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ARTICLE INFO ABSTRACT
Keywords: Background: Back pain secondary to osteoporotic vertebral compression fractures (OVCF) is a common global
Vertebral compression fracture health problem that is frequently overlooked. For some patients, conservative management (CM) is inadequate to
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treat the pain associated with OVCF. This subset of patients are often candidates for interventional vertebral
augmentation techniques (VAT). Multiple studies have shown significant pain reduction, height restoration,
reduction in hospitalization time, morbidity and mortality in patients treated with VAT as compared with those
patients treated with CM. This study examines if the previously published trials are consistent with outcomes in a
real-world cohort of patients in interventional pain practices following VAT.

Objectives: The purpose of this retrospective databased analysis was to further investigate the efficacy and safety
of percutaneous vertebral augmentation techniques in patients suffering from osteoporotic vertebral compression
fractures in our center.

Study design: Retrospective study.

Setting: A single-center study.

Patients and methods: We have included data from a total of 42 patients (26 females, 16 males) with diagnosis of
OVCF that received VAT at our center between January 2023 and June 2024. Efficacy data included pre-
procedure, 2-week, 1-month and 3-month follow-up numerical rating scale (NRS) pain scores when available.
Results: The mean pain score using NRS was 7.5 (n = 45), 3.24 (n = 44), 3.65 (n = 21) and 2.7 (n = 15) at pre-
procedure, 2-week, 1-month and 3-month follow-up (P < 0.001), respectively. At the 2-week follow up, 44 %, 16
%, 20 % and 13 % of patients (n = 45) had NRS pain score reduction between 76 and 100 %, 51-75 %, 26-50 %
and 0-25 % (P < 0.05), respectively. At the 1-month follow-up visit, 24 %, 33 %, 14.3 % and 24 % of patients (n
= 21) had NRS pain score reduction between 76 and 100 %, 51-75 %, 26-50 % and 0-25 % (P < 0.05),
respectively. At the 3-month follow-up visit, 60 %, 6.7 %, 6.7 % and 20 % of patients (n = 15) had NRS pain score
reduction between 76 and 100 %, 51-75 %, 26-50 % and 0-25 % (P < 0.05), respectively. This indicates sig-
nificant differences in NRS pain scores across the different time points. There was a high dropout rate at the 3-
month follow up visit most likely due to patient’s pain improving post procedure.

Limitations: This was a single-center retrospective study with a small sample size and relatively short follow-up
time.

Conclusion: VAT are effective and safe procedures for patients suffering from OCVF. However, proceduralists
must be aware of patient-specific risk factors to prevent possible complications.

1. Introduction overlooked. OVCF is the most common form of osteoporotic fracture
affecting 30 % of men and women over 50 years of age in Western

Back pain secondary to osteoporotic vertebral compression fractures countries and has a prevalence of 12-25 % in Asia. In Europe, there is
(OVCF) is a common global health problem that is frequently incidence of 10.7 per 1000 person-years in women and 5.7 per 1000
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persons-years in men. Approximately 700,000 cases of VCF are reported
yearly in the United States [1,2]. For some patients, conservative man-
agement (CM) is adequate to treat the pain associated with OVCF, but
for others, untreated fractures may lead to chronic pain in the affected
area, increased disability and mortality, decreased functional capacity
and quality of life [3].

Clinically, patients present with a sudden onset of mid- or low-back
pain with or without history trauma. Nonetheless, they can be diagnosed
as incidental findings while performing routine imaging. While plain
radiographs, computed tomography and magnetic resonance imaging
(MRI) are required to evaluate for non-osteoporotic causes, MRI is the
diagnostic test of choice to distinguish between acute and non-acute
fractures. Patients can be managed with a combination of nonsurgical
modalities including medications, bracing, and physical therapy, and
interventional vertebral augmentation techniques (VAT) such as balloon
kyphoplasty (BK) or vertebroplasty (VP) [4].

