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Background: The aim of this study was to compare the clinical and radiological outcomes of the 3D-printed artificial verte-
bral body vs the titanium mesh cage in repairing bone defects for single-level anterior cervical corpectomy and
fusion (ACCF).

Material/Methods: A total of 51 consecutive patients who underwent single-level ACCF in Huai’an Second People’s Hospital from
July 2017 to August 2020 were retrospectively reviewed. According to the implant materials used, patients
were divided into a 3D-printed artificial vertebral body group (3D-printed group) (n=20; 12 males, 8 females)
and a titanium mesh cage group (TMC group) (n=31; 15 males, 16 females). General data, radiological param-
eters, and clinical outcomes were recorded.

Results: The rate of subsidence in the 3D-printed group (0.01, 2/20) was lower than in the TMC group (0.29, 9/31)
(P<0.05). HAE and HPE of the patients in the 3D-printed group were significantly higher than those in the TMC
group (P<0.05). C2-C7 Cobb angle and SA of the patients in the 3D-printed group were significantly larger than
those in the TMC group (P<0.05). All patients in the 2 groups showed significant improvement in VAS, JOA, and
NDI scores at 3 months and 1 year after surgery.

Conclusions: 3D-printed artificial vertebral body helps maintain intervertebral height and cervical physiological curvature
and is a good candidate for ACCF.
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Background

With the development of modern life, the prevalence of cervical
spine diseases is on the rise. Anterior cervical compression and
fusion (ACCF) has the advantages of complete decompression
and ample exposure, so it is extensively used in the treatment
of a variety of cervical-related diseases [1,2], such as cervical
spondylotic myelopathy (CSM), cervical fracture, tumor, and tu-
berculosis. ACCF has become one of the main surgical methods
for treating CSM [3,4]. Titanium mesh cage (TMC) is current-
ly the most common implant for repairing bone defects during
ACCF, but TMC subsidence may occur after surgery and cause
a series of changes and clinical symptoms [4-6]. The excessive
subsidence of TMC causes changes in intervertebral height and
cervical curvature, resulting in compression of nerve roots, liga-
menta flava fold, and cervical kyphosis. Extensive research has
resulted in great improvements [7-9]. The 3D-printed artificial
vertebral body that was recently introduced has the characteris-
tics of larger contact area, favorable mechanical properties, and
biocompatibility, becoming an acceptable substitute for repair-
ing bone defects during ACCF [10]. Yang et al [11] used an indi-
vidualized 3D-printed artificial vertebral body for cervicothorac-
ic reconstruction in a 6-level recurrent chordoma. Xu et al [12]
used a personalized 3D-printed vertebral body to reconstruct
the upper cervical spine in an adolescent with Ewing sarcoma.

Material and Methods

Patients

Fifty-one consecutive patients who received single-level ACCF be-
tween July 2017 and August 2020 were enrolled and their data
were retrospectively analyzed. We excluded patients who received
more than 1-level ACCF, those with incomplete perioperative

Table 1. General patient data (mean+SD).
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radiographic data, and those with primary or metastatic cervical
tumors and severe osteoporosis. In this study, 20 patients (12
males, 8 females) with an average age of 58.83+11.13 years (range,
47-79 years) underwent single-level ACCF using a 3D-printed ar-
tificial vertebral body. Thirty-one patients (15 males, 16 females)
with an average age of 59.17+9.24 years (range, 35-74 years)
underwent single-level ACCF using TMC. The level of corpectomy
was as follows: C3 (2), C4 (3), C5 (8), and C6 (7) in the 3D-printed
group, and C3 (3), C4 (5), C5 (12), and C6 (11) in the TMC group.

Surgical Procedure

Briefly, all patients received general anesthesia and were placed
in supine position. A standard anterior cervical surgical ap-
proach was used. A transverse incision was made on the right
side of the lower edge of the circular cartilage, and muscles
and subcutaneous tissue were separated to expose the ante-
rior vertebral body. Then, the positioning needles were insert
into the intervertebral space and C-arm fluoroscopy was used
to determine the intervertebral space. The longus colli muscle
was cut and the anterior longitudinal ligament was stripped.
We scraped the cervical disc tissue and performed corpecto-
my, then explored and relieved the cervical spinal cord com-
pression. The prosthesis was placed in the bone defect and
the titanium plate was placed in front of it. The titanium plate
was fixed above and below the vertebral body.

