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Purpose: The current study aimed to compare the clinical and radiographic results of the 
3D-printed artificial vertebral body (3DP-AVB) and titanium mesh cage (TMC) for the 
treatment of Kümmell’s disease (KD) complicated by neurological deficits.
Patients and Methods: From January 2014 to July 2018, 28 consecutive patients diag-
nosed with KD and nerve injuries in our department were treated by posterior vertebral 
column resection and internal fixation. The patients were divided into two groups (3DP-AVB 
group and TMC group) based on the different anterior column reconstruction implants. 
Clinical and radiographic parameters were used to evaluate the outcomes.
Results: The two groups achieved excellent clinical and radiographic results 1 month after 
surgery with no significant difference (P>0.05), while 3DP-AVB group showed better out-
comes compared with TMC group during the follow-up after 6 months (P<0.05). The risk of 
subsidence in 3DP-AVB group was lower than that in TMC group (41.6% vs 87.5%, 
P<0.05), and severe subsidence (≥5 mm) was correlated with the recurrence of back pain 
and bad daily life function. No significant difference was found in the improvement of 
neurological function between the two groups (P>0.05). The blood loss and operation time in 
3DP-AVB group were significantly less than both in TMC group (P<0.05).
Conclusion: The lower incidence of cage subsidence, with a better long-term efficacy in 
maintaining the height of the fused segment, relieving back pain, and improving daily life function 
indicates that the 3DP-AVB may be a superior alternative for KD with neurological deficits.
Keywords: Kümmell’s disease, 3D printing, artificial vertebral body, spinal reconstruction, 
vertebral column resection, neurological deficits

Introduction
Kümmell’s disease (KD), first described in 1891, is a clinical scenario that indivi-
duals suffer a trivial spinal trauma, eventually develop a progressive, painful, 
angular kyphosis in the thoracolumbar region after sustaining an asymptomatic 
period of months to years.1,2 Although a consistent pathomechanism has not yet 
been reached, the etiopathogenetic hypothesis of ischemic posttraumatic vertebral 
necrosis is the most supported theory.3,4 KD usually occurs after osteoporotic 
vertebral compression fractures (OVCFs) of the elderly, which suggests that its 
occurrence was associated with osteoporosis.5 Intravertebral cleft (IVC), a widely 
reported radiological sign related to KD,6 is an eventual finding that strongly 
suggests the presence of osteonecrosis, though it is not the pathognomic sign 
of KD.7
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Due to the lack of a unified standard for the underlying 
pathogenesis and imaging diagnosis, the most appropriate 
treatment for KD is still controversial.8 Percutaneous vertebral 
augmentation (PVA), a minimally invasive procedure, has 
achieved an outstanding effect for KD after failed conservative 
treatment.9,10 Owing to the progressive kyphosis and intraver-
tebral instability at the IVC site, patients with advanced KD 
are prone to nerve injury,11 which is a relative contraindication 
for cement usage.12 In recent years, a short-segment fixation 
with polymethylmethacrylate (PMMA) augmentation had 
been employed for KD complicated by neurological 
deficits,13–16 however, some scholars realized that this 
approach might not be sufficient to support the long-term 
stability.11 Therefore, considering serious comorbidities and 
severe osteoporosis in elderly patients, one-stage posterior 
osteotomy and fixation is more suitable for treating KD with 
neurological deficits compared with anterior or anterior and 
posterior approaches for a long-term effect.8,17,18

Various techniques, such as titanium mesh cage 
(TMC), bone grafts, PMMA, or expandable titanium 
cage, have been used for the anterior column reconstruc-
tion (ACR) with advantages of early biomechanical stabi-
lization and high fusion rates, as well as inevitable 
disadvantages of subsidence and donor-site 
complications.19,20 For the past few years, 3D-printed 
artificial vertebral body (3DP-AVB) with good implant fit 
and osteoinduction implants has gained traction in spine 
surgery.21,22 As far as we know, no comparative studies 
have investigated the outcomes of 3D-AVB and TMC for 
patients with KD complicated by neurological deficits. The 
present study aimed to comparatively assess the clinical 
outcomes of 3D-AVB vs TMC for this special condition 
after single posterior vertebral column resection (PVCR) 
and provide a basis for selecting the appropriate anterior 
reconstruction method.

