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Safety and Efficacy of Bone Cement (Spinofill®) for Verte-
broplasty in Patients with Osteoporotic Compression 
Fracture : A Preliminary Prospective Study

Han Byeol Park, Seong Son, Jong Myung Jung, Sang Gu Lee, Byung Rhae Yoo

Department of Neurosurgery, Gil Medical Center, Gachon University College of Medicine, Incheon, Korea

Objective : Although several commercialized bone cements are used during percutaneous vertebroplasty (PVP) for patients with 
osteoporotic vertebral compression fracture (OVCF), there are no reports using domestic products from South Korea. In this study, 
we investigated the safety and efficacy of Spinofill® (Injecta Inc., Gunpo, Korea), a new polymethyl methacrylate product. 
Methods : A prospective, single-center, and single-arm clinical trial of 30 participants who underwent PVP using Spinofill® for 
painful thoracolumbar OVCF was performed with 6-months follow-up. Clinical and surgical outcomes included the Visual analog 
scale (VAS), Korean-Oswestry disability index (K-ODI), and Odom’s criteria, complication rate, and recurrence rate. Radiological 
outcomes were evaluated by measuring the findings of postoperative computed tomography and simple radiograph. 
Results : The pain of VAS (from 8.95±1.05 to 4.65±2.06, p<0.001) and the life quality based on K-ODI (from 33.95±5.84 to 
25.65±4.79, p<0.001) improved significantly, and successful patient satisfaction were achieved in 20 patients (66.7%) 1 day after 
surgery. These immediate improvements were maintained or more improved during the follow-up. There was no surgery- or 
product-related complications, but OVCF recurred in two patients (6.7%). Favorable cement interdigitation was reported in 24 
patients (80.0%), and extra-vertebral cement leakage was reported in 13 patients (43.0%). The mean vertebral height ratio (from 
60.49%±21.97% to 80.07%±13.16%, p<0.001) and segmental kyphotic angle (from 11.46°±8.50° to 7.79°±6.08°, p=0.002) improved 
one day after surgery. However, these short-term radiological findings somewhat regressed at the end.
Conclusion : The overall outcomes of PVP using Spinofill® were as favorable as those of other conventionally used products. 
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INTRODUCTION

It is estimated that approximately 1.4 million new osteopo-

rotic vertebral compression fracture (OVCF) occur in the el-

derly population every year worldwide3,13). OVCF is related to 

severe pain, poor quality of life, and various complications 

due to a vicious cycle. Since the early era of percutaneous ver-

tebroplasty (PVP) in the 1990s and approval of polymethyl 

methacrylate (PMMA) by US Food and Drug Administration 

in 2004, vertebroplasty using PMMA has been one of the 

standard treatments for pain control and early recovery of 

daily life6,9-12,18,25).
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Currently, many PMMA products by global companies 

have been used in clinical field, and their outcomes are favor-

able2,4,16,26,29). In Korea, due to the accumulation of clinical evi-

dence of the safety and efficacy of PVP and advancement of 

surgical materials based on PMMA, PVP for OVCF has be-

come popular since the 2000s25).

However, as Korea is dependent on PMMA products from 

foreign companies, reports on domestic products are limited. 

Spinofill® (Injecta Inc., Gunpo, Korea), the most used product 

among several domestic products, was approved by the Korea 

Ministry of Food and Drug Safety in July 2013 and has been 

used in clinical practice since November 2013. In this prospec-

tive clinical trial, we investigated the safety and efficacy of 

Spinofill® in patients who underwent PVP for OVCF.

MATERIALS AND METHODS 

Trial design and ethics 
This was a single-center, single-arm, open-label trial with a 

6-month follow-up (Fig. 1). It was conducted in accordance 

with the 1964 Helsinki Declaration and its later amendments 

and was approved by the Institutional Review Board of Gil 

Medical Center (GDIRB2020-242). This research was regis-

tered as a clinical trial in the Clinical Research Information 

Service of Korea (KCT0005425).

Time frame
The final follow-up period was at 6 months, and the study 

was conducted over 18 months. In all patients, the hospital 

stay was three days, including the day before intervention, in-

tervention day, and the day after intervention. Informed con-

sent and baseline characteristics were obtained 1 day before 

intervention, and an assessment was performed in the inpa-

tient ward 1 day after intervention. Afterwards, follow-up at 1 

month and 6 months after procedure were done in all patients.

