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Abstract

Background: When vertebroplasty is used to treat Kummell disease with bone deficiency at vertebral
anterior border, bone cement displacement often occurs intraoperative or postoperative. We designed and
used a new bone cement screw system to avoid the serious complication. The purpose of this study is to
evaluate the safety and effectiveness of this novel operation method through more than 3 years of
follow-up.

Methods: From January 2012 to August 2016, 27 patients suffering from single-segment Kummell
disease with bone deficiency at vertebral anterior border were treated by vertebroplasty combined with
novel bone cement screw. Bone cement is released into the diseased vertebrae through screw to fully fill
the intravertebral vacuum cleft. Screw fixation of bone cement can avoid intraoperative or postoperative
displacement. All patients were operated by unilateral technique, only one screw was implanted for each
patient. The clinical efficacy was evaluated using Odom'’s criteria and statistical analysis based on the
results of vertebral body index (VBI), vertebral body angle (VBA), bisegmental Cobb angle (BCA), visual
analogue scale (VAS), oswestry disability index (ODI), and the MOS 36-item short from health survey (SF-
36).

Results: The operation was completed successfully in 27 cases. The average operation time was
49.63+10.82 min, and the average volume of cement injected was 4.70+0.87 ml. The patients’
preoperative VBI, VBA, BCA, VAS and ODI scores were 43.11+5.94, 21.04+2.55, 45.00+£6.26, 7.59+0.84,
and 79.85+7.58, respectively. The postoperative measurements were 78.70+£2.55,12.70£2.11, 26.11+4.73,
3.22+0.93 and 50.04+9.28. At the last follow-up, the measurements were 78.04+2.30, 13.15+2.38,
27.07+4.87,2.04+0.65, and 22.85+5.06, respectively. There was significant difference between the
preoperative and postoperative data, as well as the preoperative and the last follow-up data (P<0.05).
Compared the results of SF-36 preoperative and at the last follow-up, there were significant differences in
physical function, role-physical, body pain, vitality, and social function these 5 items (P<0.05). However,
there were no significant differences in general health, emotional function and mental health. Finally, 26
patients (96.3%) had good to excellent clinical outcomes according to Odom's criteria.

Conclusions: This 3-year follow-up study shows that the novel bone cement screw system combined with
vertebroplasty has a good short and medium-term therapeutic effect on patients with Kummell disease
and bone deficiency at vertebral anterior border, while its long-term efficacy is subject to further studies.

Introduction

Delayed posttraumatic spinal vertebral body collapse, namely Kummell disease, first described by Dr.
Hermann Kummell in 1985 is a rare and poorly documented disease [1, 2]. By definition, it is a spinal
disorder characterized by patients suffered a minor spinal trauma but resulted in a symptomatic,
progressive, angular kyphosis after a symptom-free period of time ranging from months to years [3, 4].
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For this rarely seen disease, the treatments are tricky and no consolidate method [2, 5]. The goal of
treatment is to relieve the back pain, and to prevent the affected vertebra from further collapse, and hence
prevent kyphotic progressing [6]. Conservative management such as bed rest, narcotic analgesics, and
use of a brace often use as an initial treatment for Kummell disease. However, patients often turn to
surgical intervention because of poor treatment efficacy.

Nowadays, traditional open internal instrumentation and fusion are used to face the challenge. Over the
past decade, the techniques for minimally invasive spinal surgery have improved significantly [7-10].
Percutaneous vertebroplasty has become the main treatment approach for Kummell disease due to it can
achieve pain relief and satisfactory deformity correction [11-13]. However, for Kummell disease patients
with severe intravertebral instability, especially those who are confirmed by preoperative computed
tomography (CT) with bone deficiency due to gasification or liquefaction at vertebral anterior border,
catastrophic complications such as intraoperative or postoperative cement displacement often occur
(Fig. 1) [14-18]. Once bone cement displacement occurs, patients usually require undergoing revision
surgery via open posterior approach, anterior approach or even a combination of posterior and anterior
approaches. Nevertheless, such kinds of revision surgery are not only difficult and risky, but also are
intolerable for elderly patients, which often makes the treatment very tricky.

