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Abstract: Background and objectives Osteoporotic vertebral compression fractures, particularly prevalent
among the aging population, constitute a pressing global healthcare challenge. They often are unnoticed until
severe pain and disability manifest, making them an underdiagnosed and undertreated condition. Patients
who suffer from these fractures not only endure excruciating pain but also face diminished quality of life,
impaired mobility, and the risk of respiratory compromise due to altered spinal alignment. The economic
repercussions of vertebral compression fractures are substantial. Hospitalization costs, rehabilitation expenses,
long-term care, and indirect costs related to lost productivity significantly burden healthcare systems and
society at large , offering a promising avenue for enhancing patient outcomes and relieving the healthcare and
societal financial strain posed by vertebral compression fractures. Kyphoplasty, a minimally invasive surgical
technique, offers rapid pain relief, vertebral height restoration and improved function. Recognizing the
importance of early intervention, this manuscript highlights the potential of kyphoplasty in mitigating both
clinical and economic consequences. By addressing these fractures more effectively, kyphoplasty may
potentially reduce long-term healthcare expenses and indirect costs. Material and Methods 66 randomized
patients were divided into 2 treatment groups (kyphoplasty using single balloon and double balloon),
analyzing radiographic and clinical parameters during 12 months of follow-up. Results Patients treated with
double balloon obtained greater anterior and posterior vertebral height after reduction and a better local
vertebral angle. Both groups of patients obtained clinical improvement after treatment (VAS and ODI), with
no differences between the groups. Conclusion Patients treated with double balloon kyphoplasty had better
radiographic results. This revision manuscript delves into the critical dimensions of these fractures,
encompassing demographics, clinical consequences, challenges in diagnosis and management, and their
profound economic impact. This manuscript serves to introduce an improved kyphoplasty technique to guide
to the multifaceted nature of osteoporotic vertebral compression fractures and their management.

Keywords: osteoporotic vertebral compression fractures (VCF); balloon Kyphoplasty; vertebra
restauration; percutaneous spine surgery; economic impact

1. Introduction

With increasing life expectancy, osteoporotic vertebral compression fractures (VCF) represent a
significant health concern, particularly in aging population, especially postmenopausal women [1,2].
The demographics and prevalence of these fractures highlight the scope of the problem [3].
Approximately, 1 in 3 women and 1 in 5 men over the age of 50 will experience an osteoporotic
fracture in their lifetime, and vertebral compression fractures account for a substantial proportion of
these incidents [3]. Moreover, these fractures are frequently underdiagnosed, leading to
undertreatment and prolonged suffering [4,5].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The clinical consequences of osteoporotic vertebral compression fractures are multifaceted.
Patients who experience these fractures often suffer from acute or subacute back pain. This pain can
be severe, debilitating and persistent, making it a primary reason for seeking medical attention [6].
In addition to pain, these fractures result in a loss of vertebral height and can lead to kyphosis or a
forward curvature of the spine [7]. This altered spinal alignment can reduce lung capacity, leading to
respiratory compromise, and impair mobility, further diminishing the patient's quality of life.
Reduced physical activity and an inability to perform daily tasks add to the burden independently
[8].

Diagnosing and managing osteoporotic vertebral compression fractures presents a unique set of
challenges. These fractures are frequently asymptomatic until pain becomes pronounced, making
early diagnosis a complex task. Often, they are discovered incidentally on radiological studies
performed for other reasons [6]. Additionally, conventional X-rays may lose sensitivity, and more
advanced imaging techniques, such as magnetic resonance imaging (MRI) or computed tomography
(CT), are necessary for accurate diagnosis [6]. However, the lack of awareness and inconsistent
screening practices contribute to underdiagnosis.

The challenges in managing these fractures revolve around a multifaceted approach that
includes pain management, restoration of vertebral height, and prevention of further fractures [9].
Medical treatments, such as analgesics and physical therapy, may offer relief from pain, but they do
not address the underlying structural problem [10]. The development of pharmaceutical
interventions that can improve bone density and quality is a notable advancement [11]. However, for
patients with acute pain, diminished quality of life, or compromised spinal stability, surgical
interventions like kyphoplasty have gained prominence as they provide immediate pain relief,
restore vertebral height, and improve function[11].

Economic Impact of Vertebral Compression Fractures: The economic impact of vertebral
compression fractures is a matter of increasing concern. The financial implications extend to both
healthcare systems and society at large. Hospitalization costs associated with these fractures are
substantial. Patients often require extended hospital stays for pain management and rehabilitation
[11]. Specialized care units, particularly for elderly individuals, are necessary to address their specific
needs, adding to the overall expenses. Rehabilitation costs, encompassing physical therapy,
occupational therapy, and long-term care, constitute a significant portion of the economic burden
[11]. These services aim to enhance patients' recovery and functional independence, but they also
come with substantial financial commitments.

