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Abstract

Purpose Adolescent idiopoathic scoliosis (AIS) is a progressive spinal deformity, most often observed in female patients of
pubescent age. The deformity’s severity, its progression through time, its treatment and subsequent follow-up are assessed
with routine radiological evaluation of the patient’s full spine. This study aimed to determine the cumulative radiation expo-
sure in average patients with AIS treated by brace or surgery throughout their treatment.

Methods The average number of imaging procedures and corresponding radiation doses were retrospectively obtained from
the medical charts of AIS patients treated conservatively and/or surgically at our institution. The median radiation exposure
of all imaging modalities was stated in effective dose (mSv). The estimated cumulative effective radiation dose of the each
treatment group was determined by multiplication of the average number of imaging conducted, and the median effective
radiation dose per imaging modality.

Results In total, 73 AIS patients were included (28 brace, 45 surgically). Patients treated with a brace were subjected to
an average of 9.03 full spine radiographs, resulting in an estimated effective cumulative dose of 0.505 mSv over a median
treatment period of 3.23 years. Patients treated surgically received an average of 14.29 full spine radiographs over a median
treatment period of 2.76 years. The estimated effective cumulative dose amounted from 0.951 to 1.841 mSyv, depending on
the surgical technique.

Conclusion The cumulative effective radiation doses rendered to AIS patients as part of their treatment and follow-up were
relatively low. However, every exposure to ionising radiation for medical imaging purposes should be minimised.

Keywords Radiation exposure - Adolescent idiopathic scoliosis - Brace treatment - Posterior spinal fusion - Fluoroscopy -
3D printed guides
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conservatively treated patients, additional radiographs are
taken to assess in-brace curvature correction [4]. The man-
agement of AIS is thus associated with repeated doses of
radiation in every treatment phase due to medical imaging.

Given that adolescent patients are more susceptible to
the carcinogenic effect of ionising radiation, concerns have
been raised regarding AIS patients’ potential subsequent
health risks associated with the cumulative radiation doses
received throughout their treatment [9, 10]. According to a
retrospective review by Simony et al. [9], malignancy rates
for AIS patients surgically treated 25 years ago may be up
to five times higher when compared to an age-matched
healthy population. A systematic review by Luan et al.
[10] also suggested significantly elevated malignancy rates
and their associated mortality in AIS patients as a result of
repeated radiographs. Breast cancer is of particular con-
cern, as AIS predominantly affects young females (with
a female-to-male ratio of 7.2:1 for severe curvatures), in
addition to which an odds ratio of 1.20 has been reported
for female AIS patients with regard to developing breast
cancer [10, 11]. Therefore, while ensuring adequate imag-
ing quality is maintained, radiation exposure throughout
the clinical treatment and follow-up of AIS should be kept
to a minimum.

Gathering data regarding cumulative radiation exposures
and effective doses per imaging modality is important. Based
on this information, the effective dose received by individual
patients during the clinical management of their AIS can be
predicted, and points of attention can be identified. However,
studies reporting such data are scarce, and an overview of
the effective dose for every imaging modality during the
treatment and follow-up of AIS shows a large variability in
the literature [12]. The primary aim of this study, therefore,
was to determine cumulative radiation doses for the average
AIS patient, whether treated conservatively (i.e. by brace)
or surgically.

Most studies have reported that a significant percentage
of the cumulative radiation dose is received during surgical
treatment [4, 5]. More recently, the combined use of low-
dose preoperative CT scans and intraoperative patient-spe-
cific 3D printed drill guides has been introduced to secure
accurate pedicle screw placement. Satisfactory results
regarding the safety and accuracy of this new approach to
pedicle screw placement have been reported [7]. In patients
operated on with this approach, there is a need for a low-
dose CT to preoperatively plan pedicle screw entry points
and trajectories, while the need for intraoperative 2D fluor-
oscopy is abolished. The secondary aim of this study, there-
fore, was to compare and contrast the cumulative effective
doses received by AIS patients surgically treated using
either intraoperative 2D fluoroscopy or a combination of a
low-dose preoperative CT scan and intraoperative patient-
specific 3D printed drill guides.
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Methods

