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Summary: We present microtomography of a living specimen combin ing phase-contrast imaging and a Fourier-based 

iterative algorithm termed equally sloped tomography. Non-destructive 3D imaging of an anesthetized living yellow 

mealworm Tenebrio molitor was demonstrated with relatively  low dose using synchrotron generated X-rays. Branching 

tracheoles and different tissues of the insect in a natural state were identified and analyzed. 

1. INTRODUCTION 

Determinat ion o f th ree -d imensional (3D) structu ral in format ion  of live organ is ms  has advanced  the understanding  

of many  funct ions and evolut ionary  characteristics. Conventionally , internal st ructures  of o rgan is ms such as  

insects are attained  by  h istotomy in  which  the whole specimen  is d issected  into  histo log ical serial sections  a nd  

investigated  by  light  microscopy or elect ron  microscopy. However, h istotomy is  a destruct ive, h igh ly  techn ical, 

labor-intensive method and it is much more desirab le to  investigate intact, living  samples when possible. Non -

invasive techn iques such as con focal microscopy, magnet ic resonance imaging  (MRI), and  u ltrasound imaging  are 

useful however they  are limited  by  sample  size and/or image reso lution . W ith  th is in  mind, developing  non -

destructive imaging techniques which can perform 3D structural analysis  of living specimens is imperative. 

X-rays prov ide an approach fo r imaging intact  specimens with micron resolut ion  because o f their short  

wavelength  and  long  penetrat ion  depth . Convent ional X-ray  radiography  is  based on  d ifferences  in  the absorpt ion  

characterist ics o f the materials being  imaged  and  has  a long  h istory  of use in  b io logy  and  medicine. Nevertheless, 

differences in  absorpt ion characteristics between d ifferent liv ing b io log ical t issues are qu ite s mall, which often  

leads to very low contrast and poor spatial resolut ion in the acqu ired images. Alternat ively , phase -contrast X-ray  

imaging presents as a p romis ing cho ice fo r enhancing the image resolut ion o f b io logical specimens . Phase-

contrast imaging  is based  on  the phase sh ift  o f X-rays  and  sign ificant ly  improves  the resolut ion  capab ility  

compared with absorption -based rad iography. Recent ly , various phase-contrast imaging techn iques have been  

developed including propagat ion -based imaging  (i.e . in-line phase-contrast imaging), X-ray  interferometry , 

grat ing-based imaging , and analyzer-based imaging. These imaging techn iques have been widely used in  

bio log ical app licat ions, such  as the invest igat ion  of millimeter-s ized  insects. However, 3D phase-contrast X-ray  

imaging of liv ing  insects is challeng ing due to the radiosensit iv ity  of b io log ical specimens. One efficient way to  

decrease the rad iat ion  dose to  the specimens is  reducing exposure t ime or pro ject ions. Thus, a powerfu l 

reconstruct ive algorithm p lays an  important  ro le in low dose micro -CT research . Recent ly , numerous iterat ive 

tomographic algorithms  such  as model-based iterat ive reconstruct ion, compressed sensing, and penalized  

maximum likelihood  have been developed  to reduce or eliminate damage caused by  the irrad iat ion o f a sensit ive 

specimen.  

In th is  letter, we present the 3D non-destruct ive imaging  of living  insects by  combin ing phase -contrast X-ray  

microscopy and  a powerfu l Fourier-based iterat ive algorithm termed  equally  sloped  tomography  (EST). We firstly  

verified the h igh performance of th is algorithm compared with  convent ional filtered back pro ject ion  (FBP) by  
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experimental reconstruct ion  o f bio log ical samples. Then, a liv ing  yellow mealworm Tenebrio  molito r was imaged  

based on  phase-contrast X-ray  technology  and  reconstructed  with  the EST algorithm from a very  s mall number o f 

projections. 

 

2. EXPERIMENTAL METHOD 

In-line phase contrast X-ray  images were acqu ired  with  the beamline BL13W 1 at the Shanghai Synchrot ro n  

Radiat ion  Facility (SSRF). A  co llimated 12 keV X-ray beam was monochromat ized  by a double Si (111) crystal 

system. A mechanical shutter was p laced  in front o f the sample to avo id  rad iation  exposure in the absence o f 

image capture. When the X-ray beam t raverses the sample, the exit ing beam carries both absorpt ion and phase 

shift  informat ion. After p ropagat ing a sufficient  d istance, the phase shifts can be t ransformed  into  measurab le 

intensity  variat ions by Fresnel d iffract ion. A CCD detector with 2048 × 2048 p ixels (p ixel s ize of 9×9 µm) was  

used to t ransform the beam into  an  image. The specimen  was  fixed on  a rotary  stage that  was  strict ly  calib rated  to  

parallel the CCD camera, and  rotated  180° during  data acqu is it ion. Equally  ang led  and  equally  s loped  pro ject ions 

were acqu ired  fo r FBP and EST, respect ively . Furthermore, white field images, with  light  but no sample were 

acquired at  ninety pro ject ions, and five dark field images without light in the light -beam stat ion were acqu ired  

after data acqu is it ion. The series o f t ilted  pro ject ions were subsequently reconstructed by the FBP and EST 

algorithms. 

3. RESULTS 

 

 

FIG. 1. In -line phase contrast images of a liv ing Tenebrio molito r without phase retrieval. (a) A representat ive 

pro ject ion. (b) 3D microstructure o f the Tenebrio  molito r d irect ly  reconstructed  by EST algorithm with 320 

pro ject ions. (c) Branch ing  internal t racheas and  tracheo les. The intensity in  (a) corresponds to the second  

derivat ive of the refract ive index, showing the effect o f edge enhancement, by which  the b ranch ing  tracheas and  

tracheoles can be visualized after tomographic reconstruction as shown in (b, c). 
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