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ABSTRACT

Aim Kyphoplasty and vertebroplasty are minimally invasive pro-
cedures used in bone augmentation following vertebral fractu-
res when conservative management has failed. Cement injection
could leak into surrounding structures leading to post-operative
sequelae, which could be symptomatic. This study compared the
rate and site of cement extravasation in vertebroplasty, kyphopla-
sty, and a combined approach. The indications, actiology, and fac-
tors influencing results and the effect of screws were considered.

Methods A retrospective descriptive study of 171 patients was
conducted between 2009 and 2021. Only 89 patients had available
imaging. The site of cement extravasation was evaluated postope-
ratively by CT-scan and X-ray.

Results There was a statistically significant difference in the pre-
valence of cement extravasation between kyphoplasty and verte-
broplasty procedures (p=0.004). Age and gender had no signifi-
cant influence on the rate of cement extravasation. Patients who
underwent kyphoplasty had the lowest rate of cement extravasa-
tion (46.9%) compared to vertebroplasty (85.2%) and the combi-
ned approach (69.2%). The most common site of leakage was in
perivertebral veins (37.9%). The use of screws did not indicate a
greater risk of cement leak (p=0.652). Bone metastases were the
aetiology with the highest cement leakage rate (27.5%).

Conclusion The use of kyphoplasty alone or in conjunction with
vertebroplasty decreases the risk of cement extravasation and su-
bsequent complications compared to vertebroplasty alone. The use
of pedicle screws appears to be safe and was not found to increase
the risk of cement extravasation.

Key words: bone metastases, minimally invasive surgical proce-
dures, postoperative complications, spinal fractures
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INTRODUCTION

Spinal fractures are a major source of morbidity
in patients suffering from osteoporosis and meta-
static bone diseases. Despite the initial conserva-
tive management including bed rest, braces, and
physiotherapy that aid in pain relief, vertebral
height is unrestored giving a kyphotic appearan-
ce that decreases the quality of life and impairs
mobility and respiratory function (1, 2) Mini-
mally invasive procedures such as kyphoplasty
and vertebroplasty are more beneficial in height
restoration and early mobilization. Vertebropla-
sty emerged in 1987 and has gained popularity
in stabilizing fractures without the need for open
surgery (3). Due to the limited ability of vertebro-
plasty to restore height in acute fractures, kypho-
plasty, a modification to vertebroplasty, was used
to create an internal cavity that amplifies height
restoration (4). The use of screws in combinati-
on with the above procedures was discussed in
2015, and had shown promising results in re-
ducing the recurrence of vertebral compression
fractures (5). Although the benefits of these ope-
rations have been thoroughly demonstrated, they
are not without complications, the most prevalent
of which is cement extravasation (6).

Radiological investigations play a pivotal role
in the identification and assessment of cement
leaks in patients who have undergone a combi-
ned approach. These investigations are essential
for addressing pertinent clinical inquiries rela-
ted to the clinical significance of cement leaks,
including the comparative analysis of interven-
tion-related cement leak rates, identification of
contributing factors, determination of the most
prevalent site for leaks, evaluation of the influ-
ence of screws on cement leak rates, and the
need for subsequent follow-up and additional
interventions (7). Based on our experience, em-
ploying radiological imaging techniques, such as
CT scans and X-ray imaging, the occurrence and
implications of cement leaks can be thoroughly
examined, enabling informed decision-making
and appropriate patient management strategies.

This investigation was conducted due to the
increasing use of vertebroplasty and kyphoplasty
in managing spinal fractures in Jordan, and the
common complication of cement extravasation
observed post-procedure. The literature lacks
comprehensive analysis comparing cement lea-

kage rates among these procedures, the factors
influencing these rates, and the impact of screw
use. Additionally, the role of radiological investi-
gations in detecting and managing cement leaks
requires further clarification.

The aim of this study was to compare the rate and
site of cement extravasation in vertebroplasty,
kyphoplasty, and a combined approach in order
to complete these knowledge gaps and improve
patient management strategies.