Patients and Methods
Patients
The current study was designed as a retrospective analysis of 
clinical and radiologic parameters. The report of this retro-
spective study was in agreement with the Strobe guidelines. 
From January 2014 to July 2018, 28 consecutive patients 
confirmed KD complicated by neurological deficits were 
treated by one-stage PVCR in our department. According 
to the different ACR implants, they were divided into two 
groups (12 patients in the 3DP-AVB group and 16 in the 
TMC group). General data of patients, including age, gender, 
lesion level, bone mineral density (BMD), fusion segments, 
and follow-up period are presented in Table 1.

The criteria to define the KD includes: (1) delayed post- 
traumatic osteonecrosis: patients may initially develop low 
back pain after a minor trauma, and finally local kyphosis 
even nerve injury may occur after an asymptomatic period of 
months to years;23 (2) X-ray, computed tomography (CT), and 
magnetic resonance imaging (MRI) show an IVC sign in the 
lesion segment.5,11,16 The inclusion criteria were as follows: 
(1) single-level KD in stage III;24 (2) patients with cord com-
pression and the functional status from B to D (American 
Spinal Injury Association (ASIA) grade); (3) BMD T-score 
of all patients was less than −2.5, which was measured by dual- 
energy X-ray absorptiometry at lumbar spine and hip; and (4) 
failure of conservative treatment. The exclusion criteria: (1) 
multiple-level KD; (2) KD patients in stage I or II without 
neurologic symptoms;24 (3) pathological fracture caused by 
bone metastasis, multiple myeloma, infection, or tuberculosis.

Surgical Procedures
All patients were performed a one-stage PVCR which had 
been described in detail by previous studies,11,25 and followed 
by anterior reconstruction with a TMC (Fule Science & 
Technology Co., Ltd., Beijing, China) or a 3DP-AVB 

Table 1 Compare Baseline Characteristics and Surgical Results of the Two Groups

Patient Characteristics 3DP-AVB Group (n=12) TMC Group (n=16) t/Χ2 P values

Age (year) 70.75±7.96 73.44±8.06 −0.878 0.388
Gender (M/F, n) 3/9 5/11 0.131 0.717

BMD (T-score) −3.35±0.64 −3.11±0.55 −1.053 0.302

Lesion segment (n) T10 (1),T11 (2),T12 (6),L1 (3) T10 (2),T11 (2),T12 (5),L1 (7) 1.483 0.686
Fusion levels (n) 4.67±0.78 4.75±0.86 −0.265 0.793

Follow-up (months) 35.50±8.13 32.38±7.33 1.066 0.296

Operative duration (min) 164.50±51.19 217.63±36.29 −3.218 0.003
Blood loss (mL) 399.42±107.98 530.31±155.68 −2.492 0.019

Complications 1 3 0.608 0.436
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(Beijing AK Medical Co., Ltd., Beijing, China) and posterior 
reconstruction with 2–3 levels above and below bone cement- 
augmented pedicle screw fixation (Cox Spinal Screw-Rod 
System, Fule Science & Technology Co., Ltd., Beijing, 
China). The 3DP-AVB was approved for clinical use since 
2016 by the State Drug and Food Administration of China, 
and we employed it in 12 consecutive patients since 
June 2016 in our hospital. The 3DP-AVB, a highly structured 
and porous simulation of the trabecular structure of vertebral 
cancellous bone, was made of Ti6-Al4-V titanium alloy using 
Electron Beam Melting technique. The pore diameter is 800 ± 
200 μm, and the porosity is about 80%. The 3DP-AVB is 
designed to the cylinder with a diameter of 15 mm × 21 mm 
in thoracic and 18 mm × 24 mm in lumbar. The height of the 
3DP-AVB is 25~35 mm, according to the preoperative CT 
measurement. The angle between the upper and lower end-
plates of the 3DP-AVB ranges from 0° to 8° (Figure 1).