In order to avoid the extremely serious complication of bone cement displacement, we have developed a
novel type of percutaneous bone cement fixation screw system for vertebroplasty in the treatment of
Kummell disease with bone deficiency at vertebral anterior border. In the present study, we retrospectively
analyzed 27 patients with Kummell disease and bone deficiency at vertebral anterior border who were
treated with this novel screw system in combination with vertebroplasty.

Methods
1. General information

Between July 2012 and August 2016, a total of 27 patients with single-segment Kummell disease (27
vertebral bodies) with bone deficiency at vertebral anterior border confirmed by CT and magnetic
resonance imaging (MRI) were selected. They underwent vertebroplasty treatment combined with a novel
percutaneous cement fixation screw system, including 6 males and 21 females, age of 69-88 years
(mean age of 75.19 + 4.91 years). The preoperative bone density T score measured by double X-ray
absorptiometry ranged - 2.9~-5.5, with an average of -3.58 + 0.59. In terms of disease location, there was
1 case of T10, 3 cases of T11, 15 cases of T12 and 8 cases of L1. Three cases were accompanied by
diabetes, 8 cases by hypertension and 7 cases by coronary heart disease. Li classification [19] was
adopted for staging, which indicated 20 cases of stage Il and 7 cases of stage Il (7 patients had spinal
cord compression but no neurological symptoms). After an explanation of the surgical options, all
patients signed an informed consent form authorized by the local ethics committee. The patients’
demographic information was given in table 1.
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2. Inclusion and exclusion criteria

Inclusion criteria: single-segment Kummell disease with bone deficiency at vertebral anterior border, bone
density T score was smaller than - 2.5, with severe back pain and no neurological deficit.

Exclusion criteria: metastatic spine tumors, multilevel Kummell lesions, long-term use of anti-coagulant
drugs, senile dementia, cognitive damage or other cerebral disease, malignant disease, spinal infection or
skin disease.

3. Surgical methods

All patients underwent surgery after preoperative examination and anesthesia evaluation. After general
anesthesia, the patients were placed in a prone position, with vacant abdomen by padding the chest and
anterior superior iliac spine using a soft pad, followed by adjusting the surgical bed under the C-arm
fluoroscopy to position the patient in the appropriate overextending position to optimize the restoration of
the vertebral height. Then the surface projections of the bilateral pedicle margin of the diseased vertebra
were marked under the C-arm fluoroscopy. All the 27 patients underwent surgery via unilateral surgical
approach, in which the side with the more severe vertebral cleft on CT was selected. According to the
patient's somatotype, the skin was cut (length about 10 mm) longitudinally 5-10 mm outside the surface
marker, and then the subcutaneous tissue and the thoracolumbalis fascia were cut layer by layer.
Subsequently, under the guidance of anteroposterior fluoroscopy, the needle tip was placed on the outer
edge of the pedicle projection (10 o'clock position on the left and 2 o'clock position on the right), and
inclined 10 ~ 15° inward to puncture the vertebral cleft. After the needle tip was found reaching the rear
edge of the vertebra under the guidance of lateral fluoroscopy, it was confirmed without breaking the
medial edge of the pedicle projection (to avoid the screw from entering the spinal canal as much as
possible) under the guidance of anterior and posterior fluoroscopy. Subsequently, the needle further
punctured to the vertebral fissure with the guidance of lateral fluoroscopy, and the guide wire was
inserted. The guide wire should not be excessively inserted to avoid breaking the vertebra during screw
insertion, so as to avoid damaging ventral blood vessels and other viscera. Then the novel cement screw
with bone cement outlet (Fig. 2) was placed percutaneously into the vertebral cavity under the guidance
of the guide wire. The bone cement injection device was connected to the end of the needle. Then, under
the lateral X-ray fluoroscopy, an appropriate volume (usually about 3—6 ml) of bone cement in the
drawing or agglomeration phase was slowly injected until the cleft in the diseased vertebra was fully
filled. After the bone cement was solidified, the bone cement injection device was removed and the wound
was sutured. The schematic diagram of the operation was shown in Fig. 3.

4.Postoperative management

Antibiotics were routinely applied for 24 hours after surgery. On the first postoperative day, patients were
allowed to ambulate under the protection of the thoracolumbar brace, and were discharged after the
conditions were stabilized. After discharge from the hospital, they continued to wear brace for 12 weeks,
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and took calcium, vitamin D3 and Bisphosphonates for anti-osteoporosis treatment under the guidance
of doctors from osteoporosis department.