After ethical approval was waived by the local ethics com-
mittee, a single-centre retrospective review of patients
treated for AIS was conducted. In all included patients
whose treatments ended from 2016 to 2021, a chart review
was performed, and the average number of imaging pro-
cedures of each type conducted at our institution through-
out their treatment was calculated. Patients were included
when treated for AIS by bracing and/or posterior spinal
fusion with either intraoperative 2D fluoroscopy guidance
or intraoperative 3D printed patient-specific drill guides,
including low-dose preoperative CT. Patients whose treat-
ment was still ongoing, who started extensive treatment
elsewhere or were in need of additional imagery as a result
of complications were excluded from this study. Patients
with a spinal deformity resulting from alternative patholo-
gies, such as congenital, degenerative or neuromuscular
scoliosis, were also excluded.

The available radiation doses per radiological examina-
tion were obtained from radiological archives. The average
number of every imaging procedure conducted for diagno-
sis, treatment and post-therapy follow-up was calculated
and related to the median radiation dose per examination
in order to arrive at the cumulative effective radiation dose
in millisievert (mSv) for the average AIS patient either
treated conservatively and/or surgically at our institution.
The durations of treatment (starting with the first radio-
logical and ending at 1 year postoperative or 1 year after
termination of brace treatment) were defined to determine
the period over which the cumulative radiation doses were
received. The patients’ ages at the start and end of their
treatment were also taken into consideration when con-
verting the dose area product (DAP) in mGy*cm? or dose
length product (DLP) in mGy*cm to the effective dose in
mSyv. Patient gender was also extracted from the charts.

Radiologic management of AlS

Figure 1 shows the radiological management of AIS
patients at our institution. At the first assessment, full
spine posterior-anterior (PA), lateral and supine bending
anterior—posterior (AP) radiographs were taken (Fig. 2).
After diagnosis, PA full spine radiographs were repeated
every six months for all treatment groups. In patients with
a Cobb angle of 25°-40° and a Stage 2 and lower, accord-
ing to the Risser Classification, brace treatment was pre-
scribed, and a single in-brace full spine PA radiograph
was conducted to ensure adequate in-brace curvature cor-
rection. Whenever a new brace is fitted, this examination
is repeated. In addition, an out-of-brace radiograph was
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Fig. 1 Radiological work-up of
AIS at our institution
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Fig.2 Example of a typical posterior-anterior A, lateral B and side bending radiograph C and D at our institution
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acquired every six months to assess curvature progres-
sion under treatment. Brace treatment will continue until
patients are no longer expected to grow. At treatment ter-
mination, full spine PA radiographs were repeated after
one year, followed by orthopaedic discharge.

Surgical correction was performed for Cobb angles larger
than 45°-50°. The standard posterior surgical treatment for
AIS consists of pedicle screw insertion using intraoperative
PA 2D fluoroscopy. To comply with the ‘As Low as Rea-
sonably Achievable’ (ALARA) principle when using intra-
operative radiation, we solely performed PA views, with a
small diaphragm of maximally 3—4 vertebrae [13]. When
pedicle screw insertion is conducted using intraoperative
3D printed patient-specific screw guides, a preoperative low-
dose planning CT is performed mandatorily. The 3D pilot
hole drill guides and guide docking probes of each indi-
vidual to be instrumented segment were 3D printed after
planning the entry points and interpedicular trajectories of
the pedicle screws based on low-dose CT. With this technol-
ogy, no intraoperative imaging is warranted or used. After
surgical treatment, full spine PA and lateral radiographs are
routinely taken directly postoperatively and are followed by
a full spine PA radiograph at six weeks, half a year and one
year after surgery (Fig. 3).

Imaging protocols

Standard radiographs were conducted using Philips Digi-
talDiagnost C90 (0.1 mm Cu and 1 mm Al spectral filter)
at a tube potential of 86 kV and a tube current exposure
time product value of 24 mAs. A source imaging recep-
tor distance (SID) of 270 cm was used. For full spine PA
radiographs, the exposure width was adjusted to include the
projection of both hip joints, while the craniocaudal projec-
tion was extended to include the cervical spine and femoral
heads. An identical craniocaudal extension was utilised for
the lateral and AP bending radiographs. AP bending radio-
graphs were performed in a supine position at an SID of
140 cm.

