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Radiation Dose to the Operator during
Vertebroplasty: Prospective Comparison of the
Use of 1-cc Syringes versus an Injection Device

David F. Kallmes, Erwin O, Soma Sinha Roy, Richard G. Piccolo, William F. Marx,
Jae K. Lee, and Mary E. Jensen

BACKGROUND AND PURPOSE: Percutaneous vertebroplasty procedures require relatively
long durations of fluoroscopic guidance, which might lead to substantial radiation dose to
operators. Specialized injection devices have been proposed to limit operator exposure. Our
purpose was to compare the radiation dose to the operator’s hands during vertebroplasty when
using 1-cc syringes versus that when using an injection device.

METHODS: Radiation dosimeters were worn on the left wrist during 39 vertebroplasty
injection procedures in 25 patients. Cases were alternated between the use of 1-cc syringes (19
procedures) and the use of an injection device (20 procedures). For each procedure, one
dosimeter was worn throughout the procedure, both during needle placement and injection, and
a second dosimeter was worn during the injection phase only. Mean doses for the whole case
and mean doses for the injection procedure alone were compared between groups.

RESULTS: Mean whole case dose was 128 � 161 mrem (range, 0–660 mrem) for the 1-cc
syringe group versus 98 � 90 mrem (range, 0–340 mrem) for the injection device group (P �
.23). Mean dose during injection was 100 � 145 mrem (range, 0–660 mrem) for the 1-cc syringe
group versus 55 � 43 mrem (range, 0–130 mrem) for the injection device group (P � .09). Three
of 19 1-cc syringe cases yielded zero dose, compared with four of 20 injection device cases.
Duration of injection was markedly different between groups, with mean injection times of 4.2
and 7.5 min for 1-cc syringe and injection device cases, respectively (P < .00002). Mean
injection dose per minute of lateral fluoroscopy was 23.6 and 7.3 mrem for the 1-cc syringe and
injection device groups, respectively (P � .002).

CONCLUSION: The use of an injection device significantly decreased the radiation dose to
the operator’s extremity per unit time of injection. However, total dose per injection was
equivalent between groups because of significantly longer injection duration for the injection
device cohort.

Percutaneous vertebroplasty is safely performed by
many practitioners worldwide by using various mod-
ifications of published techniques (1–3). Variations in
practice include variations in needle gauge, needle
trajectory, and use of venography (4–7). The mode of
cement injection also varies depending on physician
preference. Early reports detailed the use of 1-cc
syringes filled in serial fashion from a larger reservoir;

more recent works emphasize the use of specialized
injection devices (2, 8, 9). A typical injection device
includes a single, large cement reservoir to eradicate the
need for multiple connections of syringes to the needle
and a connector tube to maximize the distance between
the operator and the radiation field. This increased
distance would be expected to result in a lower radiation
dose to the operator during vertebroplasty.

To quantify the expected benefit to the operator
regarding radiation dose, we conducted a prospective
trial in which we measured the extremity dose to the
operator when using 1-cc syringes as compared with
that when using an injection device (EZ Flow CDS;
Parallax Medical, Scotts Valley, CA).

Methods
We performed a prospective trial comparing the dose to the

operator’s extremity during vertebroplasty when using 1-cc sy-
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ringes versus that when using the CDS injection device. Insti-
tutional Review Board approval was obtained for this study,
and informed consent was obtained from all patients enrolled.
A single primary operator (a fellow physician working as a
team with an attending radiologist) performed all needle place-
ment and injection procedures. Procedures were performed by
using a biplane Siemens NeuroStar (Siemens, Erlangen, Ger-
many). Throughout the study, which was conducted between
September 2001 and February 2002, we alternated between
1-cc syringes and the CDS injection device (ie, for each subse-
quent needle used, either in the same patient or in a different
patient, we alternated between 1-cc syringes and the injection
device).