After general anesthesia, the patients were placed in 
a prone position with somatosensory-evoked potentials and 
motor-evoked potentials for spinal cord monitoring. The 
lesion level was positioned with a C-arm, a posterior midline 
approach was used to expose the posterior structure of the 
level involved. Then, bone cement-augmented screws were 
inserted bilaterally 2–3 segments above and below the target 
vertebra. After that, a complete laminectomy-facetectomy 
was performed at the lesion site for decompression. A short 
rod was used to temporarily stability one side of spine. On 
the other side, the injured vertebra including adjacent discs 

was piecemeal resected via a transpedicular approach. Most 
of the contralateral vertebrae can be removed by crossing the 
midline in an extremely oblique direction. Then, a TMC or 
3DP-AVB filled with autologous or artificial bone was 
inserted to act as an anterior support. After reducing the 
kyphosis, two rods were tightened in an alternating manner. 
Posterolateral fusion was performed over the fixed segments 
with autografted or artificial bone.

Patients were usually allowed to walk with wearing 
a brace 5–7 days after the operation. Orthosis was used 
for at least three months until solid fusion was achieved.

Clinical Parameters Evaluation
Preoperatively and at every routine postoperative clinical 
follow-up (1-month, 6-month, and final follow-up), visual 
analog scale (VAS, range 0~10, 0 means no pain, and 10 
means maximal pain) score for back pain and the Oswestry 
Disability Index (ODI, range of 0~50, the higher score 
indicates more severe disability) were performed. The neu-
rological status was evaluated via the ASIA grading system. 
Operative time, blood loss, and complications related to 
anesthesia and operation procedures were also recorded.

Radiographic Parameters Evaluation
Radiographic data were collected preoperatively, 1- and 
6-month postoperatively, and final follow-up. The local kypho-
tic angle (LKA, Figure 2) was determined by measuring the 
Cobb angle between upper and lower adjacent segments of 

Figure 1 3D-printed artificial vertebral body: oblique (A), lateral (B), and superior (C) views.
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diseased vertebrae.11 The intervertebral disc height was mea-
sured using standing neutral lateral radiographs, evaluated as 
an average of the anterior and posterior margins of the inter-
vertebral space (anterior vertebral height (AVH) and posterior 
vertebral height (PVH), Figure 2).26,27 The loss of interverteb-
ral disc height was defined as cage subsidence (no, ≤2 mm; 
mild, 2~5 mm; severe, ≥5 mm).28 Graft fusion was evaluated 
using Bridwell grading criteria.29 All imaging data were mea-
sured by the Picture Archiving and Communication Systems 
(Carestream Health, Inc., Shanghai, China).

Statistical Analysis
All statistical analyses were performed using Statistical 
Package for Social Sciences Computer software (SPSS 
version 22.0. SPSS Inc., Chicago, IL, USA). Repeated 

measure analysis of variance and Mann–Whitney U-test 
were used for intragroup comparisons. The intergroup data 
were compared using paired t-tests or Fisher’s exact tests. 
The level of significance was set at 0.05.

Results
Patient Characteristics and Surgical 
Results
There was no significantly difference in general data of 
patients between the two groups (P>0.05, Table 1). The 
mean follow-up period was 35.50±8.13 months (range, 
25–49 months) in the 3DP-AVB group and 32.38±7.33 
months (range, 22–47 months) in the TMC group (P>0.05, 
Table 1). The operative duration and blood loss in the 3DP- 
AVB group were significantly lower than those in the TMC 
group (164.50±51.19 minutes vs 217.63±36.29 minutes and 
399.42±107.98 mL vs 530.31±155.68 mL, respectively; 
P<0.05, Table 1). No serious intraoperative or postoperative 
complications were observed. One patient in the 3DP-AVB 
group had dural tears with cerebrospinal fluid leakage. In the 
TMC group, one patient had asymptomatic cement leakage, 
and two patients had delayed wound healing, and they were 
all cured by conservative treatment. No significant difference 
regarding complications between the two groups in our study 
(P>0.05, Table 1). There were no implant-related complica-
tions such as screw loosening, screw backout, cage breakage, 
screw fracture, and rod breakage at the final follow-up.

