
















4. Discussion and conclusion 

In this paper, we have developed and described a novel dual-coil MM-OCT configuration, 
and have demonstrated its potential for MM-OCT imaging in liquids and media that lack a 
significant viscoelastic restoring force. This dual-coil approach can overcome the inherent 
limitations (i.e., tissue restoring force dependency and slow acquisition speed) of 
conventional MM-OCT imaging, which has traditionally been based on a single coil design. 
This method enables high speed MM-OCT and magnetomotive optical coherence 
elastography imaging because MSs can be modulated with higher frequencies (i.e., ≥500 Hz) 
and only be limited by the mechanical response time of the sample (and not the naturally 
inherent elastic restoring force). This may also improve the SNR of the MM signal because 
low-frequency modulation (Fig. 3(M)) can be affected by spatial frequency components (e.g., 
heartbeat, pulsation of blood vessels, muscle twitching, etc.). A number of approaches, such 
as spatially oversampling the image or comparing the B-field OFF scan with the B-field ON 
scan, can be used to ensure that the spatial frequencies due to the sample structure do not 
overlap with the modulation frequency [4–8,18]. 

In general, an impedance mismatch can limit the maximum modulation frequency and the 
maximum magnetic field strength (B) at high frequencies (Fig. 1(C)). Our current dual-coil 
system can only modulate up to ~1 kHz due to the impedance mismatch between the coil and 
power amplifier. Additionally, the detection of the MM signal at high flow rates (>0.01 
mL/min) is limited by the achievable magnetic field strength (B) and gradient (∇|B|). A high 
magnetic field strength in principle can also result in aggregation of the MSs. However, we 
did not observe this effect because the small force exerted by the external magnetic field on 
the MSs was not strong enough to induce aggregation. Ongoing work includes developing 
coil-amplifier systems with higher modulation frequencies and higher magnetic field 
strengths. In future designs, impedance mismatch will also be resolved by having a capacitor 
bank, which can be tuned for specific AC modulation frequencies. 

The variation in MM response (i.e., displacement scale) may be useful for estimating the 
viscoelastic property of the medium such as blood and lymph. In other words, the variation in 
magnetic particle displacements under a fixed magnetic field strength is highly correlated to 
the viscoelastic property of the surrounding medium [12,13]. Furthermore, this dual-coil 
approach is not only applicable in MM-OCT imaging, but also magnetomotive ultrasound 
imaging [19,20]. 

In conclusion, this dual-coil MM-OCT approach will be useful in liquids and media with 
low viscosity that lack an effective elastic restoring force. Efforts are underway to incorporate 
this method with intravascular OCT imaging systems where these magnetic particles can be 
targeted to atherosclerotic plaques. The current coil configuration can be modified to enable 
in vivo intravascular MM-OCT imaging. This can be achieved by increasing the spacing 
between the primary and secondary coils (up to 8 cm for in vivo animal studies) and mounting 
these on a stationary stage. Theoretically, there is no limit to extend the distance between the 
two coils. The magnetomotive response of the targeted magnetic particles with this dual-coil 
MM-OCT system would be used for contrast enhancement for the early detection of 
atherosclerotic plaques, and algorithms are being developed to measure and correlate the 
nanometer- to micrometer-scale displacements (MM signal) induced by the external magnetic 
field to the viscoelastic properties of the biological samples. 
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