Aims
The primary endpoint was short-term and long-term effica-

cy based on the change in pain degree using the Visual analog 

scale (VAS). The secondary endpoint included improvement 

of quality of life, patient satisfaction, and change in radiologi-

cal findings during the follow-up period. Safety was estimated 

by investigating any adverse events related to surgery or Spi-

nofill®, cement leakage after PVP, and recurrence of OVCF 

during the follow-up period.

Sample size
The number of samples was calculated as follows : 

n= (Zα + Zβ)
2 σ2

(|d| - ε)2

Based on the results of prev ious cl inica l tr ia ls of 

PVP4,7,8,16,18,29), the standard deviation (σ) of the main effect 

variable was set to 1, the non-inferiority limit (ε) was set to 

0.45, and the difference of effect (d) was set to 0. Using the 

above formula with a significance level of 5% and power of 

80% (Zα=1.96 and Zβ=0.842), the sample size of 30 patients 

was calculated. Considering a dropout rate of 20%, we re-

cruited a total of 38 patients.

Indications and the patient population
Participants were recruited from the patients of neurosur-

geons who specialized in spine disease and thoracolumbar 

OVCF. Acute thoracolumbar OVCF was confirmed by tho-

Patient and medical screening

Baseline assessment

Withdraw consent : n=1

Ineligible 
Fail inclusion criteria 

Meet exclusion criteria

Ineligible 
Fail inclusion criteria 

Meet exclusion criteria

6 months assessment and end of study
(n=30)

Vertebroplasty intervention
(n=38)

1 day assessment
(n=37)

Withdraw consent : n=1
Follow-up loss : n=1

Follow-up loss : n=3 
Death due to underlying disease : n=2

1 month assessment
(n=35)

Fig. 1. Diagram of recruitment and study process.
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racic and lumbar spine radiography and magnetic resonance 

imaging (MRI). All potential participants were screened to 

determine eligibility according to the following inclusion and 

exclusion criteria based on the National Health Insurance 

guidelines.

The inclusion criteria were as follows : 1) adults aged >20 

years with osteoporosis (≤-2.5 of worst mean T-score of two-

level lumbar spine measured by dual energy X-ray absorpti-

ometry) and single-level OVCF; 2) in patients aged <80 years, 

persistent severe back pain (VAS of pain level ≥7 and Korean 

version of Oswestry disability index (K-ODI) ≥20) despite 

conservative treatment for at least 2 weeks; 3) in patients aged 

≥80 years, severe pain that makes daily life impossible (VAS 

of pain level ≥7 and K-ODI ≥20) regardless of the period of 

conservative treatment; and 4) those who voluntarily decided 

to participate in this clinical trial and were willing to comply 

with the clinical trial protocol.

The exclusion criteria were as follows : 1) patients with 

bleeding predisposition, infection, or metastatic cancer; 2) 

those with spinal canal involvement that causes neurological 

symptoms including paralysis or urinary/defecation abnor-

mality; 3) hypersensitivity to PMMA components; 4) pain 

disorders other than OVCF, such as herpes zoster syndrome 

or fibromyalgia; 5) history of previous surgery on the thoraco-

lumbar spine; 6) pregnant or lactating women and women 

with childbearing potential who plan to become pregnant; 

and 7) those inappropriate to participate in this clinical trial 

according to the judgment of the researchers.

Surgical procedure 
Two surgeons performed the same sequence of PVP accord-

ing to the general surgical technique. After the patient was 

placed in a prone position on a radiolucent bed, local anesthe-

sia and light sedation were introduced. After insertion of a 

10-G bone marrow needle into the targeted location of the 

vertebral body via a bilateral transpedicular approach under 

fluoroscopic guidance, Spinofill® was mixed with a dedicated 

lysate in a disposable container included in the instrument set 

to prepare the injection. After the PMMA hardened like a 

toothpaste, approximately 5 minutes after mixing, PMMA 

was injected using a 1-mL syringe until satisfactory filling and 

distribution in the vertebral body were achieved27). The vol-

ume of the inserted PMMA was decided according to the lit-

erature and judgment of the surgeon during the proce-

dure14,20,21). Finally, a one-point skin suture using nylon 3-0 

was done on each side. 

