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Abstract

Background: Among common findings in osteoporotic vertebral compression fractures (OVCFs), the intravertebral
cleft (IVC) is usually considered a benign lesion. The current study was aimed to present a rare case of vertebral
fracture caused by IVC-related spinal tuberculosis.

Case presentation: A 73-year-old female complained of back pain and weakness in lower limbs for 2 weeks. 3 months
ago, after a minor trauma, she got back pain without weakness in lower limbs. Initially, she was diagnosed with a L1
compression fracture and accepted conservative treatment. After an asymptomatic period, she complained progressive
pain at the fracture position with weakness of both lower limbs and was referred to our hospital with suspicion of
Kümmell’s disease. The patient underwent posterior debridement and internal fixation for decompression and
stabilization of the spine. Pathological examinations revealed the patient with spinal tuberculosis.

Conclusions: Although IVC is common in patients with OCVFs, there are some cases believed to be found in patients
with spinal tuberculosis or infection. Further test, like CT-guided puncture biopsy, may be required before decisive
treatment when an IVC is observed.
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Introduction
The intravertebral cleft (IVC), which was first described
by Maldague in 1978, has long been considered the result
of local bone ischemia associated with nonunion vertebral
collapse [1]. Patients with IVC often present with a trans-
verse, linear or semilunar radiolucent shadow, indicating
the collection of air inside the vertebral body [1, 2]. How-
ever, several studies have also observed fluid accumulation
within non-healing intervertebral clefts in patients with
benign OVCFs, which depends on the position of the

patient secondary to the extension momentum in the su-
pine position [3, 4].
Although several studies have found that IVC can be

found in pathologically fractured vertebrae caused by in-
fections, multiple myeloma and malignant tumors [5–8],
IVC is highly suggestive of a benign lesion due to rare re-
ports. We retrospectively reviewed the imaging data con-
taining X-rays, CT, and MRI of 149 consecutive patients
with IVC. Among them, 46 patients underwent a spinal
reconstructive surgery and intraoperative biopsy. To the
best of our knowledge, few studies have reported detailed
pathological results and treatment for vertebral fracture
caused by IVC-related spinal tuberculosis. The aim of pre-
senting the rare case is to raise clinicians’ awareness of the
possibility of IVC in pathological vertebral fracture attrib-
utable to spinal tuberculosis or infection.
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Case presentation
Medical history
A 73-year-old female complained of back pain and
weakness in lower limbs for 2 weeks. 3 months ago, after
a minor trauma, she got back pain without weakness in
lower limbs. Radiography including lateral radiographs
and MRI (Fig. 1a-d) performed at a local hospital. Ini-
tially, she was diagnosed with a L1 compression fracture
and accepted conservative treatment. After an asymp-
tomatic period, she complained progressive pain at the
fracture position with weakness of both lower limbs and
was referred to our hospital with suspicion of Kümmell’s
disease. The back pain evaluated by visual analog scale
(VAS) scale was 9. According to American Spinal Injury
Association (ASIA) grading criteria, the neurological
function was rated as ASIA C. Sagittal MR images
showed a fluid-containing IVC with high-signal intensity
on T2-weighted images and STIR MR sequences at L1
(Fig. 1e-g) and sagittal reconstruction CT scan (Fig. 1h)
showed a linear radiolucent IVC, accompanying spinal

cord compression. The biochemical workup revealed no
abnormal indications of infection (including C-reactive
protein (CRP) levels, erythrocyte sedimentation rate
(ESR) and T-SPOT). Furthermore, the patient denied
the history of cancer or tuberculosis and she also denied
hypothermia, night sweats and weakness.