PATIENTS AND METHODS

Patients and study design

Retrospective descriptive analysis was done at
King Abdullah University Hospital, Jordan Uni-
versity of Science and Technology, Irbid, Jordan,
on patients treated between 2009 and 2021. Me-
dical records were examined, and information
on demographics, the cause of the fracture, the
type of surgery, the use of screws, the existence
of cement leaks, and the location were thorou-
ghly scrutinized. The radiological evaluation of
post-operative imaging, including CT and X-ray,
was carried out to determine and compare the
leak rates in kyphoplasty and vertebroplasty, the
most frequent leak sites, and the potential role of
screws in lowering leak rates. CT was termed the
gold standard for detection, whereas X-ray requ-
ires inter-observer agreement (8—10). Therefore,
two experienced radiologists utilized the X-rays
when CT was unavailable, with the employment
of both CT and X-ray for the majority of patients.
In compliance with the rules of the Helsinki Dec-
laration, patient confidentiality was preserved.
This study was approved by the Ethics Com-
mittee of the King Abdullah University Hospital,
Jordan University of Science and Technology,
Irbid, Jordan (No 19 151 2022).

Methods

Vertebroplasty is a procedure in which cement,
such as polymethylmethacrylate (PMMA), is per-
cutaneously injected into the cancellous bone of a
vertebral body with the aim of reducing pain bro-
ught on by a vertebral compression fracture and
halting further loss of vertebral body height or the
development of a kyphotic deformity (11). Later,
kyphoplasty was developed as a variant of verte-
broplasty in which the cancellous bone is compre-
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ssed and a chamber is created by inflating a balloon
tamp inside the vertebral body (11,12). It is theore-
tically possible to inject cement into the cavity with
less force, which reduces extravasation.

A combined approach was used in patients with
a vertebral fracture that was managed by kypho-
plasty, where adjacent vertebrae at high risk of
fractures were managed prophylactically with ver-
tebroplasty. First, patients were placed in a prone
position under general or local anesthesia depen-
ding on their overall health status. Using fluoros-
copic guidance, an entry point was marked on the
skin of the patient's back, usually in the pedicle of
the affected vertebra. For the kyphoplasty, a small
incision was made at the marked entry point, and
a narrow pathway was created into the fractured
vertebra with the help of a surgical drill. A balloon
was then inserted into the vertebra through this
pathway. The balloon was carefully inflated to cre-
ate a cavity and restore some of the lost vertebral
height. The balloon was then deflated and removed,
leaving the cavity behind. This cavity was filled
with a specialized type of bone cement to stabilize
the fracture. For vertebroplasty on adjacent verte-
brae, a similar process was followed, but without
the use of a balloon. A needle was inserted into the
high-risk vertebra and bone cement was injected
directly to prevent potential fractures. Throughout
the procedure, real-time X-ray (fluoroscopy) was
used to guide the instruments and to monitor the
distribution of the bone cement. The combination
of these two techniques aimed to provide imme-
diate stability, reduce pain, restore vertebral height,
and prevent further fractures in adjacent vertebrae.

Statistical methods

Continuous variables were presented as means
and standard deviation (SD), while categori-
cal variables were presented as counts and per-
centages. Categorical data were compared and
analysed using 2 and Fisher’s exact tests where
appropriate. Means between groups were com-
pared using T-tests and One Way ANOVA tests
where appropriate. A p< 0.05 was considered to
indicate a statistically significant difference.

