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The development of the skull is, counterintuitively, driven by the expansion of 
the underlying soft brain. This influence is mediated by the dura mater, a tough 
connective tissue that surrounds the brain and retains the cerebrospinal fluid. 
Despite its important role in the development of cranial sutures, little is known 
about the mechanobiology of the dura itself. There is an unmet need for detailed 
information about the spatial and temporal variations in both the mechanical 
strain and the biological responses of the dura. In this poster, we present our initial 
steps towards quantifying total deformation in the growing dura mater via in vivo 
imaging of mice over 20 weeks. We also discuss our future plans to distinguish the 
deformation due to growth and that due to elastic stretch via residual stress cutting 
and cell stretching experiments.
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Motivation Methods and Results Future Directions
The dura mater is a tough connective 
tissue  that surrounds the brain.

● Brain growth causes growth of 
surrounding cranial vault, via dura mater

● Possibly implicated in disorders

● Deformation = growth + stretch
● Goal: characterize growth under tension

● 7T MRI scans of 6 mice at 4, 8, 12, 
16, 20 weeks

● Segmented using FSL (Woolrich et. 
al NeuroImage 2009)

● Measure residual stress
○ Cutting shows tissue tension as 

openings

○ Simulations to quantify 
observations

● Measure cell growth in response to 
stretch

Schematic of mechanical forces on the 
brain (tan), dura (gray), and skull (white)

Microcephaly, a condition associated with 
Zika virus.  Image from CDC.

MRI scan and segmentation of a female 
mouse brain at Week 16 

Cuts in mouse brain reveal the presence 
(white arrows) and absence (black) of 

tension.  Image from Xu et. al BMMB 2009

Apparatus for ex vivo stretching of cells. 
Image from FlexCell International
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Breast cancer has a lifetime risk of 12.5% in women, with a risk of metastasizing 
to other regions of the body. We developed an implantable breast clip to be applied 
to response-guided chemotherapies to prevent chemoresistance. The clip was 
designed to fit within a 12G needle that is typically used for breast biopsies. First, 
we used simulations of tissue light propagation to design a source and detector 
layout that maximizes sensitivity to tumor optical properties. This included 
contributions from physiological concentrations of oxy- and deoxyhemoglobin to 
the total hemoglobin concentration . The biosensor prototype layout utilizes two 
wavelengths and two detectors in a self-referencing scheme to capture changes 
in hemoglobin concentrations. To minimize the number of components and thus 
overall size, we utilized a Texas Instruments AFE4404 integrated circuit to control 
the sources and detectors. We have completed an initial  functional prototype of our 
implantable breast clip that is interfaced with an external microcontroller. We also 
developed an encapsulation process for the breast clip, and an injection procedure 
for preclinical tumor studies. Future steps involve testing the functionality (eg. 
sensitivity, accuracy, reproducibility) of our clip in liquid tissue-simulating phantoms 
and an in vivo biocompatibility study. 



it can metastasize to other regions of the body. Thus, we 
hypothesize that we can  develop an implantable breast clip 
capable of continuous functional sensing of tumor composition 
changes for applications in response-guided chemotherapy to 
prevent chemoresistance. The implantable clip was designed to 
fit within a 12 gauge needle that is typically used for breast 
biopsies. The implantable biosensor design applies diffuse 
optical imaging, using the visible and near-infrared spectroscopy 
(400-1200 nm). Here, we utilize vertical cavity surface emitting 
lasers (VCSELs) to target specific wavelengths in this visible and 
near-infrared region, namely 680 nm and 850 nm because of the 
distinct absorption properties between oxy and 
deoxyhemoglobin concentrations. VCSELs are a form of 
semiconductor laser diode that emits a laser beam that is 
perpendicular to its surface. Presently, we are adapting our 
wired breast clip to a wirelessly powered and communication 
device. We are also in the process of testing the functionality of 
the current breast clip prototype.