Intraoperative fluoroscopy was conducted using a Philips
Veradius Unity or Ziehm Vision FD mobile C-arm at an
average tube potential of 97.5 kV and a tube current expo-
sure time product value of 2.65 mAs. A SID of 98 cm was
applicable for both C-arms.

A preoperative low-dose CT (slice thickness 0.6 mm)
without intra venous contrast-enhancement was performed
for the patients surgically treated using intraoperative 3D
printed patient-specific drill guides. The scans were made
using a 3rd generation dual-source CT scanner (Somatom
Force, Siemens Healthineers, Erlangen, Germany) at a tube
potential of 100 kVp. An ultra-low-dose (ULD) CT scan
protocol was implemented using a built-in selective photon
shield filter (Sn) [7].
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Calculation of the effective dose

The available radiation doses, as reported after every radio-
logical procedure performed for curve assessment in the
AIS, were obtained from the radiological archives at our
institution. DAP (mGy*cmz) values were extracted for
conventional radiographs (PA, lateral and side-bending
radiographs) and intraoperative 2D fluoroscopy imaging.
These DAP values were converted to effective doses by
the PCXMC software programme (PCXMCI 1.5.2 STUK,
Radiation and Nuclear Safety Authority, Helsinki, Finland)
utilising Monte Carlo simulations [14]. A reference indi-
vidual of 15 years old with a length of 163.99 cm, weighing
54.5 kg, was defined. An age of 15 years was selected, as it
best represents the study population since only 10 years old,
15 years old or adult age individuals could be selected. The
weight and length of the reference individual were defined
as standard according to PCXMC. The acquisition param-
eters of the protocols described above were imported into
the simulations.

To convert DLP (mGy*cm) values extracted from
archived low-dose CT scans to effective doses, conversion
factors adapted for age and body part were used according
to the International Commission on Radiological Protection
(ICRP) publication 103 [15]. The conversion factors for CT
data were adjusted for age (mean age at conduction of the
CT scan: 18.36 years) by linear interpolation, as these were
only available for 10-year-olds or adults.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 28 (IBM Corp., Armonk, NY). Data distribution
was examined using the Kolmogorov—Smirnov and Shap-
iro—Wilk tests. For continuous normally distributed data,
the mean + standard deviation (SD) and range are given. For
data that were not normally distributed, the median + inter-
quartile range (IQR) and range were calculated. Unpaired ¢
tests were used to compare the mean total number of radio-
graphs conducted for patients treated surgically or by brace.
A Mann—Whitney U test was performed to compare the
median radiation dose of 2D fluoroscopy and the low-dose
CT scan. A P value below 0.05 was considered statistically
significant.

Results

Table 1 denotes the AIS patients’ characteristics and the
average number of each imaging procedure conducted. Of
the 73 AIS patients included, 28 were treated conserva-
tively by brace and 45 were treated surgically. In 40 of
those patients, pedicle screw insertion was performed



European Spine Journal (2023) 32:1777-1786

1781

Fig.3 Example of a typical
postoperative posterior-anterior
A and lateral B radiograph at
our institution

using 2D intraoperative fluoroscopy, while in 5 cases, the
combination of a preoperative low-dose CT and 3D printed
patient-specific drill guides was used. Conservatively
treated patients received an average total of 9.03 +2.95
(4-14) full spine radiographs. Surgically treated patients
were subjected to an average total of 14.29 +3.65 (9-28)
full spine radiographs.