RESULTS

A retrospective analysis was done on 171 adult
patients who underwent kyphoplasty, vertebro-
plasty, or a combination of both procedures for

the management of vertebral fractures, of which
87 (50.9%) were males and 84 (49.1%) were
females. The mean age was 63.4 (14) years of
age, with the youngest patient being 22 and the
oldest patient being 92 years old. The vertebral
fractures were found to be caused by a traumatic
injury (29.2%), bone metastasis (23.4%), multi-
ple myeloma (19.9%), osteoporosis (18.1%), and
hemangiomas (5.3%). Out of the 171 patients,
101 (59.1%) underwent kyphoplasty, 42 (24.5%)
underwent vertebroplasty, and 28 (16.4%) un-
derwent the combined approach. Patients’ gender
did not correlate significantly with the type of
procedure performed (p=0.909). Patients under-
going the combined approach had a higher mean
age compared to other two groups (p=0.044).
Patients presenting with multiple myeloma were
more likely to be managed using vertebroplasty
(52.9%) than kyphoplasty (14.7%), while pati-
ents presenting with traumatic injury, bone meta-
stasis, and osteoporotic vertebral fractures were
more likely to be managed with kyphoplasty than
vertebroplasty (Table 1).

The median number of vertebrae involved in each
patient was two vertebrae, with a minimum of 1
and a maximum of 17. A significant association
was observed between the number of treated ver-
tebrae and cement leak rate. Specifically, patients
experiencing cement leakage had a higher ave-
rage number of involved vertebrae (6.65+5.75)
compared to those without leaks (1.74+1.26).
The number of vertebrae involved in each pati-
ent in the vertebroplasty group was significantly
larger than in the kyphoplasty and the combined
approach groups (p=0.000). Screws were used in
36.3% of the patients with no statistically signi-
ficant difference between the groups (p=0.371).
The patients with procedures where screws were
used had a lower mean age than the procedures
that did not use screws (p=0.000). The traumatic
injury with vertebral fracture aetiology was most
associated with the use of screws, accounting for
45.1% of cases requiring screws while being res-
ponsible for 29.2% of cases only (Table 2).

Cement leaks were evaluable only in 89 (52.0%)
patients due to the absence of imaging records for
the rest of patients. Cement leakage was noticed
in 33.7%, 28.1% and 37.1% of patients according
to CT, X-ray imaging, and a combination of CT
scans and X-ray imaging, respectively. Overall
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Table 1. Comparison of surgical approaches