Here we have designed a functional prototype of a breast clip that is capable 
of measuring varying changes in absorption of the tissue mimicking 
environment. We have also supported this data with photon tracing 
simulations. We are in the process of developing a wireless version of this 
breast clip and will also test our technology in mouse tumor models.

First, we used simulations of tissue light propagation to design a 
source and detector layout that maximizes sensitivity to tumor 
optical properties. This included contributions from 
physiological concentrations of oxy- and deoxyhemoglobin to 
the total hemoglobin concentration (50µM, 70µM, 100µM, or 
200µM). To minimize the number of components and thus 
overall size, the implant utilizes a Texas Instruments AFE4404 
integrated circuit to control the sources and detectors. The 
prototype functionality was tested using an intralipid liquid 
phantom with varying absorption properties.
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Smart Breast Clip PrototypeSimulations: Smart Breast Clip

A. Breast Clip Prototype Design B. Ray Tracing Software Validation

C. Breast Clip Optical Simulation D. Tumor Hemodynamic Properties
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Breast cancer has a lifetime 
risk of 12.5% in women and is 
the fourth leading cause of 
cancer death in the US. 
When the breast cancer is 
left undiagnosed or the 
treatment fails to be effective

A. VCSEL Characterization B. Detector Characterization

C. Intralipid Liquid Phantom Setup D. Preliminary Chip Functionality

Gold Foil

Detector

VCSELs

A. The prototype design of the breast clip, displaying the front side of the chip. On the bottom is a 
representative image of the prototype PCB, with the intended implantable area roughly the width of a dime 
and capable of fitting into a standard 12 G biopsy needle (inner diameter ≈ 2.16mm). The onboard AFE4404 
controls the VCSELs and detected photocurrent. The area boxed in red is zoomed in and shown in B., 
displaying the wire-bonded detectors as well as VCSELs used.

Front

C. Here we simulated the arm of the breast clip (the thin area in A.) within a semi-infinite phantom 
mimicking tumor hemodynamic properties. Here we see the path of the photons as they travel from the 
VCSELs on the right hand side to the detector on the left hand side, forming a banana shape. For 
demonstration purposes, a 3 cm sphere representing a tumor was placed around the arm. D. Depicting the 
simulated photocurrent depending on the different tumor hemodynamic properties for both 690 nm and 
850 nm. As tissue oxygenation saturation increases, we see an increase in photocurrent at 690 nm and a 
decrease at 850nm. When looking at changes in total hemoglobin concentration, as the concentration 
increases, the detected photocurrent also decreases for both the wavelengths.

A. Characterization the VCSELs used, showing voltage and output power as a function of current supplied. 
The 680 nm VCSEL has a peak voltage around 2V and a threshold output power around 2.5mA. The 850 nm 
VCSEL has a peak voltage around 1.5V and a threshold output power around 7.5mA. B. The detector 
onboard the implantable chip as a function of a reference detector from Thorlabs (SM05PD1B-IC) shows 
high linearity between the two (R2 = 0.999).

C. A representative image of how the intralipid liquid phantom experiments was set up. The wired breast 
clip was coated in epoxy to seal off the electrical components prior to its submersion in the liquid phantom. 
Externally, the functionality of the onboard VCSELs as well as gathering the detected photocurrent signal 
were controlled with both arduino and python code.  D. An absorbing chromophore, nigrosin, was added 
incrementally at an estimated absorption of 0.002 mm-1 increments. Using the onboard VCSELs of the 
breast clip and the far detector to measure the diffused optical signal, with each addition of nigrosin, we see 
a decrease in detected signal. Each point is 1 second of averaged data (of 35 data points) using the far 
detector. The error bars indicate range in signal during the initial 30 second measurements. 
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Successful breast lumpectomy surgery requires resecting a tumor specimen with 
margins that do not contain cancer cells. To assist the surgeon, presurgical wire-
based localization serves as a practical tool to guide the surgeon to the location 
of the tumor during the surgery and is especially important for nonpalpable breast 
lesions. However, wire-based localization presents several practical and logistical 
hurdles, is uncomfortable, and the wire can migrate to non-ideal locations in the 
tissue. Thus, wire-free localization modalities utilizing radioactive or radio-frequency 
(RF) interrogated implants have been developed as alternatives. One example of 
an RF-based localization approach is the SAVI Scout which provides improved 
physical accessibility to the patients, however, it cannot distinguish multiple lesions 
simultaneously because of overlapping signals. Here, we present the design and 
initial experiments of a needle-injected lesion localization device that overcomes 
these drawbacks by including red (645 nm) and green (575 nm) LEDs that are 
excited with a wireless using a handheld probe. Light emission from within the tumor 
allows the surgeon to precisely identify the excision volume. Furthermore, the dual 
color emission allows for the localization of multiple lesions since red and green light 
propagates for different distances within the tissue.
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Optically-Guided Wire-Free Localization Concept