The operator stood at the left side of the angiography table,
and patients were positioned in a prone position for the pro-
cedure (Figs 1 and 2). The lateral tube on our biplane system
was positioned on the left side of the patient, and the lateral
image intensifier was on the right side of the angiography table.
Thus, the operator was standing closer to the lateral tube than

to the lateral image intensifier (Figs 1 and 2). The anteropos-
terior tube was underneath the table, and the anteroposterior
image intensifier was above the patient. Note that a radiation
shield was not used during needle placement for 1-cc syringe
injection because there was insufficient room to allow its use
(Fig 1). Because the injection device had a 17-in-long connec-
tor tubing that increased the distance between the needle and
the operator, there was sufficient room to position the radia-
tion shield between the operator and the X-ray tube (Fig 2).
We acknowledge that because scatter emanating from the pa-
tient would have been the predominant radiation source to the
operator, the radiation shield may have had limited effect in
diminishing the dose.

Dosimetry

Dose was measured by using Luxel optically stimulated lu-
minescence dosimeters (Landauer, Glenwood, IL). We sought
to measure the dose to the operator’s extremity during the
whole procedure, including needle placement and cement in-
jection, and during cement injection alone. We measured these
doses separately because dose during needle placement would
likely have been very similar between 1-cc syringe and injection
device cases because the choice of injector does not influence
dose during needle placement. Conversely, dose differences
during cement injection, when the operator’s hands are close to
the field when using a 1-cc syringe but far from the field when
using an injection device, would be maximized. The operator
affixed a dosimeter to her left wrist before beginning needle
placement. This dosimeter, termed the whole procedure dosim-
eter, remained in place until after cement injection was com-
plete. After needle placement was complete, the operator af-
fixed a second dosimeter immediately adjacent to the whole
procedure dosimeter; this second dosimeter, termed the injec-
tion dosimeter, was worn during cement injection. After injec-
tion and acquisition of postprocedural anteroposterior and
lateral view spot films, the dosimeters were removed. New
dosimeters were used for subsequent needle placement and
injection, as necessary.

Vertebroplasty Technique

Using a sterile technique, an 11-gauge needle was placed via
a transpedicular approach into the targeted vertebral body. For
1-cc syringe cases, we used 11-gauge needles that had both uni-
and multibeveled stylets (Osteo-site Bone Biopsy Needle;
Cook, Inc., Bloomington, IN). For injection device cases, we
used the needles that were supplied as a kit with the CDS
injection device. At the beginning of needle placement, metal-
lic clamps were used to stabilize the needle while anteroposte-
rior and lateral fluoroscopy was performed. After some pur-
chase into the bone had been achieved, the operator’s hands
were withdrawn from the radiation field during fluoroscopy to
confirm needle placement position. A radiation shield was not
used during the needle placement portion of the procedure,
because it was inconvenient to have the shield between the
operator and the needle. Intermittent anteroposterior and lat-
eral fluoroscopy was used to facilitate needle placement. We
used the modified unipedicular needle trajectory that places
the needle tip via a transpedicular approach into the central
aspect of the ventral portion of the vertebral body (7).

Venography was not performed in any case. Polymethyl-
methacrylate was mixed in the usual fashion, as described
elsewhere (2). Briefly, the cement was prepared by combining
polymethylmethacrylate powder (Secour, Parallax), liquid poly-
methylmethacrylate monomer (Secour), tobramycin powder
for infection control, and barium sulfate (Tracers, Parallax) for
opacification as previously described (2). The cement was
mixed until it obtained a viscous consistency. Injection of poly-
methylmethacrylate was performed under continuous lateral
fluoroscopy; intermittent anteroposterior fluoroscopy was per-

FIG 1. Room setup for injections when using 1-cc syringes.
The operator is standing to the left of the angiography table. The
lateral X-ray tube is immediately to the left of the operator (large
arrow). The operator’s hands are holding the 1-cc syringe at-
tached directly to the needle (small arrow). A radiation shield is
not used.

FIG 2. Room setup for injections when using the EZ Flow CDS
injection device. The operator is standing to the left of the
angiography table. The lateral X-ray tube is to the left of the
operator (large arrow), with a radiation shield interposed be-
tween the tube and the operator. The operator’s hands are
holding the injection device (small arrow), with the 17-in tubing
interposed between the device and the needle.
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formed to check for lateral extravasation of cement not evident
on lateral fluoroscopy. We used maximum magnification and
coned the field to include only the vertebral body and the spinal
canal, adjacent vertebral end plates, and 1 to 2 cm of the
retroperitoneal space.