Clinical Findings
The VAS scores in the 3DP-AVB group and TMC group 
improved from preoperatively 7.50±1.03 and 7.25±1.07, to 
2.33±0.78 and 2.50±0.52 1-month postoperatively, 2.58 
±1.00 and 4.13±2.00 6-month postoperatively, and 2.67 
±0.89 and 3.94±1.98 at final follow up (F=125.79, P<0.05; 
F=33.29, P<0.05; respectively, Figure 3A,,). The follow-up 
VAS did not significantly change in the 3DP-AVB group 
(1-month vs 6-month, 1-month vs final; P>0.05, Figure 
3A), but significantly increased in the TMC group 
(1-month vs 6-month, 1-month vs final; P<0.05, Figure 
3A). The 6-month postoperative and final VAS in the TMC 
group were significantly higher than those in the 3DP-AVB 
group (P<0.05, Figure 3A). As a similar result, the ODI in the 
3DP-AVB group and TMC group preoperatively were 39.83 
±5.06 and 41.31±2.52 and dropped to 12.50±4.76 and 13.13 
±4.50 1-month postoperatively, 11.17±7.90 and 21.19±10.93 
6-month postoperatively, and 10.92±6.40 and 20.25±12.03 at 
final follow up (F=211.17, P<0.05; F=221.73, P<0.05; 

Figure 2 Measuring method of local kyphotic angle (LKA), anterior vertebral 
height (AVH), and posterior vertebral height (PVH).
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respectively, Figure 3B). The follow-up ODI also did not 
significantly change in the 3DP-AVB group (1-month vs 
6-month, 1-month vs final; P>0.05, Figure 3B), but signifi-
cantly increased in the TMC group (1-month vs 6-month, 
1-month vs final; P<0.05, Figure 3B). The 6-month post-
operative and final ODI in the TMC group were significantly 
higher than those in the 3DP-AVB group (P<0.05, Figure 
3B). The ASIA in the two groups improved significantly at 
the final follow-up compared with preoperatively (P<0.05, 
Table 2), and no significant differences were found during the 
final follow-up between the two groups (P>0.05, Table 2).

Radiographic Findings
All radiographic parameters, including AVH, PVH, and 
LKA, were evaluated preoperatively, 1-month and 6-month 
postoperatively, and at the final follow-up. The AVH, PVH, 
and LKA of the two groups significantly improved during 
postoperative follow-up (P<0.05, Figure 3C–E), and no sig-
nificant differences existed between the two groups 1-month 
postoperatively (P>0.05, Figure 3C–E). The follow-up 
AVH, PVH in the 3DP-AVB group, and PVH in the TMC 
group did not significantly change (1-month vs 6-month, 
1-month vs final; P>0.05, Figure 3C and D). However, the 
AVH in the TMC group significantly decreased in the TMC 
group (1-month vs 6-month, 1-month vs final; P<0.05, 
Figure 3C) and the 6-month postoperative and final AVH 
in the TMC group were significantly lower than those in the 
3DP-AVB group (P<0.05, Figure 3C). At the final follow- 
up, the loss of LKA in the TMC group was significantly 
greater than in the 3DP-AVB group (10.57° vs 2.96°, 
P<0.05, Figure 3E). All the subsidence occurred before 6 
months after the operation because there were no significant 
differences existed between the 6 months after the operation 
and final follow-up in the two groups (P>0.05, Table 3). The 
subsidence was less in the 3DP-AVB group compared with 

Figure 3 Clinical and radiographic outcomes. (A–E) *P<0.05 compared with the preoperative data. (A–C) †P>0.05 compared with the 1-month postoperative data, ‡P<0.05 
compared with the 1-month postoperative data, §P>0.05 compared with the 6-month postoperative data. (D) †P>0.05 compared with the 1-month postoperative data; 
‡P>0.05 compared with the 6-month postoperative data. (E) †P<0.05 compared with the 1-month postoperative data.