General Information
Data on age, sex, and operation segment are listed in Table 1.
Radiological Assessment

Radiological assessment was performed 1 day before surgery
and 1 week, 1 month, 3 months, and 1 year after surgery. We

3D-printed group TMC group Statistical analysis p-Value
Gender
"""" Male 1215
"""" Female 8 16
Agelyea)  5883:1113  59.17+924 086  095%
CSurgicalsegment
"""" I L
"""" 3 s
"""" s s
"""" I
Hospital day (days) 13504351 1374366 o161 0875
Operation time (mins) 106504720 1275041440 3194 0010
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Table 2. Preoperative and postoperative HAE, HPE, and subsidence rate.

3D-printed group

HAE (mm)
"""" PreOP  4614:416
"""" Post:OP3M  5860s597
"""" Post-OPlast 56934571
CHPE o)
"""" PreOP 44491312
"""" PostOP3M  5537:470
"""" Post-OPlast  5412:464
Rateof subsidence (>3mm) (%) 001 (2/20)

TMC group

47.60+3.09 -0.694 0.503
52068362 2205 0045
49081391 2778 0020
asse338 o5t 0ss1
4880407 2588 0027
as721301 3388 0007
024(3) 19039 0000

performed anterior-posterior and lateral cervical spine X-ray
examination at each follow-up. Radiological assessment in-
cluded the segmental angle (SA) between the borders of end-
plates above and below the affected segment, and the heights
of the anterior (HAE) and posterior endplates (HPE) were mea-
sured as the distance between the anterior and posterior points
of the lower endplate of the superior vertebra and the upper
endplate of the inferior vertebra and the C2-C7 Cobb angles.

Assessment of Clinical Effectiveness

At each radiological assessment, we performed surgery-relat-
ed evaluations. Japanese Orthopedic Association (JOA) scores
were used to evaluate neural functions, Visual Analog Scale
(VAS) scores were used to evaluate perioperative pain, and
Neck Disability Index (NDI) scores were used to evaluate the
degree of cervical function damage.

Statistical Analysis

Statistical evaluation was performed using SPSS 22.0 software.
Results are presented as the meansstandard deviation (SD). A
paired t test was used to compare the results between the 2
groups. The chi-squared (y?) test was used to compare quanti-
tative data. The rank-sum test was used to compare qualitative
data. P values <0.05 were considered statistically significant.

Results

Patient general data

A total of 51 patients received ACCF using a 3D-printed artifi-
cial vertebral body or TMC. The 3D-printed artificial vertebral
body was used in 20 patients and TMC was used in 31 patients.
All patients were followed up for more than 1 year. The gener-
al data of patients are listed in Table 1. There were no deaths

during the study period. There were no significant differenc-
es between the 2 groups in sex, age, or length of hospital stay
(P>0.05). The duration of surgery in the 3D-printed group was
shorter than that in the TMC group (P<0.05).

Preoperative and Postoperative Parameters

All patients had significantly improved neurological function at
the last follow-up compared with before surgery, and all had
achieved bone healing by the last follow-up. In this study, we
defined subsidence as more than 3 mm. There were 2 cases of
subsidence in the 3D-printed group and 9 cases of subsidence
in the TMC group (Table 2). The postoperative rate of change in
HAE and HPE of the 3D-printed group was significantly higher
than that of the TMC group at 3 months and 1 year after sur-
gery (P<0.05) (Table 2). The postoperative rate of change in
C2-C7 Cobb angle and SA of the 3D-printed group was signif-
icantly larger than that of the TMC group at 3 months and 1
year after surgery (P<0.05) (Table 3). All patients in both groups
showed significant improvement in VAS, JOA, and NDI scores
at 3 months and 1 year after surgery (Table 4).

Discussion

ACCF has the advantages of complete decompression and am-
ple exposure [1,2]. Since first reported in the 1950s, it has been
widely used in the treatment of various cervical spine diseas-
es and has become one of the main surgical procedures used
for the treatment of CSM [3,4]. There are many methods for
the reconstruction of local cervical spine stability after decom-
pression. Autogenous bone transplantation is considered to
be the criterion standard for bone fusion [13,14], and autoge-
nous iliac bone transplantation is widely used. However, com-
plications related to autologous iliac bone transplantation are
still a disturbing problem, which may lead to related compli-
cations such as bone resorption, vertebral body subsidence,
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Table 3. Preoperative and postoperative C2-C7 Cobb angles and SA.

