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Abstract: We present a novel algorithm to detect contact with tissue
and automate data acquisition. Contact fiber-optic probe systems are useful
in noninvasive applications and real-time analysis of tissue properties.
However, applications of these technologies are limited to procedures with
visualization to ensure probe-tissue contact and individual user techniques
can introduce variability. The software design exploits the system previ-
ously designed by our group as an optical method to automatically detect
tissue contact and trigger acquisition. This method detected tissue contact
with 91% accuracy, detected removal from tissue with 83% accuracy and
reduced user variability by > 8%. Without the need for additional hardware,
this software algorithm can easily integrate into any fiber-optic system and
expands applications where visualization is difficult.
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1. Introduction

Numerous groups use fiber-optic probes that exploit scattering, absorption and fluorescence
of tissue for diagnostic capabilities, including breast [1, 2], cervical [3], esophageal [4, 5] and
colon [6], among others. The nature of these technologies require the fiber-optic probe maintain
contact with the target tissue for data acquisition. This limits applications to procedures with di-
rect visualization of the target tissue (i.e. endoscopic use) or potential inaccuracies in measure-
ments where contact is difficult to confirm visually (i.e. laparoscopic procedures). Additionally,
there is concern that pressure applied by the probe to the tissue affects the physiological param-
eters measured. Increasing probe pressure was shown to decrease blood volume and oxygen
saturation over extended exposure times in diffuse reflectance and fluorescence spectroscopy
on the forehead and neck of human skin [7]. In diffuse reflectance spectroscopy, increasing
probe pressure caused spectral profile alterations of rat heart and liver tissue measurements [8],
decreased hemoglobin absorption and increased scattering on cervical tissue [9], and increased
the reduced scattering coefficient on mouse thigh muscle [10]. Our group previously reported
similar changes in hemoglobin concentration and reduced scattering coefficient with increased
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probe pressure, as well as a decrease in oxygenation as the length of contact time between the
probe and tissue increased [11]. Variations in optical measurements due to potential user effects
of applied pressure and contact time can directly impact the diagnostic accuracy of the device.
Integrating a method that detects contact between the fiber-optic probe and target tissue and
automating data acquisition can mitigate these effects. Accurately detecting tissue contact can
expand the use of fiber-optic probe devices beyond endoscopic procedures to blind insertion in
easily accessible tissues (i.e. rectum and cervix) for diagnostic and screening applications.

Sensors have been developed that can help indicate contact between the sensor and an object.
The sensors most applicable to fiber-optic probes generally fall into one of three classes: con-
tact, proximity, or pressure sensors. A capacitive, tri-axis contact force sensor was fabricated
that can be inserted into small diameter, tubular medical devices. The capacitance change be-
tween two SU-8 plates indicates the amplitude and direction of the applied force on the tip [12].
Another contact force sensor was incorporated into the distal part of a radio frequency ablation
catheter. The applied pressure, or contact force, deforms a fiber Bragg grating in three opti-
cal fibers, resulting in a change in the reflected wavelength [13]. Similarly, a probe with three
concentric fiber rings illuminates an object from the center ring and uses the ratio of reflected
light in the outer two rings to determine the distance from the probe tip to the object [14].
Another optical proximity sensor placed light-emitting-diodes (LEDs) on an array of polymer
photo-detectors (PPDs). The reflected light from an object is converted into an electrical sig-
nal proportional to the distance between the object and sensor array [15]. This same concept
was adapted to create small, flexible optical-proximity-sensor tapes that can be conformed on
curved surfaces and made waterproof for surgery, implants or other biomedical applications
[16]. A dual mode sensor was designed with this LED/PPD array for proximity or contact. The
proximity mode again uses reflected light to measure distance, where the contact mode relies
on a change in effective refractive index when an object touches the sensor [17]. A miniature
pressure sensor was created with a thin polymer diaphragm positioned inside the hollow end
of an optical fiber. The applied pressure is measured by deflection in the diaphragm [18]. Al-
ternatively, a spring-loaded device could be mounted at the proximal end of a fiber optic probe
to monitor applied pressure [19]. Other designs methods could integrate capacitive, inductive,
piezoelectric, piezoresistive or multi-component elements into the fiber-optic probes.

