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ABSTRACT

Background: Three-dimensional (3D) navigation has become routinely used in spine surgery, allowing more accurate and safe
procedures. However, radiation exposure related to the use of imaging is an unresolved issue, and information about it is relatively
scarce. The “as low as reasonably achievable” (ALARA) principle aims to reduce the radiation exposure for the patients as low as
possible. The objective of this study was to compare the effective dose related to the use of the O-arm in standard settings with adapted
features for dose reduction during percutaneous cementoplasty.

Methods: From March 2021 to October 2022, all consecutive patients who underwent navigated percutaneous cementoplasty
with the use of the O-arm were prospectively included. Demographic, operative, irradiation, and radiological data were collected. The
main outcome was the effective dose (E) in millisievert (mSv). Secondary outcomes were the absolute risk of cancer (AR) in percent
equivalent to a whole-body exposition, operative time, and radiological results according to Garnier. In group A, patients were operated
on with standard settings of the O-arm, whereas in group B, navigation on the field of view, collimation, and low-dose settings were
used.

Results: A total of 70 patients were included in the study: 43 in group A and 27 in group B. Also, 109 vertebrae were operated:
59 in group A and 50 in group B. Mean E was significantly higher in group A than in group B (9.94 and 4.34 mSy, respectively; P
< 0.01). The 3D-related E followed the same trend (7.82 and 3.97 mSy, respectively), as did 2-dimensional-related E (2.12 and 0.37
mSv, respectively; P < 0.01). Average AR was also significantly higher in group A than in group B (5.107% and 2.10~*% respectively;
P < 0.01). Operative time was similar in both groups, but the rate of satisfactory radiological results was higher in group A than in
group B (95% and 84%, respectively; P = 0.11), and we found similar rates of cement leakage (22% and 24%, respectively; P =0.71).

Conclusions: The application of settings of the O-arm in accordance with the ALARA principle helped to significantly reduce
the radiation exposure and should be routinely used for O-arm-assisted cementoplasty procedures.

Clinical Relevance: This study details technical aspects and settings that may help users of the O-arm to decrease
radiation exposure to patients and surgeons alike, especially in cementoplasty procedures, as well as in other procedures
performed under O-arm guidance.

Level of Evidence: 2.

Minimally Invasive Surgery

Keywords: O-arm, vertebroplasty, kyphoplasty, radiation exposure, ALARA principle

INTRODUCTION about it is relatively scarce. The “as low as reasonably
achievable” (ALARA) principle9 aims to reduce as low as
possible the radiation exposure for the patient.'®!! Effec-
tive dose allows to estimate the radiation exposure and also
the radiation-induced cancer risk® related to the imaging
using radiations. In our institution, we are used to perform

Vertebral compression fractures are common condi-
tions, mostly related to high-energy accidents in young
people and bone fragility in the elderly." According to the
degree of compression, gold standard treatment is cemen-
toplasty, such as vertebroplasty or vertebral augmentation

(balloon kyphoplasty, SpineJack,* or stentoplasty®). cementoplasty under Sgu'm navigation (Medtronic, Min-
Three-dimensional (3D) navigation has become rou- neapolis, MN, USA)."™
tinely used in spine surgery,’ allowing more accurate and A previous study found a mean effective dose of

safe procedures.” However, radiation exposure related to ~ 11.33 mSv during percutaneous cementoplasty using
the use of imaging is an unresolved issue,” and information ~ the O-arm in standard mode.'* This result was almost 3
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Figure 1. Intraoperative views of the 3D navigation on O-arm with the
trajectory of the navigated Jamshidi needle. (A) Sagittal plane. (B) Axial plane.

times the 1-year natural irradiation received by people
in Switzerland'"* and 10 times the dose obtained with
another imaging device named Surgivisio'? during similar
procedures. Decreasing the dose in accordance with the
ALARA principle’ appeared to be mandatory. The O-arm
allows some features and settings such as low-definition
scan, 2-dimensional (2D) field of view (FOV) navigation,
and imaging collimation, leading to a potential reduction
of radiation exposure.'*'>

The objective of the study was to compare the effec-
tive dose related to the use of the O-arm in standard
mode with the use of the O-arm with adapted features
for dose reduction in percutaneous navigated cemento-
plasty.

