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Efficacy and safety of hollow pedicle screw-anchored bone
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The rising prevalence of Kiimmell's disease, a
delayed type of osteoporotic vertebral fracture, is
becoming a significant challenge in our increasingly
aging population. Characterized by vertebral
osteonecrosis and subsequent collapse, Kiimmell's
disease often leads to severe pain, reduced mobility,
and neurological complications, severely impacting
the quality of life of affected individuals.!1 While
early stages of Kiimmell's disease may respond to less
invasive treatments such as vertebroplasty, Stage III
of the disease, marked by vertebral body collapse and
spinal instability, necessitates more complex surgical
intervention "7

Traditional treatments for Stage III Kimmell's
disease, which involves either anterior or posterior
decompression or a combination of both, are
fraught with significant challenges, including
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ABSTRACT

Objectives: The study aimed to evaluate the efficacy and safety
of hollow pedicle screw-anchored bone cement combined with
posterior long-segment fixation (LSF) for the treatment of
Stage 111 Kiimmell’s disease.

Patients and methods: The study retrospectively analyzed
23 patients (18 females, 5 males; mean age: 70.1+6.2 years;
range, 58 to 80 years) with Stage III Kiimmell’s disease
who underwent hollow pedicle screw-anchored bone cement
combined with posterior LSF between March 2017 and April
2020. The clinical efficacy was evaluated using the Visual
Analog scale (VAS), the Oswestry Disability Index (ODI),
anterior vertebral height, kyphotic Cobb angle, and neurological
function by Frankel classification. Complications, operation time,
intraoperative blood loss, and complications were obtained from
the hospital records. Data recorded at three time intervals (before
the surgery, early postoperative period, and the last follow-up)
were compared.

Results: The mean follow-up time was 20.8+6.1 months.
The mean operation time was 102+16.5 min, and the mean
intraoperative blood loss was 225+41.3 mL. The VAS, ODI,
anterior vertebral heights, and local kyphosis angle showed
statistically significant differences between preoperative and
postoperative values, as well as the preoperative and the final
follow-up values (p<0.05). However, the differences between
postoperative and final follow-up values were not statistically
significant (p>0.05). Six patients (26%) had mild preoperative
neurological deficits and normalized neurological function at
the final follow-up evaluation. Asymptomatic leakage of cement
occurred in five (22%) cases. There was no fixation failure
(rod breakage or screw loosening).

Conclusion: Hollow pedicle screw-anchored bone cement
combined with posterior LSF is a safe and effective surgical
option for the treatment of Stage III Kiimmell’s disease.

Keywords: Anchoring bone cement, hollow pedicle screws, Kiimmell’s
disease, long-segment posterior internal fixation.

prolonged recovery, increased blood loss, and a
higher risk of complications.®” This has led to a
search for more effective and less invasive surgical
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techniques. Among the promising approaches is
the use of hollow pedicle screw-anchored bone
cement combined with posterior long-segment
fixation (LSF). This method aims to provide the
dual benefits of stabilizing the vertebral body
through the anchoring effect of bone cement and
reducing surgical trauma by avoiding extensive
decompression and bone grafting.[101%

The current study introduces an innovative
approach to treating Stage III Kimmell's disease,
leveraging the novel technique of hollow pedicle
screw anchorage combined with long-segment
posterior fixation. By filling the intravertebral
voids with bone cement and securing the construct
with anchored pedicle screws, this method aims
to provide enhanced stability, reduced risk of
cement leakage, and improved patient outcomes.
The significance of our research lies in its potential
to offer a safer, more effective treatment alternative
for patients with advanced Kiimmell's disease,
where conventional methods fall short. Through
detailed clinical and imaging analysis, this study
aimed to validate the efficacy and safety of this
approach, providing new insights into managing
this challenging condition.

