data is often the basis for insurance reimbursements. 

One proposed solution:  Burdick and Pearl would like to develop simple fingertip tracking devices that could be used by physicians during physical exams. Electromagnetic motion tracking sensors (e.g., developed by Ascension Technology) will be placed on one or more fingertips, which when calibrated to the user, will communicate position and orientation data of the fingertip to a computer.  (Figure 1)  In the proposed method, the tracking sensors will be placed on the distal phalanx of one or more digits by affixing a ring that allows nearly unencumbered positioning of the fingertip(s) to point, probe, palpate, push, pinch, grasp and/or manipulate objects (Figure 2).  Such a device would to combine the discriminative tactile abilities of the user with the precise measuring and recording abilities of the precision sensors and a computer interface.  By tracing an object with an instrumented finger, the user can outline its dimensions precisely.  Such a capability would allow a dermatologist to map and record the geometry of scars, lesions, and skin features. The same process could be applied to   lumps, nodules and masses providing dimensions of height and thickness in a calculation of contour and volume. By grasping two articulating pieces of an object with at least two instrumented fingers on each hand, the user can precisely measure and describe the motion between the pieces.  By pushing through liquid or soft substances, the user can measure depth.  To the extent that the computer and software are configured to guide highly organized activities, the fingertip tracker may guide the user in precise manipulation of their fingers or held objects. 

ME 71 Project Goals:  The human fingertip typically has the discriminative tactile ability to distinguish points as near as 1-5 millimeters, depending on the individual, (innate capabilities, degree of training, callous formation, etc.).  The purpose of this project is to develop the “finger ring” design and manufacturing technology that allows one to combine a doctor’s tactile ability to localize points and the computer’s ability to precisely measure and record position using the electromagnetic tracking technology.  The ring design should accurately hold the sensor, it should snugly fit on the physicians’ fingers, it should be east to manufacture, and the design should be adjustable to different finger sizes (either by adjustability built into the design, or by developing a manufacturing process that makes it easy to build different ring sizes.  The mechanical design need not necessarily be a ring per se.  It could be a glove, or other strap on device.  However, it should be easy to put on an remove, and it should be not unnecessarily uncomfortable to wear.
Resources: Both Prof. Burdick and Dr. Pearl are available for discussion of this project’s details and goals.  We also have copies of the electromagnetic sensors available for use by the students during their design and demonstration processes.
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Figure. 1  Set up showing instrumented fingertips of index and middle finger, CPU and electromagnetic transmitter.
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Figure. 2  Ring with one example of housing for electromagnetic sensor.
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Fig. 3 Prominent bony landmarks around the knee and up to the hip.
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Fig. 4 Prominent bony landmarks around the elbow.
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Fig. 5  Manipulation of broken bones, femur above and elbow below, can be guided by re-establishing relative alignment of bony landmarks above and below fracture (by comparing to other side for example).