All these techniques require engineering and changing the probe design, which add com-
plexity and cost to our probes. There may be a software solution to create an automated contact
sensor without any hardware modification. An optical method could be the most economical
and viable solution for biomedical applications already using fiber-optic probe systems for tis-
sue analysis. Our goal was to develop an algorithm that used the current components of our
system in order to avoid redesigning the proximal tip of the probe with additional hardware or
mechanical components. In this paper, we present the software algorithm to detect contact with
tissue, parameters that can be modified for other fiber-optic systems, and an in-vivo evaluation
of the algorithm performance. To the best of our knowledge, our work demonstrates the first
automated method integrated into a fiber-optic probe that accurately detects contact with tissue
and reliably automates data acquisition, even when visualization is not available.

2. Background

We previously developed an endoscopically-compatible fiber-optic probe for in-vivo
polarization-gating spectroscopy (PGS) analysis during colonoscopy [20]. The probe is 2.5mm
in diameter and consists of three 200µm-core diameter fibers: one for illumination of tissue,
coupled to a white light LED (WT&T); and the other two for collection of co-polarized and
cross-polarized signals, coupled to individual spectrometers (Ocean Optics, USB2000). A com-
puter interface allows users to control data acquisition. The schematic is shown in Fig. 1.
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Fig. 1. Schematic diagram of polarization-gating probe and system.

In a previous study [11], we demonstrated that firm pressure impacts the data collected
and needs to be addressed in the clinical setting. We showed that when firm pressure (es-
timated at 0.15 − 0.2N/mm2) is applied to the probe, the measured oxygenation of the tis-
sue site continually decreases during an interval of 30 seconds. If gentle pressure (estimated
at 0.009− 0.012N/mm2) is maintained throughout probe contact with tissue, no significant
change is observed in oxygenation (Fig. 2 adapted from Ref. [11]). Although the estimated
pressures for each user in this study were subject to interpretation, in a clinical setting, the pres-
sure applied to the probe through an endoscope is harder to assess and can introduce a source
of variability among endoscopists. There were no significant changes between gentle and firm
pressures within the first 5 seconds following the initial measurement. In most research appli-
cations, a delay greater than 5 seconds is likely between the moment the physician places the
probe in contact with tissue and communicates this to the user, who then initiates data acquisi-
tion. Automating measurements in a reliable manner can decrease temporal variability because
it eliminates the need of a required action from the user and ensures any delay between tissue
contact and data acquisition is consistent.
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Fig. 2. Temporal change in oxygenation with applied pressure. Oxygenation continues to
decrease during the 15 seconds when pressure is applied to the probe. For measurements
within the first 5 seconds (left of the dashed line), there is no significant change at either
pressure. Oxygenation measurements were normalized to the first measurement in the se-
quence, corresponding to initial probe contact. Either gentle or firm pressure was applied
consistently throughout the measurement sequence. Data and graph adapted from Ref. [11]

Potential solutions to reduce variability include: (1) a standardized protocol to maintain gen-
tle pressure between the probe tip and tissue; (2) integrating a sensor to control the pressure
applied to the probe tip; and (3) control the start time of data acquisition to minimize any delay
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after initial probe-tissue contact. These do not addresses the clinical need to detect probe-tissue
contact in situations with limited or no visualization of the target tissue. Thus, the optimal so-
lution is a robust mechanism to both detect probe-tissue contact and automatically trigger the
start of data acquisition. A software algorithm would be a simple addition to current fiber-optic
systems. By manipulating the light source and spectrometers/detectors, this algorithm alleviates
the need to redesign fiber-optic probes with hardware modifications which would add complex-
ity and cost.