Table 2 Compare Preoperative and Final Follow-Up ASIA 
Between the Two Groups

Group Preoperative 
ASIA

Final Follow-Up 
ASIA

B C D B C D E

3DP-AVB (n=12) 1 6 5 1 1 3 7*

TMC (n=16) 2 7 7 1 1 2 12*

Χ2 0.176 0.964

P 0.916 0.810

Note: *P<0.05 Compare with preoperative and final follow-up.
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the TMC group (0.97 mm vs 5.39 mm, P<0.05, Table 3), 
and the risk of subsidence in the 3DP-AVB group was lower 
than that in the TMC group (41.6% vs 87.5%, P<0.05, Table 
3). The final VAS, ODI and loss of LKA in the severe- 
subsidence group were significantly higher than those in 
the non- and mild-subsidence groups (P<0.05, Table 4) 
and there was no significant difference in the no- and mild- 
subsidence groups (P>0.05, Table 4). Three cases were 
shown in Figures 4–6.

Discussion
Although KD is not fully defined yet, it has been widely 
regarded as delayed post-traumatic vertebral collapse with 
a unique imaging feature of IVC.2–5,23,24 In 2004, Li et al24 

divided the course of KD into 3 stages: Stage I, patients 
may suffer from back pain due to a minor trauma, while 
some patients may be symptom-free; Stage II, a mild 
vertebral collapse may occur with intact posterior cortical 
wall because of dynamic instability in the IVC; Stage III, 
radiographs show a severe vertebral collapse with poster-
ior cortical breakage and patients usually experience 
a serious kyphosis deformity even neural deficits.

Minimally invasive procedure such as PVA has been 
widely used for KD patients at stage I or II; however, the 
results reported in the literature are inconsistent.30,31 

Several studies32,33 have revealed that IVC might be an 
independent risk factor for recollapse of the augmented 
vertebrae after PVA. For stage III KD with neurologic 
deficits, PVP and PKP are no longer suitable attributed 
to unable relieve spinal cord compression and reconstruct 
spinal stability.8,23 Therefore, open surgeries, including 
anterior, posterior, and a combination of anterior and pos-
terior approaches, have been proposed for this condition.18 

Theoretically, the anterior approach may be the most 
appropriate treatment via providing directly resecting the 
lesions and reconstructing the stability of the anterior 
column.34 However, this method, especially combined 
with a posterior approach, is inappropriate for KD patients 
with serious comorbidities and severe osteoporosis.34 

A less-invasive procedure, short-segment fusion with ver-
tebroplasty, has become an alternative therapy for KD 
patients in poor general condition,13,14,16,17 however, with 
the potential for insufficient anterior column support and 
increasing loss of kyphosis correction.11,34,35 Due to the 
IVC, a solid cement often forms during vertebroplasty, 
resulting in less mechanical interlock between the 
PMMA and cancellous bone, therefore, increase the poten-
tial for recollapse of the augmented vertebrae, leading to 
further kyphosis even PMMA cement dislodgment.11,35 

Our previous study showed that PVCR had better long- 
term clinical and radiographic results compared with pos-
terior short-segment fusion with vertebroplasty.11 Thus, 
PVCR is still the most secure method for treating KD 
with neurological deficits.

Providing a robust spinal reconstruction after PVCR 
for KD patients is a challenge for surgeons. Currently, 
TMC is the most commonly used for ACR, however, 
with the incidence of implant-related complications from 
14.3% to 21.6%.18 Previous studies have shown that server 
TMC subsidence (≥5 mm) is an important risk factor 
related to instrumentation failure.28,36 The subsidence has 
been proven to correlate with osteoporosis, progressive 

Table 3 Compare the Subsidence Outcomes and Subsidence Grade Between the Two Groups

Group Subsidence Outcomes (mm) Subsidence Grade

6 Months After Operation Final Follow-Up No Mild Severe

3DP-AVB (n=12) 0.86±2.20 0.97±2.23* 7 4 1

TMC (n=16) 5.00±2.23 5.39±2.50* 2 6 8

t/Χ2 4.894 4.839 8.219

P values 0.000 0.000 0.016

Note: *P>0.05 compare the 6 months after operation and final follow-up subsidence.

