Pre prints.org

Case Report Not peer-reviewed version

Premature Bone Cement Displacement
Causing Adjacent Vertebra Fracture
Three Days after Percutaneous
Kyphoplasty in Kimmell's Disease: A
Case Report

Heng Wu, Xiao Dai, Song Wang‘* , Hao Liu, Shuang Xu, Jinbang Huang
Posted Date: 19 December 2023
doi: 10.20944/preprints202312.1399.v1

Keywords: kiimmell's disease; intravertebral vacuum cleft; bone cement displacement; adjacent vertebral
fracture; percutaneous kyphoplasty

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3318375

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2023 doi:10.20944/preprints202312.1399.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Case Report
Premature Bone Cement Displacement Causing

Adjacent Vertebra Fracture Three Days after
Percutaneous Kyphoplasty in Kiimmell’s Disease: A
Case Report

Heng Wu 1, Xiao Dai 2*, Song Wang *>*, Hao Liu ¢, Shuang Xu ° and Jinbang Huang ¢

! Department of Orthopedics, the Affiliated Hospital of Southwest Medical University Luzhou 646000,
China; 2518025122@qq.com

2 Department of Orthopedics, the Affiliated Hospital of Southwest Medical University Luzhou 646000,
China; 154279141@qq.com

3 Department of Orthopedics, the Affiliated Hospital of Southwest Medical University Luzhou 646000,
China; Jasewangspine@swmu.edu.cn

4 Department of Orthopedics, the Affiliated Hospital of Southwest Medical University Luzhou 646000,
China; 1006366903@qq.com

5 Department of Orthopedics, the Affiliated Hospital of Southwest Medical University Luzhou 646000,
China; 289988356@qq.com

¢ Clinical Medical College, Southwest Medical University, Luzhou 646000, China; huang5292023@163.com

Correspondence: Jasewangspine@swmu.edu.cn

* These authors contributed equally to this work.

Abstract: Percutaneous kyphoplasty (PKP) is a highly successful treatment option for Kiimmell's
disease (KD). Due to the obstruction of the fibrocartilaginous membrane at the periphery of the
intervertebral vacuum cleft (IVC) and inadequate osteointegration of conventional bone cement,
there is insufficient locking strength between trabecular bone and bone cement in Kiimmell's disease
(KD), leading to postoperative displacement of the bone cement and sub-sequent early surgical
failure. However, there is no standard strategy managing this complication at present. We reported
a rare case of premature bone cement displacement resulting in adjacent vertebra fracture. An 80-
year-old male with Kiimmell's disease at T10 received percutaneous kyphoplasty (PKP) with bone
cement leaking into the upper disc. Only 3 days after the surgery, the patient complained of severe
back pain again. X-ray and MRI showed bone cement displacement at T10, adjacent vertebra
fracture at T9. In consideration of poor tolerance of open surgery for the old patient, we successfully
revised by using percutaneous kyphoplasty with multi-point anchoring technique (A-PKP). During
a 10-month postoperative follow-up, the patient reported pain relief. X-ray and three-dimensional
CT scan revealed no obvious progress of bone cement displacement. Although the exact mechanism
underlying this rare complication remains unclear, we observed that the premature bone cement
displacement can result in adjacent vertebra fracture especially when the pattern of bone cement is
blocky. Percutaneous kyphoplasty with multi-point anchoring technique (A-PKP) appears effective
in managing this complication.

Keywords: kiimmell's disease; intravertebral vacuum cleft; bone cement displacement; adjacent
vertebral fracture; percutaneous kyphoplasty

1. Introduction

Kiimmell 's disease is a relatively rare disease that was first reported by Hermann Kiimmell 's in
1895 [1]. It is also known as post-traumatic vertebral osteonecrosis, which is characterized by
vertebral avascular necrosis, dynamic instability, and progressive kyphosis with prolonged back pain
or neurological deficits following an asymptomatic or mild period [2,3].
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Percutaneous kyphoplasty (PKP) is a highly successful treatment option for Kiimmell's disease
(KD), offering several advantages such as rapid pain relief, vertebral height restoration, and minimal
invasiveness [4,5]. Due to the fibrocartilaginous repair membrane formed around the vertebral body
resulting from the failed healing of the intravertebral cleft (IVC) and its surrounding tissues [6,7],
patients with Kiimmell's disease (KD) undergoing percutaneous kyphoplasty (PKP) are susceptible
to complications such as bone cement displacement, adjacent vertebral refracture, bone cement
leakage [8-10]. Many studies have proven that pre-existing bone fragility in osteoporotic patients,
increased stiffness and strength in the treated vertebral body, as well as improved mobility may be
the risk factors of adjacent vertebral refracture [11,12]. However, the exact mechanism and preferred
treatment of adjacent vertebral refracture caused by premature bone cement displacement in
Kiimmell's disease (KD) patients remains controversial. We observed that premature bone cement
displacement in Kiimmell's disease patients can lead to adjacent vertebral fracture, and only a few
reports on this matter have been published. We report a rare case of adjacent vertebra fracture caused
by premature bone cement displacement within 3 days of surgery, which helps clinical doctors
comprehend this complication’s pathophysiology and take necessary precautions to improve the
safety and efficacy of surgery.

