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Purpose: To introduce the surgical methods and clinical results of percutaneous vertebroplasty (PVP) combined with hollow screw
placement as a treatment for patients with Kummell’s disease and pedicle rupture.

Methods: From January 2020 to January 2023, a total of 10 patients with Kummell’s disease and pedicle rupture confirmed via
imaging underwent three-column intensive therapy using hollow screws combined with PVP. There were two males and eight females
with an average age 75.7+6.11 years old. The time of operation, bone cement injection amount, bone cement leakage during operation
were recorded. X-ray and CT were reexamined after operation. The improvement in quality of life was assessed using the Oswestry
Disability Index (ODI), and the improvement in low back pain was assessed using the visual analogue scale (VAS).

Results: Hollow screw placement combined with PVP was successfully performed in all patients. The average operation time was
39.2+5.1 min, and the average volume of bone cement injected was 5.85+0.83mL. No leakage of bone cement into spinal canal
occurred.The mean preoperative ODI score was 75.70+4.39, but this decreased significantly postoperatively(P<0.05), being 37.70
+6.95 at 1 day and 26.40+4.90, 23.70+4.87, 21.7045.46, and 20.50+4.21 at 1, 3, 6, and 12 months after the operation, respectively. The
mean VAS pain score before the operation was 8.35+0.63, but the symptoms of back pain were significantly relieved after operation
(P<0.05). The mean VAS scores 1 day and 1, 3, 6, and 12 months after the operation were 3.45+0.47, 2.55+0.60, 1.89+0.48, 1.50+0.27,
and 1.12+0.20, respectively.

Conclusion: Hollow screw placement combined with percutancous vertebroplasty serves as a valuable three-column intensive
treatment for patients with Kummell’s disease and pedicle rupture. This procedure has the advantages of minimal trauma, less pain
and quick recovery. The strong anchoring of bone cement and hollow screws provides stable and firm healing conditions for vertebral
and pedicle fractures.
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Introduction

Kummell’s disease, also known as posttraumatic delayed osteonecrosis of vertebral body, is a delayed vertebral collapse
caused by osteonecrosis of vertebral body after minor spinal trauma. It is characterized by intractable back pain and
progressive kyphosis, and the common imaging manifestation is vacuum fissure sign (IVC) in vertebral body, with
internal gas or liquid; this is most common in the anterior and middle parts of the vertebral body.'™ Patients with
Kummell’s disease usually show severe back pain, which directly leads to a decline in quality of life. Conservative
treatment can not achieve a good clinical prognosis; surgical treatment is essential. Common surgical methods include
percutancous vertebroplasty (PVP), percutaneous kyphoplasty (PKP), and pedicle screw internal fixation with bone
fusion.'*>'° However, bone cement leakage, loosening or displacement over time, and significant trauma developing
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during internal fixation surgery affect spinal mobility.>>""'>'* We previously reported treatment of stage I and II
Kummell’s disease via bone cement three-column enhanced PVP.'*> This was associated with minimal trauma, less
pain, and solid cement fixation.

However, in the clinic, we sometimes encounter patients with stage I or II Kummell’s disease and pedicle fractures. If
three-column enhanced PVP is directly applied, such patients are at a greater risk of leakage along the broken pedicle into
the spinal canal, resulting in spinal cord compression. In this study, 10 cases of Kummell’s disease with pedicle fracture
were treated from January 2020 to January 2023 via three-column intensive therapy using hollow screws combined with
PVP. Here, we summarize the clinical efficacy of three-column intensive therapy using hollow screws combined with
PVP as a treatment for Kummell’s disease with pedicle fracture, and we discuss the specific surgical procedures,
precautions and surgical indications.