The median DAP or DLP and the effective dose per radio-
logical imaging procedure are shown in Table 2. A cumu-
lative effective dose of 0.505 mSv was derived for braced
patients by combining the average number of each imaging
procedure conducted with the median radiation dose per
examination. The average patient treated surgically received
a dose of 0.951 mSv when pedicle screw insertion was done
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Table 1 Patient characteristics and average radiological work-up of AIS at our institution

Bracing (n=28) Surgery (n=45) P value
Male/tfemale (n) 6/22 8/37
Age at presentation (years), median +IQR (range) 13.23+£2.02 (9.21-16.55)  14.26+2.75 (10.11-18.76)
Age at discharge (years), median +IQR (range) 17.00£2.65 (13.64-24.67) 17.21+2.74 (13.52-23.43)
Treatment period (years), median+IQR (range) 3.23+3.33 (1.07-11.24) 2.76+1.32 (1.24-8.74)
Number of PA full spine radiographs, mean + SD (range) 5.89+1.85 (3-9) 3.91+1.9 (1-10)
Number of lateral full spine radiographs, mean + SD (range) 1.07+£0.94 (0-3) 1.67+1.02 (1-6)
Number of AP side-bending radiographs, mean + SD (range) 0.43+0.84 (0-2) 2.67+1.13 (0-6)
Number of PA in-brace radiographs, mean + SD (range) 1.64+0.87 (1-4) 1.73+0.88 (1-4)*
Number of postoperative PA full spine radiographs, mean + SD (range) - 3.56+0.59 (2-4)
Number of postoperative lateral full spine radiographs, mean=+SD (range) - 1.80+0.79 (1-4)
Total number of full spine radiographs, mean + SD (range) 9.03+2.95 (4-14) 14.29 +3.65 (9-28) <0.001

*Described for patients who received brace treatment prior to surgery (n=15)

Table 2 Median radiation dose of each imaging procedure

Imaging procedure Median DLP,

mGy*cm=+IQR

(range)

Median DAP, dGy*cm?+IQR
(range)

Median effective dose,
mSv+IQR (range)

Full spinal PA radiograph (n=116) -
Full spinal lateral radiograph (n=30) -
Side-bending radiograph AP (n=14) -
Preoperative-and intraoperative imaging
Low-dose CT* (n=5)*

70.00)
Intraoperative 2D fluoroscopy guidance (n=25) -

45.59+28.05 (30.10- -

2.41+2.28 (0.83-9.54)
6.12+3.91 (2.02-17.63)
2.94+2.46 (0.84-4.46)

0.051+0.047 (0.018-0.19)
0.074+£0.047 (0.024-0.211)
0.098 +0.082 (0.028-0.148)

0.942 +0.580 (0.620-1.450)°

1.89+1.66 (0.44-14.72) 0.052 +0.050 (0.010-0.410)°

#Only conducted for patients surgically treated using intraoperative patient specific screw guides

"The low-dose CT delivered a significant (p <0.001) higher radiation dose compared to intraoperative 2D fluoroscopy

under 2D fluoroscopy guidance. When making the combined
use of preoperative low-dose planning CT and 3D printed
intraoperative patient-specific drill guides, a higher effec-
tive dose of 1.841 mSv was delivered. Brace therapy prior
to surgery would deliver another 0.088 mSv due to in-brace
radiographs. The low-dose planning CT delivered a median
effective dose of 0.942 +0.082 (0.620-1.450) mSv, which is
significantly higher (P <0.001) in comparison to said dose
when using intraoperative 2D fluoroscopy (patients were
exposed to a median of 0.052 +0.050 [0.010-0.410] mSv).

Discussion

Radiation exposure related to the clinical management of
AIS is considered disadvantageous due to the patients’
young age and the subsequently elevated risk of developing
malignancies [16]. This study aimed to establish a cumula-
tive radiation dose for an average AIS patient treated with a
brace or surgery. We were impressed by the relatively low
cumulative effective doses calculated for all treatment groups
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Table 3 Estimated cumulative effective dose (mSv) in AIS treatment*