2. Case report

2.1. Medical History

An eighty-year-old man experienced mild back pain after a fall six months ago. Physical
examination revealed tenderness over the T10 spinous process and no neurological deficits. The
patient's medical history includes a 20-year history of rheumatoid arthritis, with disease control
achieved through the long-term use of prednisone acetate tablets. X-ray indicated de-creased height
of T10 vertebral body (Figure 1A). Sagittal CT scan showed T10 vertebra compression fracture with
intervertebral vacuum cleft (Figure 1B). Sagittal T2-weighted im-ages depicted acute vertebral
compression fracture with an intravertebral vacuum cleft filled with fluid (Figure 1C). Bone mineral
density measurements confirmed severe osteoporosis (with a T sore of -4.5). It finally turns out to be
the osteoporotic vertebral compression fracture with vertebral osteonecrosis of the T10 vertebra, then
we performed PKP for him. The patient's back pain was relieved immediately after surgery.
Postoperative X-ray showed resto-ration of vertebral height and blocky pattern of bone cement
(Figure 1D). After receiving systemic anti-osteoporosis therapy, the patient was discharged with
brace protection on the second day after surgery.

On the third day of surgery, the patient presented again with back pain after bending over.
Physical examination revealed tenderness over the T9 and T10 spinous process and no neurological
deficits. X-ray showed T9 compression fracture and bone cement displacement of T10 (Figure 1E).
Sagittal T2-weighted images (Figure 1F) and STIR MR sequences (Figure 1G) revealed bone marrow
edema in the T9 and T10 vertebrae, particularly at the site where the lower endplate of T9 met the
displaced bone cement (green arrow in Figure 1F, G). To prevent further bone cement displacement
and remove the instability, we implemented percutaneous kyphoplasty with multi-point anchoring
technique (A-PKP).
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Figure 1. Lateral X-ray (A), sagittal CT scan (B) and sagittal T2-weighted image (C) views of thoracic
spine before first surgery show the intravertebral cleft at T10. Postoperative lateral X-ray (D) shows
blocky bone cement pattern of T10 and bone cement leakage at upper disc. X-Ray (E), sagittal T2-
weighted image (F) and STIR MR sequences (G) before second surgery show bone cement
displacement at T10 (red arrow) and adjacent vertebra fracture with cortex defect at T9 (green arrow).
Lateral X-ray (H) after second surgery shows restored height of T9 and T10 vertebrae (red arrow),
later infused bone cement of two vertebrae penetrates satisfactorily and forms a pattern of multi-point
anchoring at the displaced bone cement (green arrow).

2.2. Percutaneous kyphoplasty (PKP) for the T10 vertebra

The first surgery was performed on the T10 vertebra using percutaneous kyphoplasty (PKP).
After the puncture needle was advanced into the IVC of fractured vertebra through right unilateral
transpedicular approach, a total of 5 mL of polymethyl methacrylate (PMMA) in late stage of wire
drawing was then slowly injected through the needle to completely fill vacuum cleft. Unfortunately,
there was a leakage of bone cement into the upper disc.

2.3. Percutaneous Kyphoplasty with Multi-point Anchoring Technique (A-PKP) for the T10 and T9
Vertebrae

The second surgery was performed on the T9 and T10 vertebrae subsequently using
percutaneous kyphoplasty with multi-point anchoring technique (A-PKP). The surgery of T9 was
performed firstly. Choosing the puncture point 3mm laterally at 10 o’clock on the left pedicle. The
bone cement was prepared into late-phase filiform shape and slowly infused through the defect of
lower endplate of T9 vertebra to anchor at the displaced bone cement of T10. Then, an early-phase
filiform shape and penetrated to trabecular bone to anchor at the previous mass cement of T9.
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For the T10 vertebra, after the balloon inflated to restore the height of the vertebral body, a
curved-tipped guide needle was placed through work cannula to the residual IVC of the posterior of
the displaced bone cement. Then, controlling the curved-tipped guide needle to move up and down,
which can destroy fibrocartilaginous membrane of IVC and allow bone cement penetrate freely into
the trabecular bones. Early-phase filiform shaped bone cement was slowly infused to penetrate into
trabecular bones and anchor at the displaced bone cement. Finally, the infused bone cement into two
vertebrae distributed satisfactorily and formed a pattern of multi-point anchoring around the
displaced bone cement.

2.4. Surgical Outcomes of Percutaneous Kyphoplasty with Multi-point Anchoring Tech-nique (A-PKP)

Postoperatively, the patient experienced prompt relief from back pain. X-ray showed the height
of T9 and T10 restored, the displaced bone cement improved, the infused bone cement into two
vertebrae distributed satisfactorily and formed a pattern of multi-point anchoring at the displaced
bone cement. (Figure 1H).

