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The Effectiveness of the Amount of Polymethylmethacrylate Used in the
Treatment of Lumbar Osteoporotic Compression Fractures
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ABSTRACT

Objective: We aimed to investigate the effectiveness of the amount of polymethylmethacrylate used in pain control and maintenance of
long-term vertebra corpus height in patients undergoing percutaneous vertebroplasty due to osteoporotic compression fracture of the lumbar
vertebra.
Method: A total of 60 patients who underwent unilateral percutaneous vertebroplasty between 2014 and 2019 due to osteoporotic
compression fracture of the lumbar vertebrae were included in the study. Patients who received 5 ml and 3 ml cement injection were
retrospectively analyzed. Of patients, postoperative visual analogue scale (VAS) score and anterior vertebral height of the patients at 1st-year
control were evaluated.
Results: In the postoperative period, the mean visual analogue scale score was 2.3±0.46 in the 5 ml injected group and 2.2±0.4 in the 3 ml
injected group (p5 ml=0.001, p3 ml= 0.001). There was a statistically significant decline in pain control in both groups. The mean anterior
vertebral height loss (AVHL) in the 5 ml injected group was 31.5±0.40%, and 32.6±0.47% in the 3 ml injected group (p5 ml=0.820, p3ml=
0.870). There was no statistically significant alteration in both groups.
Conclusion: Our results indicate that the 3 ml polymethylmethacrylate injection during the percutaneous vertebroplasty procedure provides
adequate pain control and stabilization in patients with lumbar vertebral osteoporotic fracture. Therefore we think that small amount of
polymethylmethacrylate (3 ml) is sufficient to avoid undesirable complications in this patient group.
Keywords: Compression fractures, osteoporotic fractures, pain, polymethyl methacrylate, spinal fractures, vertebroplasty, visual analog scale
ÖZ
Amaç: Lomber vertebra osteoporotik kompresyon kırığı nedeniyle perkutan vertebroplasti yapılan hastalarda, kullanılan polimetilmetokrilat
miktarının ağrı kontrolünde ve uzun dönem vertebra korpus yüksekliğinin korunmasındaki etkinliğini araştırmayı amaçladık.
Yöntem: 2014 ve 2019 yılları arasında lomber vertebranın osteoporotik kompresyon kırığı nedeniyle uniletaral perkütan vertebroplasti işlemi
uyguladığımız toplam 60 hasta çalışmaya dahil edilmiştir. 5 ml ve 3 ml sement enjeksiyonu yapılan hastalar retrospektif olarak incelenmiştir.
Hastaların postoperatif VAS skorları ve 1. yıl kontrol anterior vertebra yükseklikleri değerlendirilmiştir.
Bulgular: Postoperatif dönemde 5 ml enjeksiyon yapılan grupta ortalama VAS skoru 2,3±0,46 olur iken 3ml enjeksiyon yapılan grupta ortalama VAS skoru 2,2±0,4 idi. (p5 ml=0,001, p3 ml=0,001) Her iki grupta ağrı kontrolünde istatiksel olarak anlamlı bir gerileme tespit edildi.
Hastaların ortalama anterior vertebra yükseklik kaybı; 5 ml enjeksiyon yapılan grupta %31,5±0,40 iken 3 ml enjeksiyon yapılan grupta
%32,6±0,47 (p5 ml=0,820, p3 ml=0,870) idi. Her iki grupta da istatiksel olarak anlamlı değişim saptanmadı.
Sonuç: Sonuçlarımız lomber osteoporotik vertebra fraktürü hastalarında perkütan vertebroplasti işlemi sırasında 3 ml polimetilmetokrilat
enjeksiyonunun yeterli ağrı kontrolü ve stabilizasyonu sağladığnı göstermektedir. Bu nedenle bu hasta grubunda gereksiz komplikasyonlardan
kaçınmak için daha az miktarda (3 ml) polimetilmetokrilat kullanımının yeterli olduğunu düşünmekteyiz.
Anahtar kelimeler: Compresyon kırıkları, osteoporotik kırıklar, ağrı, polimetilmetakrilat, spinal kırıklar, vertebroplasti, vizüel analog skalası
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INTRODUCTION
Pathological vertebral fractures are most commonly
seen due to osteoporosis, which leads to bone mineral
loss, but can also be seen due to tumor infiltration.
Vertebral compression fractures can cause severe pain
that restricts the daily activity of the patients. Analgesic
treatment, physical therapy, and corset usage are generally unresponsive to the relief of pain seen in patients
(1)
.
As a result of the vertebroplasty procedures performed
in vertebral compression fractures, the resolution of
the complaints of patients' pain is quite satisfactory. In
the series of 100 patients, McGraw and colleagues
stated that 97% of the patients had significantly reduced
pain in the first 24 hours (2).
Percutaneous vertebroplasty (PV) is a very powerful
method to strengthen the vertebra with polymethylmethacrylate in pathological vertebral compression
fractures caused by osteoporosis, tumor or trauma (3). It
was first applied in 1987 by Galibert and Deromond in
France (4). Percutaneous vertebroplasty can be achieved
unilaterally or bilaterally. Still, no significant difference
was found between them (5). In the unilateral procedures, the polymethylmethacrylate should cross the
midline and vertical axis of the vertebral corpus (6). If the
polymethylmethacrylate given remains on one side of
the vertebral corpus and does not pass to the other
side, it causes curvature of the spine in the future (7).