PATIENTS AND METHODS

In the retrospective study, 23 patients with
single-segment Stage III Kimmell's disease who
underwent hollow pedicle screw-anchored bone
cement combined with LSF at the Affiliated
Hospital of Hebei University of Engineering,
Department of Orthopedic between March 2017
and April 2020 were recruited. The inclusion
criteria were as follows: (i) a diagnosis of Stage
III Kimmell's disease based on symptoms, signs,
and imaging; (ii) single-level Kiimmell's disease;
(iii) primary osteoporotic fracture; (iv) lumbar bone
mineral density T-score <-2.5 (measured by dual-
energy X-ray absorptiometry). The exclusion criteria
were as follows: (i) patients with severe medical
diseases or intolerance to surgery; (ii) patients with
a history of thoracolumbar surgery; (iii) pathological
fractures, such as vertebral metastases and primary
tumors; (iv) Stages I and II Kiimmell’s disease.
The surgical criteria were as follows: (i) patients
with unremitting pain; (ii) patients with neurologic
dysfunction; (iii) patients with progressive kyphosis;
(iv) patients with spinal instability; (i) patients with
failed percutaneous vertebroplasty or percutaneous
kyphoplasty. Twenty-three patients (18 females,
5 males; mean age: 70.1+6.2 years; range, 58 to 80
years) met the criteria and were retrospectively
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analyzed. The study protocol was approved
by Institutional Review Board of Affiliated
Hospital of Hebei University of Engineering
(data: 16.06.2022, no: 2022[K]038). Written informed
consent was obtained from all participants after an
explanation of the surgical options. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Preoperative dynamic mobility in the vertebral
body was noted on radiographs. Computed
tomography (CT) imaging suggested localized
vacuum fissure changes in the injured vertebrae,
with varying degrees of rupture at the vertebral
body edges. Magnetic resonance imaging showed
a low-signal area on the Tl-weighted sequence and
a restricted high-signal area on the T2-weighted
sequence, as well as fat-suppression sequences,
forming a demarcation zone with the surrounding
relatively low-signal area.

Surgical procedure

The surgical intervention for Stage III
Kiimmell's disease was carried out under general
anesthesia with patients in the prone position. Using
fluoroscopic guidance from a C-arm X-ray machine
for precision, the procedure commenced with a
manual reduction to correct vertebral height loss,
a technique adapted from Li et al.™ A posterior
midline approach exposed the necessary spinal
anatomy, and hollow pedicle screws were then
inserted into the affected vertebra and extended
two levels above and below for robust support. The
critical phase involved the precise placement of
these screws into the vertebral cavity, confirmed
under fluoroscopy, to anchor the bone cement
effectively. Bone cement, prepared to optimal
viscosity, was injected through the screws into the
vertebral body to thoroughly fill the intravertebral
voids. If necessary, additional bone cement was
applied to ensure the vertebral body's complete
filling while monitoring for any overflow. In
cases requiring spinal decompression, selective
removal of the lamina and articular processes was
performed, sparing the posterior vertebral edge.
Following cement solidification, a connecting rod
was installed to secure the assembly, aiding in
kyphosis correction. The surgery was concluded
with posterolateral fusion using both homogeneous
allograft and autogenous bone grafts from any
decompression performed. A drainage tube was
inserted to manage postoperative fluids, and the
incision was meticulously closed in layers, ensuring
a clean and secure finish.
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Postoperative management

Antibiotics were routinely used postoperatively
for three days to prevent infection. The drainage
tube was removed when the amount of drainage was
less than 50 mL/day. All patients were mobilized
three days after surgery and walked with the
protection of a waist brace for three months after
the operation. The patients were reviewed regularly
at 1, 3, 6, and 12 months after surgery, and once a
year thereafter. All patients received pharmacological
antiosteoporosis treatment after discharge, including
standard daily doses of calcium (800 mg orally
once daily), alfacalcidol vitamin D supplementation
(0.25 mg orally twice daily), and zoledronic acid
(5 mg intravenously once yearly).

Efficacy evaluation method

Data at three different time intervals
(before surgery, early postoperative period, and
at the final follow-up) were compared. Clinical
efficacy evaluation was conducted using the Visual
Analog Scale (VAS). The VAS is a unidimensional
measure of pain intensity widely used in diverse
adult populations, including those with rheumatic
diseases. The scale ranges from “no pain” (score of 0)
to “worst imaginable pain” (score of 100) on a 100-mm
scale. Patients are asked to place a mark on a line
that represents their pain intensity. The VAS score
is determined by measuring in millimeters from
the left end of the line to the point that the patient
indicates.