Variable

No (%) of patients in surgical procedure

Kyphoplasty (N=101) Vertebroplasty (N=42) Combined (N=28) Total (N=171) P
Age mean (SD) (years) 61.7 (14.5) 63.5(12.9) 69.1 (12.7) 63.4 (14.0) 0.044
Gender
Female 49.0 (48.5) 22.0(52.4) 13.0 (46.4) 84.0 (49.1) 0.909
Male 52.0 (51.5) 20.0 (47.6) 15.0 (53.6) 87.0 (50.9)
Aetiology
Trauma 37.0 (36.6) 8.0 (19.0) 5.0(17.9) 50.0 (29.2) 0.001
Bone metastasis 26.0 (25.7) 8.0 (19.0) 6.0 (21.4) 40.0 (23.4)
Osteoporosis 23.0 (22.8) 4.0(9.5) 5.0(17.9) 32.0 (18.7)
Multiple myeloma 5.0 (5.0) 18.0 (42.9) 11.0 (39.3) 34.0 (19.9)
Haemangioma 5.0 (5.0) 3.0(7.1) 1(3.6) 9.0 (5.3)
Infection 2.00 (2.0) 0 0 2.0(1.2)
Systemic lupus erythematosus fracture 1.00 (1.0) 1.00 (2.5) 0 1.0 (0.6)
Spinal tumour 1(1.0) 0 0 1.0 (0.6)
Chordoma 1(1.0) 0 0 1.0 (0.6)
Spondyloarthropathy 0 1(24) 0 1.0 (0.6)
Cement leak
Yes 23.0(22.8) 23.0 (54.8) 9.0 (32.1) 55.0 (32.1) 0.004
No 26.0 (25.7) 4.0(9.5) 4.0 (14.3) 34.0 (19.9)
No image available 52.0 (51.5) 15.0 (35.7) 15.0 (53.6) 82.0 (48)
Use of screws
Yes 40.0 (39.6) 15.0 (35.7) 7.0 (22.2) 62.0 (36.3) 0.371
No 61.0 (60.4) 25.0 (59.5) 21.0(77.8) 107 (62.6)
Missing 0(0) 2 (4.8) 0(0) 2.0(1.1)
Number of Vertebrae
Mean (SD) 1.9(2.7) 7.90 (5.8) 6.9 (4.8) 42(4.8) 0.000
Missing 4.0 (4.0) 2.0(2.5) 2.0(7.4) 8.0 (4.2)
Number of leak sites
Single 16.0(15.8) 6.0 (14.3) 3.0 (10.7) 25.0 (14.6) 0.001
Multiple 7.0 (6.9) 16.0 (38.1) 6.0 (21.4) 29.0 (17)
None 26.0 (25.7) 4.0(9.5) 4.0 (14.3) 34.0 (19.9)
Missing 52.0 (51.5) 16.0 (38.1) 15.0 (53.6) 83.0 (48.5)
Leak sites
Perivertebral veins 6.0 (5.9) 20.0 (47.6) 7.0 (25) 33.0(19.3) 0.000
Missing 52.0 (51.5) 17.0 (40.5) 15.0 (53.6) 83.0 (48.5)
Spinal canal 6.0 (5.9) 12.0 (28.6) 5.0(17.9) 23.0 (13.5) 0.006
Missing 52.0 (51.5) 17.0 (40.5) 15.0 (53.6) 83.0 (48.5)
Perivertebral soft tissue 7.0 (6.9) 10.0 (23.8) 4.0 (14.3) 21.0 (12.3) 0.075
Missing 52.0 (51.5) 17.0 (40.5) 15.0 (53.6) 83.0 (48.5)
Intervertebral disc 11.0 (10) 4.0(9.5) 4.0 (14.3) 19.0 (11.1) 0.426
Missing 52.0 (51.5) 17.0 (40.5) 15.0 (53.6) 83.0 (48.5)
Injection tract 1.0 (1) 2.0 (4.8) 1.0 (3.6) 4.0(2.3) 0.351
Missing 52.0 (51.5) 17.0 (40.5) 15.0 (53.6) 83.0 (48.5)
Distal venous embolization 0 2.0 (4.8) 2.0(7.1) 4.0 (2.3) 0.059
Missing 52.0 (51.5) 17.0 (40.5) 15.0 (53.6) 83.0 (48.5)

cement leak was noted in 55 (61.8%) patients.
Across the three groups, the prevalence of ce-
ment leakage was highest in the vertebroplasty
group (85.2%) and was significantly higher than
in the kyphoplasty group (46.9%) and the combi-
ned approach group (69.2%). The type of proce-
dure was found to be correlated significantly to
the prevalence of a cement leak (p=0.004). The
age and gender of the patients, as well as the use
of screws during the procedure, were not found
to correlate statistically with the prevalence of a
cement leak. The correlation between the cement
leak and the number of vertebrae involved was
statistically significant (p=0.001). Multiple mye-

loma patients had a significantly higher prevalen-
ce of cement leaks compared to all other aetiolo-
gies (p=0.001) (Table 3).

Of the patients with documented cement leak,
46.3% had leakage to a single site, while 53.7%
had leakage to multiple sites. The patients in the
vertebroplasty group had a higher prevalence of
cement leak to multiple sites rather than a single
site compared to the kyphoplasty and the com-
bined approach groups (p=0.001) (Table 4). The
most common site for cement leakage was the
perivertebral veins (37.9%). Vertebroplasty was
associated with a higher prevalence of cement
leak to the perivertebral veins (p=0.000) and
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Table 2. Use of screws in different surgical approaches

No (%) of patients used screws

Variable
Yes No Total p

(N=62) (N=107) (N=169)
Age (years)
Mean (SD) 57.7 (15.2) 66.41(2.2) 63.2(14.0) 0.000
Gender
Female 29.0 (46.8) 54.0 (50.5) 83.0(49.1) 0.643
Male 33.0(53.2) 53.0(49.5) 86.0(50.9)
Etiology
Trauma 28.0 (45.2) 21.0(19.6) 49.0(29.0) 0.000