3. Methods

The flow chart in Fig. 3 outlines the software algorithm developed, from the user initiating
the system to the completion of a sequence of tissue measurements. A state machine is used
to drive the contact detection algorithm which separates the program into narrowly defined
tasks (states and state transitions). Alternate programming constructs could be substituted, such
as selection statements or iteration loops. The state machine provides the sequencing of the
steps necessary to acquire the reflected light readings for both the contact detection and the tis-
sue physiological measurements. This design includes the following states: setup, configuring
spectrometers for contact detection, acquiring contact detection, evaluating contact detection,
configuring spectrometers for tissue measurement, acquiring tissue measurement, evaluating
tissue measurement, configuring spectrometers for probe retraction, acquiring probe retraction,
evaluating probe retraction, and a complete state.
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Fig. 3. Algorithm Flow Chart

The algorithm detects contact between the probe and tissue by continuously and rapidly
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monitoring the reflected intensity from the tissue, then evaluating the data against predeter-
mined criteria. To begin, the user initiates the system and the software enables the light source
and configures the spectrometers for on contact detection parameters. The complete contact
sequence to trigger data acquisition requires 5 consecutive readings at the optimal wavelength
above the threshold with < 3% variability. This process takes approximately 850ms, and the
software then switches modes to acquire the tissue measurement. The contact parameters are
discussed in detail below and include: (1) specific wavelength range (10 pixels around 525nm);
(2) normalized threshold intensity ratio (above 0.08); (3) consistent threshold value (within 3%
for 5 consecutive measurements); and (4) integration time (20ms).

We evaluated the reflected signal intensity as a function of distance from tissue to determine
the optimal wavelength to indicate tissue proximity and contact. Figure 4 illustrates signal in-
tensity for increasing distances from the tissue surface at 450nm, 525nm and 650nm. Using a
single wavelength, instead of the full spectrum used in tissue analysis, reduced data transfer
speeds. These wavelengths were selected for high signal output of our light source with lower
hemoglobin absorption. For all wavelengths, as the probe approaches the tissue, the amount of
reflected light increases. The large jump in signal intensity observed between 4mm and 2mm
from the tissue surface can serve as an indicator of tissue proximity. Our previous study re-
ported that the tissue properties measured by our system did not depend on the angle between
the axis of the probe tip and tissue surface since good contact allows the tissue to conform to the
probe tip [11]. When evaluating the angle between the probe and tip as a function of distance,
angles as large as 45-60 degrees from normal to the tissue surface did not affect the reflected
intensity. More extreme angles (i.e. probe tangential to tissue surface) cause fluctuations in re-
flected intensity that resembles the probe sliding along the tissue surface (discussed in Fig. 5).
The wavelength range near 525nm remained the most consistent in tissue measurements with
minimal interference from ambient light, such as from endoscope illumination.
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Fig. 4. Wavelength Range Optimization. Reflected intensity at distinct wavelengths to es-
tablish signal changes with proximity to tissue. Reflected intensity increases as fiber-optic
probe approaches the tissue surface.

Next, the change in reflected intensity needs to be translated into a threshold for contact
detection. Figure 5 represents the trend of the normalized reflected intensity as the probe is
advanced into and out of contact with colon mucosa during a colonoscopy. The square wave
nature of this trend suggests that discrete threshold values could be selected for ”ON”-contact
and ”OFF”-contact. To account for system, probe and biological variability, the reflected tissue
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intensity is normalized by a calibration measurement of a reflectance standard (SRS-99-010,
Labsphere, Inc.) acquired immediately before in-vivo data collection.