METHODS

Inclusion/Exclusion Criteria

All consecutive patients who underwent navigated
percutaneous cementoplasty (Figure 1) on 1 or several
vertebral levels for vertebral compression fracture from

March 2021 to October 2022 were enrolled in the study.
Inclusion criteria were: (1) adult patients aged more
than 18 years and (2) patients who underwent percuta-
neous cementoplasty with the use of the O-arm imaging
system coupled with navigation. Exclusion criteria
were (1) lack of information to calculate the radiation
exposure; (2) vulnerable patients such as children, preg-
nant women, and patients unable to give consent; and
(3) refusal to participate or lack of consent.

Study Design

Study design was prospective.

Ethical Statement

The study was performed in accordance with the
Ethical Commission of the Vaud canton which allowed
the research protocol (Nr. 2021-00298). All patients
signed a written consent for participation in the study.

Interventions

All patients were operated on in prone position,
under general anesthesia, and after antibiotic prophy-
laxis. O-arm 2D and 3D acquisitions could be per-
formed under patient apnea, and the images transmitted
to the Stealth navigation (Medtronic, Minneapolis,
MN, USA) as a standard technique.12 Then, a percuta-
neous cannulated navigated Jamshidi needle could be
introduced inside the pedicle of the fractured vertebra,
and cementoplasty performed under 2D imaging. The
surgeon and other personnel carried a lead apron and a
thyroid shield for radiation protection. According to a
loss of height of the operated vertebra more than 20%
and a local kyphosis more than 10°, balloon kyphoplasty
was performed (Kyphon, Medtronic, Minneapolis, MN,
USA) and then polymethyl methacrylate cement was
injected in the vertebral body. In other cases, for both
groups, polymethyl methacrylate cement was injected
alone for standard vertebroplasty. X’Pede cement was
used (Medtronic, Minneapolis, MN, USA).

Data Collection

Group A was defined as patients for whom the
standard settings of the O-arm were used as currently
performed for many years in our institution. Group B
was defined as patients for whom the O-arm was used
with standard 3D protocol but low-dose 2D imaging,
collimation, and navigation through an FOV of 20 cm
(Figure 2). The FOV navigation principle was obtained
with the memorization of the first 2D acquisition and of
the O-arm position, allowing the surgeon to navigate on
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Figure 2. View of the control panel for settings of imaging acquisition. (A)
First, an anteroposterior view can be taken. Then, the image and the O-arm
position (*) are recorded. Second, the radiological technician can activate the
navigation on the images by pressing the "FOV (field of view) Preview" button
(**). Third, the radiological technician can navigate on the screen, using the
position arrows of the control panel (**), especially in order to center the view
on the fractured vertebra. (B) Finally, the lateral view is obtained and the height
of the region of interest can be reached without another acquisition. Thus, a
3-dimensional navigated scan can be performed.

the imaging without performing any new acquisition.
This process helped the surgeon to center the images
on the targeted vertebra and to use collimation as well
(Figure 3). O-arm settings in the groups are summa-
rized in Table 1.

Demographic data were collected, such as age,
gender, height in centimeters (cm), and weight in kilo-
grams (kg). Operative time in minutes (min) from inci-
sion to closure was also recorded. Surgeon level was
recorded, considering “senior” as a surgeon with more
than 3 years of experience in spine surgery and “junior”
as a surgeon with 3 or fewer years of experience.

Radiation exposure was studied by recording the
dose length product (DLP) in milligray-centime-
ter (mGy-cm) related to 3D irradiation and the dose
area product (DAP) in milligray-square centimeter
(mGy-cmZ) related to 2D, and were used to calculate

Table 1. O-arm settings for 2D and 3D procedures.