Surgical treatment
Before surgery, we obtained the informed consent of the
patient and her family to perform the operation. The pa-
tients were placed in a prone position under general
anesthesia with somatosensory-evoked potentials and
motor-evoked potentials for spinal cord monitoring.
After the lesion was positioned with the C-arm, a stand-
ard posterior midline approach with subperiosteal strip-
ping was used to expose the spinous processes, lamina,
and facet joints. Considering the presence of osteopor-
osis in elder female patient, we performed a long seg-
ment pedicle screw fixation (Cox Spinal Screw-Rod
System, Fule Science & Technology, Beijing, China) from

Fig. 1 Preoperative X-ray, CT and MRI of the patient. a lateral radiographs show a vertebral collapse of L1 three months before surgery. b-d
Sagittal MR images of lumbar spine display L1vertebral collapse without IVC three months before surgery. e-f Preoperative sagittal MR images
show a fluid-containing IVC with high-signal intensity on T2-weighted images and STIR MR sequences. h Preoperative sagittal reconstruction CT
scan shows a linear radiolucent shadow that is located adjacent to the upper endplate of L1collapsed vertebral body
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T10-L3 to avoid implant failure (Fig. 2a). Then, a
complete laminectomy-facetectomy was performed to
decompress and fully visualize the dural sac. A tempor-
ary stabilizing rod was fixed on one side of the pedicle
screws. On the contralateral side, the facet joints of the
diseased vertebra were removed to reveal the pedicle.
Then, the pedicle and vertebral body, including the su-
perior and inferior disk, were piecemeal removed by
rongeurs, osteotomes, or curettes. To our surprise, case-
ous necrosis and inflammatory granulation could be
seen in the surgically resected lesions. The specimens
were sent for pathologic examination. After osteotomy
and debridement in anterior column at L1, we used a
‘off-the-shelf’ (OTS) three-dimensional (3D) printed arti-
ficial vertebral body (Fig. 2b-c, Beijing AK Medical Co.,
Ltd.) instead of various materials, such as bone grafts,
mesh cages, or expandable titanium cages, to reconstruct
sagittal alignment [9]. Based on preoperative 3D recon-
struction of CT and MRI images, the artificial prosthesis
was designed in conformity with the expected defects

that may occur after the affected vertebral body
resection.

Pathologic results
Pathological examinations reported caseous necrosis tis-
sue, epithelioid granuloma existed with the hyperplasia tis-
sue and the acid-fast bacillus was also found (Fig. 2e-i).

Surgical outcomes
After surgery, the patient was treated with quadruple
anti-tuberculous chemotherapy and hepatoprotective
drug for 12 months and required to wear a brace for at
least 3 months. Two weeks after surgery, the patient
could walk and discharge from the hospital. Three
months after surgery, the VAS scores decreased from
preoperative 9 to 1 and the neurological function recov-
ered to ASIA E. No internal fixation failure and recur-
rence of tuberculosis occur at last follow-up (Fig. 2d).

Fig. 2 Intra- and post-operative radiographs (a-d). a Intraoperative lateral radiographs showed a linear IVC in L1(white arrow). b-c Posterior
artificial vertebral body implantation with osteotomy and debridement at L1(white arrow). d Postoperative lateral radiograph shows good
positioning of artificial vertebral body and pedicle screws. Pathological results (e-i). e Necrotic tissue (black arrow) and hematopoietic tissue (white
arrow) (H & E stain, original magnification × 4). f Acid-fast bacillus (+) (black arrow) (acid-fast staining, original magnification × 40). i Acid-fast
bacillus (+) (black arrow) (acid-fast staining, original magnification × 20). g epithelioid granuloma (H & E stain, original magnification × 20). h
Caseous necrosis (H & E stain, original magnification × 40)
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Discussion
IVC is commonly considered to be a sign of avascular ne-
crosis in patients with osteoporotic vertebral compression
fractures, and is a widely reported radiological sign associ-
ated with Kümmell’s disease, a not rare reported clinical
phenomena as a result of delayed posttraumatic vertebral
collapse (incidence 10–48%) [10–12]. Prior reports have
also shown that IVC is an indication of benign vertebral
fractures due to damage of the microtrabecular structure
of the respective vertebrae [3]. Although the pathogenesis
of IVC remains unclear, the image characteristics of IVC
have been generally accepted by surgeons: (1) The IVC
appears on radiographs as a transverse, linear or semilunar
radiolucent shadow that is located centrally within or ad-
jacent to the endplate of a collapsed vertebral body [1]. (2)
On CT scans, the sign may appear more heterogeneous
and irregular than on radiographs and the diagnostic sen-
sitivity of IVC on CT scans is higher than radiographs
[11]. (3) On MR images, an air-containing IVC is generally
seen as low signal intensity with T1-weighted, T2-
weighted and/or short-tau-inversion-recovery (STIR) se-
quences. However, a fluid-containing IVC shows high-
signal intensity on T2-weighted images and/or STIR MR
sequences. Whether air or fluid was presented on MR im-
ages mainly depended on the time of examination and the
position of patients [13].
In recent years, a few cases of IVC have been identified

