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Background: Adolescent Idiopathic Scoliosis (AIS) is the most common type of scoliosis affecting adolescents, with approximately
2-4% of children being diagnosed. Crucial to the diagnosis and management are radiographic imaging, which allow physicians to
assess and treat — from initial visits through surgical planning and post-operative management. While initial stages require low levels
of exposure to radiation, via x-rays, as patients progress in disease severity exposure becomes larger with pre-operative, intra-operative
and post-operative CT scans. While many studies have evaluated exposure during AIS treatment, few have assessed the cumulative
radiation exposure adolescents receive during their evaluation. The purpose of our study is to complete a comprehensive review on
cumulative radiation exposure and determine what stages in AIS treatment expose patients to the highest level of radiation over
a duration of 2 years.

Methods: A retrospective chart review of 109 AIS cases (29M, 80F), mean age 14.9 + 2.3 years was completed to assess and quantify
each imaging modality used. Employing a radiation detector, each imaging modality was then assessed, and estimated radiation
exposures were determined. Statistical analysis was completed utilizing averaged patient exposures during each selected period in AIS
management.

Results: Mean estimated radiation doses (StDev) were 60.94 mrem (+0.609 mrem) for two x-rays (full-length AP and lateral
radiograph of the entire spine), 12.92 mrem (+1.292 mrem) for each fluoroscopy exposure, and 1340.60 mrem (+13.406 mrem) per
CT scan. Based on these values, estimated subject exposures were calculated. The total estimated radiation exposure over a 2-year
period was 5572.74 mrem (+1428.88 merm) or 2786.37 mrem (+714.43 mrem) per year.

Conclusion: The two-year cumulative radiation exposure is below the recommended exposure by Nuclear Regulatory Commission
and OSHA. As expected, CT exposure presents the largest radiation exposure to patients with AIS throughout their operative
management.

Level of Evidence: 111, retrospective study.
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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common type of scoliosis, affecting 2% to 4% of adolescents.’
Moderate curves are followed radiographically with serial x-rays to monitor curve progression.” Surgical patients
potentially can be exposed to more ionizing radiation with intra-operative fluoroscopy and Computed Tomography
(CT). Post-operatively, spinal alignment is assessed radiographically.” The combination of these procedures increases
patient exposure to radiation, a factor which physicians must consider in the treatment process. One study reported that
the typical AIS patient will be evaluated with 22 radiographs in a 3-year period.* Another study reported that intra-
operative fluoroscopy contributes to 78% of radiation exposure in AIS management.’
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While many studies have evaluated radiation exposure in patients during AIS assessment, few have estimated and
assessed the cumulative radiation exposure throughout AIS management and during different stages of treatment.’”
Some studies report that intra-operative radiation during scoliosis surgery is within safe limits.” !

Increased exposure to ionizing radiation has been shown to increase cancer rate. AIS patients have up to a 4.3%
increased risk of cancer, involving breast and thyroid cancers.”'? Tt has also been reported that surgically treated AIS
patients have higher than baseline risks for leukemia, breast cancer, or a heritable defect; 0.8%, 2.1%, and 3.0%,
respectively.'> Endometrial and breast cancer were found to be the most frequent in AIS patients and occurred at levels
five times greater than those in an age-matched population.'?

This study was designed to estimate the cumulative magnitude of radiation exposure throughout AIS management in
patients managed surgically during the pre-operative, intra-operative, and post-operative period. The post-operative
period was designated as a period of 2 years. This information is intended to allow surgeons to better weigh the clinical
benefits of imaging techniques with the adverse effects of radiation exposure.’

Materials and Methods

This study was a retrospective chart review that was approved by the Stony Brook University Institutional Review Board.
Inclusion criteria were patients with ages of 10-18 and a diagnosis of AIS that underwent posterior spinal fusion by
a single board-certified pediatric orthopaedic surgeon. Informed consent was not obtained prior to study commencement
as this was a retrospective review. All patient data was de-identified. Exclusion criteria included patients older than 18,
patients with non-idiopathic curves, and patients with previous spinal surgery procedures. All patients meeting inclusion
criteria between the dates of January 1, 2006, and December 31, 2013, were included in this study.