Complex fractures may require neurosurgical intervention for sta-
bilization. Placement of polymethylmethacrylate (PMMA) within the
vertebral body has been described in the literature since 1980s. The
most common indications for VAT include painful acute stable OVCEF,
osteolytic processes, sub-acute/chronic fractures with non-union, and
post trauma. Cementoplasty could also be done in combination with
surgical stabilization if there is a need to reinforce the vertebral body or
pedicle. Multiple studies have shown significant pain reduction and
height restoration when comparing VAT to CM.[5-9]. Other studies
have demonstrated significant reductions in hospitalization time,
morbidity and mortality in patients treated with VAT as compared with
those patients treated with CM [10,11]. However, previous large ran-
domized controlled trials had failed to show improvement in pain or
functional capacity when compared to facet injections with local anes-
thetics, which caused a significant division among the spine community
[12,13].

The purpose of this retrospective databased analysis was to further
investigate the efficacy and safety of percutaneous VAT in patients
suffering from OVCF in our center. This study examines if the previously
published negative trials are consistent with outcomes in a real-world
cohort of patients in interventional pain practices following VAT.

2. Methods

WCG Western IRB approval was obtained. All patients provided
informed consent, in accordance with the Declaration of Helsinki. All
patient data were kept deidentified for confidentiality. The study is
exempt under 45 CFR § 46.104(d), because the research involves the use
of identifiable private information/biospecimens; and information,
which may include information about biospecimens, is recorded by the
investigator in such a manner that the identity of the human subjects
cannot readily by ascertained directly or through identifiers linked to
the subjects, the investigator does not contact the subjects, and the
investigator will not re-identify subjects.

Data were retrospectively analyzed from January 2023 to June 2024
on patients that had undergone percutaneous VAT, VP or BK by expe-
rienced interventional physicians in a single center. Data was collected
from electronic medical records and entered into a spreadsheet. Data
included patient demographics, pre and post-procedure pain scores and
adverse events. The statistical analysis was performed using descriptive
statistics and paired t-tests for comparing pre- and post-procedure nu-
merical rating scale (NRS) pain scores at 2-weeks, 1- and 3-month follow
ups; the p-value was considered significant if < 0.05. The analysis of
variance (ANOVA) was conducted to examine the differences in pain
scores across different time points. Each procedure was counted once,
regardless of whether multiple levels had been treated during the same
date of service. There were missing follow-ups at different durations,
and the mean scores were adjusted accordingly to reflect only pain
scores for patients with complete follow-ups.
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2.1. Procedure methods

The Medtronic Balloon Kyphoplasty Essentials™ Kit and KYPHON®
Xpede™ and Mixer Pack were used for the majority of cases, except the
tumor-related lesion and sacroplasty for which the OsteoCool™ and
KYPHON V ™ Premium Vertebroplasty Kits were used, respectively
(Fig. 1). All the procedures were performed in an office setting using oral
sedatives. Neither conscious sedation nor MAC anesthesia was utilized.

The procedure area was prepped and draped in the usual sterile
fashion. The skin and subcutaneous area over the affected fracture site
pedicle was marked and anesthetized with a combination of 1 % lido-
caine and bupivacaine 0.25 %. After a small incision was made, an 11-
gauge trocar was passed through the subcutaneous tissues towards the
target pedicle. The trocar was advanced under direct fluoroscopic
guidance using anteroposterior (AP) and lateral (LAT) views to guide the
trocar into the vertebral body thru a transpedicular approach. Under the
lateral view, the tip of the trocar or curved needle was seen in the
anterior portion of the vertebral body. A cavity was created with the
balloon device for fracture augmentation. The balloon was inflated until
reaching approximately 250psi and/or 4 mL. In instances where a
curved introducer was used, the approach was unilateral, otherwise the
balloons were placed bilaterally. The monomer and polymer were mixed
according to protocol. The cement delivery system device was filled with
PMMA and injected into the vertebral body using AP and LAT fluoro-
scopic views to monitor the spread of the cement mixture and avoid
extravasation. The amount of PMMA injected varied based on level of
fracture and percentage of compression. After the filling was complete,
the trocars were removed from the pedicles with the utmost care to
prevent any posterior migration of the PMMA. Pressure dressings and
Steri-Strips™ were applied to the sites. The patients were contacted
within 24 h to inquire about their condition.