Power Coupling Efficiency

Demonstration of Wireless Power Transfer
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Experimental Setup and Method

Conclusion 

The PCB board was designed with a transmission width of 0.287 mm for the 50-ohm
impedance match. The S-parameter was measured by using the Copper Mountain
Network Analyzer. Continuous-wave (CW) of the single-frequency at 13.56 MHz was
generated by the Vector Network Analyzer (Agilent 8753ES) for the evaluation of the
power transfer from the transmitter antenna to the receiver prototype. Two stacked XR50
series in the X-axis and Y-axis were set up for the evaluation of the distance for the S21
shown in Figure 5.

Figure 3. The observed resonance frequency of the antenna vs distance from the ferrite
transmitter to receivers: (a) Glass 1mm and (b) Glass 2mm.

(a) (b)

The measured resonance frequency of the antenna in the air as a function of distance from the
ferrite transmitter to the glass 1mm (a) and the glass 2mm (b) receiver was presented in Figure 3.
The distance between the transmitter to the receiver was increased at 4 mm intervals, starting
from 0 mm to 28 mm. The measured amplitude (dB) of S21 parameters of Glass 1mm indicated
that -7.5 dB (d = 0mm) and -58.2 dB (d = 28mm). S21 of Glass 2mm showed the S21 parameters
(dB) with -5.6 dB (d = 0mm) and -56.8 dB (d = 28mm). The Glass 2mm showed higher dB in
each point than Glass 1mm.

Successful breast lumpectomy surgery requires resecting a tumor specimen
with margins that do not contain cancer cells. To assist the surgeon, presurgical
wire-based localization serves as a practical tool to guide the surgeon to the
location of the tumor during the surgery and is especially important for
nonpalpable breast lesions. However, wire-based localization presents several
practical and logistical hurdles, is uncomfortable, and the wire can migrate to
non-ideal locations in the tissue. Thus, wire-free localization modalities
utilizing radioactive or radio-frequency (RF) interrogated implants have been
developed as alternatives. One example of an RF-based localization approach is
the SAVI Scout which provides improved physical accessibility to the patients,
however, it cannot distinguish multiple lesions simultaneously because of
overlapping signals. Here, we present the design and initial experiments of a
needle-injected lesion localization device that overcomes these drawbacks by
including red (645 nm) and green (575 nm) LEDs that are excited with a
wireless using a handheld probe. Light emission from within the tumor allows
the surgeon to precisely identify the excision volume. Furthermore, the dual
color emission allows for the localization of multiple lesions since red and
green light propagates for different distances within the tissue.

(a) (b)

Figure 4. Evaluation of the prototype as the function of distance at 13.56 MHz. (a) shows
before the radio frequency turn on. After the RF turn on at the distance of 0mm (b) and 4mm
(c) at 13.56 MHz with 20 dBm.