For injections using the 1-cc syringes, we sequentially filled
approximately 0.5 mL into the syringes. Both hands of the
operator were used for injection, with the right thumb used to
push the plunger and the left hand used to stabilize the plunger
and avoid rapid injection of cement (Fig 1). When using the
injection device, the operator stood as far as possible from the
field (Fig 2). For all injections, slow injection was accomplished
by using continuous lateral fluoroscopy. Injection was termi-
nated when cement reached the posterior one-fourth of the
vertebral body or when extraosseous extravasation, either
through an end plate or lateral vein, was considered to be
greater than acceptable. Careful monitoring of exact volume of
cement was performed. After injection, the needle was re-
moved and bi-plane radiographs were obtained.

Data Collection

We noted duration of anteroposterior and lateral fluoros-
copy for needle placement and cement injection. We also noted
the average kV and average mA for both the anteroposterior
and lateral tube during needle placement and cement injection.
We noted patient weight, height, lateral width, and anteropos-
terior width. The volume of cement injected was carefully
documented.

Statistical Analysis

Independent variables were compared between groups by
using a t test for two independent sample means. We compared
the mean doses for both the whole case and the injection
portion of the procedure for 1-cc syringes and the injection
device.

Results

Patient Population
Twenty-five patients were enrolled in the study. A total of 39

injections were performed in these 25 patients, 19 by using 1-cc
syringes and 20 by using the CDS injection device. Each of nine
patients underwent a single injection with the injection device.
Each of six patients underwent a single injection with 1-cc
syringes. Ten patients underwent injections with both 1-cc
syringes and the injection device, with up to four separate
injections for a single patient.

No significant difference was noted between groups regard-
ing patient weight, anteroposterior or lateral width, or height
(Table 1). No significant difference was noted in needle place-

ment time or cement volume between groups (Table 1). Levels
injected included nine thoracic and 10 lumbar for the 1-cc
syringe group and nine thoracic and 11 lumbar for the CDS
group. Duration of injection was markedly different between
groups, with mean injection times of 4.2 and 7.5 min for 1-cc
syringe and injection device cases, respectively (P � .00002).

Mean whole case dose was 128 � 161 mrem (range, 0–660
mrem) for the 1-cc syringe group versus 98 � 90 mrem (range,
0–340 mrem) for the injection device group (P � .23). Mean
dose during injection was 100 � 145 mrem (range, 0–660
mrem) for the 1-cc syringe group versus 55 � 43 mrem (range,
0–130 mrem) for the injection device group (P � .09). Three of
19 1-cc syringe cases yielded zero dose compared with four
of 20 injection device cases. Mean injection doses per minute of
lateral fluoroscopy was 23.6 and 7.3 mrem for the 1-cc syringe
and injection device groups, respectively (P � .002).

Discussion
The vertebroplasty technique has rapidly evolved

during the past decade (1–3, 10). Changes have been
made regarding needle placement, type of opacifica-
tion agent, and mode of injection (1–3, 8, 9). Specif-
ically, customized injection devices have been devel-
oped not only to eliminate the need for multiple
syringe attachments but also to reduce operator radi-
ation dose as compared with that obtained by using
1-cc syringes. This study was designed to test the
hypothesis that radiation dose to the operator’s ex-
tremity would be diminished with the use of an injec-
tion device compared with the use of 1-cc syringes.

With this prospective study, we could not show,
when considering radiation dose per injection, a dif-
ference in dose to the operator’s extremity when com-
paring vertebroplasty performed with 1-cc syringes to
that performed with an injection device. However, the
mean injection duration for the injection device was
nearly two times that for the 1-cc syringes. When
comparing dose per minute of injection, the dose with
the injection device was statistically significantly
lower than that with 1-cc syringes (P � .002). The
mean dose per minute of injection with 1-cc syringes
was nearly four times that with the injection device.
This difference likely reflects the increased distance
between the operator and the radiation field.