Methods

General Information

This was a prospective study of 10 elderly patients with radiographically proven Kummell disease with pedicle rupture
were treated with three-column reinforcement technique using hollow screw combined with PVP under local anesthesia
from January 2020 to January 2023. The mean age of the patients was 75.73 + 6.11 years (age range 66 ~ 87 years),
including 2 males and 8 females. Bone mineral density (BMD) was measured by dual-energy X-ray absorptiometry
before surgery, and T-values ranged from —2.5 to —5.5(mean = —3.55+0.52). The segmental distributions of fractures
were T11 1, T12 5, L1 3, and L2 1, respectively. The mean time from injury to surgery was 2.45+0.43 months (time range
1.5~4 months). After preoperative education and communication, all patients signed informed consent forms authorized
by the local ethics committee.

Inclusion Criteria and Exclusion Criteria

Inclusion criteria were a history of problematic back pain after low-energy damage and obvious symptoms when
changing position; imaging evidence of typical signs of vacuum cracks or fluid accumulation in the vertebrae,
accompanied by pedicle rupture; bone mineral density T-value <-2.5 and age >55 years; no signs of nerve or spinal
cord injury.

Exclusion criteria: accompanied by spinal cord or nerve injury; vertebral malignancy, infection, bone metabolic disease,
coagulation abnormality; the responsible vertebra is not associated with pedicle rupture; the vertebral body is so
compressed that puncture cannot be performed; unable to tolerate or cooperate with surgery.

The Procedure of the Operation

The patient was placed in prone position, with routine disinfection and tissue covering. C-arm fluoroscopy was
performed to locate the responsible vertebra, and local anesthesia was infiltrated and anesthetized. A lcm incision was
made on each side. Puncture needles were inserted into the inner edge of the pedicle in the upper quadrant of the
projection of the joint on both sides, and lateral fluoroscopy was located at the posterior edge of the vertebra, and
continued to be inserted into the middle 1/3 of the anterior vertebra. The position of the anteroposteric puncture needle
was good, and the tissue fluid in the vertebral body was extracted with a 10mL syringe for pathology examination. The
bone cement was slowly injected into the vertebral body along the puncture guide needle under fluoroscopy during the
wire drawing stage, and the whole C-arm fluoroscopy was performed to confirm that the bone cement did not leak into
the spinal canal. Implant the guide wire along the puncture needle on both sides, screw in two 4.5mm diameter hollow
screws, and confirm the screw position by fore-lateral fluoroscopy. The incision was sutured in the whole layer. After the
bone cement solidified, the patients turned over and returned to the ward.

Postoperative Management
X-ray and CT were reviewed the next day to confirm the distribution of bone cement and screws. After confirming that
the cement was satisfactorily located, and that patients did not experience any unusual discomfort after getting out of bed
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while wearing the waist band, they were discharged. Calcium carbonate D3, calcitriol, disumab and other drugs were
used to treat osteoporosis.

Observational Indicators
The time of the operation, bone cement injection amount, and bone cement leakage during operation were recorded. All
patients underwent CT and X-ray examinations on the first day after surgery, and were followed up at 1, 3, 6, and 12

months after discharge. The improvement in quality of life was assessed using the Oswestry Disability Index (ODI),>'*!?

and the improvement in low back pain was assessed using the visual analogue Scale (VAS).”!*!¢

Statistical Analysis
SPSS statistical software (ver. 25.0; IBM Corp., Armonk, NY, USA) was used to analyse the data. Paired sample ¢ test
was performed by one-way ANOVA. P < 0.05 indicated that the tests were significant.

Results

Hollow screw combined with percutaneous vertebroplasty was successfully performed in all 10 patients. Follow-up
x-rays and CT scans on the first postoperative day confirmed that the cement distribution and the hollow screws were in
good position. The average operation time was 39.2 + 5.1 min (range: 30—45 min), and the average volume of bone
cement injected was 5.85 £ 0.83 mL (range: 5-8 mL). There was only a very small amount of bleeding during the
procedure. No leakage of bone cement into the vertebral canal occurred, but leakage of bone cement to the upper
intervertebral disc occurred in one patient, and leakage of bone cement to the anterior superior margin of the vertebral
body occurred in another patient. The average length of hospital stay was 4.80+0.86 days (range: 3—6 days). Typical case
is shown in Figures 1-3.