O-arm Setting Group A Group B

2D Mode (pulses/s) Fluorography (30) Low dose (15)
Navigation on the FOV No Yes
Collimation No Yes

3D Mode Standard Standard or low dose

Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; FOV, field of view.

the effective dose E in millisievert (mSv). E is the sum
of irradiation related to 3D and 2D, as follows: E, =
DLP x k, with k as the conversion factor related to the
irradiated region: k =0.015 and 0.014 mSv/mGy-cm for
the lumbar and thoracic regions, respectively.'® E,, was
calculated with the conversion factor w according to the
European Commission as follows: w = 0.26 and 0.19
mSv/Gy-cm” for the lumbar and the thoracic regions,
respectively,'® E,) = DAP x w. Absolute risk (AR) of
radiation-induced cancer equivalent to a whole-body
acquisition in % was also calculated, using the formula
AR = 5%/Sv.® Image quality subjectively assessed by
the surgeon was collected and considered to be sufficient
or insufficient. Cement amount in cubic centimeter (cc)
was recorded, and the volume by level calculated. Com-
plications, especially cement leakage with its direction,
were also recorded.

Outcomes

The main outcome was the overall E. E per operated
level and E related to 2D and 3D were also compared as
secondary outcomes. Other secondary outcomes were
AR, operative time, amount of injected cement overall
and by level, imaging duration, radiologic result accord-
ing to the Garnier classification,'” cement leakage
according to Lador'® et al, and other complications. In
particular, satisfactory radiological results were defined

Figure 3. Intraoperative views of a cementoplasty procedure using the field of view (FOV) preview. (A) Anteroposterior view after placement of navigated Jamshidi
needles in the fractured vertebra. (B) Lateral view. The region of interest may be reached with the FOV principle, allowing the fractured vertebra to be at the center
of the image. Collimation can then be applied and also a zoom on the screen, to follow the cementoplasty procedure, and to decrease radiation exposure.
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Table 2. Patient demographics and surgery data.

O-Arm Cementoplasty and ALARA Principle

Patient Data Group A (n =43) Group B (n =27) P Value
Sex ratio, female/male 25/18 19/8 0.32°
Age, y, mean + SD (range) 76 £ 11 (43-89) 67 + 16 (34-96) 0.02°
Body mass index, kg/m°, mean + SD (range) 25 +3(19-30) 24 +5(17-33) 0.46°
Magerl classification, n (%) 0.61*
Al 50 (85) 45 (90)
A2 2 (3) 2(4)
A3 7(12) 3(6)
Location of the fractures 0.08?
Thoracic spine, n (%) 32 (54) 18 (36)
Lumbar spine, n (%) 27 (46) 32 (64)
Operative time, min, mean = SD (range) 34.6 = 14.3 (15-90) 41.9 +19.0 (12-90) 0.13°
Operative time per level, min, mean + SD (range) 27.3 +10.9 (15-60) 28.9 + 13.4 (4.4-60) 0.74°
Cemented vertebrae, n 59 50
Vertebroplasties, n (%) 39 (66) 30 (60) 0.55%
Kyphoplasties, n (%) 20 (34) 20 (40)
Unipedicular approaches, n (%) 25 (42) 26 (52) 0.04*
Surgeon experience, senior/junior 16/27 6/21 0.29"
Cement volume injected, cc, mean + SD (range) 6.8 £ 3.8 (2-18) 8.2 +3.5(4-18) 0.13°
Cement volume injected per level, cc, mean = SD (range) 49+1.52-7) 53x1.502-8) 0.30°

“Fisher exact test.
°Student 7 test.

as 73, Y3, and X3, whereas other results were mild or
poor and considered to be not satisfactory.'*"”

Statistical Methods

Statistical analysis was performed with the R soft-
ware version 3.1.3." Mean differences of numeri-
cal variables were compared using the Student ¢ test.
Correlation of Pearson and analysis of variance were
used for association studies. A threshold of P < 0.05
was defined as statistically significant. The number
needed to treat was calculated for a 1-mSv difference,
a common SD of 5 mSyv, an alpha risk of 5%, and a
power of 90%. Calculation found a minimal number of
19 patients mandatory in each group.

RESULTS

Demographic Data

A total of 70 patients were included in the study: 43
in group A and 27 in group B. Also, 109 vertebral levels
were cemented, including 59 in group A and 50 in group
B. The 2 groups were similar in terms of gender, body
mass index, number of operated levels, and Magerl
classification, but age was significantly higher in group
A than in group B (P = 0.02) (Table 2).