After evaluating in-vivo data similar to that in Fig. 5 from more than 20 patients, we estab-
lished threshold ratios (tissue/calibration) where ON-contact ≥ 0.08 and OFF-contact < 0.06.
This ON-contact threshold detects when the probe is within 2mm of the tissue. The time re-
quired for the probe to travel the remaining distance and establish stable contact with the tissue
is typically < 100ms. This is less than the time needed by the system software to setup for
tissue measurement acquisition (∼ 150ms). The threshold values apply to our particular system
components and can easily be adapted to account for the sensitivity of different spectrometers,
as well as the transmission properties of different probes.
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Fig. 5. Illustration of automated trigger sequence. Graph represents 3 isolated sequences
when the probe was placed in contact with tissue. The first, labeled A, shows applying
pressure to the probe continues to increase the reflected intensity. The second, labeled B,
shows large variation in reflected intensity when the probe slides along tissue surface. Both
cases have recordings above the ON-threshold with variability > 3% and therefore, do not
trigger data acquisition. The last sequence, labeled C-E, is a continuous set of detection
readings and red circles highlight the 5 consecutive readings required for stable contact.
The dashed line after each set of red points indicate when a tissue measurement was trig-
gered, the program switched modes to acquire and transfer data, and then resumed contact
detection mode (avg 600ms). Each point indicates the recorded reflected intensity and the
sampling interval is 170ms for points connected by the dotted line. Ticks represent larger
time intervals. The solid, blue line is the ON-contact threshold (0.08) and dashed, green
line is the OFF-contact threshold (0.06).

To ensure good and stable contact, beyond monitoring close proximity to tissue, more cri-
teria are required than a single reflected intensity ratio rising above the threshold to determine
ON-contact. These criteria include 5 consecutive readings above the threshold with < 3% vari-
ability between all readings. Figure 5 illustrates the effectiveness of the criteria. In this figure,
each of the data points represent the reflected intensity ratio recorded as the probe was placed
in contact with tissue in 3 isolated sequences, labeled A-E. Points connected by the dotted
line are continuous with a sampling rate of 170ms, and gaps represent larger time lapses. The
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solid, blue line is the ON-contact threshold (0.08) and the dashed, green line is the OFF-contact
threshold (0.06). Sequence A represents the probe slowly advancing toward the mucosa, and
once in contact with tissue, pressure was continually applied to the probe. Sequence B indicates
the probe sliding along the tissue surface. The probe was not held steady and the reflected in-
tensity values are highly variable. In these two sequences, the reflected intensity rises above the
threshold, but there is no consistency in the readings. The last sequence (C-E) models the ideal
performance where the reflected intensity rises sharply above the threshold (indicating contact
with tissue) and maintains a constant value (indicating steadiness of the probe). The 5 points
circled in red designate data that meets all criteria for good, stable contact and triggered a tissue
measurement. The gap in time sampling immediately following the red circles (approximately
600ms) is due to the software exiting contact detection mode, entering acquisition mode and re-
entering contact detection mode. After data acquisition, the probe is retracted and the reflected
intensity drops dramatically below the OFF-contact threshold. We determined 5 consecutive
measurements above the threshold provided balance between ensuring contact with tissue and
minimizing length of contact time between probe and tissue.

In order to minimize the time it takes to acquire the contact reading, only one collection
channel of the probe is acquired. This limits the amount of data to be transferred, as does
the number of pixels selected for analysis. We selected only the 10 pixels centered around
the optimal wavelength at 525nm (average ∼ 3nm) for evaluation. To further facilitate a rapid
detection measurement, the integration time (the amount of time that the spectrometer acquires
light for a given measurement) should be as short as possible. A longer integration time provides
a higher signal-to-noise ratio, resulting in a larger difference between close proximity with the
tissue (< 2mm from tissue surface) and larger distances from the tissue (> 4mm from tissue
surface). However, a shorter integration time is desirable to more accurately monitor the probe’s
change in proximity to tissue. The integration time selected depends on a number of factors,
such as the optical fiber parameters, illumination source intensity, tissue type, and the sensitivity
of the spectrometers. For our system, an integration time of 20ms provides this balance between
adequate signal intensity and speed.