in patients with multiple myeloma and cancer metastasis,
which were similar to those observed in OVCFs, making it
difficult to differentiate between these two types of IVC
[7, 8]. In terms of IVC resulting from infection, several
case reports suggested that the gas observed in vacuum
phenomena may be produced directly by gas-forming or-
ganisms which was different from the pathogenesis in
OVCFs [5, 7]. The distribution of IVC in tuberculous
spondylitis is uneven, bubble-like, even extends to the
paravertebral soft tissue [7]. The differences IVC observed
between patients with OVCFs and infection or metastasis
may be due to several factors. First, vertebral collapse dur-
ing infection or metastasis may actually represent bony
destruction or erosion, but not a real fracture, which usu-
ally has two or more fracture fragments. Therefore, the
opening–closing mechanism may not occur in a collapsed
vertebral body, thereby preventing the formation of nega-
tive pressure. Second, tissue inflammation during an active
infection may promote fluid accumulation and tissue
swelling, resulting in positive pressure at the lesion site
[7]. However, in our case, IVC appears as a linear shadow
on the X-ray image, near the upper endplate of the af-
fected vertebral body. Unlike normal imaging characteris-
tics about spinal infections or tuberculosis with endplate
destruction or disc space narrow in plain radiographs,
necrotic and reactive bone form in CT scans and adjacent
vertebral bodies signal changing in MRI [7], the imaging

features of IVC in this case are similar to those in OVCFs.
Initially, this patient was diagnosed Kümmell’s disease, a
clinical syndrome characterized by minor trauma with a
symptom-free period from months to years, which was
consistent with our patient’s condition. And the indicators
of infection such as CRP, ESR and T-SPOT were negative.
Most patients with IVC occur as a benign lesion in

OVCFs and do not respond well to further conservative
treatment. Vertebral augmentation, including percutan-
eous vertebroplasty (PVP) and percutaneous balloon
kyphoplasty (PKP) have been demonstrated to be minim-
ally invasive and effective in treating OVCFs with IVC
[12–14]. Although the similarity may cause the initial mis-
diagnosis or delayed diagnosis of IVC in multiple mye-
loma or cancer metastasis, reports have shown that the
pain caused by pathological vertebral collapse in multiple
myeloma or cancer metastasis can still be managed via
vertebroplasty [15, 16]. However, active infection has been
considered to be an absolute contraindication for verteb-
roplasty [17, 18].
Initially, the patient was misdiagnosed as Kümmell’s

disease with neurological deficits. Owing to the progres-
sive kyphosis and intravertebral instability at the cleft
site, patients with advanced-stage Kümmell’s disease are
more susceptible to neurological deficits [19], which is a
relative contraindication for cement usage [20]. In recent
years, short-segment pedicle screw fixation with poly-
methylmethacrylate (PMMA) augmentation has been
employed for Kümmell’s disease complicated by neuro-
logical deficits [21–24], however, some scholars find this
procedure may not be supportive enough for the long-
term stabilization effect [19]. Therefore, considering ser-
ious comorbidities and severe osteoporosis in elderly pa-
tients, one-stage posterior osteotomy and fixation is
more suitable for treating Kümmell’s disease with neuro-
logical deficits compared with anterior or anterior and
posterior approaches for a long-term effect. Thus, we
performed a one-stage posterior vertebral column resec-
tion and internal fixation for spinal cord decompression
and reconstruction of spinal stability [19, 20, 25].
According to reports, the incidence of implant-related

