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Abstract: Study design: Retrospective cohort study. Objectives: To investigate the outcomes of early ballon
kyphoplasty (BKP) intervention compared with late intervention for osteoporotic vertebral fracture.
Background: Osteoporotic vertebral fractures, can lead to kyphotic deformity, severe back pain, depression,
and disturbances in activities of daily living (ADL). BKP has been widely utilized to treat symptomatic OVFs
and has proven to be a very effective surgical option for this condition. BKP is relatively a safe and effective
method due to less acrylic cement leakage and greater kyphosis correction. Materials and Methods: A
retrospective comparative study was conducted at our hospital for patients who underwent BKP for
osteoporotic vertebral fractures in the time frame between January 2020 and December 2022. Ninety-nine
patients were included in this study, patients were classified into two groups: 36 patients underwent early BKP
intervention (EI) <4 weeks, and 63 patients underwent late BKP intervention (LI)> 4 weeks. We did a clinical,
radiological and statistical comparative evaluation for the both groups with mean follow up for one year.
Results: Adjacent segmental fractures were more highly observed in the LI group compared to the EI group
(33.3% vs 13.9%, p = 0.034). There was a significant improvement in postoperative vertebral angles) in both
groups (p = 0.036). Cement volume injected was 7.42 ml in EI compared with 6.3 ml in LI (p=0.007). Mean
surgery time was less in the EI with 30.2 min compared with 37.1 min for LI with significant difference
(p=0.0004). There was no statistical difference in the pain VAS between the 2 groups (p=0.711), no statistical
difference in cement leakage (p=0.192). Conclusions/Level of Evidence: Early BKP for osteoporotic vertebral
fractures treatment may achieve a better outcomes and less adjacent segemental fractures than delayed
intervention. Level IIL
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1. Introduction.

Osteoporosis is increasing dramatically with the aging of the global population [1].
Osteoporosis-related fractures, such as femoral neck fractures, distal radius fractures, and vertebral
fractures, are primary concerns for the elderly [2]. Furthermore, these fractures may increase the
morbidity and mortality risk among osteoporotic patients [3]

Osteoporotic vertebral fractures (OVFs), the most common osteoporosis-related fractures, can
lead to kyphotic deformity, severe back pain, depression, and disturbances in activities of daily living
(ADL). Percutaneous balloon kyphoplasty (BKP) has been widely utilized to treat symptomatic OVFs
and has proven to be a very effective surgical option for this condition [6]. Compared with simple
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percutaneous cement injection, BKP is a relatively safe and effective method due to less acrylic
cement leakage and greater kyphosis correction [7,8].

According to current guidelines, patients are primarily recommended to undergo conservative
treatment for osteoporotic vertebral fractures. Surgical intervention is recommended when
conservative treatments are ineffective clinically or if there is radiographic progression of the fracture
[9]. However, prolonged bed rest in the elderly may lead to complications such as dementia
progression, bed sores, deep venous thrombosis, hypostatic pneumonia, progression to deformity
and further progression of osteoporosis, [10]. Determining the appropriate duration of conservative
therapy is crucial for symptomatic osteoporotic vertebral fractures to achieve clinical benefit [11].

Current guidelines lack consensus recommendations for the timing of percutaneous balloon
kyphoplasty (BKP) [12,13]. Therefore, we did retrospective comparative cohort study to investigated
clinical and radiographic outcomes, as well as complications, associated with early intervention of
PKP to provide current evidence for spine surgeons.

2. Materials and Methods

This research was approved by the ethics committee of our institution (No. 472), and informed
consent from patients undergoing surgery was duly obtained. A retrospective evaluation was
conducted for patients who underwent percutaneous balloon kyphoplasty (PKP) for osteoporotic
vertebral fractures (OVFs) at our hospital in the time frame between January 2020 and December
2022. The inclusion criteria for this research were as follows: 1) Presence of osteoporotic vertebral
fractures, 2) Bone mineral density: T-score <1.5 SD, 3) Underwent balloon kyphoplasty. Exclusion
criteria included : 1) Severe spinal deformity ( scoliosis , SVA >10cm) , 2) >1 level balloon
kyphoplasty, 3) < Six months follow-up, 4) Inability to provide valid VAS scores, 5) History of spinal
tumor (Figure 1), 6) Severe physical illness.