The mean VAS pain score before the operation was 8.35 £ 0.63, but the symptoms of back pain were significantly relieved
after operation (P < 0.05). The mean VAS scores 1 day and 1, 3, 6, and 12 months after the operation were 3.45 + 0.47, 2.55 £
0.60, 1.89+0.48,1.50+0.27, and 1.12 £ 0.20, respectively (Figure 4A). The mean preoperative ODI score was 75.70 +4.39, but
this decreased significantly postoperatively (P < 0.05), being 37.70 & 6.95 at 1 day and 26.40 + 4.90, 23.70 £ 4.87, 21.70 = 5.46,
and 20.50 + 4.21 at 1, 3, 6, and 12 months after the operation, respectively (Figure 4B).

Discussion

We used hollow screws combined with PVP for three-column intensive treatment of Kummell’s disease with
pedicle rupture. When the hollow screws were anchored with bone cement, three-column fixation of Kummell’s
disease with a pedicle fracture was achieved, and the bone cement was strongly anchored within the injured
vertebra, reducing the risks of long-term cement loosening, displacement, and prolapse. This aided healing of the
fractured pedicle and avoided the disadvantages of open internal fixation surgery, namely serious trauma and
reduced spinal motion.

The advantages of hollow screws combined with percutaneous vertebroplasty as a

three-column intensive treatment

Hollow screws combined with PVP provide three-column reinforcement and firm fixation of fractured vertebrae. This not
only stabilizes vertebral fractures, but also reduces the incidence rates of bone cement loosening, displacement, and
propulsion after traditional PVP and PKP surgeries.'""'>!*!” Back pain was significantly relieved, and the stability of the
vertebral pedicle was ensured via fixation of hollow screws, which aided pedicle fracture healing. The operation has the
advantages of minimal trauma, a rapid recovery, convenient nursing, and a low surgical cost. There is no need for internal
fixation of a bone graft fusion pedicle screw, which is associated with severe trauma, reduced spinal motion, inconvenient

nursing, and high medical costs.>’-'%'820
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Figure | Kummell disease with bilateral pedicle rupture. A female 76 years of age complained of “low back pain and discomfort for 3 months”. (Al-A4) MRI examination
indicated that the T12 vertebra was a fresh fracture, and the vacuum fissure in the vertebra showed a liquid signal. (BI-B5) Preoperative CT examination showed that the
anterior middle part of T12 vertebral body was dehounded and vacuum fissure formed in the vertebral body, accompanied by bilateral pedicle fracture. Preoperative
anterograde (Cl) and lateral (C2) X-ray examination indicated that T12 vertebral body height decreased and fractures formed in the vertebral body. X-ray examination of
the hyperflexion (C3) and hyperextension (C4) positions indicated dynamic instability in the fractures of the T12 vertebrae and the formation of pseudarthrosis.
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Figure 2 Re-examination on the first day after hollow screws combined with percutaneous vertebroplasty for three-column intensive treatment. (D1-D3) Postoperative
cross-sectional CT plain scan showed that bone cement was evenly distributed in the vertebral body, no leakage in the spinal canal, and the hollow screw was well anchored
to the bone cement, and the position of the hollow screw was good. (D4-D7) Sagittal plain CT scan showed that the vertebral bone cement was well anchored to the hollow
screws, and the hollow screws were ideally positioned in the bilateral pedicles. (D8) Coronal CT showed good distribution of bone cement in the vertebral body.
Anteroposteric (El) and lateral (E2) X-rays showed that the bone cement was evenly distributed in the vertebral body, and the hollow screw was well anchored to the bone
cement, and the position of the hollow screw was good.