Bone Metastasis 14.0 (22.6) 26.0 (24.3) 40.0(23.7)

Osteoporosis 11.0 (17.7) 20.0 (18.7) 31.0(18.3)
Multiple Myeloma 3.0(4.8) 31.0(29.0) 34.0(20.1)
Haemangioma 5(8.1) 4(3.7) 9(5.3)
Infection 0(0) 2(1.9) 2(1.2)
Chordoma 0(0) 1(0.9) 1(0.6)

Spinal tumour 1(1.6) 0(0) 1(0.6)

SLE fracture 0(0) 1(0.9) 1(0.6)
Spondyloarthropathy 0(0) 1(0.9) 1(0.6)
Surgery

Kyphoplasty 40.0 (64.5) 61.0(57.0) 101.0(59.8)0.371
Vertebroplasty 15.0 (24.2) 25.0(23.4) 40.0 (23.7)
Combined 7.0 (11.25) 21.0 (19.6) 28.0 (16.6)
Number of Vertebrae

Mean (SD) 23(2.1) 53(56) 4.2(4.8) 0.000
Missing 1.0(1.6) 5.0(4.7) 6.00(3.6)
Number of leak sites 0.426

Single 11.0 (17.7) 14.0 (13.1) 25.0 (14.8)
Multiple 7.0 (11.3) 22.0(20.6) 29.0(17.2)
None 14.0 (22.6) 20.0 (18.7) 34.0(20.1)
Missing 30.0 (48.3) 51.0 (47.7)

Site of leak

Perivertebral veins 9.0 (14.5) 24.0(22.4) 33.0(19.5) 0.391

Missing 30.0 (48.3) 51.0 (47.7) 81.0(47.9)
Perivertebral soft tissue 4.0 (6.4) 17.0(15.9) 21.0(12.4) 0.187
Missing 31.0 (50) 51.0(47.7) 82.0(48.5)
Intervertebral disc 6.0 (9.7) 13.0(13.1) 19.0(11.2) 0.923

Missing 30.0 (48.3) 51.0 (47.7) 81.0(47.9)
Spinal canal 7.0(11.2) 16.0(15) 23.0(13.6) 0.838
Missing 31.0 (50) 51.0(47.7) 82.0(48.5)
Distal venous

embolization 0(0) 40(3.7) 4.0(24) 0456
Missing 31.0 (50) 51.0(47.7) 82.0(48.5)
Injection tract 0(0) 40(3.7) 4.0(24) 0456
Missing 31.0(50) 51.0(47.7) 82.0(48.5)

spinal canal (p=0.0006) compared to the kypho-
plasty and the combined approach groups. There
was no statistical difference in cement leakage to
other sites when comparing the three groups.

DISCUSSION

Our study included 171 patients, 89 of whom had
cement leakage confirmed. The patients in the
vertebroplasty arm had significantly higher rates
of cement leak (85.2%), followed by the combi-
ned approach (69.2%), and the kyphoplasty group
(46.9%). These findings are consistent between
multiple studies comparing kyphoplasty and ver-
tebroplasty, although the cement leak rate was

Table 3. Comparison of demographics and clinical features
between patients with and without cement leakage