Osteoporosis patients in out patient clinic
453 cases

[Inclusion criterial

1. With osteoporotic vertebral fractures | Included
2. Bone mineral density: T-score < 1.5 5D | 135 cases
3. Underwent balloon kyphoplasty

[Exclusion criteria)
Severe spinal deformity
>1 balloon kyphoplasty Excluded
< Six month follow-up 24 cases
Unable to take VAS score
History of spinal tumor

G W

E— | .| Excluded
Agreed to join this study | | 12 cases

Total
99 cases

2.1. Clinical evaluation

The cohort of patients underwent clinical assessment using standard quantifiable measures
including the visual analogue scale (VAS) for low back pain and the Oswestry Disability Index (ODI)
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for daily living activities. Clinical data were documented preoperatively, postoperatively, and at final
follow-up time periods. Surgical duration and any complications, such as sensory motor deficits,
surgical site infections, and the need for revision surgery, were noted during the intraoperative or
postoperative periods. The visual analog scale (VAS) for back pain was used to assess clinical
outcomes.

2.2. Radiological evaluation

For radiological evaluation, parameters such as the local kyphosis angle (LKA), vertebral
kyphotic angle (VKA), cement leakage, and adjacent vertebral fractures (AVFs) were calculated
preoperatively and postoperatively with plain radiographs. Additionally, preoperative bone mineral
density (BMD) T-score and fracture level were evaluated.

2.3. Statistical evaluation

All collected data were expressed as means + standard deviations (SDs). In comparing the
groups, the Mann-Whitney U test analysis was used for continuous variables, while the chi-squared
test and Fisher's exact test were used for dichotomous variables. McNemar's test was used to compare
the p-values. A p-value < 0.05 was defined as statistically significant. ficant. All analyses were
performed using SPSS version 19.0 (IBM, Beijin, China).

2.4. Surgery.

All procedures were conducted using a standardised kyphoplasty technique with patients under
general anesthesia and positioned in the prone position. Balloon kyphoplasty (BKP) was consistently
performed through the percutaneous transpedicular route bilaterally under C arm guidance ,using
conventional kyphoplasty instrumentation with same cement in all patients (Kyphon Ballon
Kyphoplasty System, Medtronic, Minneaplis, USA).

3. Results.

3.1. Clinical results

Ninety-nine patients were included in the study after meeting the criteria, and they were divided
into two groups: an early intervention group (Group EI, <4 weeks) and a late intervention group
(Group LI, 24 weeks). Group EI consisted of 11 male and 25 female patients with an average age of
81.8 + 5.0 years, while Group LI consisted of 25 male and 38 female patients with an average age of
80.1 + 8.2 years.The mean follow-up period for Group EI was 11.2 + 7.4 months, while for Group LI it
was 12.1 £ 9.4 months. The patients' demographics are summarized in Table 1.

Table 1. Patient demographic.

Number 36 63
Age at surgery (year) 81.8 £ 5.0 80.1= 8.2 0.338
Sex (male/female) 11/25 25/38
Follow-up (month) 11.2* 74 12.1= 94 0.451

Table 2. Clinical data.
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[ Grwp B30 | Group LLa-0d

BMI (g/cm?) -2.1%* 0.96 -19* 14 0.911

Surgical time 302 74 37.1 89 0.0004**
Final VAS (mm) 11.3* 109 13.5£13.2 0.722
Revision surgery 3/36 (8.3%) 4/63 (6.3%) 0.711

* p<0.01.

3.2. Radiographic results

There was a significant improvement in postoperative vertebral angles (VKA) in both groups
(Figure 2: p = 0.036, 0.00027). Adjacent segmental fractures (AVF) were more highly observed in the
LI group compared to the EI group (Figure 3, 13.9% vs 33.3%, p = 0.034). Cement leakage was more
highly observed in Group EI compared to Group LI, but the difference was not statistically significant
(30.1% vs 19.0%, p = 0.192).

(degree) Hk
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6
5
4 *
3
2
1
0
Preop Postop Final * p<0.05
—Group EI —Group LI ** p<0.01
Figure 2. Chronological results of vertebral kyphosis angle.
%
(%) \
35 33.3%
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25
20
15 13.9%
10
5
0
Group El Group LI
* p<0.05

Figure 3. Adjacent segmental fracture.