As noted earlier in Fig. 2, the length of contact time between the probe and tissue can impact
measurements. The current manual, human-initiated triggering is estimated to result in contact
times up to 5 seconds or longer. Our aims were consistent timing and automation. Data acqui-
sition is now automatically initiated within 1 second of tissue contact. We determined the time
between the start of one contact detection reading and another is approximately 170ms, and the
required 5 consecutive readings take 850ms to complete. The software processing can take up to
160ms after contact has been confirmed to switch modes for tissue acquisition, but this is negli-
gible compared to previous timing. This timing can be further reduced with different hardware
components (such as different spectrometers, communication interfaces, or a control computer)
if necessary for a particular application. A significant advantage of implementing this software
method is controlled, consistent timing between probe-tissue contact and data acquisition. As
processing speeds are increased in our measurement hardware, these data acquisition delays
will be decreased.

After tissue contact has been detected, the software exits the contact detection mode, switches
to tissue mode, configures the spectrometers for measurements and immediately starts data ac-
quisition to assess the physiological parameters of the tissue. Once acquisition is complete, the
software exits tissue mode and re-enters contact detection mode. The software can then auto-
matically detect if the probe is out of contact with the tissue by repeating the process used for
ON-contact detection with a modified threshold ratio (or decrease in signal by a predetermined
percentage). This threshold is only slightly lower than the ON-contact threshold and requires 2
consecutive readings below the threshold in order to prevent vacillation between detection of
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the probe being in contact and out of contact, as well as ensuring the probe is sufficiently out
of contact to prevent premature measurements that may be due to poor tissue contact. Once the
software process has determined that the probe is sufficiently out of contact from the tissue,
the user is informed via an audible and/or visual indicator to again initiate contact with the
tissue to acquire another measurement. This automation allows a physician to acquire multiple
tissue measurements by simply moving the probe without interaction from other system com-
ponents (i.e. a triggering button or pedal). The sequence continues until all desired tissue data
is collected.

4. Results

Initial in-vivo studies assessed the accuracy of the algorithm to detect both ON-contact and
OFF-contact, the reduction in variability of tissue parameters assessed by our fiber-optic probe
system and probe-user techniques. The polarization-gated spectroscopy system was used dur-
ing screening colonoscopy procedures with the probe advanced through the accessory channel.
In this study, 2 sets of 10 tissue measurements were taken in the rectum of each patient (n=54).
One set of 10 measurements were taken in the ’Manual Mode’ which refers to operating the
system manually without the algorithm, and another set of 10 measurements taken in the ’Au-
tomated Mode’ which refers to incorporating the new software method to detect contact and
automatically trigger acquisition.

Figure 6 demonstrates the improvement in data quality with the automated algorithm. In
Fig. 6(a), the box plot columns represent each physician, grouped by mode, with (+) indicating
potential outliers. This figure indicates more variability in data using the ’Manual Mode’. Figure
6(b) shows the variability in measured oxygenation from each physician separately for both
inter-patient variability (top panel) and intra-patient (or inter-site) variability (bottom panel).
Across all 54 patients, interpatient varaibility decreased from 18% to 12%, and intra-patient
variability decreased from 25% to < 16%. Reviewing Fig. 2, we expected an increase in the
mean oxygenation between 5− 10% since all tissue measurements should start < 2sec after
initial contact instead of varying somewhere between 2−10sec. The mean oxygenation across
all patients increased from 54% to 63%. More significantly, using ’Automated mode’, the mean
oxygenation value for each physician is closer together (0.604 − 0.649) than data acquired
in ’Manual Mode’ (0.483− 0.571). Also, Physician ’D’, whose data did not align with the
other 3 physicians, had more consistent data when acquired automatically. Additional tissue
parameters, such as hemoglobin concentration, blood vessel radius and total scattering intensity,
showed a reduction in variability of only 2−5%. This is not surprising because these parameters
were not affected by timing as much as oxygenation. These results indicate the potential for
optimization of the algorithm to improve the data quality, repeatability and consistency.