(c)

The Glass 2mm was examined for the prototype due to the 2 dB higher than Glass 1mm on the
maximum dB. The performance of the prototype with the Glass 2mm receiver antenna was
characterized by the distance. The distance was observed in 4 mm under the transmission of the
power supply of 50 ohm Vector Network Analyzer with 20 dBm at 13.56 MHz. The examined
prototype is for the basic evaluation to see the proof of concept, since the matching network
was not properly aligned with the LED impedance and resonance frequency. Further evaluation
to improve transmission power and matching networks will be performed. Moreover, the
amplifier is an advantageous option to improve and achieve the desired distance ranges up to
5cm.

We present initial experiments of a optical-based wire-free breast lesion localization for
surgical resection. The inductively coupled wire-free optical technique has future
advantages such as overcoming limited physical accessibility to patients before surgery
as well as preventing unintended migration of the wire. Moreover, the dual color
emission provides the localization of multiple lesions simultaneously.

Figure 2. Ferrite and Glass antenna. (a) Transmitter (Tx) Ferrite antenna.
Receiver (Rx) (b) Glass 1mm and (c) Glass 2mm. (d) The return loss (S11) versus
frequency of Ferrite (Tx) red, Glass 1mm (Rx) black, and Glass 2mm (Rx) blue.

(a)

(b)

(c)

(d)

A fabricated antenna was integrated into the PCB board to evaluate the coupling efficiency
between the transmitter and receiver. In order to evaluate the inductive coupling efficiency, the
capacitors were applied for each antenna based on the inductance of each. According to the
application of the capacitance, the peak frequency (S11) of each antenna was evaluated in the air.
The measured S11 of Ferrite antenna showed 13.56 MHz with -10.8 dB. The Glass 1mm and
Glass 2mm presented -14.6 dB and -3.3 dB respectively as shown in Figure 2(d).

Future Work

• Optimize the RF power coupling to the LEDs to maximize distance and brightness.
• Determine the optimal wavelengths for multi-lesion localization.
• Perform mock localizations using tissue-simulating phantoms and ex vivo chicken

breast tissue.
• Develop a portable prototype suitable for an operating room (OR) environment and

evaluate usability and performance with a breast surgeon.

Figure 1. The schematic of the proposed optical-based wire-free breast lesion
localization for surgical resection. The different propagation of the Red (Farthest)
and Green (Closest) presents the indicators as a function of distance in the non-
palpable multiple tumor lesions.
The schematic of optical-based wire-free localization is presented in Figure 1. For
wireless operation in the industrial, scientific, and medical (ISM) radio-frequency
(RF) band, the resonance frequency is set at 13.56 MHz with simple matching
capacitors. In addition, antiparallel LEDs are designed for receiving ~10 mW of
electrical power from the transmitter which is on the order of 5 W.

Transmitter and Receiver Antenna

Figure 5. The measurement setup of the translational stage for the transmitter and
receiver antenna .
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Over a hundred samples of drugs and drug paraphernalia collected from 57 fatal 
drug overdoses were analyzed using the idPAD and LC-MS, and results were 
compared to toxicology data from the decedent. The idPAD was effective in 
detecting controlled substances in larger samples (>10 mg solid). Fentanyl was the 
most common opioid and was very frequently found admixed with heroin.
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Illicit street drugs 
can be identified 
using a paper test 
card.

idPAD DEVELOPMENT 
The idPAD combines 12 color tests that detect 
functional groups found in opioids, 
amphetamines, and other illicit substances.1

Lane Functional Group Detected Reagents

A Tertiary Amines Co(SCN) + Tosic Acid

B Tertiary Amines Co(SCN) + Tris Base

C Tertiary Amines Co(SCN) + 2M NaOH

D Phenols P-Nitroaniline

E Phenols Sulfanilamide

F Nucleophiles Napthoquinone Sulfonate

G Amylose Triiodide/Povidone

H Ethambutol CuSO4

I Catechol FeCl3

J Primary Amines Ninhydrin

K Alkaloids/Indoles Dimethylcinnamaldehyde

L Timer NiCl2

FIELD SAMPLE COLLECTION
• Drug paraphernalia and unknown substances were collected from the scenes of 

overdose deaths by the Marion County Coroner’s Office (IN). 
• Samples were collected in the forms of pipes, powders, pill bottles, baggies, and 

syringes. 
• Of the 271 samples, 107 could be run on an idPAD. 
• The idPAD result, LCMS analysis, and toxicology information for the decedent were 

all compared to determine the idPAD’s analytical metrics.