methacrylate injected on radiological findings and pain
control in the postoperative period and long-term follow-up.
MATERIAL and METHODS
Sixty patients, who presented with low back pain
between 2014 and 2019 and had a single-level osteoporotic vertebral compression fracture in the lumbar
vertebrae detected during magnetic resonance imaging (MRI) and computed tomography (CT) tests, were
included in the study. All patients Bone mineral densities (BMDs) of all patients were measured by dual X-ray
absorptiometry (DXA). Patients’ T-scores were
between-2.5 standard deviation (SD) and -3.2 SD.
Patient whose preoperative imaging studies, did not
reveal bone fragments causing canal occupation, those
without neurological deficits detected in neurological
examinations and patients whose pain control cannot
be achieved despite conservative treatment were
included in the study .
Under general anesthesia, and scopy, the patients with
compression fractures lying in the prone position,
received percutaneous injections of polymethylmethacrylate using special needles inserted unilaterally into
the vertebral corpus through the midline of the vertebral corpus, which were advanced up to anterior 1/3
(Ntcem. Spine, Meta Biomed Co., Ltd
Osongsaengmyeong, Korea) w (Figure 1).

The most important point for the efficacy of PV is that
the polymethylmethacrylate should be injected at an
amount sufficient to achieve enough stabilization and
pain control. It is reported in the literature that 3-5 ml
of cement injection is sufficient in the lumbar and thoracic vertebrae region (8-12). Therewithal, the most common complication during vertebroplasty is polymethylmethacrylate leakage into the spinal canal or neural
foramen. In the series of McKiernan et al., this rate of
leakege was 15 percent (13). Therefore, it is necessary to
avoid over-injection of polymethylmethacrylate in
order to ensure the effectiveness of vertebroplasty and
to avoid possible complications.
In this study, we investigated the patients who underwent percutaneous vertebroplasty for osteoporotic
compression fractures of the lumbar spine. We evaluated the productiveness of the amount of polymethyl-

Figure 1. Axial plan CT scan. 3 ml polymethylmethacrylate
reached up to middle and anterior 1/3 vertebrae.
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Five ml and 3 ml of polymethylmethacrylate were
injected into the vertebrae of the patients consecutively. The patients were placed in the supine position
for at least 6 hours after the procedure. All patients
underwent lumbar CT in the postoperative period and
at 1st-year follow-up (Figure 2).

Figure 2. Sagittal plan CT scan of the patient undergoing 3 ml of
polymethylmethacrylate;
a) Post-operative 1st day b) 1st-year follow-up

The pain severity of the patients was evaluated using
the VAS scores ranging between 0, and 10 points. The
height of the vertebrae in the postoperative and 1styear follow-up was measured using the Picture
Archiving and Communication System. The AVHL percentage was calculated by dividing the height of the
anterior wall of the fractured vertebra by the average of
the anterior wall heights of the adjacent lower and
upper vertebrae (Figure 3).

This study was performed with clinical data collected
from patient files collected retrospectively. This
study was approved by the Medical Ethics Committee
of Tekirdag Namık Kemal University (2019.229.12.04).
All procedures performed in studies involving human
participants were conducted under the ethical standards of the institutional and/or national research
committee and the Helsinki Declaration of 1964 and
subsequent amendments or comparable ethical
standards. All permissions were obtained to access
the data used in our study. Written informed consent
was obtained from all patients.
Descriptive statistics were used to describe continuous variables (mean, standard deviation, minimum,
and maximum). The student t-test was used to evaluate VAS value and AVHL among the groups.
RESULTS
Data were analyzed using SPSS ver. 20.0 (SPSS Inc.,
Chicago, IL, USA). Paired t-test was used to determine the significance of intergroup differences in
preoperative and postoperative p values presented
as mean and standard deviation. Mann-Whitney
U-test was used to determine the significance of differences between groups presented as median with
maximum and minimum values. A p <0.05 was considered statistically significant.
Sixty patients with lumbar spine fractures due to
osteoporosis were included in the study. 45 patients
were female and 15 were male. The mean age of the
patients was 67.6 years (SD 3.34, range 61-76). The
demographic data of the patients according to subgroups are shown in (Table 1).
Table 1. It showes demographic characteristics of participants.
3 ml

5 ml

p

Age (years)

67.2±3.09

67.9±3.59

0.444*

Weight (kg)

69.4 ±7.29

71.8±9.45

0.275*

Height (cm)

165.6±6.3

164.8±4.78

0.597*

BMI (kg/m ) †

25.3±2.16

24.7±2.32

0.338*

Female/Male

23(77%)/7
(23%)

22 (73%)/8
(27%)

