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Purpose: This retrospective study aimed to verify whether the use of a balloon in balloon kyphoplasty (BKP) could offer a higher
degree of vertebral height restoration and deformity correction than percutaneous vertebroplasty (PVP) after adjustment for pre-
operative dynamic fracture mobility. We expect that this research will help surgeons to determine the optimum operation choice (PVP
or BKP) for treating osteoporotic vertebral compression fractures (OVCFs).

Patients and Methods: We evaluated retrospectively 262 patients who were treated by PVP or BKP for acute, single-level OVCF at
our institution from July 2015 to July 2019. According to the presence or absence of dynamic fracture mobility, the patients were
divided into two groups: mobile group and fixed group. We compared the changes in the vertebral height and kyphotic angle for PVP
and BKP, respectively, within each group.

Results: In the mobile group, the anterior vertebral height restoration (BKP group, 8.73£5.27%; PVP group, 2.96+1.59%), middle
vertebral height restoration (BKP group, 7.58+5.18%; PVP group, 2.74+1.24%) and kyphotic angle correction (BKP group, 4.41+4.46°;
PVP group, 1.38+1.60°) due to percutaneous vertebral augmentation technique itself were more obvious in BKP group compared with
PVP group (P < 0.05). The BKP group has lower incidence of bone cement leakage (BKP group, 10.17%; PVP group, 25.53%, P < 0.05).
In the fixed group, differences from comparison of changes were not statistically significant between PVP and BKP (P > 0.05).
Conclusion: The use of a balloon in BKP could offer greater kyphosis correction, higher vertebral body height restoration, and lower
cement leakage rate than PVP if a fractured vertebral body existed dynamic mobility. However, all these advantages of BKP over PVP
are not obvious and could be overrated for a fixed fracture exhibited no mobility. BKP is recommended for a fractured vertebral body
with dynamic mobility. PVP is suggested for a fixed fractured vertebral body with no mobility as it produces similar capability of
vertebral height restoration, kyphosis correction, and cement leakage as BKP.

Keywords: dynamic fracture mobility, optimum operation choice, osteoporotic vertebral compression fracture, balloon kyphoplasty,
percutaneous vertebroplasty

Introduction

Osteoporosis is recognized as a serious public health problem.' The worldwide prevalence of osteoporosis among the
elderly was reported to be 21.7%.> Osteoporotic vertebral compression fractures (OVCFs) account for 27% of total
osteoporosis-related fractures,” which is a common clinical issue in modern society.* In addition to the debilitating
symptoms of pain that OVCFs can cause, progressive loss of sagittal alignment can have a tremendous impact on quality
of life.>”” Since percutaneous vertebroplasty (PVP) was introduced in 1987, multiple studies have documented the
effectiveness of the procedure for relieving or decreasing pain caused by OVCFs.® However, PVP was limited in
correcting local kyphosis, restoring the vertebral body height and reducing bone cement leakage.’ Balloon kyphoplasty
(BKP) was developed to compensate for these shortcomings of PVP.'>!" However, this capability remains controversial
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up to now. Many clinical studies reported that balloon inflation did not significantly further increase vertebral height or
correct local kyphosis.lz*15 Compared with PVP, BKP has longer operation time, more complex operation process and
higher material cost.'® Because there is no clearly proven superiority of one technique over the other, there is still no
consensus on how to choose vertebral augmentation technique (PVP or BKP) for a patient with a unique OVCF.'"-'®

McKiernan et al demonstrated the previously unrecognized occurrence of dynamic fracture mobility in many OVCFs
for the first time in 2003." Spontaneous reduction in deformity that may occur when the patient is placed in prone
position has not been taken into adequate account before this study was published. They concluded that there must be
control for the occurrence of dynamic mobility of the fractured vertebrae as long as vertebral height restoration and
deformity correction are claimed. From then on, many authors have reported that the presence of vertebral mobility
greatly influenced the vertebral height restoration and deformity correction achieved with PVP or BKP.**** These
studies have taken account of dynamic fracture mobility but studied on patients with either PVP or BKP procedure. There
is a lack of comparison and study regarding height restoration and deformity correction across PVP and BKP. Therefore,
it is hard to draw meaningful conclusion about independent effect of surgery.