The Oswestry Disability Index (ODI) is one of
the most used outcome measures for the assessment
of disability and quality of life in individuals
with lower back pain. It is a self-administered
questionnaire divided into 10 sections that are
designed to assess limitations in various aspects of
daily living, including pain intensity, personal care,
lifting, walking, sitting, standing, sleeping, sex life,
social life, and traveling. Each section is scored on
a scale from 0 to 5, with higher scores indicating
greater disability. The total score is calculated as
a percentage, with 0% representing no disability
and 100% representing the maximum disability
possible.

In this study, the VAS and ODI were used
to evaluate the impact of hollow pedicle
screw-anchored bone cement combined with
posterior LSF on pain and functional outcomes in
patients with Stage III Kiimmell's disease. The VAS
was employed to gauge the immediate and long-
term effectiveness of the surgical intervention in
alleviating pain at the fracture site, whereas the
ODI was used to assess improvements in patients'

functional status and their ability to engage in daily
activities after surgery.

During the imaging evaluation, (i) the anterior
vertebral height was measured as the distance
between the upper and lower endplates of the
injured vertebra on a lateral X-ray, and (ii) the
local kyphosis angle was determined using Cobb’s
method on a standard lateral radiograph.'® This
angle was measured with one line passing over the
normal endplate surface above the involved vertebra
and the other passing over the normal endplate
surface below the involved vertebra.

Statistical analysis

Statistical analyses were performed using IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Data were expressed as mean + standard
deviation (SD). The normality of data distribution
was assessed using the Shapiro-Wilk test, given
its suitability for samples of our size. For variables
that followed a normal distribution (p>0.05 in the
Shapiro-Wilk test), parametric tests, including the
paired t-test, were used to compare preoperative,
postoperative, and follow-up measures. A p-value
<0.05 was considered statistically significant.

RESULTS

The disease course ranged from 2 to 7 months,
with a mean of 3.9+1.6 months. All patients had
a history of minor back trauma, and the levels
of diseased vertebrae were as follows: T11 (n=5),
T12 (n=9), L1 (n=8), and L2 (n=1). The mean
preoperative bone mineral density T-score was
-3.4+0.4 (range, —2.7 to —4.2). According to the
Frankel classification, neurological function
was divided into Grade D (n=6) and Grade E
(n=17). Six patients underwent intraoperative
decompression of the spinal canal and nerve
roots due to neurological symptoms. The
mean postoperative follow-up duration was
20.8+6.1 months (range, 12 to 36 months). The mean
hospital stay was 10.0£1.6 days, the mean surgery
time was 102+16.5 min, and the mean blood loss
was 225+41.3 mL. The amount of bone cement
injected into the only injured vertebrae ranged
from 3.0 to 5.5 mL, with a mean of 4.2+0.7 mL.
Leakage of bone cement occurred in five patients,
including leakage into the paravertebral area in
two, the intervertebral space in two, and the
paravertebral vein in one patient. However, no
patient experienced related neurological or spinal
cord symptoms. The general data are shown in
Table I.
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TABLE |
General characteristics of the patients