Treatment group Cumulative
effective dose
(mSv)
Brace treatment 0.505
Surgical treatment with intraoperative 2D fluoros- 0.951
copy
Surgical treatment with intraoperative 3D printed 1.841

patient-specific drill guides and prior low-dose
planning CT

*The estimated cumulative radiation dose of each treatment group
was derived by multiplication of the average number of imaging pro-
cedures conducted, and the median effective dose per imaging proce-
dure

within the realm of this study (Table 3). In braced patients,
the cumulative effective dose resulting from repeated full
spine radiographs (0.505 mSv) is equivalent to receiving an
extra 0.21 years’ worth of local natural background radia-
tion (The worldwide annual average background radiation
is estimated to be 2.4 mSv (range 1-10 mSv [12]). As the



European Spine Journal (2023) 32:1777-1786

1783

radiation dose of in-brace full spinal radiographs showed
no statistical significant difference compared to out-brace
full spinal radiographs, these were mentioned together under
'full spinal PA radiograph' in Table 2. In surgically treated
patients, the effective cumulative dose for patients with 2D
intraoperative fluoroscopy (0.951 mSv) equals 0.39 years
of background radiation. The combination of preoperative
low-dose CT scans and patient-specific intraoperative drill
guides renders an effective cumulative dose (1.841 mSv),
corresponding to 0.77 years of background radiation. Our
results demonstrate that, compared to conservatively treated
patients, those treated surgically received a higher effective
cumulative dose, the reason being the additional radiation
used for accurate pedicle screw insertion and a higher aver-
age number of full spine radiographs taken. Other studies
have yielded similar results [4, 5].

The use of intraoperative 2D fluoroscopy is eliminated
by the use of 3D printed patient-specific intraoperative drill
guides but comes at a cost in the form of an extra low-dose
preoperative CT scan for screw trajectory planning purposes.
In this study, the CT protocol delivered a mean effective
dose of 0.942+0.580 (0.620-1.450) mSv, in comparison
to the significantly (P <0.001) lower mean effective radia-
tion dose of 0.052+0.050 (0.010-0.410) mSv received
when using intraoperative 2D fluoroscopy guidance. As a
result, the cumulative effective dose for patients operated on
using CT and 3D printed patient-specific intraoperative drill
guides increased in comparison to those where 2D fluoros-
copy was used.

At the same time, however, the use of planning and
patient-specific drill guides has been reported to lead to a
significantly higher rate of accurate pedicle screw placement
(i.e. higher number of screws placed within the safe zone)
in comparison [17]. This, in turn, might eliminate the need
for future radiological imagery and follow-up surgery. From
these data, the disadvantage of additional radiation exposure
can be weighed against the advantage of more accurate pedi-
cle screw insertion and radiation-free surgery.

A study by Cecchinato et al. [7, 18] included 12 surgically
treated patients, comparing the use of intraoperative 2D
fluoroscopy with the combined use of low-dose preopera-
tive CT scans and patient-specific intraoperative 3D printed
drill guides. In the latter group, the use of intraoperative 2D
fluoroscopy was reduced by 72%. In our study, the use of 2D
fluoroscopy could be abolished altogether for the ‘scan and
drill guides’ patient group, as an additional 1:1 3D printed
model of the patients’ full spine was made available and was
used during surgery for orientation and segment specifica-
tion through the identification of anatomical landmarks.

The low-dose CT scan protocol used for the surgical plan-
ning of the pedicle screw entry points and trajectories by
Cecchinato et al. [18] on average delivered a radiation dose
of 2.15 mSv. In our study, a ULD CT scan protocol was used,

delivering a lower median radiation dose of 0.942 +0.580
(0.620-1.450) mSv. This could be achieved by adding a
selective photon shield filter (Sn), thus effectively removing
the majority of low-energy photons. Overall, the cumulative
effective radiation dose could therefore be minimised both
by eliminating intraoperative 2D fluoroscopy (thanks to an
additional 1:1 3D model of the full spine) and by developing
a preoperative ULD CT protocol.