3D-printed group

TMC group Statistical analysis p-Value

C2-C7 Cobb (°)

Pre-OP 12.89+4.25 12.68+4.06 0.087 0.933
"""" PostOP3M 23724383 1676:243  375% 0004
"""" PostOPlast 2264335 1553«186 4546 0001
CSAC)
"""" PreOP  s71el51  sgal7o  -0133 0897
"""" PostOP3M 10731296 7474192 2267 0047
"""" PostOPlast 993283  660«130 2614 0026

Table 4. Preoperative and postoperative NDI, JOA, and VAS scores.

3D-printed group

TMC group

NDI (scores)

Post-OP Last

2.67+1.03

2.83+0.98

and pseudo-articular formation [15,16]. In addition, the ma-
terial is limited, and additional surgery is required to remove
the bone, causing bleeding and pain in the iliac fossa [17].
Allogeneic bone transplantation has disadvantages such as
possible disease transmission, immune response induction,
and poor bone healing. TMC has good biocompatibility and
can be trimmed freely, and the hollow structure can be filled
with a large amount of autogenous bone. TMC with autologous
bone graft is generally accepted and widely used.

With the increasing popularity of TMC in ACCF, its shortcom-
ings have become increasingly apparent, especially when the
TMC subsides. Loss of intervertebral height, ligamenta flava
folds, and volume of the intervertebral foramen frequently oc-
cur, and corresponding decreases can result in spinal cord and
nerve compression [7,18]. The definition of TMC subsidence
is not absolutely clear. Van Jonbergen et al [19] believed that
due to errors in measurement, it is recommended to define
the postoperative reduction of intervertebral height by more

than 3 mm as TMC subsidence, which is generally accepted.
In addition, Chen et al [20] divided TMC subsidence into mild
(1-3 mm) and severe (>3 mm).

To reduce related complications, Zhang et al [17] used a new
type of nano-hydroxyapatite/polyamide 66 (n-HA/PA66) TMC
that is conducive to the growth and migration of bone cells.
The bending strength, tensile strength, compressive strength,
and elastic modulus of the n-HA/PA66 strut are similar to those
of human bone, but the osteoconductivity and osseointegra-
tion characteristics of the prosthetics are still insufficient for
clinical applications. Wang et al [8] conducted in vitro biome-
chanical studies on a dome-shaped TMC, finding it has stron-
ger resistance to subsidence than normal TMC, but the clinical
effect of the dome-shaped TMC needs to be further verified.
Lu et al [9] used a new type of 3D-printed anatomy adaptive
titanium mesh cage (3D-printed AA-TMC) to treat CSM and
ossification of the posterior longitudinal ligament (OPLL). It
increases the contact area with the vertebral body, and the
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Figure 1. (A, C) Show examples of 3D-printed artificial vertebral bodies. (B, D) Show the examples of TMCs.

3D-printed microporous structure is conducive to the growth
and integration of bone cells.

In recent years, 3D-printed technology, materials science, and
engineering have been continuously developed. 3D-printed
technology has a very high degree of freedom in processing.

This work is licensed under Creative Common Attribution-
€928022-5

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Engineers can use CT, MRI, and other medical images to recon-
struct the patient’s failed bone through the computer model-
ing to manufacture prosthetics with biological and mechani-
cal properties that better match the bone [21]. Yang et al [11]
used individualized a 3D-printed artificial vertebral body for
cervicothoracic reconstruction in a 6-level recurrent chordoma.
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D

Figure 2. (A) Preoperative MRI showed obvious C6/7 intervertebral disc herniation, spinal stenosis, and nerve compression (B) 1 week
after surgery, (C) 3 months after surgery, and (D) 1 year after surgery.

