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CLINICAL CASE STUDY
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Abstract
The repair and reconstruction of bone defects are still major problems to be solved in 
the field of orthopedics. Meanwhile, 3D-bioprinted active bone implants may provide 
a new and effective solution. In this case, we used bioink prepared from the patient’s 
autologous platelet-rich plasma (PRP) combined with polycaprolactone/β-tricalcium 
phosphate (PCL/β-TCP) composite scaffold material to print personalized PCL/β-TCP/
PRP active scaffolds layer by layer through 3D bioprinting technology. The scaffold 
was then applied in the patient to repair and reconstruct bone defect after tibial 
tumor resection. Compared with traditional bone implant materials, 3D-bioprinted 
personalized active bone will have significant clinical application prospects due to its 
advantages of biological activity, osteoinductivity, and personalized design.
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1. Background
Bone defects caused by trauma, infection, tumor resection, and other factors are 
still a major problem that urgently needs to be solved in the field of orthopedics[1,2]. 
Conventional treatment methods include autologous bone, allogeneic bone, or artificial 
bone implantation, but these methods can only provide scaffold for the ingrowth of new 
cells; the repair and regeneration of bone also require the ingrowth of macrophages, 
osteoclasts, osteoblasts, and blood vessels, with the defects being completely replaced 
by new bone after crawling replacement, followed by reconstruction and shaping 
that ultimately completes the repair[3,4]. The traditional treatment method may lead 
to increased risk of surgical traumas after autologous bone transplantation as well as 
increased risk of infections transmitted by allogeneic bone transplantation and as a 
result of immune rejection. In addition, limited bone source is also another challenge 
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facing traditional treatment method. Nevertheless, the 
3D-printed personalized bioactive bone can outperform 
the traditional repair method by addressing the prevalent 
challenges of the latter method[5].

3D bioprinting is used to assemble biological materials 
through a layer-by-layer deposition method with computer 
assistance and at the same time accurately colonize active 
cells or cytokines on the biological scaffold, adjust the shape 
and size of the scaffold and porosity, and then regulate the 
interactions between cells, cytokines, and materials[6].

In this case, we used bioink prepared from the patient’s 
autologous platelet-rich plasma (PRP) to combine with 
polycaprolactone/β-tricalcium phosphate (PCL/β-TCP) 
composite scaffold material to print personalized PCL/β-
TCP/PRP active scaffolds layer by layer with the help of 
digital medicine, autologous blood enrichment, and 3D 
bioprinting technology.

Compared with traditional bone implant materials, 
3D-bioprinted personalized active bone not only 
completely matches the shape of the bone defect of the 
affected limb but also has a highly bionic microstructure. In 
addition, the activation of PRP in the active bone material 
can release a variety of bioactive factors. These advantages 
could facilitate the ingrowth of cells and blood vessels and 
accelerate the repair process[7].

2. Case presentation
A 16-year-old female patient was presented with 
intermittent pain in the left calf, which had lasted for 
6  months. The patient developed proximal left calf pain 
after exercising, which was relieved by rest, followed by 
intermittent flare. A  tumor was palpable in the proximal 
left calf, approximately 1 × 1 cm in size, with an unclear 
boundary, poor mobility, and mild tenderness. The X-ray 
and computed tomography (CT) scan of the left tibia 

and fibula showed that there was a mass occupying the 
proximal end of the left tibia (Figure  1A and B). MRI 
showed multiple mass-occupying masses in the proximal 
left tibia, which may be benign (Figure 1C). Pre-operative 
biopsy showed striated muscle and fibrous tissue, and there 
were proliferative capillaries and venules in the fibrous 
tissue. Thus, the preliminary diagnosis of the case was 
osteofibrous dysplasia. To promote the healing of bone 
defects after tibial tumor resection, we planned to use 
3D-bioprinted active bone scaffolds for filling and repair. 
After obtaining informed consent from the patient, the 
physicians discussed the plan to perform left tibial tumor 
resection and implantation of bioprinted active bone for 
repair before surgery. The application of bioprinted active 
bone to repair bone defects was approved by the Ethics 
Committee of the Ninth People’s Hospital affiliated with 
Shanghai Jiao Tong University School of Medicine.