Demirel et al. [5] described the cumulative effective dose
of conservative or surgically treated juvenile idiopathic sco-
liosis and AIS patients. These patients were radiologically
examined using primarily EOS® low-dose stereoradiogra-
phy, with a low-dose intraoperative O-arm protocol used to
facilitate correct pedicle screw placement during surgery.
Patients treated with a brace or patients who merely received
radiological follow-up in this study received a median cumu-
lative effective dose of 1.1 mSv, while the average patient
treated with a brace in our cohort showed a lower cumula-
tive effective dose of 0.505 mSv. Patients surgically treated
by Demirel et al. [5] were subjected to a median cumula-
tive effective dose of 10.8 mSv, 50% of which was a result
of intraoperative imaging (median of two O-arm 3D scans
and 2D fluoroscopy). In our study, the cumulative effective
dose for surgically treated patients depended mainly on the
technology used to ensure accurate pedicle screw inser-
tion. Still, both surgical treatment groups were subjected to
a substantially lower cumulative radiation dose than those
reported by Demirel et al. [5]. Intraoperative 2D fluoroscopy
accounted for 6.3% of the cumulative radiation dose when
used to guide pedicle screw insertion in our study. In addi-
tion to intraoperative 3D printed patient-specific drill guides,
no additional intraoperative imaging was used. The low-dose
CT scan made prior to surgery delivered 55% of the cumula-
tive effective radiation dose (0.942 +0.580 [0.620-1.450]
mSv).

Subsequent health risks

Increased cancer risk associated with low-dose radiation
exposure has been studied in survivors of nuclear bomb-
ings, establishing a higher cancer incidence and increased
mortality [12, 19]. In addition, the ICRP has reported a 0.5%
increase in the risk of death by cancer associated with each
additional Sv (0.005% for each mSv) of radiation exposure
[20]. In our study population, therefore, the braced patients
ran an increased cancer mortality risk of 0.003%, and the
surgically treated patients ran an extra 0.005% (2D intra-
operative fluoroscopy group) or 0.009% (CT scan and 3D
printed models and guides group). These increases must be
compared to the overall risk of death from cancer, amount-
ing to 20.5% for males and 17.9% for females, as reported
by the American Cancer Society 2022 [21].
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Simony et al. [9] reported a cancer incidence of 4.3% in
AIS patients treated surgically or with braces between 1983
and 1990, most of whom were affected by breast and endo-
metrial cancers. This reported incidence amounts to a five-
fold increase compared to an age-matched healthy popula-
tion. The patients included in this published cohort received
a mean total of 16.3 radiographs, with radiation doses per
radiograph ranging from 0.8 to 1.4 mSv. Patients treated
for AIS between 1983 and 1990 thus received a cumula-
tive effective dose between 13.04 mSv and 22.82 mSv. The
cumulative effective dose of all treatment groups that we
calculated based on the ICRP report was substantially lower,
at least by 86%. It is not clear why the cancer incidence is
much higher in the cohort studied by Simony et al. [9].

Reducing radiation exposure

In accordance with the ALARA principle, a patient’s expo-
sure to ionising radiation should be kept low as reasonably
achievable without compromising imaging quality [22]. To
realise a reduction in radiation exposure as part of the clini-
cal treatment of AIS, various methods have been introduced,
such as the EOS® low-dose stereoradiography instead of
conventional radiographs for the radiological evaluation of
spinal deformity [23]. This technique makes use of orthogo-
nally placed X-ray tubes and detector pairs, as well as a gase-
ous particle detector with a multiwire proportional chamber.
This method allows for the simultaneous capture of PA-AP
and lateral radiographs, thus eliminating the need for digi-
tal stitching of multiple radiographs. This method has been
reported to enhance imaging quality and reduce the time
needed per imaging procedure [24, 25].

Its main advantage, however, lies in the reported reduc-
tion in exposure to radiation. Luo et al. [23] showed such a
decrease when comparing EOS® low-dose stereoradiogra-
phy to conventional radiographs in a cohort of AIS patients,
reporting an average radiation dose of 0.069 mSv for PA
full spine radiographs and 0.121 mSyv for lateral full spine
radiographs. Our study results show a median radiation
dose of 0.051 +£0.047 (0.018-0.19) mSv and 0.074 +0.047
(0.024-0.211) mSy, respectively, for PA and lateral full spine
radiographs. As such, the radiation dose received with a sin-
gle PA or lateral conventional radiograph at our institution
is not inferior to the radiation dose received by using EOS®
low-dose stereoradiography [23]. To minimise the radia-
tion doses of conventional radiographs at our institution,
respecting the ALARA principle by both limiting the width
of the radiation beam and minimising exposure has become
a standard medical practice. X-ray beam minimisation was
realised by eliminating the os ilium from the radiograph.
The bone age was based on a left-hand radiograph instead.
The radiation dose of this radiograph was considered negli-
gible. In addition, all follow-up radiographs were conducted