Long-term care and assistance for individuals who continue to experience pain, disability, and
impaired mobility following vertebral compression fractures can place a heavy financial strain on
both healthcare institutions and families. The cost of caring for these patients extends beyond direct
healthcare expenses and includes the indirect costs related to lost productivity and decreased quality
of life.

The indirect costs associated with vertebral compression fractures are a significant component
of the overall economic burden. Patients experiencing these fractures often face restrictions in their
daily activities and may require assistance from family members or professional caregivers. This
limitation in independence can lead to lost workdays and decreased productivity, not only for the
patients themselves but also for their caregivers [12]. The emotional toll on patients and caregivers is
profound and can result in psychological distress, further exacerbating the indirect costs.

However, there is potential for early intervention, such as kyphoplasty, to alleviate this
economic burden. Kyphoplasty, as a minimally invasive surgical procedure, offers several
advantages [11]. It provides prompt pain relief, which can enable patients to return to their daily
activities and work sooner. By stabilizing the fractured vertebrae and restoring vertebral height,
kyphoplasty aims to improve function and quality of life, potentially reducing the need for extended
rehabilitation and long-term care. The economic implications of kyphoplasty, compared to traditional
non-surgical approaches, are the subject of ongoing research [11,12]. Still, initial findings suggest that
the upfront costs of kyphoplasty may be offset by long-term savings in healthcare and indirect costs
[11,12]. Therefore, kyphoplasty holds promise as an intervention that not only benefits patients
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clinically but also offers potential economic advantages by addressing the consequences of vertebral
compression fractures more effectively [11,12].

2. Material and Methods

We carried out a prospective, randomized clinical trial of patients between 50 and 85 years of
age who presented dorsal or lumbar VCF treated by Joline (®) double balloon bipedicular
kyphoplasty, operated between February 2020 and June 2022.

Patients treated in our institution (Hospital Clinico Universitario de Valladolid, Spain) with
double balloon kyphoplasty were eligible to participate in this study. Inclusion criteria were: (1) Age
50-85 years, (2) Acute thoracic or lumbar fracture diagnosed by MR or TC affecting 1 or two vertebral
levels (3) VAS >5 despite opioid treatment (4) Clinically fit for anesthesia and surgery, (5) non-
pathologic fractures and (6) signed inform consent. Exclusion cirteria were, infection or tumor,
vertebra plan, coagulopathy, more than 2 vertebras affected, previous spine surgery

Patients were randomly assigned to a treatment group with single balloon kyphoplasty or
double balloon kyphoplasty.

All surgeries were performed at Valladolid University Hospital Spine Department.

During the immediate postoperative period, the patient was allowed immediate walking, and
may wear a semi-rigid brace for comfort until the first follow-up visit.

Follow-up visit were performed at months 1,3,6 and 12 postoperatively. We measured in AP and
lateral radiographs the anterior, medium and posterior height of the vertebral body, angle of wedging
and regional kyphosis.

Clinical outcomes are analyzed using the Visual Analoge Scale (VAS) and Oswestry Disability
Index (ODI) questionnaires.

The presence of intraoperative and postoperative complications was recorded.

Statistical analysis of the data was performed using IBM SPSS software version 26.0 (IBM
Corporation, Armonk, New York, USA), using the Student's t-test, with a significance level set at
p<0.05.

3. Surgical Technique

The procedure was performed with general anesthesia or local anesthesia and sedation,
depending on the characteristics of the patient. The patient was placed in prone position on a
radiolucent table.

An incision of less than 1 cm was made at the height of each of the vertebral pedicles.

The procedure was performed placing two fluoroscopy devices simultaneously: one of them in
anteroposterior vision, and the other in lateral vision.

Once the entry point was located, the bone access was made through the vertebral pedicle, with
the trocar. With a bone drill a working canal is created in the vertebral body.

The vertebral reconstruction procedure by balloon kyphoplasty was performed as follows: a
simple (Figure 1) or double (Figure 2) 8mm balloon was introduced for each vertebral pedicle.

doi:10.20944/preprints202311.0986.v1
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Figure 1. Kiphoplasty single balloon procedure in two levels. A. Cannulas inserted in vertebral body.
B. The balloons were inflated and this reduced the fractures. Lateral projection C. B in anteroposterior
projection. D. Cemented vertebrae in lateral projection. E. D in anteroposterior projection.