Case Age/Sex Medical Hospitalization  Duration of Damaged BMD Comorbidity
history time (d) follow-up segment (T score)
(month) (month)
1 70/M 2 10 18 T11 -3.7 Hypertension, diabetes disease
2 66/F 4 9 22 T12 -3.2 No
3 63/F 3 11 15 T12 -2.9 Diabetes disease
4 72/M 6 7 24 L2 -3.6 Hypertension, heart disease
5 66/F 3 10 36 T -2.7 Heart disease
6 75/F 5 11 19 L1 -3.5 Hypertension
7 68/F 2 10 25 T12 -2.9 Hypertension
8 70/F 3 12 L1 -3.8 Diabetes disease
9 62/F 7 15 T12 -3.0 Hypertension, heart disease
10 73/M 3 10 32 T -3.7 Heart disease
11 59/F 5 12 28 L1 -3.2 Hypertension, heart disease
12 77/F 2 9 16 T12 -3.8 Diabetes disease
13 80/F 6 14 17 L1 -4.2 No
14 76/M 3 9 25 T12 -3.6 Hypertension
15 78/F 4 12 14 T11 -3.8 No
16 58/F 2 11 24 L1 -2.8 Diabetes disease
17 65/F 7 10 17 T12 -3.3 Hypertension
18 73/F 5 25 L1 -3.5 Hypertension, heart disease
19 77/M 2 13 T12 -4.0 Hypertension
20 66/F 4 20 T11 -3.4 Hypertension
21 60/F 4 10 24 L1 -2.8 No
22 71/F 3 12 18 T12 -3.6 Diabetes disease
23 75/F 4 11 20 L1 -3.4 Hypertension
BMD: Bone mineral density.

One week after surgery, the mean VAS and ODI
scores were 3.2+0.7 and 40.6+6.3, respectively. During
the follow-up period, the mean VAS and ODI scores
were 1.910.7 and 19.945.4, respectively. The VAS
and ODI scores were significantly lower (p<0.05)
at the early postoperative period compared to the

preoperative scores and were further reduced at the
final follow-up compared to the postoperative values.
Lasting pain relief and functional improvement were
achieved in all cases (p<0.05; Table II).

One week after surgery, the mean anterior
vertebral height and the mean local kyphosis angle

TABLE Il

The VAS and ODI scores, kyphotic angle, and anterior vertebral height before the operation, one week after the operation, and
at the last follow-up

VAS ODI (%) Kyphotic angle (°) Anterior vertebral height (mm)

Mean+SD Mean+SD Mean+SD Mean+SD
Preoperative 7.7£1.0 75.846.5 24.8+15.2 11.944.7
Early postoperative 3.2£0.7* 40.6+6.3" 6.3+£10.7* 21.1£2.9*
Last follow-up 1.9+£0.7*t 19.94£5.4*t 6.7£11.1"¢ 20.6+3.0"f
P-value <0.001 <0.001 <0.001 <0.001
VAS: Visual Analog Scale; ODI: Oswestry Disability Index; SD: Standard deviation; * p<0.05 vs. preoperation values; t p>0.05 vs. 1 week postoperative values;
1 p>0.05 vs. 1 week postoperative values.
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TABLE Il
Frankel classification of 23 patients before the operation and at the last follow-up

Frankel classification
A B D E x p
Preoperative 17 6.9 0.009
Last follow-up 23

were 21.1£2.9 and 6.3+10.7, respectively. During
the follow-up period, the mean anterior vertebral
height and the mean Cobb angle were 20.6+3.0 and
6.7+11.1, respectively. The anterior vertebral height
and the Cobb angle were significantly corrected
after surgery compared to the preoperative period,
and the difference was statistically significant
(p<0.05; Table II). There was a mild loss in vertebral
height and kyphosis correction at the final follow-up;
however, the difference was not statistically
significant compared to the early postoperative
period (p>0.05; Table II).

No complications, such as rod breakage, screw
loosening, or collapse of the injured spine, were
observed during the follow-up. According to the
American Spinal Injury Association Impairment

Scale, six patients were preoperatively classified as
Grade D and 17 as Grade E (Table III). At the final
follow-up evaluation, all patients who had been
Grade D before surgery were found to have improved
to Grade E. Pre- and postoperative images of two
typical patients with Stage III Kiimmell’s disease
who underwent hollow pedicle screw-anchored bone
cement combined with posterior LSF are shown in
Figures 1 and 2.