Operative Data

Operative time was similar in both groups, with 34.6
minutes for group A vs 41.9 minutes for group B (P =
0.13). The number of unipedicular approaches was 25
(42%) in group A vs 26 (52%) in group B (P = 0.04).
Surgeon level was comparable between the groups (P =

0.29). Cement injection volumes were similar in both
groups, with a mean of 6.8 cc in group A vs 8.2 cc in
group B (P = 0.13). Similarly, the volume by level was
4.9 cc in group A and 5.3 cc in group B (P = 0.30).
Operative data are detailed in Table 2.

Radiological Results

Radiological results according to the Garnier clas-
sification (Table 3) showed a better rate of satisfactory
results in group A than in group, with 95% and 84%,
respectively. Cement leakage rate was 22% and 24 % for
groups A and B respectively (P = 0.62), and no compli-
cation occurred for both groups (Table 3).

Radiation Exposure

Imaging duration was slightly higher in group A than
in group B, with 23.67 and 17.82 seconds, respectively
(P = 0.06), but the imaging duration by level was sig-
nificantly higher in group A than in group B, with 18.56

Table 3. Garnier classification of vertebral filling and cement leakage.

Group A Group B
Garnier Classification (n=43) (n=27) P Value®
Cement filling n (%) 0.11
Satisfactory (Y3, 722, Z3) 56 (95) 42 (84) -
Acceptable (X2, X3, Y2) 2(3) 1(2) -
Poor (X1, Y1, Z1) 1(2) 7 (14) -
Cement leakage, n 0.62
Spinal canal 2 1 -
Intravascular 2 1 -
Intradiscal 3 6 -
Paravertebral 6 4 -
Total, n (%) 13 (22) 12 (24) -

“Fisher exact test.
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Table 4. Radiation exposure data comparison in the 2 groups.

Group A Group B
Radiation Exposure, mean + SD (range) (n=43) (n=27) P Value®
2D Imaging duration, s 23.67 + 15.32 (9.70-84.87) 17.82 £ 10.01 (2.82-46.07) 0.06
2D Imaging duration/level, s 18.56 £ 10.40 (4.41-62.61) 12.93 + 8.49 (1.95-42.30) 0.02
Number of 3D acquisitions/patient 1.5+1.0(1-5) 1.4+0.9 (1-4) 0.72
Dose length product, mGy-cm 534 £ 385 (175-1975) 271 £ 165 (88-769) <0.01
Dose area product, mGy-cm2 9173 + 10,430 (1298-63,331) 1614 + 1656 (332-9070) <0.01
Overall E, mSv 9.94 + 6.67 (2.76-31.48) 434 +£2.52(1.41-11.33) <0.01
E per level, mSv 7.65 +4.82 (1.39-19.69) 2.97 +1.42 (0.49-5.67) <0.01
E,,, mSv 2.12 £2.66 (0.25-16.47) 0.37 £ 0.33 (0.06-1.72) <0.01
E,,, mSv 7.82 +5.67 (2.46-29.63) 3.97 +£2.34 (1.23-10.77) <0.01
E per 3D acquisition, mSv 5.60 £ 3.14 (2.46-12.56) 2.90 +0.80 (1.23-4.12) <0.01

Absolute risk of radiation-induced cancer
equivalent to a whole-body exposure, %

50x 1074 £33x 104 (14x 107 1.6 x107) 22x10*+1.3x 107 (7.1 x 10°-5.7x 107"  <0.01

Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; E, effective dose.
Student 7 test.

and 12.93, respectively (P = 0.02). The number of 3D
acquisitions per patient was similar in both groups (1.5
and 1.4, respectively; P = 0.72). E was significantly
higher in group A than in group B, with 9.94 vs 4.34
mSy, respectively (P < 0.01). E per operated level was
also significantly higher in group A than in group B,
with a mean of 7.65 and 2.97 mSyv, respectively (P <
0.01). E,, showed an average of 2.12 mSyv in group A
and 0.37 mSv in group B, with a significant difference
(P <0.01). E,, was also lower in group B, with a mean
of 7.82 vs 3.97 mSv in groups A and B, respectively
(P < 0.01). AR followed the same trend as E, with an
average 5.107*% for group A and 2.107*% for group B
(P < 0.01). Detailed irradiation data are summarized in
Table 4.