3. Results

This retrospective study included data from a total of 42 patients (26
females, 16 males) with diagnosis of OVCF that received VAT at our
center between January 2023 and June 2024 (Fig. 2). Efficacy data
included pre-procedure, 2-week, 1-month and 3-month follow-up NRS
pain scores when available. There was a significant drop out rate at the
3-month follow up visit with data included from only 36 % of patients.
The average age was 77 and 78.3 for female and men, respectively. A
total of 36 patients carried the diagnoses of osteoporosis-related frac-
tures, however, patients with history of multiple myeloma, tumor-
related, Schmorl’s node related acute endplate fractures and insuffi-
ciency fractures were also included. Only 41 % of patients had
confirmed history of osteopenia/osteoporosis or had a bone density scan
at the time of the initial consult (average T-score —2.33). Patient with
history of trauma, falls and lifting incidents were also included in the
analysis. Vertebral fractures from T4 to sacrum were included with a
total of 59 vertebral levels treated and 13 patients receiving multilevel
procedures with a maximum of 3 levels. The most common vertebral
fracture location was T12 (n = 13, 22 %), followed by T11, L4 and L5 (n
=7, 12 %). Most patient were evaluated within 3 months of their initial
diagnosis (n = 32, 76 %) with the most common pain location being low
back without radicular symptoms, (n = 17, 40 %). All patients were
receiving medications during their evaluation and treatment period,
including simple analgesics (n = 8), NSAIDS (n = 13), anticonvulsants
(n = 13), muscle relaxants (n = 12) and opioids (n = 29). Eighty-six
percent of the patients on opioids had MME <50, with an average of
23.5, and 14 % with MME of 60 (Table 1).

The efficacy of VAT was measure with pre and post procedure NRS
pain scores (Fig. 3). The mean NRS pain score was 7.5 (n = 45), 3.24 (n
=44), 3.65 (n = 21) and 2.7 (n = 15) at pre-procedure, 2-week, 1-month
and 3-month follow-up (P < 0.001), respectively. Data was missing at
the 1- and 3-month follow-up visits. At the 2-week follow up, 44 %, 16
%, 20 % and 13 % of patients (n = 45) had NRS pain score reduction
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Fig. 1. (A) AP and (B) Lateral fluoroscopic view of PMMA at T10 vertebral body, unipedicular approach; (C) Lateral fluoroscopic view of PMMA at T10 and T11

vertebral bodies; (D) AP fluoroscopic view of PMMA at L4 vertebral body
Abbreviations: PMMA = polymethyl methacrylate, AP = anterior-posterior.

Fig. 2. Flowchart for retrospective data review
Abbreviations: VAT = vertebral augmentation technique, W = week, M
= month.

between 76 and 100 %, 51-75 %, 26-50 % and 0-25 % (P < 0.05),
respectively. Two patients experienced an increase in pain and 1 patient
was lost to follow up. At the 1-month follow-up visit, 24 %, 33 %, 14.3 %
and 24 % of patients (n = 21) had NRS pain score reduction between 76
and 100 %, 51-75 %, 26-50 % and 0-25 %, respectively. One patient
had increased pain post procedure. At the 3-month follow-up visit, 60 %,
6.7 %, 6.7 % and 20 % of patients (n = 15) had NRS pain score reduction

between 76 and 100 %, 51-75 %, 26-50 % and 0-25 % (P < 0.05),
respectively. One patient had increased pain post procedure.