The level of fracture sites is summarized in Figure 4. The thoracolumbar area was the most
common site of osteoporotic vertebral fractures in both groups.
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Figure 4. Level of fracture site.

Radiographic results are summarized in Table 3. In Group EI the preoperative, postoperative,
and final local kyphosis angles (LKAs) were 8.31 degrees, 6.41 degrees, and 7.47 degrees, respectively.
In Group LI the preoperative, postoperative, and final LKAs were 9.37 degrees, 6.68 degrees, and
7.97 degrees, respectively. There was no statistically significant difference between the two groups.
Additionally, in Group EI, the preoperative, postoperative, and final vertebral kyphotic angles
(VKAs) were 14.1 degrees, 6.5 degrees, and 11.1 degrees, respectively. In Group LI, the preoperative,
postoperative, and final VKAs were 14.9 degrees, 7.7 degrees, and 10.4 degrees, respectively. Again,
there was no statistically significant difference between the two groups (p = 0.35, 0.67, and 0.53). The
bone mineral densities (BMDs) (T-score) of Group EI and Group LI were -2.1 and 1.6, respectively (p
= 0.10), which was statistically insignificant.

Table 3. Radiological results.

Preop LKA (degree) 8.31*6.48 9.37*6.84 0.457
Postop LKA (degree) 641522 6.68 =528 0.726
Final LKA (degree) 7.47=*5.33 7.97£6.10 0.827
Preop VKA (degree) 12.8+7.38 149*6.73 0.179
Postop VKA (degree) 5.72*=4.15 7.70*=5.01 0.100
Final VKA (degree) 9.61£5.83 9.86 £6.05 0.870
Cement volume (ml) 742 £ 1.54 6.311.93 0.007**
Cement leakage 11 (30.1%) 12 (19.0%) 0.192
AVF 3 (8.3%) 21 (33.3%) 0.034*
BMD (g/cm?) -2.09* 0.96 -1.96x1.41 0.911

4. Discussion

Osteoporotic vertebral fractures (OVFs) stand as the most prevailing fragility fractures. Studies
indicate that about 25% of women aged over 70 years and over half of those aged above 80 years
experience at least one OVF during their lifetime [14]. The elderly population most commonly
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experiences osteoporotic vertebral fractures (OVFs), resulting in significant pain and a notable
decline in quality of life [15,16]. Conservative management, as well as percutaneous vertebroplasty
(PVP), balloon kyphoplasty (BKP), and vertebral body stenting (VBS) are employed for their
treatment [17]. Due to delayed diagnosis, inadequate awareness, and economic constraints, many
patients opt for conservative treatment as their initial choice. Consequently, this delay in seeking
vertebral body augmentation interventions, which can promptly alleviate pain and enhance
functionality, ensues [10,18,19]. The mortality rate rises significantly in patients with osteoporotic
vertebral fractures (OVFs), and this risk escalates with the number of affected vertebrae. Furthermore,
for each diagnosed single OVF in a patient, the likelihood of subsequent fractures increases by a factor
of five [20]. Despite adjusting for demographic characteristics and chronic comorbidities, the risk of
mortality was 1.22 times higher in the OVFs. [21].

It is conceivable that fracture consolidation could restrict the possible height restoration if there
is alengthy period between the fracture and surgery. Percutaneous balloon kyphoplasty (BKP) is safe
and helpful for patients with acute OVFs and ongoing discomfort. Following a percutaneous
vertebroplasty, patients have rapid, long-lasting pain reduction that is affordable and far more than
what would be possible with conservative care [2]. Important characteristics that set balloon
kyphoplasty apart from percutaneous vertebroplasty are height restoration and decreased cement
leakage [22]. Overall procedural complication incidents with vertebroplasty have been reported at
2.4% [23] as compared to 0.9% incidents with Kyphoplasty [7]. The best time to execute a balloon
kyphoplasty has not been sufficiently investigated [8]. Some studies suggest a conservative treatment
effort lasting two to three weeks, while others offer no advice at all about time [24,25].