Correlation Study

Correlation study in group A found a strong asso-
ciation between E and age, imaging duration, and
surgeon level (P < 0.01). Similarly, group B had a
strong association between E and operative time (P =
0.01), E, ) and imaging duration (P < 0.01). However,
there was no association in group B between E and age
(P =0.13) and E and imaging duration (P = 0.06). For
both groups, there was a strong association between
E,, and imaging duration as well as between surgeon
level and operative time (P < 0.01). E, and surgeon
level were strongly associated only in group A (P <
0.01). E and operative time were strongly associated
only in group B (P = 0.01). Correlation study of the
whole series only found a strong association between
E or E | and imaging duration (P < 0.01 for both). The
results of the complete correlation study are given in
Table 5.

Image Quality

Image quality assessment (Table 6) found 100% of
acceptable results in 3D in both groups and similar
results in 2D in both groups without a significant dif-
ference (P > 0.99).

DISCUSSION

The most important finding in this study was the
significant radiation exposure reduction, thanks to the
application of the ALARA principle for percutaneous
cementoplasty using the O-arm imaging device. Both
overall E and E related to 2D and 3D imaging were
reduced without significant loss of image quality and
radiological results.

The first prospective series about O-arm kyphoplasty
was performed by Schils on 16 cases.” He reported
an operative time of 41 minutes (which was similar to
group B), a fluoroscopy time of 3.2 minutes, and a flu-
oroscopy time per level of 2.4 minutes, almost 10 times
higher than our results in both groups. The same author

Table 5. Correlation study: E, E,;, and surgeon level with other outcomes.

P Value

GroupA  GroupB  Overall
Correlation (n=43) (n=27) (n=170)
E and age” <0.01 0.13 0.31
E and body mass index” 0.46 0.24 0.20
E and operative time* 0.28 0.01 0.43
E and imaging duration® <0.01 0.06 <0.01
E,, and imaging duration <0.01 <0.01 <0.01
E and cement amount® 0.13 0.40 0.41
E,, and cement amount” 0.23 0.45 0.55
E and surgeon level” 0.75 0.72 0.70
E,, and surgeon level® 0.71 0.14 0.45
Surgeon level and operative time” 0.74 0.61 0.41

Abbreviations: 2D, 2-dimensional; E, effective dose.
“Student 7 test.
" Analysis of variance.
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Table 6. Subjective image quality assessment.

Group A Group B

Image Quality (n=43) (n=27) P Value®

3 Dimensional >0.99
Acceptable 43 27 -
Insufficient 0 0 -

2 Dimensional >0.99
Acceptable 36 23 -
Insufficient 7 4

“Fisher exact test.

published about 54 cases>' and found an operative time
of 38 minutes, which was close to our results, a fluoros-
copy time of 3.1 minutes, and a fluoroscopy time per
level of 2.5 minutes, almost 10 times higher than our
results in both groups as well. This may be explained by
the learning curve, considering the study at the begin-
ning of Schils’ experience in O-arm cementoplasty.

Significant reduction of 2D imaging duration per
level in group B may be explained by the use of navi-
gation on images, which allowed more accurate place-
ment of the O-arm without performing new acquisition
in this aim, the cross was centered on the targeted
vertebra by the radiology technician using the O-arm
direction commands. On the contrary, in group A, the
surgeon was compelled to reach the position of the tar-
geted vertebra with additional acquisitions, leading to
higher imaging duration for each level and higher radi-
ation exposure accordingly. Collimation used in group
B also helped to reduce the field of irradiation and then
the overall 2D dose.?

Significant reduction of 3D irradiation was only
explained by the systematic choice of standard or low-
dose protocols and to draw attention on other parameters
according to the patients’ body mass index. Rousseau
et al published a dosimetric study comparing radiation
exposure generated by the O-arm at the lowest irradia-
tion mode in comparison with the Surgivisio device."
They found a mean E_ | of 2.41 mSy, a third lower than
the results of group B, and an average E,  of 1.54 mSy,
respectively, close to the results of group A, but almost
7 times higher than the results in group B. Collimation
was the explanation of such difference.