For these reasons, this retrospective study aimed to verify whether the use of a balloon in BKP could offer a higher
degree of vertebral height restoration and deformity correction than PVP after adjustment for preoperative dynamic
fracture mobility. We expect that this research will help surgeons to determine the optimum operation choice (PVP or
BKP) for treating OVCFs.

Materials and Methods

Patient Population

We evaluated retrospectively 262 patients who were treated by PVP or BKP for acute (fracture duration <6 weeks),
single-level OVCEF at our institution from July 2015 to July 2019. Because the cost of the two procedures varies greatly,
the choice of surgery has to depend partly on the patient’s financial situation. Surgical indications included focal, severe,
intractable pain at the level of a known acute OVCF with no or minimally responded to a course of conservative medical
treatment. Contraindications included infection, pain not related to a fracture and definite neurological deficits. The
patients without complete clinical and radiological data were excluded. If the nearest nonfractured vertebra is deformed,
the case was also excluded because the referent vertebral height (see later) could not be measured. There were 45 males
and 217 females, and the mean age was 71.88 years (range, 58-91 years). The mean fracture duration was 3.49 weeks
(range, 1-6 weeks) before surgery. The mean follow-up time was 12.6 months (range, 6 to 18 months).

Surgical Technique

All PVP and BKP procedures were done by the same operator with local anesthesia under lateral and anteroposterior
fluoroscopic guidance. The patient was monitored and placed in the prone position using the Cawley technique.*® Supports
were positioned under the iliac crests and either side of the upper thorax. The arms were abducted. Two columns of pillows
were positioned under the legs so that the hips were maximally extended. The table can be flexed as needed to increase. While
in this position, an intraoperative prone position radiograph centered on the fractured vertebra was obtained for each patient.
The spontaneous height restoration and deformity correction during this position were considered to be solely due to dynamic
fracture mobility. Then, PVP or BKP was performed with a bipedicular approach according to the standard operating
procedures. Polymethylmethacrylate bone cement was injected until a satisfactory distribution of the cement or cement
leakage was noted. The additional height restoration and deformity correction during this process were attributed to the
percutaneous vertebral augmentation technique itself. After the procedure, the patient was transferred to the patients’ room for
further guardianship. If the condition was steady, they were discharged later and were advised on anti-osteoporosis treatment.

Imaging Evaluation

All the patients underwent routine preoperative imaging: standing anterior-posterior and lateral radiographs centered on
the fractured vertebra, computed tomography (CT), and magnetic resonance imaging (MRI). CT examination was used
for evaluating the integrality of vertebral body wall. MRI studies were obtained and reviewed to analyze other causes of
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symptoms and persistence edema in the fractured vertebrae. An intravertebral cleft was defined as an intravertebral,
abnormal, well-demarcated, linear or cystic hypointensity similar to air on preoperative radiography or T1-weighted MRI
sequences; an abnormal, well-demarcated, linear or cystic hyperintensity similar to cerebrospinal fluid on STIR
sequences.”* Fracture morphology was classified according to the classification of Genant et al.>> The mean bone density
of lumbar vertebrae was measured by dual-energy X-ray absorptiometry (DEXA) prior to surgery. After operation,
postoperative antero-posterior and lateral radiographs and CT examination were also examined for the evaluation of
surgical effect and the presence of leakage of cement.

The anterior, middle vertebral height and kyphotic angle were measured at three different time points: 1) Preoperative
standing lateral X-ray, 2) intraoperative after placing the patient in prone hyperextended position on the operation
table, 3) postoperative (at last follow-up after surgery) standing lateral X-ray on the basis of the techniques used in
previous studies. The fractured vertebral height was expressed as a percentage of referent vertebral height (the nearest
nonfractured vertebra).”’ This process cancelled out possible magnification effects and inter-radiographic precision
errors and allowed direct radiographic comparisons. Kyphotic angle was measured from the superior and inferior
endplates of the fractured vertebra.?®

Dynamic fracture mobility was considered to be present when any measurable change in vertebral body kyphotic
angle or vertebral body height occurred between preoperative standing lateral radiographs and intraoperative prone
position radiographs.?’ Fractures with no measurable changes were considered fixed. Based on this standard, the patients
were divided into two groups: mobile group and fixed group.