This analysis suggests that the treatment is effective across both
genders, with some variation in individual outcomes, especially among
male patients. Both genders started with similar pain levels, male; 7.4 SD
+ 2.03, female; 7.55 SD + 1.82 and experienced significant pain
reduction post-procedure. However, the T-tests showed no significant
differences in pain reduction between males and females at any time
point (P > 0.05), indicating that gender does not appear to play a sig-
nificant role in the effectiveness of the treatment in this sample.

There were no reported complications on the day of the procedure,
immediate post-procedure period or during the 3-month follow-up
visits.

4. Discussion

Back pain secondary to OVCF continues to be a significant global
health care problem and a contributor to disability, morbidity and
reduction in quality of life [1]. As treating physicians, it is crucial to
identify those patients early in their disease process to establish the
appropriate symptomatic treatment and to prevent recurrent patholog-
ical fractures. CM is still considered first line in the OVCF treatment
algorithm, however, for those with refractory pain, prompt in-
terventions such as VAT could potentially lead to complete pain reso-
lution in the target area. Minimally invasive vertebral augmentation
procedures have been widely used to treat vertebral compression
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Table 1
Patient characteristics and procedures conditions.

Characteristics All(n=42)  Vertebral Augmentation (n =
59)
Male sex 16 (38) 21 (35.6)
Female sex 26 (62) 38 (64)
Age, years 77.5
Male 78.25
Female 77
Diagnosis
Osteoporosis-related fracture 36 (86) 51 (86)
Multiple Myeloma 2(4.8) 3(5)
Schmorl node with fracture 2(4.8) 2(3.4)
Tumor involvement 124 1Q1.7)
Insufficiency fracture 124 1(1.7)
Cause of Fracture
Osteopenia/Osteoporosis 17 (41) 26 (44)
T-score 7 (-2.33)"
Trauma 18 (43) 24 (40)
Lifting 2 (4.8) 234
Unknown 8 (19) 11 (18.6)
Fracture location
T4 234
TS5 1(1.7)
T6 2(3.4)
T7 3(5)
T8 3(5)
T9 1(1.7)
T10 1(1.7)
T11 7 (11.9)
T12 13 (22)
L1 4(6.8)
L2 4(6.8)
L3 3(5)
L4 7 (11.9)
L5 7 (11.9)
Sacrum 11.7)
Pain duration
< 3 months 32(76)
3-6 months 5(11.9)
> 6 months 5(11.9)
Pain location
Mid back 13 (31)
Low back w radicular 13 (31)
symptoms
Low back wo radicular 17 (40)
symptoms
Medications 42 (100)
Simple analgesics 8(19)
NSAIDS 13 (31)
Anticonvulsants 13 (31)
Muscle Relaxant 12 (28.6)
Opioids 29 (69)
MME <50 25 (86)
MME 50-100 4(14)

Abbreviations: NSAIDS = nonsteroidal anti-inflammatory drugs, MME =
morphine milligram equivalents.
@ Average T-Score.

fractures caused by osteoporosis [9].

The EVOLVE trial led by Beall et al. was a large prospective and
multicenter evaluation designed to investigate 12-mo disability, quality
of life, and safety outcomes for BK in the treatment of OVCFs and cancer-
related fractures, specifically in a Medicare-eligible population [14]. A
total of 354 patients were enrolled at 24 US sites with 350 undergoing
BK. At the 3-month primary endpoint, the numerical rating scale
improved from 8.7 to 2.7 and Oswestry Disability Index improved from
63.4 to 27.1; Short Form-36 Questionnaire Physical Component Sum-
mary (SF-36 PCS) was 24.2 at baseline improving to 36.6, and
EuroQol-5-Domain improved from 0.383 to 0.746 (P < 0.001 each).
These outcomes were statistically significant at every follow-up time
point. Only five device-/procedure-related adverse events were reported
including: intraoperative asymptomatic balloon rupture, rib pain, aspi-
ration pneumonia, a new VCF post-procedure, and myocardial infarction
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(105 days post-procedure) [14].

