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Recently, Kelly and colleagues [1], inspired by computed 
tomography (CT), report a “volumetric additive manufac-
turing” technology via a computed axial lithography (CAL) 
approach. A related US patent application [2] has also been 
filed. The cumulative light exposure solidifies the material in 
the target area, while the other area remains uncured, result-
ing in only specific points in the designed 3D objects being 
printed. This technology significantly improves the capabil-
ity of the digital light processing (DLP) technique. Mean-
while, the lithography approach based on a similar algorithm 
was already proposed by Xiang Wu in a patent (applica-
tion No. PCT/CN2016/080097) in 2016 [3]. Although this 
approach can theoretically achieve high resolutions, similar 
issues to conventional DLP approaches remain in the fol-
lowing aspects:

(1) Its compatibility is limited to photosensitive materi-
als, thus restricting its capability in fabricating multi-
material or microstructural constructs. For example, the 
solidified area is suspended in liquid during the curing 
process. High-viscous or solid precursor materials were 
then added to reduce the displacement and the geo-
metric dislocation-induced blurring. However, this may 

result in residues of the precursor material remaining 
in the structure.

(2) The effects of the attenuating oxygen content and the 
diffusion of the oxygen/inhibiting molecules on the 
accuracy of this technology need further investigation. 
An oxygen inhibition method has been proposed to 
delay the curing time. By dissolving oxygen or other 
inhibiting molecules sufficiently in the printing mate-
rial, the free radicals generated by the photoinitiator 
react preferentially with the inhibitor so that sufficient 
light intensity accumulates in the target area to ensure 
curing. However, the oxygen content of the liquid in 
the target position attenuates during the printing pro-
cess, so the influence of the nonlinear attenuation on 
the material response needs further study. The authors 
suggested that the reaction of photoinitiator and oxygen 
required the most time in this CAL process. In the final 
stage of the reaction, the oxygen in the target position 
is lower than the threshold and the materials solidified 
rapidly. In this process, the diffusion oxygen and other 
inhibiting molecules inside this liquid–solid transform 
will require substantial additional research to improve 
fabrication accuracy.

(3) The scattering of light and the optical superposition 
influence manufacturing accuracy. The band of incident 
light is limited by adding dye and blurring caused by 
the refraction of light is reduced by the vertical inci-
dence. However, due to the physical properties of the 
wall of the container and the interface between liquid 
and solid, incident light will inevitably lead to a certain 
degree of refraction, reflection, and attenuation. These 
changes in the optical path were neglected because the 
depth of focus of the projection system is considerably 
larger than the diameter of the printing volume. As the 
molecules aggregate, the solid–liquid interface also 
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causes changes in the optical path, which may lead to 
energy loss and imaging errors. Therefore, these factors 
must be considered in the future to improve the printing 
accuracy.

Although there is controversy over CAL technology, with 
improvements in computing algorithms and the analysis of 
light, this technology will provide a technical breakthrough, 
especially in the areas of 3D bioprinting and regenerative 
medicine. We have been carrying out studies on 3D printing 
of cornea, skin, and cardiac patches [4], aiming to develop 
transplantable tissue grafts for the treatment of diseases and 
injuries, e.g., corneal blindness, skin burns, and myocardial 
infarction. As one of the initiators of the journal of Bio-
Design and Manufacturing, we are tracking the development 
of a variety of bio-manufacturing technologies. We believe 
that CAL has at least the following advantages over conven-
tional additive manufacturing technologies. First, CAL has 
intrinsic advantages in fabricating tissues or organs in liquid 
materials. Currently, at least 15 types of tissues or organs 
can be 3D-printed using viscous liquid materials (bone, car-
tilage, cornea, nerve, muscle, blood vessel, lymphatic tissue, 
endocrine gland, uterus, ovary, cervicovaginal tissue, lung, 
airway, liver, kidney) [5, 6], three of which (cornea, liver, 
blood vessel) use DLP technology [7–9]. Second, CAL per-
mits the construction of solid and smooth surfaces, enabling 
the fabrication of most tissues and organs. For example, a 
transparent cornea with a smooth surface can be fabricated 
and potentially transplanted to animals and even human 
patients. Finally, CAL has achieved unprecedented fabricat-
ing speed over all other 3D printing techniques, significantly 
accelerating the process from bench to bedside.

The volumetric additive manufacturing technique using 
this CAL technique is a major advancement in additive man-
ufacturing in providing unprecedented fabricating speed and 
resolution. Once adapted to meet the requirements of bio-
medical applications, this technology will provide a revolu-
tionary tool in tissue engineering and regenerative medicine.
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