Clinical Evaluation

The patients were assessed by visual analogue scale (VAS) (ranged from 0 to 10; 0: no pain, 10: worst pain) before and
after surgery. We assessed the following clinical and radiological characteristics of patients: age, sex, fracture duration,
bone mineral density, spinal segment of fracture, fracture morphology, vertebral body wall violation, intravertebral cleft,
cement volume injected, cement leak, anterior vertebral height, middle vertebral height, and kyphotic angle.

Statistical Analysis

Software (SPSS 17.0) was used for statistical analysis. The results are expressed as the mean+ SD. Comparison of the
preoperative, intraoperative, and postoperative assessments with each treatment were analyzed by paired-sample #-test.
Differences between the two treatment techniques were analyzed by the Mann—Whitney U-test for continuous
variables and Chi-squared test for categorical variables. P < 0.05 was considered to indicate a statistically significant
difference.

Results

Of these 262 patients, 122 patients received PVP and 140 patients received BKP. Almost all of the patients had rapid and
significant improvement in back pain following surgery and no serious complications occurred. Both procedures
appeared to provide a similar level of pain relief after surgery (P > 0.05).

According to the presence or absence of dynamic fracture mobility, the mobile group had 106 patients including 47
PVP patients and 59 BKP patients, the fixed group had 156 patients including 75 PVP patients and 81 BKP patients.
Clinical and radiological characteristics of patients in two groups were, respectively, shown in Tables 1 and 2. There was
no significant difference between the two treatment groups in all the following clinical and radiological characteristics:
age, sex, fracture duration, bone mineral density, spinal segment of fracture, fracture morphology, vertebral body wall
violation, intravertebral cleft, cement volume injected, preoperative VAS, preoperative anterior, middle vertebral height
and preoperative kyphotic angle (P > 0.05), which made them comparable.

At a vertebra-by-vertebra level analysis in mobile group, a significant gain of the vertebral height and a significant
reduction of the kyphotic angle were observed when the patient was placed in prone position compared with the
preoperative imaging (P < 0.05). There was no significant difference between the two treatment groups in the anterior,
middle vertebral height restoration and kyphotic angle correction due to dynamic fracture mobility (P > 0.05). After
operation, both PVP and BKP improved vertebral body height and kyphotic angle of the fractured vertebral body
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Table 1 Clinical and Radiological Characteristics of Patients in Mobile Group

PVP Group (n=47) BKP Group (n=59) P value
Age (years) 72.02+8.42 70.39+7.44 0.610
Sex (male/female) 7/40 9/50 0.959
Fracture duration (weeks) 3.05+1.83 3.58%1.85 0.530
Bone mineral density (T score) —3.46+0.58 —3.10£0.56 0.313
Spinal segment of fracture
Thoracic (T4-T10) 14 18
Thoracolumbar (T11-L2) 28 36
Lumbar (L3-L5) 5 5 0.931
Fracture morphology
Nearly normal 0 0
Wedge 29 35
Biconcave 18 24 0.803
Vertebral body wall violation 17 21 0.951
Intravertebral cleft 20 26 0.876
Cement volume injected (mL) 5.22+1.28 5.27+1.37 0.692
Cement leak 12 (25.53%) 6 (10.17%) 0.036
Visual analog scales
Preoperative 7.31£0.95 7.09+0.98 0.212
Postoperative 2.41£0.79 2.20£0.69 0.319
Anterior vertebral height (%)
Preoperative 56.94+17.38 54.69+17.47 0.567
Intraoperative 65.87+15.15% 64.78+14.15% 0.787
Postoperative 68.83%15.26+% 73.51+11.87+ 0.042
Improvement® 8.94+10.40 10.07+12.32 0.623
Improvement® 2.96x1.59 8.73+5.27 <0.000
Middle vertebral height (%)
Preoperative 51.19+17.66 49.25£14.01 0.631
Intraoperative 58.87+15.15% 58.41+12.70% 0.869
Postoperative 61.62%15.03+ 65.98+10.55+ 0.038
Improvement® 7.68+10.65 9.16x10.61 0.367
Improvement® 2.74%1.24 7.58+5.18 <0.000
Kyphotic angle (°)
Preoperative 15.09£13.00 16.12£11.51 0.648
Intraoperative 10.74%9.35% 11.25+7.62% 0.537
Postoperative 9.36+8.27+% 6.85+5.27+% 0.022
Improvement® 4.34+5.84 4.86+5.96 0.286
Improvement® 1.38+1.60 4.41+4.46 0.001