To evaluate the accuracy of the automated algorithm to detect contact, we monitored the
change in probe position from the colon mucosa on the endoscope camera and documented
whether the algorithm accurately detected when the probe was ’ON’ and ’OFF’ contact with
the tissue. For ON-contact, the algorithm accurately detected contact and triggered 91% of
tissue measurements. In 8% of the failed detection cases, the reflected intensity was below the
threshold and the remaining 1% either saturated the detector or failed for unknown reasons.
There were additional cases when the probe was in contact and no data acquired, but these
corresponded to high variability in reflected intensity (similar to case A and B in Fig. 5). Thus,
the algorithm accurately detected the probe movement and this 4% of the data was not included
as measurements that failed to trigger. For OFF-contact, the accuracy was 83%, with 11% of
failures related to contamination on the probe tip (i.e. stool) and 6% of failures not falling
below the threshold when the probe was removed from contact. If contamination occurred
during tissue contact, the probe tip was rinsed with water (i.e. flush cleaned) to remove the
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Fig. 6. Initial in-vivo evaluation of automated algorithm across physicians. (a) Mean oxy-
genation per patient is grouped by physician for both modes of data acquisition. Data ac-
quired with the ’Automated Mode’ show reduction in the spread of oxygenation values,
fewer outliers (denoted as +) and the mean value for each physician is more closely matched
(0.604−0.649) than data acquired in the ’Manual Mode’(0.483−0.571). Also, the ’Auto
Mode’ reduces both the Interpatient variability ((b) top panel) and the Intrapatient variabil-
ity ((b) bottom panel).

contaminate allowing the algorithm to detect OFF-contact.

5. Discussion

We leveraged the nature of our fiber-optic probe system to develop an optical method of de-
tecting contact with tissue. This only required a software algorithm to configure the current
components of our device (i.e. spectrometers) and analyze reflected light. The intensity of re-
flected light is related to the probe distance from tissue surface (Fig. 4) which would make this
design akin to an optical proximity sensor. The additional requirement of consecutive readings
within a defined limit of one another effectively make this method a contact sensor. This is an
important distinction since probe-tissue contact is a requirement for data quality. The criteria to
define an optimal wavelength, integration time and additional parameters were presented so that
it can easily be integrated into any other fiber-optic probe system in biomedical applications.

The greatest advantage of incorporating this method into a fiber-optic probe device is the
ability to initiate a single or multiple tissue measurements automatically once contact is de-
tected. The physician can simply advance the probe toward the target tissue, use their haptic
perception to feel for contact while the software algorithm confirms contact and communicates
the result via an audible tone (beep). Then, by removing the probe from the tissue surface for
a brief moment (< 1sec) and placing it back in contact, a new tissue measurement can be ac-
quired. This removes interfacing with a data recording device or using an external trigger (i.e.
button or pedal) during the probe manipulation and allows the entire focus to stay on the proce-
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dure. This feature can expand data acquisition in applications with limited or no visualization
of the target tissue.

Fiber-optic probe technologies have shown promise in an endoscopic setting [6, 21]. How-
ever, for these technologies to truly be used as a screening tool and have an impact on the
broader population, they need to be used in the primary care office setting. In the case of colon
cancer screening, a primary care physician would need to take rectal measurements and this
requires blind insertion of the probe where the automated algorithm would ensure accurate data
acquisition. We initiated a pilot study using this method with a blind insertion protocol of an-
other probe technology from our group, described in Ref. [22]. This protocol is similar to the
methods outlined in this paper (10 ’Manual’ and 10 ’Automated’ mode measurements), except
the probe is ’blindly’ inserted into the rectum prior to a colonoscopy without the use of an endo-
scope. In the three patients recruited thus far, the inter-patient variability was reduced from 25%
to 18%; and the intra-patient variability was reduced from 15% to 7%. We are continuing to
test the performance of this algorithm on a larger scale with this blind protocol, and plan to ex-
tend the study into the clinical setting on patients who have not completed bowel preparation.
The algorithm performance remained the same with 92% accuracy for ON-contact detection
and 80% accuracy for OFF. Further analysis should also review the thresholds in order to make
them more robust and increase the accuracy of both ’ON’ and ’OFF’-contact detection.