complications is from 14.3 to 21.6% in anterior recon-
struction surgery for Kümmell’s disease [26] and cage
subsidence is an important risk factor related to the in-
strumentation failure [27]. In the past few years, 3D
printed artificial vertebral body with good implant fit
and less subsidence has gained traction in spine surgery
[28–30] and the excellent result may attribute to the fol-
lowing aspects: (1) a larger diameter endcap of 3D pros-
thesis 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 [29,
31]; (2) with a Young‘s modulus more similar to native
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human bone (0.5–20 GPa), may reduce subsidence and
‘stress shadowing effect’ compared with traditional im-
plants [32]; (3) the porosity of 3D vertebral body made
by Ti6-Al4-V titanium alloy can enhance the delivery of
osteoinductive factors as well as facilitate osteoconduc-
tion, thus potentially improving bony ingrowth [29].
A patient-specific 3D prosthesis has been explored to

fit the unique spinal pathoanatomy of complex congeni-
tal, traumatic and neoplastic pathologies [33], however,
requires extensive design and manufacturing processes
prior to production, which spends a lot of money and
time [29]. In our study, the lesion segments were located
in the thoracolumbar segment with less adjacent seg-
ment degeneration, so there was no need to use a cus-
tom prosthesis. The OTS produced by Beijing AK
Medical Co., Ltd. and used in our study, could provide
sufficient angle and height to fit with adjacent vertebrae
based on the preoperative CT measurement. Thus, we
employed an OTS 3D printed prosthesis for anterior col-
umn reconstruction. Although the patient may be diag-
nosed with tuberculosis intraoperatively, we still used
the original surgical plan for debridement. Moreover, it
is appropriate to use 3D printing vertebrae in this pa-
tient for titanium alloy could furthermore minimize bac-
terial adhesion and biofilm formation [34, 35]. Although
no cage subsidence, broke, and migration occurred 12
months after surgery, further studies will be needed to
reveal long-term reconstruction outcomes of the 3D
printed prosthesis.
In conclusion, although our case report is an inciden-

tal finding and IVC is common in OCVFs, there are
some IVC believed to be found in spinal infection or
malignancy. Thus, further tests, such as MRI or CT-
guided needle biopsy, may be necessary before planning
further treatment when an IVC is observed.

Abbreviations
IVC: Intravertebral cleft; OVCFs: Osteoporotic vertebral compression fractures;
VAS: Visual analog scale; ASIA: American Spinal Injury Association; CRP: C-
reactive protein; ESR: Erythrocyte sedimentation rate; PVP: Percutaneous
vertebroplasty; PKP: Percutaneous balloon kyphoplasty; OTS: Off-the-shelf

Acknowledgements
Not applicable.

Authors’ contributions
All authors participated in the management of the patient in this case
report. L D, CK D, YT Z, and HY W participated in concept development, data
generation, quality control of the data, data analysis and interpretation, and
writing of the manuscript. L D was involved in the concept development,
quality control of the data, and data analysis and interpretation of the
manuscript. All authors read and approved the final manuscript.

Funding
Our study was funded by Shaanxi Province Postdoctoral Science Foundation
(No. 2017BSHQYXMZZ20).

Availability of data and materials
All data used or analyzed during this study are included in this published
article.

Ethics approval and consent to participate
Not applicable.

Consent for publication
The written consent to publish images or other personal or clinical details of
participants was obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Spine Surgery, Honghui Hospital, Xi’an Jiaotong University,
No 555, YouYi East road, Xi’an 710054, China. 2Beijing University of Chinese
Medicine, 11 North Third Ring Road East, Chaoyang District, Beijing 100029,
China. 3Beijing Tongzhou Integrative Medicine Hospital, 89 Chezhan Road,
Tongzhou District, Beijing 101100, China. 4Department of Orthopaedic
Surgery, China-Japan Friendship Hospital, 2 Yinghuadong Road, Chaoyang
District, Beijing 100029, China.

