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Therapy of thermal injury due to bone cement
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A 72-year-old woman was diagnosed with Kimmell's disease of the T12 and L3 ver-
tebrae. During bone cement injection under continuous fluoroscopic guidance, bone
cement spread beyond the posterior border of the T12 vertebral body. We halted the
injection immediately. A few minutes later, the patient complained of increasing right
lower quadrant abdominal pain. This was diagnosed as a preceding sign of neurological
complication due to thermal injury. Consequently, we administered an epidural steroid
injection, followed by cooled normal saline irrigation through an epidural catheter to
minimize and treat the thermal injury. The pain gradually decreased after saline irriga-
tion and completely disappeared after approximately 10 minutes. After completing the
percutaneous vertebroplasty, the patient’s lower back pain improved without neurologj-
cal complications. In conclusion, immediate epidural steroid injection followed by cooled
normal saline irrigation through epidural catheterization can be used to treat thermal
injury due to bone cement leakage.
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Percutaneous vertebroplasty (PVP) is widely performed
on patients suffering from painful vertebral compression
fractures due to osteoporosis, as well as spinal metastasis
of cancer [1,2]. Although it is regarded as a safe and simple
minimally invasive procedure, leakage of bone cement
(polymethyl methacrylate, PMMA) into the spinal canal oc-
curs more frequently than practitioners may expect [3,4].
Rare but serious neurological complications can result from
thermal injury due to bone cement leakage [5,6]. However,
even though serious complications are expected, there is no
known specific treatment to date. We present a case in which
we initially failed to detect bone cement leakage into the spi-

nal canal, and the patient suddenly complained of right lower

quadrant (RLQ) abdominal pain that began a few minutes
later as the bone cement began to heat. We diagnosed this
as a preceding sign of neurological complication by thermal
injury due to leakage of bone cement. We immediately ad-
ministered an epidural steroid injection, followed by cooled
normal saline irrigation through an epidural catheter to treat

and minimize thermal injury due to bone cement leakage.

CASE REPORT

A 72-year-old female complained of lower back pain last-
ing longer than 2 weeks. Except when lying still, her lower

back pain was aggravated in any posture and her visual ana-
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logue scale (VAS) score was 8 out of 10 when she presented at
the hospital. Physical examination revealed local tenderness
at the lower thoracic and mid lumbar spinous process areas.
Despite admission to appropriate conservative treatment
for 2 weeks in another hospital, her lower back pain had not
improved. The bone mineral density score was -4.0. Plain
film radiographs of the lumbar spine showed previously per-
formed PVP at the T11, L1, and L2 levels. Computed tomog-
raphy (CT) and magnetic resonance imaging of the lumbar
spine revealed a compression fracture with signs of intraver-
tebral vacuum phenomena—characteristic features of Kiim-
mell’s disease—at T12 and L3 (Fig. 1). Therefore, we decided
to perform PVP at the levels of T12 and L3.

After sterilizing the affected area, local anesthetic was
injected. An 11-gauge PVP needle was introduced through
the left pedicle of the T12 vertebral body, under fluoroscopic
guidance. After the correct position of the PVP needle was
confirmed and the bone cement had reached a toothpaste-
like consistency, it was injected under continuous fluoro-
scopic guidance. No problems were revealed on fluoroscopy
until 6 ml of bone cement had been injected. After injecting
an additional 2 to 3 ml, I attempted to finish the procedure
at the T12 level. This resulted in abnormal fluoroscopic find-

ings. Fluoroscopy revealed that the bone cement had spread

Fig. 1. Computed tomography (CT) and magnetic resonance imaging
(MRI) of the lumbar spine. CT and MRI of the lumbar spine shows com-
pression fractures with signs of intravertebral vacuum phenomena,
which are characteristic features of Kimmell's disease, at T12 and L3
(arrows).
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beyond the posterior border of the T12 vertebral body, indi-
cating leakage into the spinal canal (Fig. 2). The patient un-
derwent a complete neurological examination immediately,
which revealed no abnormalities. This lasted approximately 5
minutes. We monitored the degree of heat generated during
hardening of the injected bone cement by palpation. Shortly
after completing the neurological examination, the patient
suddenly complained of RLQ abdominal pain. For a short
time, she complained that her pain was getting worse. We
diagnosed this as a preceding sign of neurological complica-
tion by thermal injury due to leakage of the bone cement. Al-
though we did not know the exact temperature of the harden-
ing bone cement, the heat generated by the hardening bone
cement was sufficient to feel warm to the practitioner, who
was wearing surgical gloves on top of lead gloves.