Notes: *The change between preoperative and intraoperative measurements. “The change between intraoperative and
postoperative measurements. *P < 0.05 for postoperative vs preoperative. “P < 0.05 for intraoperative vs preoperative.
&P < 0.05 for postoperative vs intraoperative.

compared with the intraoperative imaging (P < 0.05). The anterior vertebral height restoration (BKP group, 8.73+5.27%;
PVP group, 2.96+£1.59%), middle vertebral height restoration (BKP group, 7.58+5.18%; PVP group, 2.74+1.24%) and
kyphotic angle correction (BKP group, 4.41+4.46°; PVP group, 1.38+1.60°) due to percutaneous vertebral augmentation
technique itself were more obvious in BKP group compared with PVP group (P < 0.05) (Figures 1-3). The BKP group
has lower incidence of bone cement leakage (BKP group, 10.17%; PVP group, 25.53%, P < 0.05). In the fixed group, the
anterior vertebral height restoration (BKP group, 1.54+2.52%; PVP group, 1.25+4.42%), middle vertebral height
restoration (BKP group, 2.3243.29%; PVP group, 2.00+3.27%) and kyphotic angle correction (BKP group, 1.01
+3.73°;, PVP group, 0.43£1.69°) due to percutanecous vertebral augmentation technique itself were not statistically
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Table 2 Clinical and Radiological Characteristics of Patients in Fixed Group

PVP Group (n=75) | BKP Group (n=81) | P value
Age (years) 71.52+8.01 73.23x7.74 0.656
Sex (male/female) 14/61 15/66 0.981
Fracture duration (weeks) 3.49+1.89 3.68+75 0.440
Bone mineral density (T score) —3.18+0.57 —3.53+£0.53 0.349
Spinal segment of fracture
Thoracic (T4-T10) 22 25
Thoracolumbar (T11-L2) 44 46
Lumbar (L3-L5) 9 10 0.971
Fracture morphology
Nearly normal 4 6
Wedge 51 54
Biconcave 20 21 0.869
Vertebral body wall violation 5 8 0.469
Intravertebral cleft 4 5 0.822
Cement volume injected (mL) 4.43%1.52 4.82+1.59 0.097
Cement leak 7 (9.33%) 4 (4.94%) 0.284
Visual analog scales
Preoperative 7.19+1.03 7.21x1.00 0.844
Postoperative 2.57+1.14 2.39+0.77 0.492
Anterior vertebral height (%)
Preoperative 60.41+19.51 62.04+19.62 0.606
Intraoperative 60.41+19.51 62.04+19.62 0.606
Postoperative 61.67+19.69* 63.58+19.56* 0417
Improvement® 1.25+4.42 1.54+2.52 0.100
Middle vertebral height (%)
Preoperative 54.73+20.20 56.47+20.54 0.613
Intraoperative 54.73+20.20 56.47+20.54 0.613
Postoperative 56.73+20.24* 58.79+20.26* 0.579
Improvement® 2.00+3.27 2.32+3.29 0.125
Kyphotic angle (°)
Preoperative 10.48+9.72 10.99+10.61 0.686
Intraoperative 10.48+9.72 10.99£10.61 0.686
Postoperative 10.05£9.70%* 9.98+9.79* 0.926
Improvement® 0.43x1.69 1.01£3.73 0.652

Notes: ®The change between intraoperative and postoperative measurements. *P > 0.05 for postoperative vs
intraoperative.

significant between PVP and BKP (P > 0.05) (Figure 4). The cement leakage rate was not statistically different when
PVP and BKP were compared (BKP group, 4.94%; PVP group, 9.33%, P > 0.05).