No (%) of patients with or without
cement leak

Variable

Yes No Overall

(N=55) (N=34) (N=89)
Age (years)
Mean (SD) 62.1(12.2) 58.0(14.0) 60.3 (13.4) 0.145
Gender
Female 29.0 (52.7) 16.0 (47.1) 45.0(50.6) 0.603
Male 26.0 (47.3) 18.0(52.9) 44.0(49.4)
Surgical Procedures
Kyphoplasty 23.0 (41.8) 26.0(76.4) 49.0(55.1) 0.003
Vertebroplasty 23.0(41.8) 4.0(11.8) 27.0(30.3)
Combined 9.0(16.3) 4.0(11.8) 13 (14.6)
Etiology
Trauma 8.0 (14.5) 13.0 (38.2) 21.0(26.3) 0.001
Bone Metastasis 11.0 (20.0)  7.00 (20.6) 22.0(27.5)
Osteoporosis 10.00 (18.2) 11.0(32.4) 21.0(26.3)
Multiple Myeloma 21.00 (38.2) 1.00(2.9) 22.0(20.0)
Spinal tumour 0(0) 1.00 (2.9) 1.00 (1.1)
Chordoma 0(0) 1.00 (2.9) 1.00 (1.1)
Haemangioma 4(7.3) 0(0) 4(4.5)
SLE fracture 1(1.8) 0(0) 1(L.1)
Radiography type
CT 21.0(38.2) 9.00(26.5) 30.0(33.7) 0.061
CT + X-ray 23.0 (41.8) 10.0(29.4) 33.0(37.1)
X-ray 10.00 (18.2) 15.0 (44.1) 25.0(28.1)
Missing 1.00 (1.8)  0(0) 1.00 (1.1)
Number of vertebrae
Mean (SD) 6.65(5.75) 1.74 (1.26) 4.75(5.15) 0.000
Missing 1.00 (2.1)  0(0) 1.00 (1.3)
Screws 0.652
Yes 19.0 (34.5) 14.0(41.2) 33 (37.1)
No 36.0 (65.5) 20.0(58.8) 56 (62.9)

Table 4. Distribution of cement leak sites in 89 patients
undergoing kyphoplasty and vertebroplasty
Leak site No (%) of patients*

Perivertebral veins 33.0(37.9)
Spinal canal 23.0 (26.4)
Perivertebral soft tissue 21.0 (24.1)
Intervertebral disc 19.0 (21.8)
Injection tract 4.0 (4.5)
Distal venous embolization 4.0 (4.5)

*some patients having multiple sites of cement extravasation

reported slightly less (41% for percutaneous verte-
broplasty and 9% for kyphoplasty) (13,14). These
findings indicate that surgeons operating on verte-
bral fractures should attempt to use kyphoplasty
to manage these fractures whenever possible. To
our knowledge, this is the largest cohort study lo-
oking at the prevalence of cement extravasation in
Jordan, and it is the first study in the literature to
compare patients who had undergone the combi-
ned approach with either procedure alone. Since
the frequency of cement leakage shows up signifi-
cantly, preoperative prediction of risk factors wo-
uld be helpful to facilitate reduction in the event
of leakage (15). In our study, age and gender were




Jarrar et al. Cement extravasation in spine surgeries

not found to be correlated with leak rates. This is
in accordance with multiple studies (16, 17). As
for vertebral fracture aetiologies and indications
for all three procedures, multiple myeloma had the
highest cement leak rate 95.5%, and it was more
prevalent in the vertebroplasty group (42.9%) with
a mean number of vertebrae operated on being
15. In Tome et al. study, the incidence of leak in
malignant-treated vertebraec was 90.0%, and ear-
lier reports highlighted that pathological fractures
pose arisk of leak in comparison with osteoporotic
fractures (16, 18). This observation of the higher
number of vertebrae and actiology may have
been factors that impacted the higher vertebropla-
sty cement leak rate; as the larger mean number
of vertebrae involved in our study was higher in
the cement leak group. It is unclear, however, if
the higher leakage rate in vertebroplasty was re-
lated to the higher number of vertebrae involved
or the aetiology of the fracture. Moreover, a me-
ta-analysis showed that certain risk factors inclu-
ding the integrity of the vertebral wall, volume and
viscosity of the injected cement, and the presence
of the intravertebral cleft have an impact on ce-
ment leakage post vertebroplasty or kyphoplasty
(19). These variables were difficult to assess in our
study due to limitations in data. The perivertebral
veins were the most common site of leak across all
patient subgroups.