5. Efficacy evaluation

Patients were reviewed 3, 6, 12, 24, 36 months after the operation, during which X-ray and CT were used
to evaluate the presence of bone cement displacement, progress of kyphosis, new onset compression
fracture, as well as presence of loosening, displacement of the cement screws, etc. Kyphotic deformity
and radiographic follow-up were defined by the vertebral body index (VBI: relation between the anterior
and posterior wall height of the diseased vertebra), vertebral body angle (VBA: angle defined by the upper
and lower endplate of the diseased vertebra), and bisegmental Cobb angle (BCA: angle defined by the
upper endplate of the first vertebra above the diseased one and by the lower endplate of the first vertebra
below the diseased one). The measurement method is shown in Fig. 4.

Patients were assessed for pain relief and functional recovery by comparing Visual Analogue Scale (VAS,
0: no pain at all; 10: worst pain imaginable) and Oswestry Disability Index (ODI, 0%: best functional state;
100%: worst functional state) scores.

The general health status of the patients was evaluated according to the MOS 36-item short from health
survey (SF-36) completed before operation and at the last follow-up. The improvement of eight
dimensions: physical function (PF), role-physical (RP), body pain (BP), general health (GH), vitality (VT),
social function (SF), emotional function (RE) and mental health (MH) were evaluated respectively.

Odom’s criteria were used to evaluate the clinical satisfaction of the 27 patients at the most recent follow-
up (It is divided into four levels: excellent, good, satisfaction, poor; excellent is the best and poor is the
worst).

6. Statistical analysis

Statistical analyses were performed using SPSS 21.0 software. The VBI, VBA, BCA, VAS, and ODI scores
before surgery, after surgery and at the end of the 3-year follow-up were compared using Paired t-test.
Changes of SF-36 eight dimensions scores before surgery and at the last follow-up were also compared
using Paired t-test. All the data were expressed as mean * standard deviation. A difference with P<0.05
was considered statistically significant.

Results
1. Clinical results

The operation was completed successfully in 27 patients. A total of 27 screws were placed. Postoperative
CT examination showed that all the screws were in good position, and no bone cement displacement
occurred during the operation. The average operation time was 49.63 + 10.82 min (ranged 30—70 min).
The average volume of cement injected was 4.70 + 0.87 ml (ranged 3-6 ml). Blood loss during the
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operation was minimal. During operation, 4 cases (14.81%) occurred bone cement leakage, of which 3
cases were lateral leakage of vertebral body, and 1 case was leakage of superior disc. No case had
venous leakage. None of the patients suffered from serious complications such as injury of large blood
vessels or spinal cord, etc. Wound was well healed in all patients, with absence of delayed wound healing,
infection and hematoma. The average time of hospital stays were 3.30 + 0.95 days (ranged 2-5 days).
The clinical results were shown in table 1.

2. Imaging and follow-up results

During the 3-year follow-up, no patients had complications such as loosening, displacement, and fracture
of cement screws, and no cases had delayed cement displacement. In addition, during the follow-up,
none of the patients complained of the skin or soft tissue wear discomfort caused by the screws. One
patient suffered from a new fracture at non-adjacent segment of thoracolumbar vertebra (new fracture
rate: 3.70%). The patient’s fractured vertebral height was not significantly lost, with tolerable pain, and
gained rehabilitation after conservative treatment. Compared the imaging parameters obtained before
surgery, after surgery and at the end of the 3-year follow-up, it was found that the VBI, VBA, and BCA
scores were significantly improved after treatment using the novel percutaneous cement screw system
combined with vertebroplasty. The VBI was increased from 43.11 + 5.94 before surgery to 78.70 £ 2.55
after surgery, and was 78.04 + 2.30 at the end of the 3-year follow-up. VBA was decreased from 21.04 +
2.55 before surgery to 12.70 + 2.11 after surgery, and was 13.15 + 2.38 at the end of follow-up. BCA was
improved from 45.00 + 6.26 before surgery to 26.11 + 4.73 after surgery, and was 27.07 + 4.87 at the end
of the 3-year follow-up. In addition, there were significant differences between these three parameters
obtained preoperatively, postoperatively and at the final follow-up (p < 0.05). This indicates that this novel
treatment method can well restore the height and improve kyphosis of vertebra with Kummell disease.
Although the imaging parameters were slightly decreased at the end of 3-year follow-up, there were no
significant differences between these parameters obtained in the last follow-up and after surgery (p >
0.05), which indicates that the height of the vertebral body and the curvature of thoracolumbar spine are
well maintained after surgery. The statistical results were shown in Table 2.