The bioprinted active bone was designed and printed 
with the CT scan data obtained before the surgery 
(Figure 2), and the whole process of printing was carried 
out in a 10,000 level GMP laboratory. Approximately 
35  mL of peripheral venous blood was drawn from the 
patient before surgery, and approximately 4  mL of PRP 
was prepared by two rounds of centrifugation. PCL/β-
TCP composite material and autologous PRP gel were 
then printed layer by layer through dual channels to obtain 
bioprinted active bone with a porosity of approximately 
55% (Figure 3A), which was then placed in normal saline 
for later use. During the operation, a longitudinal incision 
was made on the anterolateral side of the left proximal tibia, 
separated layer by layer. After exposing the tumor area of 
the proximal tibia, a hole was drilled and opened, and 
the lesions in the tibia were removed with a curette. The 
tumor lesions were approximately 3 cm × 2.5 cm × 2 cm 
in size as well as gray-white and medium in texture. The 
marginal tissue of the inner wall of the tibia was removed 

Figure 1. (A–D) Lower left extremity imaging examination.
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with a grinding drill and rinsed repeatedly with hydrogen 
peroxide and normal saline (Figure  3B). A  PCL/β-TCP/
PRP active bone scaffold was taken and implanted into the 
proximal tibial bone defect, and an 8-hole tibial locking 
plate was implanted externally, followed by screw fixation 
(Figure  3C and D). Post-operative pathological testing 
revealed that the condition was osteofibrous dysplasia; in 
addition, the patient had a good post-operative wound 
recovery and normal results in routine blood tests. After 
reviewing the X-ray and CT scan, we found that the plate 
screw was in place (Figure  4A–C). After 7  months, the 
implant was well integrated, and new bone formation was 
detectable by X-ray and CT (Figure 4D–F).

3. Discussion
The challenge in repair and functional reconstruction 
of bone defects is a long-standing problem in the field of 

bone repair and thus, it is a popular research hotspot[1,8]. 
Although bone tissue has a strong self-healing ability, only 
a certain range of defects can be repaired; once the critical 
point of self-healing is exceeded, complete healing is not 
possible without intervention. Conventionally, autologous 
bone transplantation is the gold standard treatment for 
bone defects. However, due to its limited source, additional 
surgery is required to obtain bone during the operation. 
This may give rise to complications, such as nerve damage 
and post-operative bone removal pain, infection, and 
fractures; therefore, autologous bone transplantation is 
limited in clinical practice. Allogeneic bone has the risk of 
inducing an immune response, integrating with host bone, 
slow remodeling, and spreading infection[9]. 3D bioprinting 
technology can fulfill the needs of anatomical structure 
remodeling and functional repair of the affected limb[10].

Traditional bone tissue repair requires macrophages, 
osteoclasts, osteoblasts, and blood vessels to continuously 
grow into the defect area from around the defect area, 
undergo processes such as crawling replacement, 
reconstruction and shaping, and finally complete the 
repair and reconstruction of the bone defect. However, 
these processes take a long time to complete. When 3D 
bioprinting technology is used for bone defect repair, it 
directly loads bioactive components such as stem cells or 
growth factors, which can directly act in situ in the defect 
area and rapidly develop into healthy, mature tissues. In 
this case report, the active bone repair scaffold prepared by 
3D bioprinting not only completely matched the shape of 
the bone defect of the affected limb but also had a highly 
bionic microstructure. These advantages collectively 
promoted the ingrowth of cells and blood vessels and 
accelerated the repair process.

Figure 2. Design and printing of bioactive bone.