To date, there is no set procedure for cases in which bone
cement leaks into the spinal canal. To minimize transmis-
sion of the heat generated by the hardening bone cement
to the spinal cord and spinal nerve roots, which can cause
neurologic complications, an epidural injection of 10 ml,
0.5% lidocaine and 10 mg triamcinolone was administered,
immediately followed by epidural catheterization at the T12-
L1 level (Fig. 3). A bolus of normal saline was infused every 3
min through the epidural catheter until the practitioner felt
no more heat radiating from the fully hardened bone cement.
Saline solution was injected until the bone cement com-

pletely hardened and the operator could no longer feel any

Fig. 2. C-arm fluoroscopic images. Bone cement spreads slightly be-
yond the posterior border of the T12 vertebral body (arrow).
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Fig. 3. Epidural steroid injection by interlaminar approach. C-arm fluoro-
scopic image shows dispersed radiolucent dye in the posterior epidural
space (arrow).

warmth from the bone cement. The pain gradually decreased
following the saline injections; after about 10 minutes, the
pain had almost completely disappeared. Saline injection
through the epidural catheter lasted 30 minutes, after which
the RLQ abdominal pain had completely disappeared and
the patient showed no neurological abnormalities.

We tried to postpone the PVP at the L3 level, but the pa-
tient was insistent that we perform the procedure. Because
the patient no longer had any RLQ abdominal pain and was
reluctant to return to the operating room on another day, we
consented. PVP was safely performed at the level of L3, after
which the patient’s lower back pain was improved and her
VAS score decreased to 1 or 2 out of 10. Leakage of bone ce-
ment into the spinal canal was confirmed via lumbar CT (Fig.
4). The patient was neurologically normal at discharge. She
reported no symptoms at a follow-up visit to the outpatient
clinic two weeks later. Physical examination revealed no sig-
nificant neurological findings. Her VAS score was 0 to 1 out of
10. Three months later, there were no complications due to

the bone cement leakage.

DISCUSSION

PVP was first used by Galibert et al. [7] in 1987 to treat a ver-
tebral hemangioma and has since been considered one of the

most useful methods of treating osteoporotic compression
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Fig. 4. Computed tomography (CT) image after percutaneous vertebro-
plasty. CT shows large amount of bone cement leaked into the spinal
canal.

fractures accompanied by severe pain. However, like most
nonconservative treatments, PVP can also cause various ad-
verse effects, such as local tenderness, small hematomas, or
bruising at the PVP needle insertion site. More serious com-
plications include direct injury of a vessel, nerve, or the spinal
cord by improper PVP needle placement; cement embolism;
or neurologic complications caused by extravasation of bone
cement [1]. In particular, if bone cement leaks into the spinal
canal, the practitioner must be aware of the risk of serious
neurologic complications caused by thermal injury due to
exothermic cement hardening, as well as a mass effect of the
leaked cement [5,6].

Bone cement leakage into the epidural space occurs more
frequently than practitioners may expect. In their systematic
review of 69 clinical studies, Hulme et al. [8] reported that
bone cement leakage occurs in as many as 41% of all PVP
cases. In their retrospective study, Ryu et al. [9] reported that
PMMA leaked into the epidural space in 92 (26.5%) of 347
treated vertebrae in 64 (40.3%) of 159 patients. Since most
epidural leakages are asymptomatic, these cases may go un-
noticed. Thus, early recognition of PMMA leakage into the
spinal canal can be difficult.