DISCUSSION

This study's primary outcome demonstrated that the
novel surgical approach involving hollow pedicle
screw-anchored bone cement combined with posterior
LSF significantly improved pain and functionality
in patients with Stage III Kiimmell's disease. Key

FIGURE 1. A 64-year-old female patient who underwent hollow pedicle screw-anchored bone cement combined with posterior
LSF for L1 Kimmell’s disease. (a, b) Preoperative sagittal and coronal radiographs showing a severely collapsed vertebra and
kyphotic deformity. (c, d) Preoperative sagittal and coronal CT scan demonstrating the intervertebral cleft and breakage of the
posterior cortex in the L1 vertebra. (e, f) Preoperative T1-weighted magnetic resonance imaging showing a low signal of fluid and
gas in the injured vertebra, spinal cord compression, and T2-weighted fat-suppression images showing a high signal. (g, h) Early
postoperative radiographs demonstrating restoration of the vertebral height and the kyphosis. (i, j) Radiographs showing no
significant loss of vertebral height, no recurrence of kyphosis, good positioning of the injured vertebral cement, and no loosening

or fracture of the internal fixation at the last follow-up visit.
LSF: Long-segment fixation; CT: Computed tomography.
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FIGURE 2. A 76-year-old female patient who underwent hollow pedicle screw-anchored bone cement combined with posterior LSF
for T12 Kimmell’'s disease. (a, b) Preoperative radiographs showing a severely collapsed T12 vertebra and kyphotic deformity.
(c, d) Preoperative coronal and sagittal CT scans showing a wedge-shaped change in the T12 vertebral body with interruption of
the bony structure and a translucent line shadow. (e, f) Preoperative T1-weighted magnetic resonance imaging demonstrating a
low signal in the injured vertebra and spinal cord compression, and T2-weighted fat-suppression images showing a high signal.
(9, h) Early postoperative radiographs. (i, j) Radiographs showing no significant loss of vertebral height, no recurrence of kyphosis,
good positioning of the injured vertebral cement, and no loosening or fracture of the internal fixation at the last follow-up visit.

LSF: Long-segment fixation; CT: Computed tomography.

findings were marked reductions in VAS and ODI
scores, indicating effective pain management and
enhanced daily living activities. Additionally, we
observed substantial structural restoration with
maintained vertebral integrity and corrected spinal
deformity, alongside a favorable safety profile
characterized by low complication rates and improved
neurological functions in affected patients. These
results underscore the technique's potential as a
viable and effective treatment option, highlighting
its operational efficiency and minimal invasiveness
compared to traditional surgical methods.

Following the accelerated speed of the aging
population, the number of patients with osteoporotic
fractures, particularly osteoporotic spinal fractures,
is increasing yearly,'1*”) and the number of patients
with Kiitmmell’s disease is also increasing. According
to clinical symptoms and imaging, Li et al.™ divided
Kimmell’s disease into three stages as follows:
Stage I, vertebral body height loss <20% with
or without adjacent disc degeneration; Stage II,
vertebral body height loss =20% with adjacent disc
degeneration; Stage III, posterior cortical rupture
resulting in spinal cord compression with or without
spinal cord injury.

In general, conservative treatment of Kiimmell's
disease is typically less effective and carries the
risk of delayed vertebral collapse and neurological
dysfunction, and most surgeons recommend
that Kimmell's disease be treated by surgical
intervention.” For Stages I and II, the role of
percutaneous vertebroplasty and percutaneous
kyphoplasty in achieving pain relief, restoring
vertebral body height, and correcting deformity has
been widely accepted.!®! However, the treatment of
Stage III Kiimmell's disease has been controversial.®!
Although many procedures have been developed
to treat this condition, including anterior-only,
posterior-only, and combined anterior and posterior
procedures,® they are technically demanding
and potentially dangerous in elderly patients. For
patients with Stage III Kiitmmell's disease with mild
spinal stenosis and no neurological symptoms,
the goals are to relieve back pain, prevent further
collapse of the affected vertebrae, and delay
neurological dysfunction. In this study, we used a
relatively less invasive surgical approach, applying
a hollow screw-anchored cement technique to
stabilize the anterior column and long-segment
posterior instrumentation to stabilize the spine. The
results showed that hollow pedicle screw-anchored
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bone cement combined with posterior LSF could
significantly relieve back pain, recover the height
of the affected vertebra, correct kyphosis deformity,
and promote the recovery of neurological function.