Figure 3. Tumor resection of the left tibia and implantation process of the 
bioprinted active bone.
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However, there are still many challenges and 
shortcomings in the application of bioprinting technology 
in clinical practice. In the bioprinting process, the 
selection of bioinks with suitable properties, such as the 
biocompatibility of materials, osteoinductive properties, 
and mechanical properties, is the first problem that 
needs to be addressed[11]. Second, from the perspective 
of printing technology, the material must be cured at 
room temperature without affecting the activity of cells or 
growth factors[12]. In addition, vascularization is a major 
challenge for tissue engineering at present. Vascularization 
is a complex physiological process that requires the 
participation of cells, scaffolds, and growth factors[13-15]. 
Therefore, bioinks that can support vascularization are in 
urgent need of development.

To quickly heal the bone defect formed after the 
patient’s limb tumor was removed, we designed and 
printed a PCL/β-TCP/PRP active bone scaffold based on 
the CT scan data of the affected limb. PCL is one of the 
most widely used biomaterials in bone tissue scaffolds. 
It has good biocompatibility and is non-toxic, non-
immunogenic, and able to be degraded for absorption, 
making it a good implant material. However, studies have 
found that PCL degrades slowly and has no osteogenic 
activity as a replacement material for bone tissue filling[16]. 
Compared with calcium sulfate and hydroxyapatite, 

β-TCP has a moderate absorption rate in the body and is 
effective at stimulating osteogenesis, making it a good bone 
defect repair material[17]. Therefore, a composite material 
formed by melting and mixing PCL and β-TCP in a certain 
proportion has a suitable degradation rate, facilitates 
osteogenesis, and promotes bone fusion. However, due 
to the lack of biological activity of a single PCL/β-TCP 
composite scaffold, it has a limited effect on promoting the 
repair of bone defects. Therefore, it is necessary to add a 
safe and effective active factor to induce endothelial and 
mesenchymal stem cells so that they grow into the scaffold, 
proliferate, and differentiate, thereby accelerating the 
process of angiogenesis and the osteogenic repair of the 
bone defect site.

Osteogenesis-inducing factors such as bone 
morphogenetic protein (BMP) and angiogenesis-
promoting growth factors such as vascular endothelial 
growth factor (VEGF) are expensive, unstable in their 
physical and chemical properties and have potential to 
trigger heterotopic ossification complications, such as 
tumor formation, limiting their application in the field 
of bone tissue engineering. It is extremely important to 
find an alternative, safe, and effective factor to regulate 
the growth, proliferation, and differentiation of cells that 
grow into 3D-bioprinted active bone. Therefore, to make 
the printed bone scaffold bioactive, we added the patient’s 

Figure 4. Post-operative X-ray and CT examination of the lower left extremity. (A–C) Two days after the operation. (D–F) Seven-month follow-up.
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autologous PRP as another main component of the bioink. 
PRP is an extract of autologous whole blood containing a 
high concentration of platelets and small amounts of white 
blood cells and fibrin. P latelets a re a ctivated t o r elease a  
variety of growth factors, including platelet-derived growth 
factor (PDGF), transforming growth factor (TGF), vascular 
endothelial growth factor (VEGF), and insulin-like growth 
factor (IGF), and play an important role in promoting 
bone formation and angiogenesis[18,19]. In addition, the 
preparation of PRP is simple, and only a small amount of 
blood will be taken from the peripheral vein of the patient, 
which significantly reduces the discomfort to the patient.

4. Conclusion
We successfully performed a left tibial tumor resection and 
implemented PCL/β-TCP/PRP bioprinting active bone 
implantation for the repair of bone defect. The wound 
recovered well after the operation, and we will continue to 
follow up with the patient regularly to evaluate the clinical 
efficacy of the bioprinted active bone. This report presents 
the first case of applying self-developed 3D-bioprinted 
active bone in the repair of bone defects, marking the 
advent of a new era of using 3D-bioprinted structures in 
clinical practice in China.
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