During a 10-month postoperative follow-up, the patient reported pain relief. X-ray (Figure 2A)
and three-dimensional CT (Figure 2B) scan revealed no obvious progress of bone cement
displacement and mild collapse of vertebrae. The later infused bone cement of two vertebrae still
anchored at the previous bone cement tightly (Figure 2C,D).

Figure 2. Lateral X-ray (A) and three-dimensional CT (B, C, D) 10 months after second surgery show

later infused bone cement anchors at previous infused bone cement successfully (green arrow) and
no further progression of bone cement displacement.

3. Discussion

3.1. Potential Reasons of Premature Bone Cement Displacement

Percutaneous Kyphoplasty is an effective treatment for the I and II stage of Kiimmell 's disease
[4,5,13,14]. Bone cement displacement is a rare complication of PKP, which has cata-strophic
consequences, and there were just a few case reports on this matter in previous literature [15-20].
Due to the poor osteointegration and biocompatibility of conventional PMMA, as well as
fibrocartilaginous membrane at the periphery of IVC, the penetration of PMMA into the trabecular
bone is often insufficient and forming a blocky diffusion [6,7,21,22]. Be-sides, because of the stress-
shielding effect between osteoporotic trabecular bones and rigid PMMA cement, un-augmented
trabecular bones compress and move slightly under long-term stress [8,23]. Consequently, the
locking strength between bone and bone cement is not strong enough, which means the bone cement
is easy to displace postoperatively [24-26]. The potential risk factors of bone cement displacement
have been proven to be uneven cement distribution, intervertebral cleft, and severe osteoporosis [8].
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Thoracolumbar junction is the stress concentration area of the spine, injection of conventional
polymethyl methacrylate (PMMA) will increase the elastic modulus of cemented vertebra, change
the mechanic transfer between vertebral body and the intervertebral disc, and increase the stress of
adjacent vertebral body [8,22,27]. Especially, the occurrence of bone cement displacement will
aggravate the uneven stress distribution, thus increasing the chance of fractures of cemented and
adjacent vertebrae. In our case, the responsible vertebra with IVC located at the conjunction of stress,
and the bone cement distribution appeared blocky that means low locking strength and premature
occurrence of bone cement displacement whin 3 days postoperatively. The displaced bone cement
aggravated the uneven stress distribution, thus resulting in the adjacent vertebra fractured.

3.2. Clinical Practice Recommendations

There is currently no standard treatment strategy for symptomatic bone cement dis-placement.
Chen [28] et all thought that bone cement reperfusion surgery is a minimally invasive option for
neurologically intact patients, which could ameliorate kyphosis and restore vertebral height. Kim [18]
et all found it would be better to inject a volume of bone cement that is greater than the volume the
intravertebral cleft to prevent instability caused by non-union. Yang [26] et al, Tsai [17] et al and Ha
et al [20] considered that anterior reconstruction and posterior stabilization operation has some merits
that theoretically reduce overall morbidity and mortality. To some extent, these open revision
operations can rebuild the stability of spine and remove the displaced cement. However, it would be
difficult for the elderly to tolerate the large blood loss and long operation time.

In our case, we utilized a curved-tipped guide needle to disrupt the fibrocartilaginous
membrane of the T10 vertebra, enabling subsequent infusion of bone cement to penetrate freely into
the trabecular bones and anchor at the posterior site of the previously displaced cement.
Simultaneously, the injection of bone cement into the T9 vertebra passed through the defective cortex
to anchor at the displaced cement of the T10 vertebra. The later infused cement from both vertebrae
anchored at the anterior and posterior sites of the previously dis-placed cement, forming an effective
multi-point locking system. This system prevents further movement, obviating the necessity for open
surgery. Consequently, this process effectively fills the residual intervertebral vacuum cleft,
eliminating instability and preventing further displacement of bone cement.

The patient in our case report had vertebral osteonecrosis of T10, where the premature bone
cement displaced and resulted in adjacent vertebral fracture within 3 days after operation. After
receiving percutaneous kyphoplasty with multi-point anchoring technique (A-PKP) for the second
surgery, the patient’s pain alleviated significantly. Postoperative follow-up indicated that the bone
cement displacement didn’t progress further.

4. Conclusions

Premature bone cement displacement leading to adjacent vertebral fracture is a rare
complication following percutaneous kyphoplasty. The uneven distribution of bone cement patterns
and cement leakage are potential contributing factors. Rather than opting for open revision
operations, we advocate for the implementation of percutaneous kyphoplasty with a multi-point
anchoring technique (A-PKP) in patients experiencing bone cement displacement without
neurological deficits. This approach is crucial in preventing further displacement and offers patients
an alternative to open surgery.
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