Demographic and radiographic exposure data were collected from the patients’ electronic medical records. For radiation
exposure, we collected the following information on each patient: number of pre-operative x-rays prior to posterior spinal
fusion, number of intra-operative fluoroscopy images during surgery, whether the patient had a post-operative CT, number of
levels fused during surgery, number of post-operative x-rays up to 2 years following surgery, number of post-operative CTs up
to 2 years following surgery, and if the patient returned to the OR prior to 2 years following the initial procedure.

In order to quantify the radiation doses associated with different imaging modalities, nanodot dosimeters (Landauer
Inc., Glenwood, IL) were placed in the imaging path of each instrument. Each modality was assessed five times using
different dosimeters. To account for background radiation, unexposed control dosimeters were kept in the same location
as the experimental dosimeters. At the conclusion of each case, the doses (mrem) were measured using MicroStar InLight
Reader portable dosimeter (Landauer).

To estimate radiation exposure each modality was assessed in standard fashion for the prescribed diagnostic modality.
For x-ray assessment, two exposures were made to simulate a full-length AP and a Lateral radiograph view using
a Philips Diagnostic Alivas model x-ray machine. Settings for both exposures were 75kVp, 20mAs, 250mA, and 80ms.
Fluoroscopy exposure was estimate through five AP (88kVp, 1.2mA, 1s) and five lateral exposures (104kVp, 3.5mA, 1s)
utilizing an OEC MinView 6800 (2005 model). Fluoroscopy, on the other hand, with its variable angles, adjustable
distances between detector and patient, readily modified kVp and mA, presents challenges that require some assumptions
for a “best fit” calculation. General factors that were standardized included distance from detector and body weight.
Tissue weighting factors were then utilized and an average weighting factor was used to calculate effective dose based on
incident radiation (mGy) for fluoroscopy and the dose length product for the intraoperative CT. The CT scan assessment
was completed utilizing a single scan from a GE 64 Slice (2007 model).

For each subject, the number of x-rays, fluoroscopic images, and CT scans were multiplied by the empirically
calculated doses to estimate patient exposure. Data was then categorized into pre-operative, intra-operative, and 2-year
post-operative periods.

All data are reported as mean + standard deviation.

Results
A total of 109 cases met the inclusion criteria. The mean age was 14.9 + 2.3 years. Mean radiation doses (StDev) were
60.94 mrem (£0.609 mrem) for two x-rays, 129.18 mrem (+1.29 mrem) for 10 fluoroscopy exposures, and 1340.60mrem
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(£ 13.406 mrem) for each CT scan. Based on these values, subject exposures were calculated. The total radiation
exposure over a 2-year period was 5572.74 mrem (£1428.88 merm) or 2786.37 mrem (+714.43 mrem) per year. A break
down of the average estimated radiation dose obtained during pre-operative, intra-operative, and post-operative exam-
ination is highlighted in Figure 1.

All patients received intra-operative fluoroscopy during their respective posterior spinal fusion surgeries. Ninety-eight
patients (89.91%) underwent an immediate post-operative CT scan. Within the first 2 years post-operatively, 5 patients
underwent repeat CT scans. Four patients had persistent pain at their surgical sites, and CT was obtained to evaluate
hardware. One patient returned to surgery one week following the initial procedure secondary to hardware malposition;
subsequently three separate CT scans were completed within two years of the initial procedure. Data are presented in
Tables 1 and 2.