Xu et al [12] used a personalized 3D-printed vertebral body to
reconstruction of the upper cervical spine in an adolescent with
Ewing sarcoma. Most of the 3D-Printed prosthetics are titani-
um alloys. 3D-printed titanium alloy prosthetics have the ad-
vantages of excellent biocompatibility and corrosion resistance

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

and thus are now used widely in orthopedics [22]. One of the
causes of TMC subsidence is that TMC has a greater elas-
tic modulus than human bone, causing stress shielding [23].
3D-printed technology can make titanium alloy into a porous
structure that is conducive to the migration and proliferation
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B
Figure 3. (A) Preoperative MRI showed compression and deformation of cervical spinal cord behind C4/C5 vertebral body (B) 1 week
after surgery, (C) 3 months after surgery, and (D) 1 year after surgery.

of bone cells. 3D-printed porous titanium alloy prosthetics can process of 3D-printed technology, the surface of the 3D-printed
not only construct shapes that match bone defects, but also prosthetics is relatively rough, which creates ideal conditions
combine growth factors and osteoblasts. 3D-printed porous for early cell attachment. Olivares-Navarrete et al [25] found
prosthetics can simulate the human cell microenvironment and that porous titanium alloy prosthetics increase the matura-

accelerate bone tissue healing [24]. Also, due to the special tion of osteoblasts and creates an osteogenic environment
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Figure 4. Related evaluation indexes of patients in the 3D-printed group and TMC group at different time points. (A-D) 3D-printed
group and TMC group preoperative and postoperative HAE and HPE. All data are expressed as meansstandard deviation.
(0.01< * P<0.05, 0.001< ** P<0.01, and *** P<0.001).
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Figure 5. Related evaluation indexes of patients in the 3D-printed group and TMC group at different time points. (A-D) 3D-printed
group and TMC group preoperative and postoperative C2-C7 Cobb angles and SA. All data are expressed as meantstandard
deviation. (0.01< * P<0.05, 0.001< ** P<0.01, and *** P<0.001).
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Figure 6. Related evaluation indexes of patients in 3D-printed group and TMC group at different time points. (A-F) 3D-printed
group and TMC group preoperative and postoperative NDI, JOA, and VAS scores. All data are expressed as meantstandard
deviation. (0.01< * P<0.05, 0.001< ** P<0.01, and *** P<0.001).

that contains BMP2, BMP4, and BMP7, enhancing bone for-
mation and implant stability.

The 3D-printed artificial vertebral body is composed of Ti6Al4V.
The porosity of the 3D-printed artificial vertebral body we used
is 80% and the compression strength and elastic modulus are
similar to those of human bones. For porous prosthetics, some
scholars reported that the porosity should be controlled at be-
tween 65% and 80% [26]. The price of 3D-printed artificial ver-
tebral body is around 11000 yuan ($1600), while the price of
a titanium mesh cage is about 7000 yuan ($1000 USD). The
price of the former is higher than that of the latter. The design
of porous prosthetics can improve the embedding of bone to

the surface, reduce the difference in elastic modulus between
bone and metal surface, prevent the aseptic loosening of im-
plants, and improve their long-term stability. Although the de-
sign of a porous structure can effectively reduce the elastic
modulus of the prosthetic, its compressive strength is great-
ly reduced with increasing porosity. Low-porosity prosthet-
ics have high mechanical tension, but tend to generate stress
shielding due to their high elastic modulus, which can cause
the prosthetic to fall off, and also prevents cells from growing
into spaces sufficiently.

Some examples of 3D-printed artificial vertebral bodies and
titanium mesh cages are listed in Figure 1. Figures 2 and 3
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show the preoperative and postoperative radiological results
respectively. In this study, postoperative indexes improved com-
pared with preoperative indexes in all patients (Figures 4-6).
Patients in the 3D-printed group had a lower probability of
subsidence than that in the TMC group. Also, HAE and HPE
of patients in the 3D-printed group were significantly higher
than that in the TMC group at 3 months and 1 year after sur-
gery. We used the 3D-printed artificial vertebral body to re-
duce subsidence based on its characteristics of excellent bio-
compatibility and corrosion resistance. The 3D-printed artificial
vertebral body increases the maturation of osteoblasts and cre-
ates an osteogenic environment, which reduces subsidence.
It also has a larger contact area than the TMC (Figure 1). SA
and C2-C7 Cobb angles of patients in the 3D-printed group
were closer to normal values than that in the TMC group. The
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