In addition to facilitating the use of these technologies during procedures, this software
method can improve data quality and reduce variability. Variability results from several fac-
tors, including biological (i.e. interpatient), systematic (i.e. light source, probes, and timing),
and user techniques (i.e. pressure and length of contact). System differences and user tech-
niques were discussed earlier and potentially alter physiological measurements from the tissue
which can impact the classification accuracy in diagnostic applications. An automated contact
detection with controlled timing reduces some of this variability through minimizing any time
delays between probe-tissue contact and data acquisition. One example, reported above, was a
decrease in oxygenation as the length of contact time increased between the probe and tissue.
As we expected, the reliable detection of the algorithm and consistent timing from detection
to trigger resulted in higher oxygenation values compared to the manual mode. Although this
design cannot measure pressure, the use of a consistent time frame partially alleviates this lim-
itation. We use an audible cue to inform the physician that contact has been detected and a
tissue measurement has started. The idea is this feedback prevents the physician from contin-
uing to apply pressure. Our initial in-vivo data indicates lower variability in the measurements
within a patient and across all patients in the study. This gives us confidence that we can address
the impact of pressure without directly measuring or controlling pressure applied to the probe.
Lastly, each physician develops their own style and technique when using medical instruments
and this was quantified as a source of variability in one study evaluating the repeatability of
fluorescence spectroscopy for cervical neoplasia [23]. In our study, the increase in mean oxy-
genation of each physician represents an improvement in data quality as the contact algorithm
can reduce variability from pressure, steadiness of the hand, long contact times or possible bias
from years of experience. This highlights the potential for this automated method to serve as
a training tool for physicians using fiber-optic probes in a research setting, and ultimately as
a clinical device. For example, the physicians can use the contact detection algorithm together
with a real time graph of the reflected intensity readings (similar to Fig. 5 and already displayed
on our devices) to increase their haptic perception of the tissue surface while placing the probe
in contact, and to monitor the steadiness of their hand while maintaining contact with tissue.
We expect the performance to improve with additional use and will re-evaluate once we acquire
more data using the automated method.

#192160 - $15.00 USD Received 13 Jun 2013; revised 15 Jul 2013; accepted 17 Jul 2013; published 23 Jul 2013
(C) 2013 OSA 1 August 2013 | Vol. 4,  No. 8 | DOI:10.1364/BOE.4.001401 | BIOMEDICAL OPTICS EXPRESS  1411



6. Conclusion

In this paper, a novel software method is proposed that can be incorporated into current fiber-
optic probe systems without additional hardware. We presented the criteria that can be modified
to the sensitivity of different spectrometers, transmission properties of different fibers, alternate
probe geometries/designs or different tissue properties. We are not aware of another method
that uses a similar approach to provide proximity or contact feedback without hardware mod-
ification. Most importantly, the automated algorithm reduced the variability of in-vivo data,
especially related to individual physicians. Some sources of variability impact classification of
data and this algorithm could potentially improve diagnostic performance. Additionally, the au-
tomation of detecting contact provides a vast improvement in the ease of acquiring data from
tissue since the interaction of the physician is focused on the movement of the probe and no
longer requires direct visualization or involves interfacing with an external trigger (i.e. a button
or pedal) during the probe manipulation. This technology has the ability to expand the biomed-
ical applications and increase the robustness of fiber-optic probe systems.
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