At the last follow-up, the VAS and ODI scored 2.04 + 0.65 and 22.85 £ 5.06, respectively, which were
significantly improved compared with those of 7.59 + 0.84 and 79.85 + 7.58, respectively before surgery
(P<0.05). The improvement rates of VAS and ODI were respectively 73.12% and 71.38% [improvement
rate = (final follow-up score — preoperative score) / (score at the best status - preoperative score) * 100%).
The statistical results were shown in Table 2.

All 27 patients completed SF-36 scale evaluation; the physical function (PF) score was increased from
45.19 + 6.28 before surgery to 77.96 + 6.69 at the last follow-up. The role-physical (RP) score was
increased from 28.70 + 19.25 before surgery to 75.00 + 16.98 at the final follow-up. The Body pain (BP)
score was increased from 15.93 + 8.62 before surgery to 68.15 + 6.18 at the final follow-up. The Vitality
(VT) score was increased from 48.33 + 11.68 before surgery to 62.04 + 11.37 at the final follow-up. The
Social function (SF) score was increased from 29.17 + 10.40 before surgery to 34.72 + 11.14 at the final
follow-up. After statistical analysis of t-test, there were significant differences in PF, RR, BR, VT, and SF
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these 5 items compared before operation and at the last follow-up (P < 0.05). However, there were no
significant differences in general health (GH), emotional function (RE) and mental health (MH) these 3
items compared before operation and at the last follow-up (P >0.05). The statistical results were shown
in Table 3.

Finally, according to Odom's criteria, 26 patients (96.3%) had good to excellent clinical outcomes in the
aggregate. 19 patients (70.4%) had excellent results, 7 patients (25.9%) had good results, 1 patient (3.7%)
had satisfactory result, and no patient had poor result, respectively (Table 4). A typical case was shown in
Fig. 5.

Discussion

With the aging of the global population, the number of patients with spinal fractures, especially
osteoporotic spinal fractures, has increased year by year [20, 21], and patients with Kummell disease
have also increased clinically. If one patient without manifests asymptomatic for a few months or even a
few years after experiencing mild trauma, and then has pain in the same site, with worsened symptoms,
which gradually progresses to kyphosis, and even appears neurological symptomes, it is referred to post-
traumatic vertebral delayed osteonecrosis or Kummell disease. The disease often occurs in the elderly,
more common in the thoracolumbar spine, the most common spinal segment is the T12 vertebra, male to
female ratio of about 1:10[22, 23].

Intravertebral vacuum cleft (IVC) is a characteristic imaging manifestation of Kummell disease. Libicher
et al [24] found that IVC showed a sensitivity of up to 85% and a specificity of 99% in the diagnosis of
Kummell disease. However, IVC is not the basis for the diagnosis of Kummell disease. It can be not only
found in Kummell disease, but also found in acute fracture, infection, primary neoplasm or metastasis etc
[2, 25]. IVC is formed by gas or liquid accumulation in the vertebral body. It is usually located in the
middle of the vertebral bodies or adjacent to the compression endplate in the coronal view, and is most
commonly located in the anterior edge of the vertebral body in the sagittal view [26]. Hence, for Kummell
disease, bone deficiency in the anterior edge of vertebral body is very common clinically.