Discussion
Patients with AIS require a radiography to assess and guide treatment. While it is a necessary component, it places
pediatric patients at a heightened risk of cancer from radiation exposure. Pediatric tissues are more sensitive to the effects
of radiation than those of adults and the longer life expectancy of pediatric patients gives them a greater potential to
manifest the adverse effects of radiation.'* This increased risk of cancer among pediatric patients demands justification of
radiological procedures and utilization of the minimal effective dose.'*'> This study was designed to better understand
the estimated cumulative radiation exposure of AIS patients from assessment through surgical treatment. The aim of this
study is to establish estimated radiographic exposures and assist physicians in making informed decisions to minimize
patient radiation exposure.

While the present study used uniform equipment and standardized radiographic methods, some limitations persist.
These include the limited number of cases and differences between patients (age, gender, follow-up visit intervals).
Furthermore, this study assumed that the patients received the dose of radiation reported by the dosimeters. However,

E Average Estimated
Radiation Dose
(msey)
1579.96
28%

= Pre-operative x-ray

= Intra-operative fluoroscopy

Immediate post-operative CT

Post-operative x-ray dose
1205.31 1125.88

20% AT
22% = Repeat CT within 2 years

Figure | Estimated average radiation doses during dedicated periods in AIS management. Total average estimated cumulative dose 5572.74 mrem (55.72mSv).
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Table | Diagnostic Procedures During Dedicated Periods in AIS

Management
Diagnostic Procedures Average (Range)
Pre-operative x-rays 25.85 £ 15.30 (4-70)
Intra-operative Fluoroscopy 8.72 + 3.69 (0-21)
Immediate post-operative CT 98 (0-1)
Number of Levels Fused 9.82 + 2.68 (2-14)
Post-operative x-rays taken within 2 years 26.11 + 9.47 (6-45)
Total Post-operative CTs within 2 years 5

Table 2 Average Estimated Radiation Dose (Mrem) During Dedicated Periods in AlS Management

Period in AIS Management Average Dose (mrem)
Pre-operative x-ray 1575.49 £ 915.71
Intra-operative fluoroscopy 1125.88 + 477.26
Immediate post-operative CT 1205.31 + 405.68
Total: AIS Diagnosis - Immediate post-operative period 3906.69 + 1218.77
Post-operative x-ray dose 1579.96 + 586.55
Repeat CT within 2 years 86.09 + 330.16
Total: AIS Diagnosis - 2 years post operative period 5572.74 + 1428.88

radiation scatter creates a difference between emitted and absorbed dose.'® Additionally, any repeat radiographs due to
technical errors are not recorded which may result in underestimated radiation exposure. Surgeons may also have varied
fluoroscopy use during screw placement, the number of pedicle screws placed, and levels fused. Presciutti and Lee
reported that there was no statistical relationship between the operative radiation doses and number of levels fused or
pedicle screws placed.’

For our patients, the total estimated radiation exposure over a 2-year period was 5572.74 mrem (+1428.88 mrem) or
2786.37 mrem (£714.43 mrem) per year. These values are below the upper limit of safety, S0mSv per year, as proposed
by both the Nuclear Regulatory Commission, reported by Presciutti et al and the Occupational Safety and Health
Administration (OSHA).>*'” The “average” American receives about 620 mrem (6.2 mSv) per year from all sources of
radiation based on the National Council on Radiation Protection and Measurements published in the NCRP Report
No. 160."® NCRP radiation sources were defined as background radiation, exposure to consumer products, occupational
exposures, exposures from industries and exposures due to medical procedures. In 2009, the estimated medical radiation
exposure was 2.92 mSvm, in 2016 this number dropped to 2.16 mSv in 2016."°