Received: 6 January 2020 Accepted: 10 September 2020

References
1. Theodorou DJ. The Intravertebral vacuum cleft sign. Radiology. 2001;221:

787–8. https://doi.org/10.1148/radiol.2213991129.
2. Sarli M, Pérez Manghi FC, Gallo R, Zanchetta JR. The vacuum cleft sign: an

uncommon radiological sign. Osteoporos Int. 2005;16:1210–4.
3. Linn J, Birkenmaier C, Hoffmann RT, Reiser M, Baur-Melnyk A. The

Intravertebral Cleft in Acute Osteoporotic Fractures. Spine (Phila Pa 1976).
2009;34:E88–93. https://doi.org/10.1097/BRS.0b013e318193ca06.

4. Hutchins TA, Wiggins RH, Stein JM, Shah LM. Acute traumatic intraosseous
fluid sign predisposes to dynamic fracture mobility. Emerg Radiol. 2017;24:
149–55.

5. Bielecki D, Sartoris D, Resnick D, Van Lom K, Fierer J, Haghighi P.
Intraosseous and intradiscal gas in association with spinal infection: report
of three cases. Am J Roentgenol. 1986;147:83–6. https://doi.org/10.2214/ajr.
147.1.83.

6. Karantanas AH. CT and MR imaging of intravertebral vacuum resulting from
a malignancy. AJR Am J Roentgenol. 2001;177:474–6. https://doi.org/10.
2214/ajr.177.2.1770474a.

7. Feng SW, Chang MC, Wu HT, Yu JK, Wang ST, Liu CL. Are intravertebral
vacuum phenomena benign lesions? Eur Spine J. 2011;20:1341–8.

8. Hatano H, Oike N, Ariizumi T, Sasaki T, Kawashima H. Intravertebral cleft in
pathological vertebral collapse resulting from cancer metastasis: report of
three cases. Skelet Radiol. 2016;45:1747–50. https://doi.org/10.1007/s00256-
016-2505-5.

9. Girolami M, Boriani S, Bandiera S, Barbanti G, Riccardo B, Terzi S, et al.
Biomimetic 3D - printed custom - made prosthesis for anterior column
reconstruction in the thoracolumbar spine : a tailored option following en
bloc resection for spinal tumors preliminary results on a case-series of 13
patients. Eur Spine J. 2018;27:3073–83. https://doi.org/10.1007/s00586-018-
5708-8.

10. Libicher M, Appelt A, Berger I, Baier M, Meeder PJ, Grafe I, et al. The
intravertebral vacuum phenomen as specific sign of osteonecrosis in
vertebral compression fractures: results from a radiological and histological
study. Eur Radiol. 2007;17:2248–52.

11. Wu AM, Lin ZK, Ni WF, Chi YL, Xu HZ, Wang XY, et al. The existence of
Intravertebral cleft impact on outcomes of nonacute osteoporotic vertebral
compression fractures patients treated by percutaneous Kyphoplasty. J
Spinal Disord Tech. 2014;27:E88–93. https://doi.org/10.1097/BSD.
0b013e31829142bf.

12. Fang X, Yu F, Fu S, Song H. Intravertebral clefts in osteoporotic compression
fractures of the spine: incidence, characteristics, and therapeutic efficacy. Int
J Clin Exp Med. 2015;8:16960–8 http://www.ncbi.nlm.nih.gov/pubmed/2662
9251.

13. Niu J, Song D, Zhou H, Meng Q, Meng B, Yang H. Percutaneous
Kyphoplasty for the treatment of osteoporotic vertebral fractures with
Intravertebral fluid or air. Clin Spine Surg. 2017;30:367–73. https://doi.org/10.
1097/BSD.0000000000000262.