Currently, the pathogenesis of Kummell disease is still unclear. In 1951, Steel et al. [27] first proposed a
possible mechanism of formation of cancellous bone fracture and small hematoma caused by tiny
spinal trauma, which further led to osteonecrosis and eventually collapse of the vertebral body. With the
deepening of research in recent years, hypotheses of pseudo-arthrosis and ischemic necrosis in the
vertebral body have become the mainstream. Kim et al. [28] believed that IVC indicated the existence of
dynamic activities of non-union pseudo-articular joints in the micro-fracture end, which further resulted in
osteonecrosis and vertebral collapse, rather than ischemic necrosis. Furthermore, biopsies of the IVC
demonstrated fibrocartilage within a fibrous stroma, findings that represent a pseudo-synovium of a
pseudarthrosis. This false joint is indicative of a permanent failure of bone healing after fracture [29, 30].
However, more scholars favor that Kummell disease is caused by ischemic necrosis of the vertebral body.
Yu et al. [26] and Matzaroglou et al. [31] performed biopsy of Kummell diseased vertebral bodies, and
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found trabecular ischemic necrosis. All of these results supported the hypothesis of vertebral ischemic
Necrosis.

With the rapid development of minimally invasive spine surgery, vertebroplasty and kyphoplasty have
become the main methods for the treatment of Kummell disease without neurological damage due to
advantages such as small trauma, good tolerance, rapid pain relief and effective deformity correction, etc
[3, 11-13, 32, 33]. In theory, kyphoplasty is superior to vertebroplasty, with a better vertebral height
reduction and a lower probability of bone cement leakage. However, for Kummell disease, especially for
phases Il and Il patients, the most important aspect of vertebral height restoration is to use the
overextending position to fully open IVC instead of reduction using a balloon. At the same time, when the
bone cement is targeted and injected into the IVC, bone cement leakage is unlikely to occur since the IVC
walls are composed of hardened bone, except that it is prone to occur anterior bone cement leakage in
patients with anterior vertebral body deficiency. Krauss et al. [32] implemented vertebroplasty in 44 cases
with osteoporotic fractures plus IVC and 148 cases with osteoporotic fractures without IVC, and found
that the bone cement leakage rate was much lower in the patients with IVC. In addition, for Kummell
disease, the use of a balloon may rupture the thin endplate, and result in intervertebral leakage of bone
cement, and thus increase the probability of adjacent vertebral fractures. Therefore, in clinical practice,
vertebroplasty is more commonly used instead of kyphoplasty after the overextending position, which is
also more economical.

Although the use of bone cement has achieved satisfactory clinical results [3, 33, 34], the catastrophic
complication of bone cement displacement during or after surgery is inevitably worrying. Even if the
postoperative results are satisfactory, there is still concern of bone cement displacement during follow-
up. Once bone cement displacement occurs, patients often need to undergo open posterior, anterior, or
even anterior and posterior revision surgery to remove the displaced bone cement, reconstruct spinal
stability, restore spinal sequence and fusion [16, 17, 35]. Thus, some scholars intended to apply short or
long segmental fixation combined with vertebroplasty to avoid bone cement displacement. However,
compared with using the bone cement alone, it has the disadvantages of large surgical trauma, loss of
spinal mobility and high cost [3, 36].

The reason for postoperative bone cement displacement for Kummell disease is still unclear. We
summarized and analyzed the Kummell disease patients with bone cement displacement after VP or KP
who were treated in our center or reported in nearly all literature in recent years[14-18, 35, 37], and found
that all these patients suffered from bone deficiency at vertebral anterior border, and the bone cement
shifted from the front of the deficient vertebra to ventral part. In the vertebroplasty, the bone cement tends
to distribute on the vertebral anterior border under the action of the push pressure, but is easy to leak into
the front of the vertebral body under pressure in case of bone deficiency at vertebral anterior border. In the
meantime, even with perfect postoperative kyphosis correction, the patients may still be in mild kyphosis
compared with the status before the disease onset. Hence, in postoperative activity, the barycenter of the
diseased vertebra is moved forward, and the stress can squeeze the bone cement to produce a force for
anterior displacement, thereby results in anterior displacement of bone cement since there is no bone
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barrier due to bone deficiency at vertebral anterior border. Wang et al. [15] and Tsai et al. [16] also believed
that the integrity of the anterior cortex is an important reason for anterior displacement of bone cement.
In addition, the permeation of bone cement into trabecular bone plays an important role in preventing
leakage and displacement, both before and after the procedure [38]. It has been confirmed by pathology
that IVC is a dead space composed of necrotic bone tissue. After filling with bone cement, it is difficult for
the bone cement to infiltrate into the normal trabecular structure, meaning that the bone cement and the
surrounding bone tissue are non-union, which is another important reason for cement dislodgment [17,
18]. Tsai et al. [16] believed PMMA cement in vertebroplasty merely a space occupying material without
mechanical interlock and biocompatibility and, thus, make the potential for dislodgment.