Intravertebral vacuum cleft (IVC) is a
characteristic imaging feature of Kiimmell's disease.
On coronal plane CT, it is generally located in the
middle of the vertebral body or adjacent to the
compression endplate, and on sagittal plane CT, it is
mostly located on the anterior edge of the vertebral
body."! In Kiimmell's disease, vertebral bone defects
are commonly detected in clinical practice. Pathology
has confirmed the IVC as a dead space composed
of necrotic bone tissue. After being filled with
bone cement, it is difficult for the bone cement to
penetrate the normal trabecular structure, that is, the
bone cement does not combine with the surrounding
bone tissue, which is an important cause of bone
cement dislodgement.?*?!! Tsai et al.?? suggested that
polymethylmethacrylate cement in vertebroplasty
is merely a space-occupying material without
mechanical interlocking ability or biocompatibility
and, accordingly, has the potential for dislodgement.
Hollow pedicle screws are used to interlock the
bone cement and the surrounding bone tissue in an
attempt to avoid bone cement displacement during or
after surgery. The key technology in this is that after
the hollow pedicle screw of the fractured vertebra
is inserted into the IVC, the bone cement is slowly
released through the lateral hole at the front of the
screw, and the IVC is filled during the injection,
creating better integration between the cement and
the screw. Thus, the hollow pedicle screw acts as a
bridge, allowing the bone cement to interlock with
the surrounding bone tissue, even to the pedicle,
which is the hardest part of the vertebral body.

We believe that stabilization of the spine by
posterior long-segment bone cement pedicle screws
is another important factor for the satisfactory
results of our surgeries. Due to the characteristics
of Kiimmell's disease (which mostly occurs in the
thoracolumbar spine), in cases where significant
weight-bearing and easy instability may be present,
it is important to reasonably select the spinal
segment to be fixed to obtain stronger internal
fixation. At present, there are no studies on the
comparative treatment of Stage IIl Kimmell's disease
using vertebroplasty combined with posterior
LSF wvs. short-segment fixation. Although short-
segment posterior devices have been widely used
and allow the preservation of more motor segments,
implant failure and the progression of kyphosis
have been noted in long-term follow-ups.[?32
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Verlaan® concluded that the complication rate
of posterior short-segment fixation is as high as
21% (e.g., vertebral body collapse and loosening
of internal fixation). Conversely, there was no
internal fixation failure in the LSF group in the
present study. The reason for this difference may
be related to the poor local stability and poor axial
load-bearing capacity of short-segment fixation.
A meta-analysis concluded that LSF could better
maintain the long-term stability of kyphosis.?”! In
addition, the lower bone density of the spine in
patients with Kimmell's disease also requires a
higher intensity of instrumentation fixation.?%?*]
Taking these factors into account, we used LSF
to stabilize the spine after cement injection into
the vertebrae.’” We used bone cement-augmented
screws in all patients with insufficient bone mass
because this method promotes a strong bond
between the screw and the vertebral body, thus
preventing screw loosening and implant failure.
Consistent with our approach, Mo et al.! also
demonstrated that bone cement-augmented pedicle
screw fixation was a safe and effective treatment for
Stage III Kiimmell’s disease and could effectively
correct kyphosis, restore and maintain sagittal
balance, and maintain spinal stability.

This study had some limitations. First, this was
a retrospective, single-center study with a limited
sample size and a short follow-up period, which may
have influenced the results. Second, since we did
not include a control group in this study, possibly
introducing selection bias. A prospective, randomized
controlled study is needed to further validate the
effectiveness of the procedure.

In conclusion, hollow pedicle screw-anchored
bone cement combined with posterior LSF represents
a safe and effective surgery for patients with
Stage III Kimmell’s disease. Satisfactory kyphosis
and vertebral height correction can be achieved using
this technique, providing pain relief and improved
neurological function with few complications.
However, further evaluation is needed for long-term
clinical outcomes and the radiological results of this
minimally invasive method.
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