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Abstract

Background: Long-term ionizing radiation exposure is a risk to young scoliosis patients. A new slot-scanning imaging system, “EOS
imaging” has been shown, in patients with adolescent idiopathic scoliosis, to emit significantly lower levels of ionizing radiation.
This is a single-center, preliminary report of radiographic assessment by a new system.
Methods: Thirty-eight patients with early onset scoliosis (EOS) who had spine radiographs (antero-posterior, lateral or bending)
were included. Patients were divided into two groups: (1) conventional radiography (CR) and (2) EOS-imaging. Patients’s demo-
graphics and total annual radiation (TAR) doses were calculated. The mean TAR dose per patient was compared to annual back-
ground radiation estimated by Radiological Society of North America (2.4 mSv). The mean radiation dose for anteroposterior and
lateral spine film with the EOS imaging system was reported as 0.12 and 0.19 mSv per the manufacturer.
Results: There were 25 patients in the CR and 18 patients in the EOS-imaging group. Five patients had films from both CR and EOS-
imaging on different occasions. Mean follow-up of the entire cohort from the first spine x-ray was 1.3 years (0.3 - 2 years). The mean
TAR dose per patient was 10.2 mSv (3.3 - 20.3) and 1.3 (0.6 - 2.2) for CR and EOS-imaging groups, respectively. The mean TAR was 4.25×
(CR) and 0.54× (EOS-imaging) that of annual background radiation. The mean age of patients at the first spine X-ray within the
study period was 4.1 years (0.11 - 9.2) in CR and 7.6 year (3.3 - 10.5) in the EOS-imaging group.
Conclusions: Our study shows the TAR dose per patient from EOS imaging systems are lower than conventional systems and can be
utilized for patients as young as 3 years old. This study suggests that the use of this new system can reduce TAR dose in EOS patients;
however, a larger cohort with longer follow-up is needed to critically examine this statement.
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1. Background

Early onset scoliosis (EOS) is a uniquely challenging
condition to treat. Numerous surgical and non-surgical
treatment options exist including casting, bracing, grow-
ing rods, Shilla, vertical expandable prosthetic titanium
rib (VEPTR), growth modulation, and limited fusion tech-
niques (1-3). Because of the challenges presented by EOS
and the associated risk of thoracic insufficiency and pul-
monary compromise, early intervention is preferred. In
many cases, multiple treatments may be employed (e.g. se-
rial casting followed by growing rod placement) to control
the deformity long enough to allow the spine and thoracic
space to grow prior to a definitive “final” spinal fusion (4).

Regardless of the treatment, properly monitored EOS
patients attend numerous doctor visits where they are ex-

posed to ionizing radiation (IR) via repeated spine radio-
graphs. Patients undergoing surgical treatment are often
exposed to IR intraoperatively in addition to their clinical
visits. It is not unreasonable for EOS patients and their
families to endure several years of doctor visits and proce-
dures, many of which require exposure to IR. Flynn et al.
followed 99 patients through their entire course of grow-
ing rod treatment and reported that the average duration
of treatment was 5.0 ± 2.6 years (5).

Cannon et al. evaluated IR exposure in EOS patients
undergoing VEPTR treatment and found that over a four-
year period, there was an average of five procedures per
patient and an average of 40 imaging studies per patient,
for a total of 962 images among 24 patients (6). Imaging
studies included radiographs computed tomography, in-
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traoperative fluoroscopy, and nuclear medicine. Similarly,
Khorsand et al. reported on IR exposure in 62 EOS patients
and thoracic insufficiency syndrome who also underwent
VEPTR treatment (7). There were a total of 4,293 radio-
graphs taken with an average of 69 images per patient. To-
tal IR exposure in this group, including computed tomog-
raphy (CT), MRI, radiographs, and ventilation/perfusion
scans, was estimated at four times the amount of the
estimated annual background radiation exposure in the
Unites States, with the majority of IR coming from CT scans.
Additionally, Mundis et al. (8) reported EOS patients who
underwent growing rod treatment were exposed to 3.4
times the IR exposure than estimated background radia-
tion within the same time period. In their study, younger
growing rod patients and those who underwent revision
surgery were exposed to higher IR doses, with plain radio-
graphs accounting for 89% of the total IR.

Techniques to reduce IR in this patient population are
certainly needed. In recent years, a biplanar slot scan-
ning X-ray system was introduced that simultaneously ob-
tains anteroposterior and lateral radiographs and report-
edly emits a fraction of the amount of IR than that pro-
duced by traditional, conventional radiography (CR) (9).
This system, known as EOS imaging (EOS imaging, Paris,
France), has been shown to reduce IR exposure in AIS pa-
tients by 6 to 9 times less than that of CR. The biplanar
films allow for the possibility of 3D reconstructions of the
spine to be created from 2D X-rays. Previous studies have
reported the 3D reconstructions to be reliable and compa-
rable to CT (10, 11). In addition to reducing IR exposure,
the EOS imaging system takes less time to obtain the two
films than standard digital radiographs (12). Deschenes et
al. evaluated image quality and radiation dose between CR
and EOS imaging images taken of the same patients (13).
They found the EOS imaging quality was greater than that
of the CR images, with the exception of the visualization of
the spinous process on sagittal views. They also found IR
exposure was reduced 6 to 9 times in the thoracolumbar
region and 3 times in the neck region with the use of EOS
imaging. The majority of these studies using EOS-images
have focused on adolescents, however, with little to no em-
phasis on the EOS population.