Discussion

During the past two decades, PVP and BKP have been widely used for treating OVCFs. Both techniques are safe and
effective with a similar long-term pain relief in an elderly patient.>* However, there is some debate about the effective-
ness of both procedures in vertebral height restoration and deformity correction.'*"'> McKiernan et al demonstrated the
previously unrecognized occurrence of dynamic fracture mobility in many OVCFs for the first time in 2003." The
fractured vertebral height spontaneously expands due to the prone position during surgery which has not been considered
in previous studies on vertebral augmentation technique. Reporting any intervention that claims to restore vertebral body
height and correct local kyphosis but does not carefully control for dynamic fracture mobility seems untenable.'® From
then on, there is broad agreement that dynamic fracture mobility is attributed to restore height and reduce kyphotic
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Figure | The vertebral height restoration and kyphotic angle correction attributed to the percutaneous vertebral augmentation technique in mobile group. P < 0.05 for PVP
vs BKP in every measurement.

Figure 2 The patient was a 69-year-old woman with a T12 osteoporotic vertebral compression fracture and balloon kyphoplasty was performed. The yellow line indicates
the kyphotic angle. The kyphotic angle changed from 22.06° in preoperative standing lateral radiographs (A) to 17.66° in intraoperative prone lateral radiographs (B). So the
dynamic fracture mobility was present. After operation, the kyphotic angle changed to 9.27° in postoperative standing lateral radiographs (C). The kyphotic angle correction
due to balloon kyphoplasty itself was 8.39°.

Y

@17.36(342,6%) W @15.87(344.13)

Figure 3 The patient was a 65-year-old woman with a T12 osteoporotic vertebral compression fracture and percutaneous vertebroplasty was performed. The yellow line
indicates the kyphotic angle. The kyphotic angle changed from 20.61° in preoperative standing lateral radiographs (A) to 17.36° in intraoperative prone lateral radiographs
(B). So the dynamic fracture mobility was present. After operation, the kyphotic angle changed to 15.87° in postoperative standing lateral radiographs (C). The kyphotic
angle correction due to percutaneous vertebroplasty itself was 1.49°.

angle.”**? However, the effect of the vertebral augmentation technique itself remains inconsistent. Chen et al found that
the restoration of vertebral body height in PVP seems to be mostly due to the dynamic fracture mobility and PVP itself
does not contribute much to the restoration of vertebral height.”° Chee Kidd Chiu et al also supported the above view.”'
They found that the dynamic mobility stress radiographs can predict the postoperative vertebral height restoration and
kyphosis correction after PVP for OVCFs. In terms of BKP, Yokoyama et al found that the vertebral height restoration
and kyphotic change largely depended on the preoperative vertebral mobility in both PVP and BKP groups. The use of
a balloon itself contributed little to resolution of the vertebral deformities.>’ But Shindle et al had inconsistent results,
they reported on 25 consecutive patients with a total of 43 OVCFs treated with BKP and found that many fractured
vertebrae can be moved with positioning, balloon inflation enhanced the height reduction >4.5-fold over the positioning
maneuver alone and accounted for over 80% of the ultimate reduction.”? Although these studies considered dynamic
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Figure 4 The vertebral height restoration and kyphotic angle correction attributed to the percutaneous vertebral augmentation technique in fixed group. P>0.05 for PVP vs
BKP in every measurement.

fracture mobility, they looked at only one procedure in the same group of patients. Different methods in the assessment of
height restoration and deformity correction in these studies make it difficult to provide a direct comparison of
independent effect of surgery.