Table 4 Radiographic and Clinical Outcomes According to 
Different Subsidence Grades

No 
Subsidence 
(n= 9)

Mild 
Subsidence 
(n= 10)

Severe 
Subsidence 
(n=9)

Final VAS 2.67±0.71 2.40±1.26a 5.22±1.39bc

Final ODI 9.44±2.46 9.30±2.11a 30.78±6.44bc

Loss of LKA 
(°)

3.31±3.44 4.62±3.06a 14.29±6.62bc

Notes: aP>0.05 compare mild subsidence and no subsidence; bP<0.05 compare severe 
subsidence and no subsidence; cP<0.05 compare severe subsidence and mild subsidence.
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Figure 4 An 82-year-old female patient experienced Kümmell’s disease complicated by neurological deficits and used a 3D-printed artificial vertebral body (3DP-AVB). (A) 
T11 collapsed fracture was shown in preoperative X-rays. (B and C) Coronal and sagittal CT showed an intravertebral cleft (IVC) (white triangle). (D–F) MRI showed 
a decreased signal in IVC (white triangle). (G) Intraoperative images. (H and I) Immediate postoperative X-rays showed that a 3DP-AVB was implanted. (J) Postoperative 
sagittal T2-weighted MRI showed a sufficient spinal cord decompression. (K and L) Coronal and sagittal CT showed that no subsidence occurred at the final follow-up.
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resection of the endplate, a sharp edge of mesh, or over 
intervertebral distraction.37–40 From June 2016, 12 conse-
cutive patients with KD underwent anterior reconstruction 
with the 3D-AVB were involved in our center and com-
pared with the previous 16 consecutive patients who 
restoration with the TMC. Our study showed that the 
subsidence was less with the group of 3DP-AVB than the 
TMC group (average, 0.97 mm vs 5.39 mm) and a lower 
risk of severe subsidence in the 3DP-AVB group (8.3% vs 
50%, P<0.05). Although both groups achieved similar 
short-term effects, including VAS, ODI, AVH, PVH, and 
LKA (P>0.05), the long-term outcomes were different; the 
TMC group had significant loss of AVH and LKA due to 
the subsidence compared to the 3DP-AVB group (P<0.05). 

These observations suggest that the 3DP-AVB provides 
more excellent stability than the TMC. We attribute this 
result to the following aspects: (1) a larger diameter end-
cap of 3DP-AVB allows for an expansion of the bone- 
implant interface, which distributes point-loading and 
loads the periphery of the endplates where there is thicker 
cortical bone, and eventually reduces the risk of 
subsidence;22,41,42 (2) withYoung’s modulus more similar 
to native human bone (0.5–20 GPa), 3DP-AVB may 
reduce subsidence and “stress shadowing effect” compared 
with traditional implants;43 (3) the porosity of 3DP-AVB 
made by Ti6-Al4-V titanium alloy in our study can 
enhance the delivery of osteoinductive factors as well as 
facilitate osteoconduction, thus potentially improving bony 

Figure 5 The 3D-printed artificial vertebral body (3DP-AVB) was used in a 75-year-old female patient with stage III Kümmell’s disease. (A) Preoperative X-rays showed T12 
collapsed fracture and thoracolumbar kyphosis. (B and C) An intravertebral cleft sign (white triangle) was shown in preoperative CT scans. (D–G) Postoperative and final 
follow-up plain radiographs showed no cage subsidence and kyphosis recurrence.
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ingrowth.21,42 An additional screw fixation system 
attached to the 3DP-AVB that can connect to the pedicle 
screws and rods system also can be designed to further 
strengthen the support between the anterior column and 
posterior column.44