Delving deeper, patients who underwent verte-
broplasty had a cement leak most commonly in
perivertebral veins (47.6%), and kyphoplasty had
a leak more frequently in the intervertebral disc
(10.0%). Our results conflict with Lee et al. who
found that the commonest site of the leak was the
perivertebral soft tissue (38.1%) for vertebropla-
sty and perivertebral vein (24.1%) in kyphoplasty
(20). The subset of our patients who underwent
both procedures had leaks frequently in peri-
vertebral veins (25.0%). To our knowledge, no
study observed the common site of the leak for
patients who underwent the combined approach.
The use of pedicle screws with kyphoplasty and
vertebroplasty has been described to improve the
integrity of screws, the clinical outcome, and the
fixation of all three columns of the spine using a
single approach (21, 22). Dichao et al. was the
first study to show that the use of screws with
kyphoplasty can accomplish a longer fixation pe-
riod and stronger support to the vertebrae compa-

red to kyphoplasty in osteoporotic vertebral com-
pression fractures (23). In our study, the hybrid
technique of using screws with either procedure
was employed in a number of patients (36.3%),
a higher number of the kyphoplasty group had
screws inserted than the vertebroplasty and the
combined approach. The use of screws was evi-
dently more in cases of trauma to further stabilize
the vertebral column.

The hybrid technique did not show any increa-
sed risk for cement leak, whereas other studies
showed that the use of kyphoplasty alone was
associated with more complications such as ce-
ment leaks, fractured vertebral collapse, and re-
operation due to new fractures than in patients
who underwent the hybrid technique (23). This
indicates that the use of pedicle screws is safe
and associated with a reduced risk of complica-
tions when used in conjunction with kyphopla-
sty and vertebroplasty. Future studies with larger
cohorts should attempt to identify if any specific
patient populations based on aetiology, age, etc.
would see a greater benefit to the use of pedicle
screws and the combined approach rather than
either procedure done individually.

In spite of the fact that cement extravasation is
generally not a clinical symptom, in some cases it
can lead to serious complications such as neuro-
logical deficits, new vertebral fractures, and even
more serious fatal conditions such as pulmonary
embolism (PE). Cement PE was found in 12.7%
of the patients (18.9% had multiple myeloma),
with 76.9% having malignant fractures; the ma-
jority of patients were asymptomatic, however,
38.5 % reported respiratory symptoms that led
to the diagnosis (24). According to Hulme et al.,
the risk of PE increases with paravertebral vein
cement leak (25). This is in accordance with our
data where three of our patients had right pulmo-
nary artery embolism discovered incidentally,
with the common denominators being multiple
myeloma and concomitant leak into the paraver-
tebral veins. Luckily, these patients did not requ-
ire any treatment and had no clinical signs and
symptoms of respiratory distress. The finding of
cement PE in asymptomatic patients should not
prompt treatment, whereas symptomatic patients
are typically treated with anticoagulation to de-
crease the risk of thrombus formation over the
cement emboli (26, 27).
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In our institution post-operative imaging is done
immediately after the surgery to evaluate the spi-
ne and look for any signs of cement extravasa-
tion. Follow-up imaging was done two to three
days after the surgery to evaluate any cement
leaks that may have occurred. Long-term follow-
up is not necessary for asymptomatic patients as
the clinical benefit is low, and the financial cost
and radiation exposure are considerable. If a pa-
tient becomes symptomatic, however, imaging is
necessary to rule out complications secondary to
cement extravasation after the procedure.

Our study is subjected to some limitations: the re-
latively small sample size due to data collection
from a single health centre reduced the power of
the study, renewal of the old electronic medical
record system resulted in only 89 of the 171 pa-
tients having available imaging studies, viscosity
and volume of cement were not attainable due
to lack of specific guidelines regarding the amo-
unt of cement to be injected, and there were no
specific follow-up imaging guidelines for asymp-
tomatic patients in our medical centre. To gain a
comprehensive understanding of the implications
of cement extravasation, it would be valuable to
explore the percentage of clinically manifested
complications among patients with confirmed
extravasation. Additionally, examining the rates
of extravasation and clinically manifested compli-
cations in relation to specific patient groups, such
as those with vertebral fractures, bone metastasis,
multiple myeloma, osteoporosis, haemangiomas,
and other conditions, would provide further insi-
ghts into the outcomes and risks associated with
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