2

Figure 3. 2nd Lumbar vertebrae with 28% height loss.
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The mean VAS scores of the patients who received 5 ml
and 3 ml polymethylmethacrylate injections during
vertebroplasty were calculated as 7.2±0.4 and
7.6±0.56, respectively (p=0.002). The mean VAS
score was 2.3±0.46 in the 5 ml injected group one
day after the procedure and 2.2±0.4 in the 3ml
injected group (p5ml=0.001, p3ml=0.001). A statistically significant decline in pain control was detected
in both groups. Early postoperative and 1st year
postoperative VAS results were similar in both
groups. (Table 2)
Table 2. It showes comparison of preopertive and postoperative
patients’ VAS. A statistically significant decline in pain control was
detected in both groups.
3 mL

5 mL

p

Pre-op VAS‡

7.6±5.56

7.2±0.4

0.002

Post-op VAS§

2.2±0.4

2.3±0.46

0.379

P

0.001

0.001

L1 (n=19)

preoperative AVHL

1-years follow up
AVHL

3 ml

3 ml

5 ml

5 ml

n

9

10

9

10

mean
AHVL

34.3%

29.9%

34.1%

29.6%

L2 (n=17)

n

10

7

10

7

mean
AHVL

32.6%

33.3%

32.5%

33.2%

n

4

8

4

8

mean
AHVL

32%

31.4%

32%

31.5%

n

4

4

4

4

mean
AHVL

33.3%

31.8%

32.5%

30.8%

L3 (n=12)

L4 (n=8)

L5 (n=4)

n

3

1

3

1

29.7%

42%

29.7%

40%

AVHL: anterior ver

Pre-op VAS: Preoperative visual analogue scale.
§
Post-op VAS: Postoperative visual analogue scale.
‡

DISCUSSION

The mean AVHLs of the patients who received 5 ml
and 3 ml polymethylmethacrylate injections during
vertebroplasty procedure was 31.7±4.66% and
32.8±4.9%, respectively (p = 0.377). At 1st-year followup, the mean vertebral height loss in the 5 ml injected
group was 31.5±0.40% and 32.6±0.47% in the 3ml
injected group (p5ml=0.820, p3ml= 0.870). In both
groups, no statistically significant change was observed
in vertebral height loss at 1st-year follow-up (Table 3).
Table 3. It showes comparison of preoperative and 1 st-year
follow-up patients’ AVHL values. In both groups, no statistically
significant change was observed in AVHL at 1st-year follow-up.
3 mL

5 mL

P

Pre-op AVHL ||

32.8±4.91%

31.7±4.66%

0.397

Follow-up AVHL ¶

32.6±4.57%

31.5±4.4%

P

0.870

0.820

Pre-op AVHL: Preoperative anterior vertebra height loss.
AVHL: Anterior vertebra height loss.

||
¶

Table 4. Fracture levels of patients and the amount of collapse

Mean AVHL measurements according to vertebral
levels are shown in Table 4.
While no complication was observed in the 3 ml
injected group, it was found that in 3 patients who
were treated with 5 ml polymethylmethacrylate,
cement leaked into the disc space, anterior part of
the vertebral corpus, and into the spinal canal.

Percutaneous vertebroplasty was first performed by
Galibert and Deromond in France in 1987 (4).
Percutaneous vertebroplasty is most commonly
applied to osteoporotic vertebral fractures (14,15). In
osteoporosis, due to low bone mass and deterioration of the microstructure of bone tissue, deformities occur in the vertebra because of trauma. As a
result, obvious physical and functional disorders,
such as limitation of movement and pain occur (16).
This condition, especially seen in old ages, leads to
severe low back pain and limitation of movement.
Conservative methods such as analgesic therapy for
pain, and corset and bed rest to maintain vertebral
height are generally not successful. However, the
stabilization surgery performed for the osteoporotic
compression fracture increases the length of hospital stay, mortality, and morbidity (17,18).
Vertebroplasty, which was developed as an alternative to stabilization surgery, is a less invasive procedure compared to stabilization and is preferred
because it reduces both the operative time and
reduces the risk of perioperative complications, as
the symptoms disappear quickly and the patients are
introduced to their social life early (19,20). The postop333
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erative results of vertebroplasty are fairly pleasing.
In a case series of 100 patients with osteoporotic
vertebral fractures by McGraw et al., 97% of the
patients reported that pain complaints decreased
significantly in the first 24 hours and this state of
well-being continued for an average follow-up period of 21 months(2). In another study performed by
Perez-Higueraz et al., the VAS score, which was 9.1
before the operation, was reported as 2.1, and 2.2
points at average 72 nd-hour and 2 at the end of
fifth-year after the operation (21).

complications in this patient group.
Ethics Committee Approval: Tekirdağ Namık Kemal
University Clinical Research Ethics Committee approval
was received (26/2/2019; 2019.229.12.04).
Conflict of Interest: No conflict of interest was declared
by the authors.
Funding: No funding was used for this study.
Informed Consent: Informed consent was taken from
all the participants.
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