A patient-specific/individualized 3DP-AVB has been 
explored to fit the unique spinal pathoanatomy of complex 
congenital, traumatic and neoplastic pathologies.45 

Previous studies have indicated that operative time can 
be significantly reduced by the use of custom 3DP- 
AVB.45 At the same time, the individualized prosthesis 
does require extensive design and manufacturing processes 
prior to production, which spends a lot of money and 
time.22 In our study, the lesion segments of all patients 
were located in the thoracolumbar segment with less 

adjacent segment degeneration, so there was no need to 
use a custom prosthesis. The “off-the-shelf” 3DP-AVB 
produced by Beijing AK Medical Co., Ltd. could provide 
sufficient angle and height to fit with adjacent vertebrae 
based on the preoperative CT measurement. Compared 
with TMC, there is no need to cut 3DP-AVB during the 
operation, which significantly reduced intraoperative time 
and blood loss in our series (P<0.05).

Although the clinical consequence relevance of cage 
subsidence among the literature was quite 
different,37,41,46,47 several studies proposed that loss of inter-
vertebral height due to the subsidence could lead to buckling 
of the yellow ligament, foraminal stenosis, and eventually 
cause second nerve injury.41,48 Different from previous 
researches,48 the loss of height of the anterior border was 

Figure 6 A titanium mesh cage (TMC) for stage III Kümmell’s disease. (A and B) Preoperative radiographs and CT scans revealed collapsed fracture and kyphosis at L1 with 
an intravertebral cleft (IVC) sign (white triangle). (C–E) Preoperative MRI showed a decreased signal of IVC (white triangle). (F) No subsidence in immediate postoperative 
plain radiographs. (G and H) Final follow-up CT scans showed kyphosis recurrence with TMC subsidence (white triangle).
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much larger than that of the posterior because employment of 
posterior pedicle internal fixation system was to improve 
posterior column structural rigidity and prevent subsidence 
occurring at the posterior rim of the TMC, which leads to the 
great loss of kyphosis correction in our series. Therefore, it 
will not cause nerve injury due to buckling of the yellow 
ligament and stenosis of the neural foramen and there was no 
significant difference in ASIA during the last follow-up 
between the two groups (P>0.05). Our study showed that 
mild subsidence did not produce significant clinical results, 
while severe subsidence was correlated with recurrence of 
back pain and bad daily life function, owing to the more 
substantial loss of kyphosis correction. As is widely under-
stood, improper sagittal alignment of the spine results in 
inefficient energy use, maximizing muscle tension caused 
by exhaustive bracing and spine instability, and may contri-
bute to low back pain.48 As kyphosis was aggravated related 
to the subsidence, patients in the TMC group complained of 
more severe back pain and restrictions on activities than 
those in the 3D-AVB group (P<0.05). Cage subsidence 
occurred in 67.9% (19/28) and appeared before 6 months 
after the operation, while all patients achieved solid fusion at 
final follow-up, which is consistent with the results of pre-
vious studies.37,47,48 Although internal fixation failure is 
common in cage subsidence with osteoporosis, it did not 
occur in our research. The outstanding result may be related 
to the use of a long segmental bone cement screw technique.

The present study has several limitations. First, the 
cases included in this study were single vertebral lesions, 
and the effect of the 3DP-AVB in multiple remains to be 
further discussed. Second, because of the limited sample 
size, we did not establish a control group for other 
implants, whether the 3DP-AVB is the best choice is 
open to question. Third, a prospective randomized con-
trolled trial with a large sample size is needed to verify the 
reliability of the results in our study.

Conclusions
This retrospective study demonstrated that both the 3DP- 
AVB and TMC resulted in effective clinical and radio-
graphic outcomes when used to treat KD with neurological 
deficits for anterior column reconstruction after PVCR. 
Compared with TMC, 3DP-AVB with less blood loss and 
operation time, lower incidence of cage subsidence, and 
better long-term efficacy in maintaining the height of the 
fused segment, reducing the loss of kyphosis correction, 
relieving back pain, and improving daily life function may 
be a better alternative.
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