The balloons were independently and gradually inflated until they reach the desired size, and
the bone cement was prepared (BoneOs Inject Bone Cement®). The balloons remained inflated until
the cement was ready to be introduced.
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Figure 2

Figure 2. Kiphoplasty double balloon procedure. A.-Cannulas with balloons inserted in vertebral
body. B.- Fracture in anterior body was reduced by inflating anterior balloons. C.- Fracture in
posterior body was reduced by inflating posterior balloons. D.-C in anteroposterior projection. E.-
Cemented vertebra in anteroposterior projection. F.-E in lateral projection.

4. Results

The results of this randomized clinical trial, designed to assess the effectiveness of two different
design balloons for kyphoplasty, operated between February 2020 and June 2022, are as follows.

There were no statistically significant differences between both groups in terms of gender, age,
and body mass index distribution (Table 1). The distribution by levels is shown in the table.

As for previous fragility fractures, 3 patients had a history of wrist fractures (2) and humerus
fractures (1). Only one patient had antiresorptive treatment and supplementation with calcium and
vitamin D. Following surgical treatment, all patients received medical treatment with Calcium-
vitamin D and denosumab or Calcium-vitamin D and teriparatide, following the standard treatment
guidelines of the hospital. At the 12-month visit, only 54 patients continued with the prescribed
medical treatment.
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Table 1. Demographic data and distribution of treated levels. In both treatment groups (double

balloon and single balloon) mean and standard deviation in the age variable are shown.

The

percentage and absolute number of treated levels in each patient group are shown. The percentage

and absolute number of females and males treated in each patient group were shown. Differences are

statistically significant if p<0.05.

TABLE 1 TOTAL DOUBLE BALLOON | SINGLE BALLOON | p-value
Standard Standard Standard
Mean | Deviation Mean Deviation Mean Deviation
Age 75,71 9,58 75,00 10,38 76,62 8,54 0,499
n % Recuento % Recuento %

Female 49 74,2% 28 75,7% 21 72,4% 0,764
Male 17 25,8% 9 24,3% 8 27,6%

L1 19 24,1% 12 27,9% 7 19,4%

L2 6 7,6% 3 7,0% 3 8,3%

L3 7 8,9% 6 14,0% 1 2,8%

L4 6 7,6% 3 7,0% 3 8,3%

L5 1 1,3% 0 0,0% 1 2,8%

T10 3 3,8% 1 2,3% 2 5,6%

T11 8 10,1% 4 9,3% 4 11,1%

T12 14 17,7% 8 18,6% 6 16,7%

T4 1 1,3% 0 0,0% 1 2,8%

T6 1 1,3% 1 2,3% 0 0,0%

17 6 7,6% 2 4,7% 4 11,1%

T8 3 3,8% 2 4,7% 1 2,8%

T9 2 2,5% 0 0,0% 2 5,6%

Regarding preoperative anesthetic risk based on the American Society of Anesthesiologists
(ASA) scale, 46 patients had ASA 1I, and 21 patients had ASA IIL

From the perspective of the anesthetic technique, 51 patients were operated on using local
anesthesia and sedation, and 16 patients under general anesthesia.

In total, 5 cement leaks occurred, 2 paravertebral leaks, and 3 disc leaks, with 3 in the double
balloon group and 2 in the single balloon group, all of which were asymptomatic. The differences
between the two groups were not significant. As for adjacent fractures, 3 occurred in each group, all
of which were reintervened using the same technique as the initial surgery, with good clinical
outcomes and no complications.

Two patients died one year and three years after the intervention, respectively, due to
complications of their underlying pathology not related to the surgical intervention.

From a clinical point of view, the preoperative overall VAS (Visual Analog Scale) (Table 2) score,
decrease to 5.1 points with a statistically significant after one month. The differences between both
groups were not statistically significant in either the preoperative or one-month follow-up values. At
one year of follow-up, the VAS scores improved compared to the preoperative and postoperative
values in both groups, with statistically significant improvements in both groups.
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Table 2. VAS (Visual Analog Scale) levels. In both treatment groups (double balloon and single
balloon) mean and standard deviation are shown. VAS level at each study visit: baseline, visit 1
(immediate postoperative evaluation), visit 2 (1 month), visit 3 (3 months), visit 4 (6 months), visit 5
(12 months. Differences are statistically significant if p<0.05.