For the above reasons, this study is to explore the independent effects of two surgical methods. We compared the changes
in the vertebral height and kyphotic angle between patients treated by PVP and BKP after adjustment for preoperative dynamic
fracture mobility. Our results showed that after hyperextended prone positioning was established, BKP could bring more
significant improvements in vertebral body height and kyphotic angle compared with PVP in mobile group. At the same time,
we also found that the incidence of bone cement leakage is lower in BKP group if a fractured vertebral body existed dynamic
mobility. We speculate that the structure of a mobile fracture is more severely damaged compared with a fixed fracture. And,
there is more space for expansion in the discontinuous fracture gaps. The height restoration and deformity correction in PVP
itself'is only attributed to the diffusion of bone cement which was injected under greater pressure. Compared with PVP, the use
of a balloon in BKP can squeeze the surrounding bone for greater expansion force and less bone cement injection pressure. It
can obtain better purpose of correcting the deformity and restoring the vertebral body height while reducing the risk of bone
cement leakage. However, all these advantages of BKP over PVP are not obvious for a fixed fracture with no mobility.

It has been widely accepted that percutaneous vertebral augmentation offers a minimally invasive therapy to reduce
pain and improve functional outcomes in patients with OVCFs. But the optimum operation choice (PVP or BKP) remains
controversial.'”"'® The early adoption of BKP by surgeon can partially be attributed to the utility of BKP had greater
kyphosis correction, higher vertebral body height restoration, and lower cement leakage rate when compared with PVP.
However, this technique has longer operation time, more complex operation process and higher material cost.'® In
addition, each different type of vertebral fracture is unique and can change over time. Dynamic fracture mobility has not
been considered as a reference index to determine the optimum operation choice for treating OVCFs in previous studies.
As the results shown in this study, dynamic fracture mobility can help surgeon estimate the postoperative vertebral height
restoration, kyphosis correction, and cement leakage rate after PVP or BKP. We speculate that this observational index
will help surgeon to determine appropriate surgical technique for a patient with a unique OVCF. If dynamic mobility of
a fractured vertebral body existed, BKP is recommended as the first-line surgical augmentation technique due to the
merits as described above. If a fractured vertebral body is fixed, PVP may be an adequate and favorable option. It could
produce similar capability of vertebral height restoration, kyphosis correction, and cement leakage as BKP for this type
of fracture. In the meantime, the operation time is shorter, the procedure is simpler, and the cost is more affordable. All of
these factors are important for a frail elderly patient.
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It is important to investigate the evidence of dynamic fracture mobility before surgery. The traditional standing flexion and
extension lateral radiographs are difficult to examine in many cases of OVCFs because the patients are unable to follow the
exact position due to severe pain. In addition, the risk of further collapse is also a limitation of this examination. Several
authors adopt supine cross-table lateral radiographs examination for evaluating dynamic mobility.?'=% A bolster with the
diameter of about 13.0 cm should be placed at the level of painful fracture vertebra on the back. For old OVCEF patients, this
examination is also difficult to obtain due to severe pain. The supine position cannot reflect a real operative position. For these
reasons, we adopted intraoperative prone cross-table lateral radiographs as a diagnostic tool for dynamic fracture mobility,
which was recommended by Cawley et al.*°>*** This positioning technique reduced provoked pain, advanced anterior
vertebral height restoration, and supported vertebral deformities correction.

There were several limitations to this study. First, there might be measurement error even with attempts to cancel out
possible radiograph magnification effects. Second, this study was a retrospective study among a small number of patients,
so the sample size is relatively small. A larger multicenter study may help confirm this result.

Conclusions

The use of a balloon in BKP could offer greater kyphosis correction, higher vertebral body height restoration, and lower
cement leakage rate than PVP if a fractured vertebral body existed dynamic mobility. However, all these advantages of BKP
over PVP are not obvious and could be overrated for a fixed fracture exhibited no mobility. BKP is recommended for
a fractured vertebral body with dynamic mobility. PVP is suggested for a fixed fractured vertebral body with no mobility as it
produces similar capability of vertebral height restoration, kyphosis correction, and cement leakage as BKP.
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BKP, balloon kyphoplasty; PVP, percutaneous vertebroplasty; OVCEF, osteoporotic vertebral compression fracture; CT,
computed tomography; MRI, magnetic resonance imaging; DEXA, dual-energy X-ray absorptiometry; VAS, visual
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