Medical treatment 
All patients received the usual care for patients who under-

went PVP in the inpatient ward and outpatient clinic. Medica-

tion for pain control was unrestricted following the discretion 

of the patient and surgeon, and all analgesia given were re-

corded at every follow-up assessment. Furthermore, osteopo-

rosis management was decided based on various strategies ac-

cording to the patient’s circumstances and compliance, as well 

as the surgeon’s recommendation based on general guide-

lines5,24,28,32).

Outcome assessment
The same blinded investigator evaluated all patients at ini-

tially and during the follow-up period. Demographic data, in-

cluding age and sex; as well as baseline characteristics, includ-

ing body mass index, past medical history, worst mean T-

score of two-level lumbar spine according to dual energy X-

ray absorptiometry, surgery level, and injected cement volume 

during surgery were recorded. 

Clinical and radiological data were collected a day before 

surgery, a day after surgery, 1 month ±1 week after surgery, 

and 6 months ±2 weeks after surgery in all patients.

The degree of back pain was evaluated using VAS scores 

with a range of 0–10 points. Health-related quality of life was 

assessed using the K-ODI with a range of 0–100%15). Patient 

satisfaction was assessed using Odom’s criteria after surgery23).

Simple radiographs (standing anteroposterior view and lat-

eral view) and thoracolumbar MRI were performed prior to 

surgery, and simple radiography and computed tomography 

(CT) were performed immediately after surgery to analyze ce-

ment interdigitation and cement leakage. Simple radiography 

was performed at each follow-up visit. The degree of interdigi-

tation of bone cement on the postoperative CT was scored on 

semiquantitative scale with a range of grades 1–4 using the 

classification proposed by Nieuwenhuijse et al.22) : grade 1, 

complete interdigitation throughout the injected volume with 

clearly visible bone trabeculae; grade 2, considerable interdigi-

tation along the boundaries of a clearly recognizable cement 

deposit; grade 3, a clump like filling pattern with sparsely 

gross interdigitation; and grade 4, no interdigitation at all with 

sharp boundaries along the cement clump, comparable to cleft 
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filling.

Also, the presence of any extra-vertebral cement leakage 

was assessed on postoperative CT and classified according to 

site of leakage (Fig. 2)25).

The vertebral height ratio and segmental kyphotic angle of 

surgery level (measured using Cobb’s method) on standing 

lateral radiographs in a neutral position were used to evaluate 

the progression of vertebral collapse (Fig. 3)17). Two indepen-

dent investigators measured the same image twice for all ra-

diological parameters. If there was any disagreement about 

the qualitative parameters between the researchers, a conclu-

sion was reached by consensus. The quantitative parameter 

was determined as the average of the results of the two re-

searchers.

Surgery-related complications, such as neurologic deteriora-

tion, wound infection, and embolism were observed carefully 

after the surgery. Furthermore, recurrence of OVCF at anoth-

er level was screened by regular simple radiography and/or 

pain aggravation during follow-up.

Statistical analysis
Data management and statistical analyses were performed 

using SPSS (version 27.0; IBM Corporation, Armonk, NY, 

USA). Cohen’s kappa and intraclass coefficient correlation 

(ICC) were used to assess both intra-observer and inter-ob-

server reproducibility. One-way analysis of variance (ANO-

VA), paired t-test, Pearson’s chi square test, and Kaplan-Meier 

survival analysis were used according to the characteristics of 

the factors.

The results were expressed as mean±standard deviation, 

mean and corresponding 95% confidence interval (CI), or 

medians with ranges depending on whether the data were 

normally distributed. Statistical significance was accepted for 

p-values <0.05.