A multicenter randomized controlled trial led by Meirhaeghe et al.
compared the efficacy and safety of BK with CM during 24 months in
patients with OVCFs [15]. Three hundred patients suffering OVCFs were
randomized to undergo BK (n = 149) or CM (n = 151). The BK group had
greater improvements in SF-36 physical component summary (PCS)
scores at 1 month (P < 0.0001) and across the 24 months (P = 0.0001).
In terms of functionality, the BK group had greater functionality by
assessing timed up and go (P = 0.0036). At 24 months, the change in
index fracture kyphotic angulation was statistically significantly
improved in the BK group (P = 0.003). In the BK group, the highest quart
for kyphotic angulation correction had higher PCS improvement than
the quart having lowest correction of angulation, 13.4 versus 7.40
points, respectively (P = 0.0146).

A long-term follow up study published by Liu et al. determined if the
clinical outcomes from VAT persist in the long term [16]. In the original
study, a total of 100 patients were randomly assigned to VP or BK
groups. At 5 years, there were no evident changes in vertebral body
height, VAS score and kyphotic wedge angle. However, 15 patients (8
for BK, 7 for VP) developed adjacent fractures within one year of the
procedure. Seven patients (3 for VP, 4 for BK) had nonadjacent fractures.
There was a statistically significant correlation between angular
correction and the occurrence of adjacent fractures in the VP group.

Several negative randomized controlled published more than a
decade ago, led to the recommendation against VAT by the American
Academy of Orthopedic Surgeons [12,17]. Subsequent data had shown
the efficacy and safety of VAT in this patient population. Nonetheless,
data showed continued downtrend in VP and increased utilization of BK
among Medicare beneficiaries. A study conducted by Lindquester et al.
studied the utilization, trends in volume and reimbursement of VAT
among Medicare beneficiaries by physician specialty and practice from
2010 to 2018 [18]. The total volume of VP decreased by 61.2 % whereas
the volume of BK increased by 14.4 % in this period. Total payment for
VP decreased by 74.3 %; whereas it increased by 235.3 % for BK pro-
cedures. There was a 6833 % increase in office-based BK which bill at
the higher non-facility rate.

For decades, the word VAT has served as a general term for a variety
of techniques involving the injection of PMMA after a cavity creation by
a balloon or with the insertion of an implant to prevent cement leakage.
The literature has had mixed results when compared BK to implant-
assisted VAT procedures[19-22]. Regardless of the technique used, for
decades, VAT has been found to be effective and safe for the treatment of
OVCF, leading to a rapid and marked improvement in clinical signs;
however, some of them provide better vertebral height restoration than
others [23-26].

It is always recommended to review the patient-specific risk factors
to avoid possible adverse effects and re-admission rates regardless of the
place of service. Toy et al. published a retrospective study in which
identified risk factors for poor short-term outcomes after VAT. A total of
850 patients were included in the analysis. The average age was 78.9 +
11.7 years with 70.8 % females. Approximately, 9.5 % had any adverse
event (AAE), and 6.6 % had a serious adverse event (SAE), both signif-
icantly associated with American Society of Anesthesiologists (ASA)
class 4 (P = 0.013, P = 0.040) and inpatient status before procedure
(AAE: P < 0.001, SAE: P = 0.003). Increased postoperative mortality
rate was associated with ASA class 4 (P = 0.024) and the use of non-
general anesthesia (P = 0.022). Readmission was associated with his-
tory of pulmonary disease (P = 0.005) and inpatient status before pro-
cedure (P = 0.005). We must take these factors into consideration when
engaging in preoperative discussions and counseling [27]. Another
study by Beall et al. showed lower risk of readmissions when an implant
was used [28]. In our study, no AAE nor SAE were reported which
emphasizes on the safety if this procedure when performed by expert
hands. In addition, all procedures were performed using oral sedatives
instead of intravenous sedation or general anesthesia at a surgery center
or hospital.
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Mean NSR at pre-procedure and follow-up periods.
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Fig. 3. Mean NSR at pre-procedure and follow-up periods
Abbreviations: NRS = numerical rating scale.