In our study both early intervention (EI) and the late intervention (LI) groups demonstrated
dramatic improvements in visual analogue scale (VAS) scores at final follow-up. However, no
statistical differences were observed in final VAS scores between the EI and LI groups. This finding
aligns with previous studies comparing outcomes based on different surgical timings of cement
augmentation, where similar improvements in VAS scores were reported regardless of whether the
operation was performed within 4 weeks or later.  [13,26]. These consistent improvements in VAS
scores suggest that the timing of BKP may not significantly impact pain outcomes in patients with
OVFs. The similar pain outcomes in both early and late surgical intervention groups may be due to
cement augmentation stabilizing micromovements and disrupting nerve endings, regardless of
timing [27,28].

In terms of surgical times, we found a notable difference between groups EI (early intervention)
and LI (late intervention). The mean surgical time for group EI was reported to be 30.2 + 7.4 minutes,
whereas it was 37.1 + 8.9 minutes for group LI (Li et al., 2015). Our findings were supported by Li et
al 2015 study [29]. Thoracolumbar area was the most common site of fracture for both the groups in
the present study which was consistent with the results of a study by Oh et al. [8]. Our results
demonstrated a significantly higher incidence of AVF in the LI group compared to the EI group
(13.9% vs. 33.3%, p = 0.034). This finding suggests a potential association between delayed surgical
intervention and an increased risk of adjacent segmental fractures, highlighting the importance of
timely BKP in preventing such complications.

Our findings are consistent with previous retrospective studies that have investigated the impact
of surgical timing on the risk of subsequent fractures following PKP or vertebroplasty [4,13,30,31].
The underlying mechanism of the vertebra recollapse remains unclear. The strain on neighboring
vertebrae is increased by the significant kyphotic deformity of delayed BKP. AVFs have been linked
to abnormal sagittal alignment of the vertebral bodies. In LI, endplate damage can result from
repeated compressive pressure over the fracture site, which can cause bone loss close to the endplate.
Repeated damage during everyday activities could cause a void to form above the LI fracture site.
The incidence of AVFs may rise because of this void impact, which may also lessen the intergradient
effect between the cement and bone. Extended bed rest in LI negatively impacts back muscles, leading
to loss of muscle mass, which reduces vertebral body protection and increases the risk of further
compression fractures [11]. This phenomenon is likely associated with changes in the local
biomechanical environment that arise from kyphotic collapse of vertebral compression fractures [32].
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The most frequent complication of kyphoplasty is the leakage of bone cement (PMMA), which
can pose significant risks to patients, even when present in minimal amounts [7]. On the upper end
of the spectrum, radiculopathy rates of 4% and cord compression rates of less than 0.5% have been
reported [33]. Our results showed that cement leakage in the EI group compared to the LI group was
not statistically significant. Interestingly, findings from another study. Huaquing guan et al [26]
suggest that delayed operation may reduce the incidence of cement leaks. The rate of
polymethylmethacrylate (PMMA) leakage is a subject of controversy and seems to be somewhat
technique-dependent [34] or factors such as pressure, volume, and viscosity of the cement or
technique used may play a more direct role in determining the risk of these types of leakage, rather
than the timing of the surgical intervention [11]. One study suggests that reducing cement injection
volume could potentially decrease cement leakage [35]. On the contrary, our study did not find a
significant correlation between clinical outcomes and the volume of cement injected. We found that
more cement could be injected in the early group. The volume of cement in early group was
significantly more than that in late group. Both the EI and LI groups in our study exhibited
improvements in VKAs from preoperative to final measurements. In our study, VKA in the final
follow up in early group was slightly better than late group but there was no significant difference in
it. While certain studies have demonstrated a notable improvement in VKA levels within the early
treatment group compared to the late group [4,13, 36]. While, similar to our study, the enhancement
observed was not statistically significant in one study [6]. A larger retrospective study by Kaufmann
et al. (2020) also did not find a significant association between injected cement volume and post-
procedural pain [37] but the volume of injected cement was predicted factor of pain release [38].

It is important to acknowledge limitations of this study. As a retrospective study, its findings are
subject to inherent biases. The short follow up and the relatively small sample size further constrain
the generalizability of the results. Further research should investigate the biomechanics of adjacent
fractures and the potential influence of gender on treatment outcomes.

Conclusions

In conclusion, early ballon kyphoplasty (BKP) may achieve better clinical and radiographic
outcomes for treating osteoporotic vertebral fractures than delayed BKP. Early intervention BKP
leads to more efficient surgical outcomes, including shorter operative times and reduced risk of
subsequent vertebral fractures. Based on current evidence, early BKP intervention might be more
beneficial to patients.
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