Fig. 3. Lateral plain radiograph showing measured factors. The mean 
height of the vertebral body was de�ned as the average of the three area 
heights of the vertebral body ([a+b+c] / 3). The vertebral height ratio was 
calculated using the following equation : the vertebral height ratio (%) = 
mean height of the index level / [(mean height of the upper adjacent 
body + mean height of the lower adjacent body) / 2] × 100. Segmental 
kyphotic angle (X) was determined at the intersection of lines drawn at 
the superior plateau of vertebral body and the inferior plateau of 
vertebral body. 

a b
c

x

Fig. 2. Classi�cation of cement leakage : type I, epidural leakage via the basivertebral vein or fracture defect; type II, cortical leakage through cortical 
defect; type III, disc space leakage through end plate defect; and type IV, vascular leakage via the segmental vein.
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RESULTS

Demographic data and baseline characteristics 
Among the registered 38 patients, eight patients were ex-

cluded (two patients with simple consent withdrawal, four pa-

tients with any loss of fixed follow-up visit, one patient died 

from underlying cardiovascular disease, and one patient died 

from underlying cancer). Finally, 30 patients were enrolled in 

the study design. The 30 study participants comprised seven 

men and 23 women, with an overall mean age of 78.3±8.3 

years. The mean body mass index was 22.9±3.2, and median 

worst T-score was -3.3 (range, -5.1 to -2.5). The median dura-

tion from onset to surgery was 13.0 days (range, 1.0 to 43.0), 

and median duration from diagnosis using MRI to surgery 

was 7.0 days (range, 1.0 to 43.0).

Surgery levels were T11 in one patient, T12 in seven patients, 

L1 in 12 patients, L2 in two patients, above T11 in two pa-

tients, and below L2 in six patients.

The median injected cement volume was 5.0 mL (range, 2.5 

to 6.0). Various underlying diseases were observed in 27 pa-

tients (90%). The most common comorbidities were cardio-

vascular disease, including hypertension and other heart dis-

ease, and pervious osteoporotic fracture were in 11 patients 

(36.7%) (Table 1).

Clinical outcomes
The mean preoperative VAS for back pain was 8.95±1.05, 

and this decreased to 4.65±2.06 at 1-day post-operation, 3.35±

2.18 at 1-month post-operation, and 4.20±3.07 at 6-month 

post-operation (p<0.001, one-way ANOVA). The pre-opera-

tion to 1-day post-operation, pre-operation to 1-month post-

operation, and pre-operation to 6-month post-operation dif-

ference in back VAS scores were signif icant (the mean 

difference 4.17 [95% CI, 3.36 to 4.97], 5.68 [95% CI, 4.72 to 

6.63], and 4.90 [95% CI, 3.60 to 6.21], respectively, p<0.001, 

paired t-test), but the difference during follow-up after opera-

tion was not significant. Although the 1-month post-opera-

tion to 6-month post-operation difference was not significant, 

the 1-day post-operation to 1-month post-operation difference 

in back VAS scores were significant (the mean difference 1.64 

[95% CI, 0.51 to 2.78], p=0.006, paired t-test) (Table 2). 

The mean K-ODIs improved significantly from 33.95±5.84 

at pre-operation to 25.65±4.79 at 1-day post-operation, 20.85±

7.75 at 1-month post-operation, and 19.55±11.89 at 6-month 

post-operation (p<0.001, one-way ANOVA). The pre-opera-

tion to 1-day post-operation, pre-operation to 1-month post-

operation, and pre-operation to 6-month post-operation dif-

ference in K-ODI were significant (the mean difference 7.56 

[95% CI, 5.52 to 9.61], 12.25 [95% CI, 8.55 to 15.95], and 14.33 

[95% CI, 8.29 to 20.38], respectively, p<0.001, paired t-test). 

Although the 1-month post-operation to 6-month post-oper-

ation difference was not significant, the 1-day post-operation 

to 1-month post-operation difference in K-ODI was signifi-

cant (the mean difference 4.71 [95% CI, 1.71 to 7.72], p=0.003, 

paired t-test) (Table 2).