Indications for Treatment
Hollow screws combined with three-column intensive percutaneous vertebroplasty can be used to treat stage I or II
Kummell’s disease with pedicle rupture. This surgical approach is not recommended for patients with pathologic stage II1
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Figure 3 Reexamination 2 years after surgery showed that Kummell’s disease of the thoracic 12 vertebrae had been cured and the bilateral ruptured pedicle had healed. (FI-3)
MRI examination indicated that the T12 vertebral fracture had healed, and the fluid signal in the vacuum fissure in the vertebral body disappeared. (G1-G2) CT cross-sectional
plain scan showed that the hollow screw was well anchored with bone cement, and the broken pedicle was healed. (G3-G7) sagittal plain CT scan showed that the vertebral
bone cement was well anchored with hollow screws, the bone cement was not loosened or displaced, and the broken vertebral pedicle was healed. Anteroposteric (HI) and
lateral (H2) X-rays showed that the bone cement was evenly distributed in the vertebral body, and the hollow screws were well anchored with the bone cement. X-ray
examination of the hyperflexion (H3) and hyperextension (H4) positions showed that the fractures of the T12 vertebrae disappeared and there was no dynamic instability.

Kummell’s disease, ie, patients with severe collapse of the posterior vertebral wall with symptoms of spinal cord or nerve
root compression. Decompression and internal fixation surgery are required.”'™'* To treat common osteoporotic
vertebral compression fractures, PVP combined with pedicle screw fixation has been used.”' We believe that when the
posterior column of the vertebral body is undamaged, it is not necessary to enhance fixation of the posterior column,
which increases costs, radiation exposure, and the hospitalization time. In such cases, we do not recommend the use of
three-column reinforcement treatment because direct PVP or PKP surgery is superior.”>** For Kummell’s disease
patients without pedicle fractures, percutaneous piercing followed by cement placement combined with three-column
enhanced vertebroplasty is recommended. '’
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Figure 4 Results of VAS scores and ODI scores. (A) The VAS scores at | day and |, 3, 6 and 12 months after surgery were significantly improved compared with those
before surgery. (B) The ODl scores at | day and 1, 3, 6 and 12 months after surgery were significantly improved compared with those before surgery. * < 0.05, comparison
with pre-operation scores.

Operative Precautions

Bone cement solidifies quickly in vivo, the operation involves multiple steps, and the operative time window is narrow. Thus,
the surgeon requires full fluoroscopic guidance when injecting/pushing bone cement and inserting screws, which increases
radiation exposure for both the surgeon and patient. During insertion of the fine guide needle and removal of the puncture
cannula, the needle should be well-controlled and fluoroscopically visible; it must not slip out.”!! Preoperative CT should be
performed to determine the appropriate screw length. After the guide needle is placed, a sharp surgical blade should be used
to enlarge the fascia layer to avoid failed or inadequate fascia incision during screw insertion. Fascial obstruction and stalling
during screw insertion increase the operative time. As most patients are severely osteoporotic, the entire screw insertion
process should proceed under fluoroscopic guidance to ensure that the insertion depth is neither too deep nor too shallow.

Conclusion

Hollow screw placement combined with PVP as a three-column intensive treatment for Kummell’s disease with pedicle
rupture is associated with minimal trauma, a rapid recovery, and firm fixation of bone cement. It not only avoids the
disadvantages of traditional open internal fixation, such as major trauma and reduced spinal mobility, but also lessens the
risk of bone cement loosening, displacement, and release compared to the risks after traditional PVP and PKP surgeries.
The screw stabilizes the pedicle and promotes healing of the pedicle fracture. Our technique is one of the most effective
surgical methods for treatment of Kummell’s disease with pedicle fracture.

Shortcomings
Given the low incidence of Kummell’s disease, especially disease with pedicle rupture, only 10 cases were included in this study;
more cases are required. Increasing surgical experience will allow the method to be improved and ultimately optimised in future.
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