idPAD METRICS

DISCUSSION
• 5 samples did not give LCMS spectra; 5 samples did not give idPAD color changes;  14 were legit 

pharmaceuticals
• The idPAD identified the same illicit drug as LCMS in 81 of the remaining 83 cases.  One sample of 

diphenhydramine was misread as heroin, and one sample of fentanyl was misidentified as meth.  
• Mixtures of illicit substances pose challenges for all field presumptive tests. This was also observed in this 

study and requires additional testing/development of the idPAD.  

• Does not require electricity or other 
instrumentation

• Can be used with minimal training 
• Costs less than $2.00 USD per test card
• Can test powders, pills, and residues from 

syringes 
• Can be used in the field or clinical setting
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LCMS Analysis 
Unknown Sample ND-045

Drug Limit of 
Detection 
(μg/Lane)

% by Mass

Cocaine HCl 65 1% Cocaine/ 99% Lactose
Heroin 180 4% Heroin/ 96% Lactose

Methamphetamine 180 3% Meth/ 97% Lactose
Crack Cocaine 55 2% Crack/ 98% Lactose

DETECTION OF ILLICIT DRUGS AND CUTTING AGENTS: Functional groups in chemical 
compounds can be detected using color chemistry. When combined, these color tests generate a unique and 
identifiable “color barcode”. The colors which constitute each color barcode are formed by chemical 
reactions between reagents stored in the 12 different lanes (A-L) and the substance deposited at the “swipe 
line” of the idPAD. Each bar code involves results from 3-5 lanes. Although the individual color tests are 
not specific for a certain drug, readers can deduce chemical structure information based on the colored 
response of multiple lanes.  

Drug Sensitivity Specificity Average 

Cocaine HCl (n=240) 95% 100% 97%

Heroin (n=240) 94% 100% 96%

Methamphetamine (n=240) 94% 100% 96%

Crack Cocaine (n=120) 75% 100% 88%

• 280 Blinded Samples were prepared (80 
each of pure and diluted Cocaine HCl, 
Heroin, Methamphetamine, and 40 of 
Crack Cocaine). 

• idPADs were ran of each sample and 
photographed. 

• 3 Researchers reviewed each image (n=840 
independent idPAD reads). They were 
asked if a drug was present, and if so, 
which drug? 

• There were no false positive readings of 
any drugs. 

• Crack Cocaine and Cocaine HCl were 
frequently misidentified as each other. 

• Drugs were diluted with lactose (idPAD 
inactive) to determine LOD. Values were 
calculated following NIJ Standard 0604.01. 
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Toxicology Report
Cause of Death Analyte Name Concentration Units

Combined toxic effects including 
amphetamine, methamphetamine, 

morphine, fentanyl, acetyl 
fentanyl, and butryrlfentanyl 

Caffeine Positive mcg/mL
Alprazolam 51 ng/mL

Morphine-Free 72 ng/mL
Diphenhydramine 72 ng/mL

Phenylpropanolamine 13 ng/mL
Amphetamine 550 ng/mL

Methamphetamine 3500 ng/mL
Fentanyl 65 ng/mL

Norfentanyl 8.4 ng/mL
Acetyl Fentanyl 1.2 ng/mL

4-ANPP 1.1 ng/mL
Butyrylfentanyl 0.07 ng/mL

Test card containing 
preloaded dry 

reagents 

Step 1: Crush 
tablet and apply to 

card  

Step 2: Dip card in 
water for 3 minutes 

Colors develop 
in 3 minutes 