Table 1. Demographic data and baseline characteristics 

Value (n=30)

Age (years) 78.3±8.3

Men/women 7/23

Body mass index (kg/m2) 22.9±3.2

Worst T-score of bone mineral density -3.3 (-5.1 to -2.5)

Median duration from onset to surgery (days) 13.0 (1.0 to 43.0)

Median duration from diagnosis to surgery (days) 7.0 (1.0 to 43.0)

Surgeon

A 26

B 4

Surgery level

T11 1

T12 7

L1 12

L2 2

Above T11 2

Below L2 6

Injected cement volume (mL) 5.0 (2.5 to 6.0)

Comorbidities 

Hypertension 25

Other heart disease 16

Cerebrovascular disease 11

Diabetes 10

Cancer 10

Pulmonary disease 3

Liver disease 3

Kidney disease 3

Previous fracture history 11

Values are presented as mean±standard deviation, median (range), or 
number unless otherwise indicated
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According to Odom’s criteria, the success rate, including ex-

cellent or good outcomes, were 66.7% at 1-day post-operation, 

83.3% at 1-month post-operation, and 80.0% at 6-month post-

operation. Odom’s criteria distributions at the three time 

points of after surgery were not signif icantly different 

(p=0.208 and 0.458, Pearson’s chi square test) (Table 2).

Radiological outcomes 
The measurements of qualitative postoperative CT findings 

had high intra- and inter-observer reliabilities ranging be-

tween 0.924 and 0.965 based on Cohen’s kappa, and the mea-

surement of quantitative simple radiograph findings had high 

intra- and inter-observer reliabilities ranging between 0.852 

and 0.943 based on ICC.

Table 2. Clinical outcomes 

Characteristic Value p-value

VAS back <0.001*

Pre OP 8.95±1.05

1-day 4.65±2.06

1-month 3.35±2.18

6-month 4.20±3.07

ΔVAS back 

Pre OP to 1-day 4.17 (3.36 to 4.97) <0.001†

Pre OP to 1-month 5.68 (4.72 to 6.63) <0.001†

Pre OP to 6-month 4.90 (3.60 to 6.21) <0.001†

1-day to 1-month 1.64 (0.51 to 2.78) 0.006†

1-day to 6-month 2.46 (-0.60 to 1.64) 0.341†

1-month to 6-month -0.85 (-2.47 to -1.10) 0.285†

K-ODI <0.001*

Pre OP 33.95±5.84

1-day 25.65±4.79

1-month 20.85±7.75

6-month 19.55±11.89

ΔK-ODI 

Pre OP to 1-day 7.56 (5.52 to 9.61) <0.001†

Pre OP to 1-month 12.25 (8.55 to 15.95) <0.001†

Pre OP to 6-month 14.33 (8.29 to 20.38) <0.001†

1-day to 1-month 4.71 (1.71 to 7.72) 0.003†

1-day to 6-month 5.90 (0.84 to 10.97) 0.025†

1-month to 6-month 1.30 (-2.86 to 5.46) 0.521† 

Odom’s criteria 

1-day; excellent/good/fair/poor 1/19/9/1

1-month; excellent/good/fair/poor 6/19/3/2 0.458‡

6-month; excellent/good/fair/poor 8/16/5/1 0.208‡

Success rate at 1-day 20 (66.7)

Success rate at 1-month 25 (83.3)

Success rate at 6-month 24 (80.0)

Values are presented as mean±standard deviation, mean difference (95% confidence interval), or number (%) unless otherwise indicated. *One-
way analysis of variance. †Paired t-test. ‡Pearson’s chi square test. VAS : visual analog scale, Pre OP : preoperative, K-ODI : Korean version of Oswestry 
disability index
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Cement interdigitation was classified as grade 1 in 10 pa-

tients, grade 2 in 14 patients, grade 3 in five patients, and grade 

4 in one patient (Table 2). Extra-vertebral cement leakage oc-

curred in 13 patients (43.0%) with the following distributions : 

type I (epidural leakage) in four patients, type II (cortical leak-

age) in one patient, type III (disc space leakage) in four pa-

Table 3. Radiological outcome 

Characteristic Value p-value

Cement interdigitation

Grade 1 10 (33.3)

Grade 2 14 (46.7)

Grade 3 5 (16.7)

Grade 4 1 (3.3)

Cement leakage 13 (43.0)

Type I 4 (13.3)

Type II 1 (3.3)

Type III 4 (13.3)

Type IV 2 (6.7)

Mixed 2 (6.7) 

Vertebral height ratio (%) <0.001*

Pre OP 60.49±21.97

1-day 80.07±13.16

1-month 74.34±14.77

6-month 75.73±15.70

ΔVertebral height ratio (%)