Dong et al. BMC Musculoskeletal Disorders          (2020) 21:619 Page 5 of 6

https://doi.org/10.1148/radiol.2213991129
https://doi.org/10.1097/BRS.0b013e318193ca06
https://doi.org/10.2214/ajr.147.1.83
https://doi.org/10.2214/ajr.147.1.83
https://doi.org/10.2214/ajr.177.2.1770474a
https://doi.org/10.2214/ajr.177.2.1770474a
https://doi.org/10.1007/s00256-016-2505-5
https://doi.org/10.1007/s00256-016-2505-5
https://doi.org/10.1007/s00586-018-5708-8
https://doi.org/10.1007/s00586-018-5708-8
https://doi.org/10.1097/BSD.0b013e31829142bf
https://doi.org/10.1097/BSD.0b013e31829142bf
http://www.ncbi.nlm.nih.gov/pubmed/26629251
http://www.ncbi.nlm.nih.gov/pubmed/26629251
https://doi.org/10.1097/BSD.0000000000000262
https://doi.org/10.1097/BSD.0000000000000262


14. Sun G, Jin P, Li M, Liu XW, Li FD. Height restoration and wedge angle
correction effects of percutaneous vertebroplasty: association with
intraosseous clefts. Eur Radiol. 2011;21:2597–603.

15. McDonald RJ, Trout AT, Gray LA, Dispenzieri A, Thielen KR, Kallmes DF.
Vertebroplasty in multiple myeloma: outcomes in a large patient series. Am
J Neuroradiol. 2008;29:642–8.

16. Lee B, Franklin I, Lewis JS, Coombes RC, Leonard R, Gishen P, et al. The
efficacy of percutaneous vertebroplasty for vertebral metastases associated
with solid malignancies. Eur J Cancer. 2009;45:1597–602. https://doi.org/10.
1016/j.ejca.2009.01.021.

17. Stallmeyer MJB, Zoarski GH, Obuchowski AM. Optimizing patient selection
in percutaneous vertebroplasty. J Vasc Interv Radiol. 2003;14:683–96.

18. Mannes A, Grippo R, Anderson V, Holland S, Chang R, Wood B.
Percutaneous Vertebroplasty as a palliative measure in the setting of
chronic infection. J Pain Symptom Manag. 2006;31:382–4. https://doi.org/10.
1016/j.jpainsymman.2005.12.014.

19. Wei H, Dong C, Zhu Y. Posterior fixation combined with Vertebroplasty or
vertebral column resection for the treatment of osteoporotic vertebral
compression fractures with Intravertebral cleft complicated by neurological
deficits. Biomed Res Int. 2019;2019:4126818. https://doi.org/10.1155/2019/
4126818.

20. Li KC, Li AFY, Hsieh CH, Liao TH, Chen CH. Another option to treat
Kümmell’s disease with cord compression. Eur Spine J. 2007;16:1479–87.

21. Jung JY, Lee MH, Ahn JM. Leakage of polymethylmethacrylate in
percutaneous vertebroplasty: comparison of osteoporotic vertebral
compression fractures with and without an intravertebral vacuum cleft. J
Comput Assist Tomogr. 2006;30:501–6.

22. Lee SH, Kim ES, Eoh W. Cement augmented anterior reconstruction with
short posterior instrumentation: a less invasive surgical option for Kummell’s
disease with cord compression. J Clin Neurosci. 2011;18:509–14. https://doi.
org/10.1016/j.jocn.2010.07.139.

23. Chen L, Dong R, Gu Y, Feng Y. Comparison between balloon Kyphoplasty
and short segmental fixation combined with Vertebroplasty in the
treatment of Kümmell’s disease. Pain Physician. 2015;18:373–81. https://doi.
org/10.1097/BRS.0b013e318238f29a.

24. Kim HS, Heo DH. Percutaneous pedicle screw fixation with
Polymethylmethacrylate augmentation for the treatment of thoracolumbar
Intravertebral Pseudoarthrosis Associated with Kummell's Osteonecrosis.
Biomed Res Int. 2016;2016:3878063. https://doi.org/10.1155/2016/3878063.

25. Zhang X, Hu W, Yu J, Wang Z, Wang Y. An effective treatment option for
kümmell disease with neurological deficits. Spine (Phila Pa 1976). 2016;41:
E923–30.

26. Liu F, Chen Z, Lou C, Yu W, Zheng L, He D, et al. Anterior reconstruction
versus posterior osteotomy in treating Kümmell’s disease with neurological
deficits: a systematic review. Acta Orthop Traumatol Turc. 2018;52:283–8.
https://doi.org/10.1016/j.aott.2018.05.002.