TABLE 2 TOTAL DOUBLE BALLOON SIMPLE BALLONN | p-value

Standard Standard Standard

VAS Mean | Deviation Mean Deviation Mean Deviation
BASAL 8,29 1,24 8,39 1,30 8,16 1,18 0,483
VISIT 1 3,19 2,47 3,08 2,56 2,98 2,33 0,299
VISIT 2 341 3,22 3,85 3,13 2,84 3,30 0,240
VISIT 3 2,40 2,83 2,85 2,99 1,79 2,54 0,167
VISIT 4 2,18 2,73 2,52 2,75 1,71 2,69 0,275
VISIT 5 2,19 2,89 2,02 2,86 2,22 2,97 0,511

The average score in the ODI (Oswestry Disability Index) questionnaire prior to surgery was 62
+ 9.53. One month later, the average ODI score was 23.13 + 11.91. These differences were statistically
significant. One year after the intervention, the mean ODI score was 4.57 + 7.53 (p<0.05). By groups,
both in the double balloon and single balloon groups, similar reductions occurred, with no
statistically significant differences between them.

From a radiological perspective, in the double balloon group, the anterior vertebral height
increased by 2.87 mm at the 30-day review, with a standard deviation of 4.8 mm, remaining stable at
the one-year review. In the single balloon group, the increase was 1.64 mm one month after the
surgical intervention, with a 0.5 mm loss at one year of follow-up. The differences between the two
groups were statistically significant. Regarding the mid-vertebral height, the average increase in the
double balloon group was 0.9 mm, with no loss of reduction at 12 months, while in the single balloon
group, the height increase was 0.6 mm at the month of surgery, with a 50% reduction at 12 months;
the differences between the two groups were not significant. As for the posterior height of the
vertebral body, in the double balloon group, there was an increase of 3.02 mm at the month of surgery
with a loss of 0.3 mm at one year of follow-up, and in the single balloon group, there was an increase
in height of 2.5 mm at the month of surgery with a loss of 0.8 mm at one year of follow-up, with
statistically significant differences between groups.

The other radiological parameter was the local vertebral angle. In the double balloon group, a
reduction of 2.4° (standard deviation 4.7°) was achieved at the month of surgery, with a loss of 0.2°
at one year of follow-up. In the single balloon group, the angular reduction was 1.08° (standard
deviation 3.2°) at the month, with a loss of correction at the one-year follow-up. The differences
between both groups were statistically significant. In our study, the mean age of patients was
approximately 75 years, and there was a relatively even gender distribution.

5. Discussion

The increase of the population over 65 years-old will be exponential in the coming years,
estimated at up to 23.4% by 2060 in the USA and up to 1.5 times in the European Union [13,14]. This
increase will be associated with a greater number of patients with osteoporosis and vertebral
compression fractures with associated comorbidities [15,16].

The distribution of ASA scores reflects the preoperative anesthetic risk assessment. In your
study, a significant portion of patients had ASA II or ASA III, indicating a moderate to severe level
of systemic disease. This aligns with what is commonly seen in kyphoplasty procedures involving
elderly patients with comorbidities [6,17]

The use of local anesthesia and sedation in the majority of cases is in line with the trend in
minimally invasive procedures to minimize the risks associated with general anesthesia.
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The occurrence of cement leaks and adjacent fractures is noteworthy. The fact that these
complications were asymptomatic is consistent with previous findings in the literature [18-23],
suggesting that such events most of the times do not lead to clinical symptoms or complications. It is
important that any modification of the previous design, as the double balloon, keeps the safety
parameters within line of the existing data.

The similar occurrence of complications in both the double balloon and single balloon groups
supports the idea that the choice of balloon design may not significantly impact these complications,
so it is understandable that the implementation of the design does not affect the safety of the
procedure [18-23].

The reduction in VAS scores from 8.29 to 5.1 points at one month and further improvements at
one year suggest significant pain relief following kyphoplasty, which is consistent with the literature
[24-26].

The improvement in ODI scores indicates enhanced functional outcomes. While the exact values
may vary, the direction of improvement aligns with previous studies on kyphoplasty [24-26].

The improvement in vertebral height, both anterior and posterior, and the reduction in local
vertebral angle in the double balloon group are encouraging findings. The literature has shown that
restoration of vertebral height and alignment is a crucial aspect of successful kyphoplasty.

6. Conclusions

The differences between the double and single balloon groups in terms of vertebral height
restoration and angle reduction, specially at 1 year follow up, should be explored further to
understand wether the double balloon provides a higher stability to the VCF and the clinical
implications.

Our study provides valuable insights into the effectiveness and safety of kyphoplasty using
different balloon designs, demonstrating pain relief, functional improvement, and positive
radiological outcomes.

The similarity in outcomes between the double and single balloon groups raises questions about
the potential advantages of one design over the other. Further research or meta-analyses could help
clarify this aspect.

This study contributes to the body of knowledge on kyphoplasty, and further research may help
refine the technique and improve patient outcomes
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