The underlying reason why injection times were
significantly longer with the injection device com-
pared with 1-cc syringes remains unclear. Our group
has substantially greater experience in performing

TABLE 1: Comparison between groups

Parameter 1-cc Syringes Injection Device* P value

Volume of cement (cc) 2.3 2.1 0.34
Lateral fluoroscopy time, cement injection (min) 4.2 7.5 0.00002
Anteroposterior fluoroscopy time, cement injection (min) 0.5 0.6 0.23
Lateral fluoroscopy time, needle placement (min) 1.8 1.8 0.50
Anteroposterior fluoroscopy time, needle placement (min) 2.2 2.0 0.28
Weight (pounds) 150 145 0.38
Lateral width (in) 31.4 31.5 0.48
Anteroposterior width (in) 21.8 21.5 0.42
Height (in) 64.0 63.8 0.45
mA (lateral tube, cement injection) 10.1 11.0 0.20

* Ezflow CDS injector device, Parallax Medical, Scotts Valley CA
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vertebroplasty with 1-cc syringes than with injection
devices; longer injection times may reflect lack of
comfort with the device from relative inexperience.
Also, the amount of tactile feedback, in our opinion,
was greater with the 1-cc syringe compared with that
afforded by the injection device. Untoward rapid in-
jection of cement from buildup of pressure proximally
in the system was considered less likely with the 1-cc
syringes and thus may have prompted us to inject
more rapidly in those than in the injection device
cases. We surmise that operators with substantial ex-
perience with the injection device, for whom injection
times may be shorter than ours, would enjoy signifi-
cantly lower extremity exposures.

This study addresses the importance of dose to the
operator during percutaneous vertebroplasty. Across
all cases, the mean extremity dose was approximately
100 mrem. Current guidelines for dose to the extremi-
ties indicate a maximum safe dosage of 50 rem/year
(11). Using these values, operators would approach the
extremity dose limit with 500 injections in a given year,
which might be approached in a very busy practice.

We used state-of-the-art dosimeters to measure
dose. The performance of the dosimeters was bench-
marked by a program accredited by the National
Voluntary Laboratory Accreditation Program and
managed by the National Institute of Standards and
Technology. However, we cannot exclude that some
error occurred from variation in positioning of the
dosimeters on the operator’s wrist or from other vari-
ables. We noted zero dose in several cases. The do-
simeters used in this study were capable of detecting
extremely small doses. We expected that scattered
radiation would have been detected in every case and
cannot readily explain why zero dose was found in
several cases.

The use of continuous fluoroscopy represents a
“worst case” scenario regarding dose to the operator,
as compared with expected doses from the use of
intermittent fluoroscopy. Intermittent imaging has
been used when CT guidance was applied (1); small
aliquots of cement were deposited blindly and then
imaged with CT scanning. We consider blind deposi-
tion of cement to be potentially dangerous. We have
noted cement within paravertebral veins to rapidly
travel to the inferior vena cava. This migration would
be missed by using intermittent fluoroscopy.

This study was prospective and involved a design
that randomized use of 1-cc syringes versus the CDS
injection device. This design was used to minimize
bias from factors such as patient size, patient weight,
and cement volume. We noted no significant differ-
ence between groups for these important parameters.
However, there may have been other systematic bi-
ases that we did not or could not have accounted for.
We measured extremity dose but did not measure
whole body dose, which further limits this study. We
chose to focus on extremity dose because we hypoth-

esized that because the hands are nearly in the radi-
ation field, this difference would be maximized be-
tween groups. Furthermore, exact doses noted by using
our angiography system would not be expected to di-
rectly apply to other systems. Last, it was not possible to
use a radiation shield for cases in which the 1-cc syringes
were used; the position of the operator’s arms and torso
did not allow placement of the shield between the X-ray
tube and the operator. Because we used the shield for
cases in which the injection device was used, it remains
possible that measured doses were biased in favor of the
injection device.

Conclusion
When comparing extremity radiation dose per unit

time of cement injection, the CDS injection device
afforded significantly lower exposure as compared
with 1-cc syringes during percutaneous vertebro-
plasty. However, because of significantly longer injec-
tion times with the injection device, we found no
difference in extremity radiation dose on a per-case
basis.
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