2. Objectives

The purpose of the current study was to evaluate dif-
ferences in IR exposure between CR and EOS-images of the
spine in patients with EOS who have been treated with
growing rod constructs.

3. Methods

IRB approval from the affiliated authors’ institution
was obtained. Thirty-eight EOS patients who had scoliosis
radiographs (anteroposterior, lateral or bending) were in-
cluded. All patients who had EOS imaging must have been
able to stand still for a period of approximately 10 - 15 sec-
onds. Patients who are non-ambulatory or able to stand
still for the required period of time are not currently eligi-
ble for EOS imaging. Patient etiologic diagnoses included
idiopathic (14), syndromic (12), congenital (9), and neuro-
muscular (7) based on the classification of EOS (14). All
patients were surgically treated surgically. Patients were
divided into two groups: (1) Conventional radiography
group (CR) and (2) EOS imaging group. Patients’ demo-
graphics and total annual radiation (TAR) dose were cal-
culated in millisieverts (mSv). The mean TAR dose per pa-
tient was compared to annual background radiation esti-
mated by Radiological Society of North America (2.4 mSv
per year). The mean radiation dose per single image for an-
teroposterior and lateral spine film with the EOS imaging
system was reported as 0.12 and 0.19 mSv per the manufac-
turer.

4. Results

There were 25 patients in the CR group and 18 patients
in the EOS imaging group. Five patients had films from
both CR and EOS imaging on different occasions. The mean
age of patients at the first spine X-ray within the study pe-
riod was 4.1 years (0.11 - 9.2) in CR group and 7.6 year (3.3 -
10.5) in EOS imaging group. Mean follow-up of the entire
cohort from the first spine X-ray was 1.3 years (0.3 - 2). The
mean TAR dose per patient was 10.2 mSv (range, 3.3 - 20.3
mSv) and 1.3 (range, 0.6 - 2.2 mSv) for CR and EOS imag-
ing groups, respectively, which is 4.25 times and 0.54 times
that of the annual background radiation. The mean total
radiation dose for each patient group broken down by eti-
ologic categories is shown in Table 1. The majority of the
patients in the EOS imaging group were idiopathic (61%)
whereas patient etiology was more evenly distributed in
the CR group.

5. Discussion

Primarily due to their young age, patients with EOS are
expected to endure several years of repeated spine radio-
graphs. This preliminary study on our series of EOS pa-
tients showed the TAR dose per patient from EOS imaging
was lower than conventional X-ray and can be utilized for
patients as young as 3 years old.
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Table 1. The Mean Total Radiation Dose for Each Patient Group Broken down by Etiologic Categories

Idiopathic Syndromic Congenital Neuromuscular

Conventional X-ray 13.38 mSv (N = 4) 12.1 mSv (N = 8) 8.42 mSv (N = 7) 10.32 mSv (N = 6)

EOS imaging 1.32 mSv (N = 11) 1.38 mSv (N = 4) 0.95 mSv (N = 2) 0.73 mSv (N = 1)

The average TAR dose per patient in our study was 10.2
mSv for CR and 1.3 mSv for EOS imaging. These results are
similar to those found in previous studies that have re-
ported significantly reduced IR exposure to patients using
the biplanar slot scanning machine (12, 13). The mean TAR
was 4.25 times that of annual background radiation in the
CR group and 0.54 times greater in the EOS imaging group.
Previous reports have also noted an increased amount of
IR exposure in EOS patients ranging from 3.4 times (8) to 4
times (7) that of estimated annual background radiation.
However, it should be noted that in our study, the increased
TAR in relation to background radiation likely underesti-
mates the total amount of IR exposure to this patient pop-
ulation as we did not include other forms of medical radi-
ation in our analysis, such as CT scanning and non-spine IR
medical imaging.

Other factors that have been previously shown to influ-
ence the amount of IR exposure in EOS patients include eti-
ology, revision surgery, age of the patient, and surgeon ex-
perience (6, 8). Cannon et al. found that radiation exposure
in EOS patients undergoing VEPTR treatment decreased as
surgeon experience increased (6). Additionally, they found
that congenital scoliosis patients, as opposed to neuro-
muscular scoliosis patients, received greater amounts of
radiation. Similarly, Mundis et al. (8) reported that from
initial spine film to one year after surgery, congenital scol-
iosis patients, followed by syndromic, received the greatest
amount of IR. Our current study found that the mean TAR
was highest in idiopathic scoliosis and syndromic scoliosis
patients, although a statistical comparison between etiolo-
gies was not conducted due to the limited sample size and
an etiologic comparison was beyond the scope of our study
aim.

The majority of the patients (61%) in the EOS imaging
group had idiopathic scoliosis. The majority of the congen-
ital, syndromic, and neuromuscular patients were in the
CR group. The mean age of patients at initial imaging in
the CR group was lower (4.1 years) than the EOS imaging
group (7.6 years). We found that the EOS imaging system
can be used successfully for patients as young as 3 years old.
Because EOS imaging is performed via a scanning mech-
anism, patients who have difficulty remaining still for a
period of 10 - 15 seconds may not be good candidates for
these radiographs, as this will create motion artifact. How-
ever, our study shows EOS patients who are eligible for EOS

imaging can expect a much lower dose of IR exposure com-
pared to conventional X-ray systems. A larger cohort of EOS
patients who have completed treatment will be needed to
confirm these preliminary findings.
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