Pre OP to 1-day -16.19 (-21.93 to -10.44) <0.001†

Pre OP to 1-month -7.93 (-16.69 to -2.76) 0.008†

Pre OP to 6-month -13.49 (-24.19 to -2.78) 0.016

1-day to 1-month 6.61 (3.00 to 10.23) <0.001†

1-day to 6-month 4.34 (-1.10 to 9.79) 0.112

1-month to 6-month -1.04 (-6.56 to 4.49) 0.697

Segmental kyphotic angle (°) <0.001*

Pre OP 11.46±8.50

1-day 7.79±6.08

1-month 9.88±7.35

6-month 10.73±6.85

ΔSegmental kyphotic angle (°)

Pre OP to 1-day 2.94 (1.16 to 4.72) 0.002†

Pre OP to 1-month 0.99 (-1.12 to 3.10) 0.343†

Pre OP to 6-month 0.91 (-1.29 to 3.11) 0.396†

1-day to 1-month -1.89 (-2.97 to -0.81) 0.001†

1-day to 6-month -2.73 (-7.32 to -1.12) 0.002†

1-month to 6-month -0.86 (-1.93 to 0.21) 0.106†

Values are presented as mean±standard deviation, mean difference (95% confidence interval), or number (%) unless otherwise indicated. *One-way 
analysis of variance. †Paired t-test. Pre OP : preoperative
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tients, type IV vascular leakage in two patients, and mixed 

type in two patients (one patient with type I and III, and one 

patient with type III and IV) (Table 3). However, there were no 

clinical events related to cement leakage or cement interdigita-

tion.

For all the 30 study participants, the mean vertebral height 

ratio at surgical levels increased significantly from 60.49%±

21.97% preoperatively to 80.07%±13.16% at 1-day post-opera-

tion (the mean difference 16.19% [95% CI, 21.93 to 10.44], 

p<0.001, paired t-test). However, it decreased to 74.34%±

14.77% at 1-month post-operation (the mean difference 6.61% 

[95% CI, 3.00 to 10.23], p<0.001, paired t-test), and remained 

the same at 6-month post-operation (Table 3).

Similar to the vertebral height ratio, the mean segmental 

kyphotic angles at surgical levels were significantly improved 

from 11.46°±8.50° preoperatively to 7.79°±6.08° at 1-day post-

operation (the mean difference 2.94° [95% CI, 1.16 to 4.72], 

p=0.002, paired t-test). However, it increased to 9.88°±7.35° at 

1-month post-operation (the mean difference 1.89° [95% CI, 

2.97 to 0.81], p<0.001, paired t-test) (Table 3). 

Surgical outcomes
Except for two cases of trivial postoperative complications 

(one case of diarrhea and one case of ileus), no major surgical 

complications, such as neurologic aggravation, wound infec-

tion, or cement embolism, were encountered. In addition, 

with except for one case of cerebral infarction at 2 months af-

ter surgery in a 76-year-old patient, no perioperative morbidi-

ty related to surgery, such as cardiopulmonary problems or 

deep vein thrombosis, occurred.

Two patients experienced recurrence of OVCF at another 

vertebral body (one patient recurred at L1 after 14 days of PVP 

L5 and one patient recurred at L1 after 84 days of PVP L4). 

According to Kaplan-Meier survival analysis, the 6-month re-

currence-free survival rate was 93.3% and the estimated over-

all time to a recurrence was 171.27 days (95% CI, 159.13 to 

183.40) (Fig. 4).

Medical treatment
All patients received the usual medications for pain control, 

including acetaminophen, non-steroidal anti-inf lammatory 

drugs, and tramadol. In terms of osteoporosis management, 

eight patients (26.7%) received zoledronic acid, 10 patients 

(33.3%) received denosumab, and 12 patients (40.0%) received 

no treatment due to the patient’s discretion and circumstanc-

es. There was no statistically significant difference between 

osteoporosis management and recurrence of OVCF because of 

the small sample size. 