@ Springer

with reduced imaging quality, hence with a lower associated
radiation dose. Finally, to prevent unwarranted patient expo-
sure to medical imaging, any emerging subsequent need for
radiographs was always critically appraised.

Currently, there are no international guidelines regarding
the amount and timing of radiographs in the treatment of
AIS [5]. At our institution, patients are subjected to radiolog-
ical evaluation at least once every six months to monitor cur-
vature progression. There is a variety in the literature from
4 to 18 months between radiological evaluations, mainly
depending on the skeletal maturity and remaining growth of
the patient [2, 3]. Future research should focus on the impact
of extended follow-up intervals to further reduce radiation
exposure, as also recommended by Demirel et al. [5].

International consensus regarding the amount, timing and
interval of postoperative radiographs is also lacking [5]. In
this study, the AIS patients were subjected to a mean total of
3.56+0.59 (2—4) PA and 1.80+0.79 (1-4) lateral full spine
radiographs in the first postoperative year. Radiographs
taken more than one year postoperatively were excluded
because they were deemed clinically insignificant by the
authors and were no longer being conducted. A study by
Garg et al. [8] concludes that, in the absence of symptoms,
routine postoperative radiological evaluations in the first
year after surgery rarely provide essential information. Their
suggestion is to make a single PA and lateral radiograph
one to two months after surgery, followed by annual radio-
graphs to monitor spinal alignment, until no further patient
growth is expected. In our cohort, this approach would lead
to a further 0.190 mSv reduction in radiation exposure, but
additional imaging would be needed to monitor the remain-
ing patient growth. However, this protocol should be inves-
tigated prospectively before such an approach is put into
extensive use.

We acknowledge several limitations to this study, the
first of which is our choice to use a retrospective study
design. Effectively making it impossible to determine each
patient’s actual individual cumulative effective dosage since
the exposure details of full spinal radiographs and intraop-
erative 2D-fluoroscopy were not routinely recorded. This
was most notably the case regarding radiographs taken at
the beginning of clinical treatment. As a result, the num-
ber of imaging procedures described in Table 2 to form the
median effective dose per imaging modality was limited.
However, we were able to calculate the average amount of
imaging conducted for each treatment group using all the
imaging actually performed. This, in our opinion, enabled
us to postulate a cumulative effective radiation dose for the
average AIS patient treated with brace and/or surgery at our
institution without any underestimation of the missing actual
figures. Second, we recently introduced a combination of
preoperative low-dose CT scans and patient-specific intra-
operative 3D printed drill guides for accurate pedicle screw
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insertion into our clinical practice. As a result, the number
of patients included using this technique did not match the
number of surgically treated patients using intraoperative
2D fluoroscopy guidance. Future research should include
more patients operated on using the new patient-matching
planning technology to provide additional data regarding the
radiation dose delivered by the low-dose CT scan.

Conclusion

The estimated cumulative effective radiation exposure in the
clinical treatment of AIS patients, as calculated in this study,
was relatively low, given the ample number of radiological
examinations conducted and the cumulative radiation dose
reported elsewhere in the literature. However, any amount of
additional radiation exposed to as a result of medical imag-
ing represents potential harm, especially so in the adolescent
patient and should therefore be kept to a minimum. In surgi-
cally treated patients, the recently introduced combination of
preoperative low-dose CT scans and patient-specific intra-
operative drill guides for accurate pedicle screw insertion
increased the average cumulative effective radiation dose
compared to the use of intraoperative 2D fluoroscopy, which
was caused by the significantly higher radiation dose of the
preoperative low-dose CT scan.
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