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Abstract: We evaluated the performance of static and dynamic optical tomographic imaging 



the disease status of the joint, we divide the measurements into two segments: one that images the stagnant 
properties of the joint and another that images the dynamic reactivity.  

To evaluate the static properties of the finger joint, a homogeneous baseline measurement of pure 1% 
Intralipid matching fluid is acquired. Once the baseline has been obtained, the data acquisition is paused while the 
subject immerses their finger into the cylindrical probe. The data acquisition resumes after the finger is resting 
securely in the imaging head. For each finger, the measurement is averaged over 100 time points. 
 To elicit a controlled hemodynamic response we employ a sphygmomanometer cuff placed around the 
upper arm. For each finger joint being examined, this cuff is inflated at a predetermined point in time after a baseline 
measurement is obtained. The experimental protocol used in this study evolves as follows:  First a baseline 
measurement of 10 seconds is made. This is followed by the inflation of the arm cuff up to 100mmHg. This inflation 
is typically accomplished within 2 seconds. The cuff is maintained for 30 sec, at which point the pressure is rapidly 
released. During this second rest period, data is acquired for another 40 seconds.   

For each volunteer and patient we usually imaged the ring, middle, and index finger on both hands. All 
experiments and procedures were in accordance with institutional guidelines and informed consent was obtained 
from all participants. 
 

2.3 Image Reconstruction 
To generate the images from the collected data, a model-based iterative image reconstruction (MOBIIR) scheme 
was employed [8,9]. This technique solves the continuous wave (CW) diffusion equation for a finite-element 
discritization over a volume of interest. The GID software package (www.gid.com) was used to generate a finite 
element, tetrahedral mesh of the cylindrical imaging head. Based on documented values, our initial guess for ma and 
D = c / 3(ma + ms’)  was 0.10cm-1 and 0.924 cm2/ns respectively. Details on the particulars of the algorithm used in 
this study can be found in reference [10] 
 

3. Results 
 

Figures 2a and b show examples of normalized detector traces obtained from two different fingers of a patient 
diagnosed with RA. The finger used in Fig. 2a was determined to be affected by RA, while the finger used in Fig 2b 
did not yet show any typical RA symptoms such as pain, swelling, or impaired mobility. The traces for the 
unaffected finger are very similar to traces typical for healthy patients (not shown). With the onset of venous 
occlusion, the signal steadily decreases as optical attenuation increases. Upon pressure release, the signal gradually 
climbs back toward baseline. The time traces for the RA joint (Fig. 2a) reveals greater peak attenuation for an 
identical perturbation. Furthermore, upon closer inspection, differences in reperfusion overshoot and time constants 
are noticed.  

Figures 2c and d show the corresponding tomographic reconstruction of the change in the absorption 
coefficient (Dma at l  =765nm) at the time of maximal signal change, just before the occluding pressure is released. 
The images are oriented so that the top of the graphic coincides with the posterior surface of the finger.  In both the 
affected and unaffected joint, changes are most pronounced on the periphery of the joint. The affected joint shows a 
symmetrical increase in absorption in the posterior and anterior regions of the finger joint while the lateral locales of 
the joint appear predominantly unaffected.  A decrease in ma is noticeable near the center of the image. The RA 
image displays a significant absorption increase anterior to the joint midpoint accompanied by a lesser absorption 
increase toward the posterior region. Furthermore, the posterior transformations appear closer to the periphery then 
the healthy subject. A larger pocket of decreasing ma is positioned near the upper-center segment of the image. 
Similar to the unaffected joint, the lateral locales remain primarily unchanged. 

Figures 2e and f show reconstruction results using the static data. The images represent the spatial changes 
in ma at 830nm taken with respect to an Intralipid phantom. In this case the unaffected joint seems to experience a 
more localized absorption profile toward the anterior region of the joint while the diseased joint displays a global 
absorption contour that spreads throughout the joint. 
 
4. Discussion and Conclusion 
 

We have shown that discernible features exist between joints affected and unaffected by RA. This is true for .static 
as well as in dynamic images. In images obtained from static data type, an increase in absorption and scattering is 
visible in the center as well as the adjacent joint structures. This is in agreement with expected increases in 
absorption and scattering properties of the synovial fluid and the increased vascular density surrounding the joint. In 
images obtained from dynamic data types, features typical for vascular changes surrounding the joint are prominent. 
Therefore, combining dynamic and static measurements it is possible to distinguish between effects generated by 
changes in the synovial fluid and changes in the vasculature. Studies with larger patient groups will be necessary to 
establish clinical utility of combining static and dynamic measurement types.  
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Fig.2. Time traces and image reconstructions for an RA affected joint and an unaffected joint on the same patient. The left column 
depicts RA-affected data sets while the right column shows unaffected: Fig. (a) and (b) are typical normalized time traces for the 
dynamic measurements. Fig. (c) and (d) represents the absorption distribution at l  = 765nm at maximum change in intensity, just prior 
to pressure-cuff release during the dynamic measurement. Fig. (e) and (f) represent the absorption distribution from the static 
measurement at l  = 830nm given in units of cm-1.   
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