DISCUSSION

Spinofill® is composed of PMMA powder and a solution of 

methyl methacrylate with barium, similar to other existing 

products but the proportions of each component are slightly 

different. According to a biomechanical study of the company, 

the ideal working time following mixing was 15.5 minutes at 

1.0
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Fig. 4. Kaplan-Meier analysis of recurrence-free survival rate. Fig. 5. Composition of Spino�ll® (Injecta Inc., Gunpo, Korea).
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23℃ of environment. Working time may differ depending on 

the temperature of use and storage environment. The maxi-

mum temperature of material after mixing is below 75℃, 

which is similar or safter than other products11). Although the 

bending modulus is similar to that of other products, the 

bending strength and compressive strength are better com-

pared to those of other previous materials11). In addition, the 

instrument set includes a sterilized disposable bowl and spat-

ula for the mixing process to reduce infection and hassle dur-

ing surgery (Fig. 5).

As expected, the measures of clinical outcome, including 

VAS score and K-ODI, showed significant improvement im-

mediately after surgery (4.17 [95% CI, 3.36 to 4.97) of VAS im-

provement and 7.56 [95% CI, 5.52 to 9.61] of K-ODI improve-

ment) and further improvement at 1-month after surgery (1.64 

[95% CI, 0.51 to 2.78] of VAS improvement and 4.71 [95% CI, 

1.71 to 7.72] of K-ODI improvement). In addition, in terms of 

patient satisfaction, success rate of surgery was 66.7% at 1-day 

after operation and reached 83.3% at 1-month post-operation. 

However, clinical improvements ceased after 1-month postop-

eratively. This phenomenon may occur due to the apparent ef-

fect of surgery during the short-term period and less apparent 

effect in the long-term period. The favorable immediate clini-

cal outcome and plateau during mid-term follow-up were 

similar the most previous reports about short- or mid-term 

outcomes after PVP7,10,16,25,26). Based on these findings, the effi-

cacy associated with the clinical effect is comparable to that of 

other PMMA products.

The distribution of cement interdigitation with 80% favor-

able interdigitation was not significantly different from that in 

previous studies, ranging from 51.8% to 95.6%22,25). Moreover, 

the occurrence of cement leakage (43.0%), including four pa-

tients (13.3%) with epidural leakage, was not significantly dif-

ferent from that in previous studies, ranging from 18.4% to 

54.7%18,30,31). Furthermore, there were no clinical symptoms 

related to cement interdigitation or cement leakage. Based on 

these findings, the safety associated with the injection and 

distribution of the material during surgery is proven.

Although the vertebral height ratio and segmental kyphotic 

angle improved immediately after surgery, these improve-

ments were reduced again over the course of 6 months. This 

phenomenon is comparable with the results of previous stud-

ies due to the spontaneous natural course of collapse after oc-

currence of OVCF2,7,25,29). Based on these findings, the efficacy 

associated with the radiological results is reasonable compared 

with other PMMA products.

Based on the low incidence of surgery-related complications 

and absence of serious adverse events, the safety associated 

with material-related complications was preliminarily proven. 

In the recurrence rate after PVP in this study of 6.7% was ac-

ceptable compared to previous reports, ranging from 6.2% to 

52.8%1,19). Because the follow-up period was mid-term (6 

months) in this study, the incidence of new vertebral fractures 

might appear to be low compared with previous studies. 

Based on these findings, the safety associated with product-

related complications and recurrence of new fractures was 

verified.

The present study has several limitations. First, because of 

its single-arm design, direct comparisons with other products 

were not possible. However, based on previous clinical trials, 

we could indirectly compare between Spinofill® with other 

products. Second, the number of enrolled patients was small. 

Nonetheless, based on the purpose of this study as a prelimi-

nary demonstration of non-inferiority compared to other 

products in the market, the study has a sufficient sample size.

Almost all the results of this study were consistent with pre-

vious literature and did not deviate from what was expected. 

However, we believed that the results obtained are valuable 

because this is the first study on the domestic product of 

PMMA in Korea. We suggest that further large-scale, ran-

domized controlled trials for direct comparison between Spi-

nofill® and other major products should be conducted to con-

firm our results.

CONCLUSION

This prospective clinical trial showed that Spinofill® is an 

effective and safe PMMA product for PVP in patients with 

OVCF. Based on the results of this study, although further 

clinical investigation is necessary, Spinofill® has the potential 

to be used safely in the clinical field. 
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