27. Ji C, Yu S, Yan N, Wang J, Hou F, Hou T, et al. Risk factors for subsidence of
titanium mesh cage following single-level anterior cervical corpectomy and
fusion. BMC Musculoskelet Disord. 2020;21:32.

28. Chung KS, Shin DA, Kim KN, Ha Y, Yoon DH, Yi S. Vertebral reconstruction
with customized 3-dimensional−printed spine implant replacing large
vertebral defect with 3-year follow-up. World Neurosurg. 2019;126:90–5.
https://doi.org/10.1016/j.wneu.2019.02.020.

29. Tong Y, Kaplan DJ, Spivak JM, Bendo JA. Three-dimensional printing in
spine surgery: a review of current applications. Spine J. 2020;20:833–46.
https://doi.org/10.1016/j.spinee.2019.11.004.

30. Burnard JL, Parr WCH, Choy WJ, Walsh WR, Mobbs RJ. 3D-printed spine
surgery implants: a systematic review of the efficacy and clinical safety
profile of patient-specific and off-the-shelf devices. Eur Spine J. 2020;29:
1248–60. https://doi.org/10.1007/s00586-019-06236-2.

31. Xu N, Wei F, Liu X, Jiang L, Cai H, Li Z, et al. Reconstruction of the Upper
Cervical Spine Using a Personalized 3D-Printed Vertebral Body in an
Adolescent With Ewing Sarcoma. Spine (Phila Pa 1976). 2016;41:E50–4.
https://doi.org/10.1097/BRS.0000000000001179.

32. Li P, Jiang W, Yan J, Hu K, Han Z, Wang B, et al. A novel 3D printed cage
with microporous structure and in vivo fusion function. J Biomed Mater Res
Part A. 2019;107:1386–92. https://doi.org/10.1002/jbm.a.36652.

33. Mobbs RJ, Choy WJ, Wilson P, McEvoy A, Phan K, Parr WCH. L5 en-bloc
Vertebrectomy with customized reconstructive implant: comparison of
patient-specific versus off-the-shelf implant. World Neurosurg. 2018;112:94–
100. https://doi.org/10.1016/j.wneu.2018.01.078.

34. Ha KY, Chung YG, Ryoo SJ. Adherence and biofilm formation of
Staphylococcus epidermidis and Mycobacterium tuberculosis on various spinal
implants. Spine (Phila Pa 1976). 2005;30:38–43.

35. Korovessis P, Repantis T, Iliopoulos P, Hadjipavlou A. Beneficial Influence of
Titanium Mesh Cage on Infection Healing and Spinal Reconstruction in
Hematogenous Septic Spondylitis. Spine (Phila Pa 1976). 2008;33:E759–67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dong et al. BMC Musculoskeletal Disorders          (2020) 21:619 Page 6 of 6

https://doi.org/10.1016/j.ejca.2009.01.021
https://doi.org/10.1016/j.ejca.2009.01.021
https://doi.org/10.1016/j.jpainsymman.2005.12.014
https://doi.org/10.1016/j.jpainsymman.2005.12.014
https://doi.org/10.1155/2019/4126818
https://doi.org/10.1155/2019/4126818
https://doi.org/10.1016/j.jocn.2010.07.139
https://doi.org/10.1016/j.jocn.2010.07.139
https://doi.org/10.1097/BRS.0b013e318238f29a
https://doi.org/10.1097/BRS.0b013e318238f29a
https://doi.org/10.1155/2016/3878063
https://doi.org/10.1016/j.aott.2018.05.002
https://doi.org/10.1016/j.wneu.2019.02.020
https://doi.org/10.1016/j.spinee.2019.11.004
https://doi.org/10.1007/s00586-019-06236-2
https://doi.org/10.1097/BRS.0000000000001179
https://doi.org/10.1002/jbm.a.36652
https://doi.org/10.1016/j.wneu.2018.01.078

	Abstract
	Background
	Case presentation
	Conclusions

	Introduction
	Case presentation
	Medical history
	Surgical treatment
	Pathologic results
	Surgical outcomes

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