Wojdyn et al published radiation exposure of 29
patients (44 vertebrae) operated on for percutaneous
navigated vertebroplasty under O-arm* and found a
mean DAP of 9120 mGy-cmz, for thoracic vertebrae:
5281.4 mGy-cm®, 47.73% of cases and for lumbar ver-
tebrae: 6680.6 mGy-cmz, 52.28% of cases. The calcu-
lation of effective dose using the conversion factors'®
found a mean E,  of 1.39 mSv, among them 1.00
mSv for thoracic vertebrae and 1.74 mSv for lumbar

vertebrae. These results were inferior to those of group
A but almost 3.5 times higher than those of group B.

As not all facilities throughout the world have an
O-arm device available, radiation exposure related
to 2D fluoroscopic device use for 1-level percutane-
ous vertebroplasty was also compared. Boszcyk et al
published a study about 60 percutaneous kyphoplasty
procedures®* under fluoroscopic guidance and found a
mean effective dose of 4.28 mSv, which was similar to
the results of group B. Li et al published a comparison
series about 1-fluoroscopic vs 2-fluoroscopic devices,”
using dosimeters for effective dose measurement. The
mean radiation dose to the patient was 1.97 mSv for the
1-fluoroscopic technique group, less than half of group
B results, and 0.95 mSv for the 2-fluoroscopic tech-
nique group. The mean radiation dose to the surgeon,
which can be assimilated to E, of the current series,
was 0.27 mSv for the 1-fluoroscopic technique group
and 0.25 mSv for the 2-fluoroscopic technique group,
which were similar to the results of group B. The oper-
ative time was significantly different between groups:
47.15 minutes for the 1-fluoroscopic technique group
vs 36.62 minutes for the 2-fluoroscopic technique
group, which was comparable with groups B and A,
respectively. So, the authors recommended using 2 flu-
oroscopic devices to decrease radiation exposure and
operative time. Wojdyn et al* compared O-arm with
C-arm for percutaneous vertebroplasty. They found for
the C-arm use a mean DAP of 16677 mGy-cm” for tho-
racic vertebrae (leading to an E, of 3.17 mSv'®) and
for lumbar vertebrae a mean DAP of 14202 mGy-cm?
(leading to an E,  of 3.69 mSv'®). These results are 50%
higher than in group A and almost 10-fold higher than
in group B.

Cumulative natural irradiation in Switzerland during
a year is estimated to be 4.30 mSv,14 which is similar
to the results of group B but less than half of group A.

Similar rates of cement leakage in the groups may
indicate that the decrease of image quality in 2D in
group B did not affect accuracy and safety of the pro-
cedure, especially in consideration of the similar rates
of kyphoplasties. This observation can be put in per-
spective that there was no correlation between surgeon
level and radiation exposure or even operative time.
This point illustrates the ergonomics of 3D navigation
to help standardize the cementoplasty procedure for
junior surgeons.

The current study has several limitations. First, the
sample of patients was short, although the number
needed to treat was reached for both groups. Second, the
accuracy of effective dose calculation may have been
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altered because it represents an estimation, obtained
with standard conversion factors,'® considering the
use of PCXMC software’*® which is a more accurate
calculation through a Monte Carlo simulation.® Colli-
mation used in group B avoided the ability to estimate
the radiation exposure as it was impossible to know the
exact dimensions of the irradiation field required in
PCXMC for dose calculation. However, we opted for
the use of conversion factors because a previous study
on irradiations with the O-arm found no significant dif-
ferences between E, calculated with the conversion
factors and with PCXMC."? For comparative purposes,
the calculation was performed similarly in both groups.

CONCLUSION

The application of settings of the O-arm in accor-
dance with the ALARA principle allowed a significant
reduction of radiation exposure for both patients and
surgeons. Image quality was also decreased but did not
compromise the radiological results. Using the low-
dose settings, navigation on the FOV and collimation
should be always performed for percutaneous cemento-
plasty under O-arm for dose reduction.
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