Many practitioners regard PVP under continuous fluoro-
scopic guidance as simple and safe. However, as previously
noted, bone cement leakage into the spinal canal occurs

more often than expected. Although most practitioners are
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aware of the possibility of bone cement leakage into the spi-
nal canal during the bone cement injection period under
continuous fluoroscopic guidance, many fail to recognize
it for several reasons. First, many practitioners believe that
bone cement leakage into the spinal canal is much rarer than
it actually is, and they believe they will be able to recognize it
immediately under continuous fluoroscopic guidance. Sec-
ond, the posterior portions of most vertebral bodies are con-
cave in the axial plane; on lateral-view plain film radiographs,
the central portion of the posterior vertebral body obscures
the most posterior border of the vertebral body. Thus, leak-
age of bone cement into the spinal canal around the central
posterior vertebral body can be almost impossible to recog-
nize initially. Third, many patients who undergo PVP have
severe osteoporosis and vertebral deformities, complicating
recognition of normal anatomical borders and precluding
visualization of bone cement leakage into the spinal canal.
Fourth, although the C-arm is almost always used when
performing PVP, the images obtained are poorer than those
obtained with plain radiography. Furthermore, continuous
fluoroscopic guidance is always used during the bone ce-
ment injection period, which further decreases the quality
of the images. Lastly, most practitioners attempt to perform
PVP relatively quickly because there is little time to inject
suitable amounts of bone cement before the bone cement
hardens. In the current case, the practitioner felt something
unusual during injection of the bone cement but still failed to
recognize the leakage earlier. In addition, continuous fluoro-
scopic guidance showed an image overlapped by the pedicle,
obscuring the leakage and leading to injection of more bone
cement.

Leaked bone cement into the spinal canal can significantly
compress the spinal cord, leading to serious neurologic
complications. Emergency surgery is often the only option in
these cases [1]. Moreover, heat generated during hardening
of the PMMA can cause thermal injury, leading to serious
adverse effects. Uchiyama et al. [10] reported that tempera-
tures above 45°C caused thermal injury to the spinal cord in
animal models. Belkoff and Molloy [5] reported that a peak
spinal canal temperature of 35°C to 57°C was recorded in the
vertebral bodies, and durations of temperatures > 50°C in the
spinal canal ranged from 0 to 2.5 minutes. Recently, in a study
performed using an animal model, Lai et al. [6] reported that,

following bone cement leakage, the temperature in the pos-
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terior cortex reached 59°C and the temperature was main-
tained above 45°C for more than 5 minutes. The effects of this
oversight can be catastrophic, as Wilkes et al. [11] reported
a case of paraplegia caused by thermal injury due to PMMA
leakage into the spinal canal during PVP.

In the present case, we performed intermittent bolus injec-
tion of normal saline every 3 minutes for 30 minutes to treat
and minimize thermal injury. The period of 30 minutes was
sufficient for the operator to detect no further warmth from
the bone cement because the bone cement was completely
hardened. Authors with considerable experience perform-
ing PVP considered 20 minutes after implantation of bone
cement to be sufficient for the bone cement to be completely
hardened; during this time, thermal injury must be prevented
to avoid complications. The aforementioned studies did not
address high temperatures maintained for over 20 minutes.
We did not perform continuous infusion despite epidural
catheterization because we did not think continuous infusion
could provide a sufficient volume of saline to treat and mini-
mize thermal injury.

In fact, it is difficult to conclude that the patient’s RLQ ab-
dominal pain in the present case was necessarily caused by
thermal injury due to leakage of the bone cement. The mass
effect due to leakage of the bone cement cannot be com-
pletely excluded. However, we strongly hypothesize that the
patient’s RLQ abdominal pain was caused by thermal injury
due to leakage of the bone cement. Although we did not know
the exact temperature of the bone cement at the time of RLQ
abdominal pain, the patient’s RLQ abdomen pain suddenly
started at the time heat was generated during the hardening
process of the bone cement, and it gradually disappeared
after immediate epidural steroid injection followed by cooled
normal saline irrigation through epidural catheterization. As
noted earlier, although leakage of bone cement during PVP
procedures is very common, there is no recognized treatment
to alleviate side effects caused by the leakage of bone cement.
In the present case, it was an obvious fault of the practitioner
to be unaware of the bone cement leakage earlier. However,
it was possible that symptoms thought to be caused by leak-
age of the bone cement could progress to more serious side
effects if left untreated. We performed immediate epidural
steroid injection, followed by administration of cooled nor-
mal saline irrigation through an epidural catheter to success-

fully treat and minimize thermal injury due to the leakage of
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bone cement.

In conclusion, when it is suspected that symptoms may be
due to thermal injury caused by leakage of bone cement, epi-
dural steroid injection followed by cooled normal saline ir-
rigation via epidural catheterization can be used to minimize

and treat thermal injury.
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