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Description

X-ray is one of the oldest, convenient, and cost effective
imaging techniques commonly employed in the diagnosis of
numerous clinical conditions. The differential X-ray absorption
capacity, or contrast of the biological system is a determining
factor in the biomedical X-ray picture interpretation. Due to the
tendency of air and gas (such as oxygen, carbon-dioxide, nitro-
gen) to have low radiographic density, they tend to be radiolu-

cent (i.e., not absorb X-rays) and hence, produce no shadow on
X-ray film and appear black [1]. In the present work we have
used radiolucent property of X-ray image of fingertips for the
detection of controlled hypoxia generated due to blocking of
blood circulation by using a rubber band. To our understand-
ing, this work can serve as a template for development of the
newer approaches to enhance the clarity of conventional X-ray
radiography along with possibilities of detection of hypoxia in
various organs of human subjects. Figure 1 depicts the X-ray im-
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o _
ages of fingertips of two subjects. For each subject index fin- /"~ N
ger is blocked with rubber band in order to generate the partial od
hypoxia compared to middle finger at different time. The con-
trast of X-ray of the muscles (due to differential radiolucency)
around fingertip is evident and their ratio are increasing with
time (Figure 1, a-d). Figure 2 describes the ratio of the contrast
of X-ray images around index and middle fingers of two sub-
jects due to differential radiolucency indicating increasing hy-
poxia in the index finger as a result of partially blocked blood
circulation by the rubber band. Optical absorption spectra using ’ - - —
diffused reflection technique [2] of one of the subject’s index ) Wavelengh (nm)

fingertip is shown in the upper panel of Figure 3. The absor-
bance around 560 nm and 576 nm indicate presence of deoxy
and oxy-hemoglobin respectively in the target organ in differ- 80
ent time. The estimated SpO, values (details will be published _
elsewhere) are shown in the following panels of the Figure 3b. §
A clear correlation of the hypoxia detected through X-ray imag- :';;.
ing (radiolucency) and optical technique is evident. Similar ob-
servation of manipulation of oxygen content in various target
organ in pre-clinical mice model is reported earlier from this d
group [3]. To our understanding the technique would find its
relevance for detection of hypoxia in various organs of human
subjects in economically challenging countries. In particular, for
the detection of severity due to diabetes-induced Peripheral Ar-
terial Disorders (PAD) which is very common in present scenario
would be very useful. 1. Pfeiffer F, Bech M, Bunk O, Kraft P, Eikenberry EF, et al. Hard-
// '\\ X-ray dark-field imaging using a grating interferometer. Nature

materials. 2008; 7: 134-137.
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Optical Spectra of fingertip of Sub 1

Sp0O2 of Sub 1
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Figure 3: Optical spectra of one of the subject’s index fingertip in-
dicating hypoxia due to blockage by rubber band after 15 minutes.
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Figure 1: X-ray images of two subjects (Sub 1, Sub 2), at (a) t=0, (b)
| t=5 min, (c) t=10 min, (d) t=15 min.
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\ Figure 2: The ratio of the contrast of X-ray images of two subjects.
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