It has been reported that cancer rate increases by 4.1% per Sievert (Sv); or 0.0041% per mSv.’ In our patient
population, exposure level per year was 27.86 mSv compared to the average American medical exposure in 2009 at 2.92
mSv; 9.56 times higher in the same time span. Therefore, the increased risk of cancer in this patient population over
a single year is 0.103% vs 0.012%. While this is within safe limits, clinical decisions that diminish the amount of
radiation exposure according to the ALARA principle (As Low As Reasonably Achievable) should continue to be made
to enhance patient safety.” This assessment falls in line with recommendations of other studies with similar findings. Law

et al'” calculated the radiation exposure from repeated full spine radiographs with postero-anterior and lateral projections
in a patient from the age of 5-30 to be 1500 mrem, which is within safe limits and correlates with an increased cancer

risk of 0.08-0.17%. This study also found female scoliosis patients to have a higher cancer risk compared to males.'’
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Despite finding that x-ray radiation exposure was within safe limits, the authors recommended prolongation of the time
interval between full spine radiography to enhance patient safety.'’

McArthur et al found that the intra-operative radiation dosage for AIS patients falls within safe limits, reporting an
average radiation dose of 25.29 mrem (0.2529 mSv), which they reported was equivalent to cancer risk increased by
0.001% per patient.” This study did acknowledged that, in addition to intra-operative radiation exposure, patients are
exposed to radiation throughout AIS management. Based on these statistics, we can extrapolate that our patients have
a cumulative 0.0011% increased risk of cancer over a one year period. Our estimated intra-operative fluoroscopy
exposure was 12.25 mrem, 55.48% less than the exposure reported by McArthur et al.” As such, precautions should
be taken to reduce radiation exposure.

In concordance with the previous studies, the present study found that the pre-operative, intra-operative, and post-
operative management of AIS to be within safe values; the most significant exposure in the peri-operative period. To
protect patients from radiation risk, we advocate for that utilizing imaging techniques to minimize radiation exposure.
Such techniques include attention to patient position, field size, protective shielding, and reduced fluoroscopy time.
Postero-anterior (PA) views emit less radiation exposure compared to the antero-posterior (AP) radiography therefore, PA
x-rays should be considered for initial and follow-up evaluations.’*' A lateral radiograph, which results in higher
radiation exposure compared to postero-anterior radiographs, should only be used for curve atypia, neurologic abnorm-
alities, and pre- and post-operative evaluations.” Low-dose radiography is also now available which can further minimize
cumulative radiation exposure for patients.

Several recommendations have been proposed to reduce radiation exposure. CT scans should be adjusted to the
patient’s weight and age, with the scanning area minimized, and the number of examinations reduced.'*'> Observed and
braced patients are recommended to receive radiographic follow-ups at intervals of at least 6 months, as shorter time
intervals were not found to change clinical decisions.” After 6 months post-operation, follow-up intervals lower than
one year were not found to change clinical decisions.” There are several alternative imaging modalities and emerging
technologies that attempt to minimize radiation exposure. Microdose X-rays are now available and provide a substantial
dose reduction without compromising image quality.”> >® A second modality, EOS imaging, simultaneously takes full-
body AP and lateral images of the skeletal system of a patient in a standing or sitting position, using approximately one-
third of the radiation than traditional X-rays or CT scans.***’

Finally, intra-operative 3D navigation-guided surgery can be used for a variety of spinal procedures, particularly in
scoliosis cases where anatomical landmarks are not readily accessible.”*’ The ability to place pedicle screws more
accurately with navigation than by freehand, not only minimizes intra-operative fluoroscopy but also the need for routine
post-operative CT scans.>**! Previous studies have shown that one intraoperative spin consisted of approximately 195
images (which is a scan length of approximately 15 cm), set at a low-dose radiation scan (approximately a mean of 207
mGycm, 3.1 mSv).*

This is one of the first papers documenting the estimated cumulative radiation dose that AIS patients receive through
their clinical course. A recent study by Meta et al explored radiation dose for both children and adults undergoing spinal
deformity treatment; they reported a higher effective radiation dose and estimated risk of cancer in those treated
surgically.>® Similarly, we hope that this will encourage further research that will look for ways to minimize radiation
exposure and guide treatment in the AIS patient population.
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