Osteoporosis is not the only scenario where this treatment could be
implemented. Patient suffering from metastatic disease, tumor infiltra-
tion, multiple myeloma [29], acute Schmorl’s nodes or insufficiency
fractures could also benefit from this treatment. It is important to reit-
erate that not all fracture types are amenable to VAT. For example, burst
fractures may require surgical instrumentation with or without VAT.
The efficacy of cement augmentation in mitigating pain and screw
loosening following PSF surgery in low-density bones has been proven to
be comparable to that of normal-density bone [30,31].

In this article, we discussed the results of 42 patients who underwent
VAT in our outpatient clinic. We have analyzed data retrospectively to
include the pre-op NRS pain scores as well as 2-week, 1-month, 3-month
follow ups, however, significant follow up data was missing past the
two-week follow-up appointment. Patients treated with VAT oftentimes
improve in several days to weeks post treatment and do not return to
clinic unless they develop pain in other areas or subsequent fractures.
Only 2 patients, had increased pain at their 2-week follow-up visit.

Several studies have analyzed the impact of VAT in subsequent
adjacent fractures [32,33]. Nieuwenhuijse et al. performed a clustered
analysis of fracture-free probabilities of intact nontreated vertebrae after
VP OVCFs to determine risk factors for new vertebral fractures and es-
timate fracture-free probabilities of multiple intact nontreated vertebrae
[34]. A total of 115 patients who underwent VP for OVCFs were pro-
spectively followed up to detect new OVCFs during the 1st postoperative
year. Three- and 12-month vertebral fracture-free probability was 97.0
% and 94.5 %, respectively. Patient-specific risk factors included low
bone mineral density, high spinal deformity index and low fracture age.
Strong vertebra-specific risk factors were thoracolumbar localization,
vicinity to the treated level, and presence of intradiscal cement leakage
[34].

A recent study by Yu et al. studied the recompression of augmented/
cemented vertebrae after VAT, to develop and validate a risk prediction
model [35]. The study also evaluated the efficacy of a modified puncture
technique for recompression prevention after VAT for OVCFs. A total of
394 patients were included in the analysis with 29.4 % sustaining a
recompression. The independent risk factors were similar to the ones
mentioned above. They included decreased bone mineral density, lower
level of serum 25-hydroxy vitamin D3, larger C7-S1 sagittal vertical axis,
preoperative intravertebral cleft, and solid-lump cement distribution.
Those patients at high risk of postoperative recompression might benefit
from the target puncture technique and vitamin D supplementation as

well as effective anti-osteoporotic therapies [35].

It is also part of our assessment and due diligence as pain physicians
to identify osteoporosis risk factors and/or underlying pathology that
could trigger an initial fracture, recompression or fractures at the
adjacent levels. Patients with osteoporotic compression fractures must
be treated for the underlying osteoporosis to reduce the risks of addi-
tional fractures in the future. In our study, only three patients had
recompressions, two at distant and one at the adjacent level. No
recompressions at the same level were observed.

The study has limitations as this was a retrospective analysis with
some missing follow up pain scores. As any other retrospective study, it
is not possible to adjust for all confounders.

5. Conclusion

The use of VAT for patient suffering from OVFCs is a well-established
interventional procedure that have shown significant pain reduction and
height restoration when comparing to CM. Even though former several
randomized controlled trials failed to show improvement in pain and
functional capacity, subsequent studies and real word data have
demonstrated otherwise. The results of this single center, retrospective,
observational study is consistent with the results of larger prospective
studies which have demonstrated efficacy of VAT in this patient popu-
lation [14,19,20]. In terms of safety, it is always important to identify
patient-specific risk factors to minimize AEE/SAE.
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