In order to interlock the bone cement and the surrounding bone tissue to avoid bone cement displacement
during or after surgery, we have developed a novel bone cement screw system. The key technology is that
after the bone cement screw is inserted in the IVC, the bone cement will slowly release through the lateral
hole at the front end of the screw and completely fill the IVC during injection, which tends to integrate the
bone cement and the screw, while maintaining the screw in the vertebral body. Hence, the cement screw
acts as a “bridge” to interlock the bone cement with the surrounding bone tissue, and even makes it
connect to the pedicle that is the most rigid part, which strengthens the linkage, and the screws are
unlikely to loosen and shift as well. Furthermore, the tail-free design of the screws allows the bone
cement screw to completely locate in the bone structure, which is unlikely to wear the muscles and other
soft tissue during the activity while acting as a bridge. At the end of the 3-year follow-up, none of the
27patients had bone cement displacement and screw loosening, with a VAS improvement rate of 73.12%
and ODI improvement rate of 71.38%. These preliminary results reveal that the screw system is safe and
effective, and plays a good short and medium-term therapeutic effect on patients with Kummell disease
and bone deficiency at vertebral anterior border, while its long-term efficacy needs further observation. In
addition, the development of a screw system that enables the growth of bone tissue in it may provide an
even better stability.

Conclusions

The 3-year follow-up of the 27 patients shows that the novel bone cement screw system combined with
vertebroplasty has a good short and medium-term therapeutic effect on patients with Kummell disease
and bone deficiency at vertebral anterior border, while its long-term efficacy is subject to further studies.
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Tables

Due to technical limitations, the tables are only available as a download in the supplemental files section.

Figures

Figure 1

Schematic diagram of PVP treatment and postoperative cement displacement in Kummell disease. A:
normal vertebral body; B: Kummell disease causes vertebral collapse and kyphosis; C: After reduction of
collapsed vertebrae and correction of spinal curvature with hyperextension, bone deficiency was found at
the anterior border of vertebrae; D: use bone cement to fill the bone defect site and complete PVP
treatment; E: Postoperative bone cement displacement and loss of spinal curvature correction.
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Figure 2

Schematic diagram of new bone cement screw. There are 4 cement outlets with different distribution at
the front of the screw, as shown by the red arrow.

Figure 3
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Schematic diagram of Kummell disease treated by new bone cement screw system combined with PVP.
A: normal vertebral body; B: Kummell disease causes vertebral collapse and kyphosis; C: After reduction
of collapsed vertebrae and correction of spinal curvature with hyperextension, bone deficiency was found
at the anterior border of vertebrae; D: percutaneous minimally invasive implantation of new bone cement
screw in the intravertebral vacuum cleft; E: PVP treatment is completed by fully filling bone cement
through new bone cement screw into the cleft, and the displacement of bone cement is avoided by screw.

Figure 4

Page 15/17



Schematic diagram of imaging parameter measurement. The measurement methods of VBA and BCA are
shown in the figure, and the measurement method of VBl is (a / b) x 100%.

——

Figure 5

An 81-year-old female patient, L1 vertebral stage Il Kummell disease was treated by new bone cement
screw combined with PVP. A and B: Preoperative X-ray showed Kummell disease of L1 vertebra with
degenerative scoliosis; her preoperative radiographic parameters were as follows: VBI 33%, VBA 24°, and
BCA 57°. C: After postural reduction, CT examination showed that intravertebral vacuum cleft and bone
deficiency at vertebral anterior border in L1 vertebrae. D: Preoperative MRI showed that the intravertebral
vacuum cleft in L1 vertebrae was liquid signal. E and F: CT examination of 3 days after operation showed
that the intravertebral vacuum cleft in L1 was fully filled with bone cement in sagittal and coronal
position, the height of vertebrae restored well, and there was no obvious leakage or displacement of bone
cement. G and H: At the 3-year follow-up, anteroposterior and lateral X-ray radiographs showed the
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positions of cement and screw were good, and no cement displacement was found; her radiographic
parameters were as follows: VBI 73%, VBA 16°, and BCA 38°.
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