
41© 2021 Journal of Musculoskeletal Surgery and Research | Published by Wolters Kluwer - Medknow

Original Article

Introduction
The incidence of scoliosis among adults is a source of debate 
with a wide range of 1.4%–32%.[1‑4] The most common 
scoliotic disorder, adolescent idiopathic scoliosis  (AIS), 
happens during adolescent years, with a prevalence of 
2%–3%.[1] AIS is described as a lateral curvature of the spine, 
which is accompanied by rotational malalignment.[1] The 
etiology is thought to be secondary to genetic factors, but 
the exact mechanism for an abnormal curve’s appearance is 
unknown.[1,5]

Along with the clinical assessment, X‑ray imaging is utilized 
to guide the management, either the surgical or nonsurgical 
treatment, and track abnormal curve angle progression.[6] The 
imaging procedures performed for spinal deformities such 
as scoliosis were reported to cause a potential risk of cancer 
resulting from cumulative radiation dose.[7‑9] Furthermore, the 
lifetime risk of breast cancer and inherited genetic mutations 

among scoliotic patients who underwent multiple spinal 
radiographs is estimated to be 2% and 3%, respectively.[7‑9]

Ionizing radiation is considered a carcinogen.[10] Exposure 
to ionizing radiation places individuals at high risk of 
complications, including thyroid cancer, leukemia, cataract, 
and skin erythema.[10]

Multiple studies revealed that whole‑spine radiography carries 
the highest radiation risk.[11,12] Based on the anatomic location 
of the spine, covering a large body area and its proximity to 
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radiosensitive organs, the radiation dose required is relatively 
high, which inherently increases the risk of malignancy.[13] The 
body tissues of the pediatric age group are known to have high 
radiosensitivity and more prone to damage by radiation due to 
their lifetime radiation exposure being relatively longer than 
adults.[14] Moreover, females tend to have a higher overall 
risk of cancer compared to males with the same whole‑spine 
radiography.[11‑13]

The aim of the study was to estimate the cumulative effective 
radiation doses from imaging in scoliotic patients at a tertiary 
care hospital. The cumulative radiation dose is defined as 
the total ionizing radiation from spine films received by the 
patient over a specific time period. The authors hypothesized 
that scoliotic patients are exposed to an above average dosage 
of radiation, with the average being 0.170–1.090 millisievert 
(mSv) from spine radiographs.[14] Furthermore, the study aimed 
to provide information for future practice guidance concerning 
spinal deformity and radiation exposure. Awareness of patients 
and families about cumulative radiation dose may relieve 
their worry regarding possible risks and involve them in their 
management plan.

Materials and Methods
The study design was a retrospective chart review study. Charts 
of scoliotic patients aged 12 years and older between 2008 
and 2017 were reviewed. The spinal imaging evaluation was 
commenced from the time of diagnosis, where the patients 
were initially seen in the orthopedic clinic. The follow‑up 
period of radiation exposure involved 2‑year period. Any 
patient diagnosed with degenerative scoliosis was excluded. 
Radiation dosages of other imaging procedures, such as 
computed tomography scan and intraoperative fluoroscopy, 
were not calculated. The X‑ray machine utilized for spine 
films in the study was a digital X‑ray with an auto‑image 
pasted technique that recruits multiple images via a detector 
spanning upper to lower spine segments. The estimation of 
cumulative radiation was measured according to the values of 
the average effective doses for each spine X‑ray film by mSv 
observed in the literature [Table 1].[15,16] The average dose was 
calculated using midpoint values from the literature where the 
digits rounded to one decimal place after an integer number. 
The effective dose is a valuable measure useful to calculate 
the amount of whole radiation absorbed by each organ in the 
body.[17,18] The categorical parameters such as gender, scoliosis 
subtypes, anatomic location of spine deformity, and type of 
deformity treatment were gathered. The collected numerical 
parameters also involve age, body mass index, Cobb angle, 
number of spine radiographs, and effective radiation dose from 
radiological procedures. The sample size was calculated by 
Rasoft, Inc. with a 5% margin of error and a 95% confidence 
interval based on Dr. Alshami’s study (prevalence of spinal 
disorders is 28.1%).[19] The estimated sample size is 295. 
The data were compiled on a Microsoft Excel sheet and then 
uploaded into SAS software (SAS Institute Inc., NC, USA). 
Descriptive analysis was carried out by calculating the 

frequencies and percentages for categorical variables, means, 
and medians for continuous variables. A  general linear 
model  (GLM) or analysis of variance was used to assess 
between‑ and within‑group significances and post hoc analysis 
was done to make group comparison for the mean radiation 
dose, and P < 0.05 was assumed as statistically significant with 
95% confidence level. All the statistical analyses were done 
using SAS software (SAS Institute Inc., NC, USA).

Results
Of 219  patients, the total sample size in this study was 
140 patients with complete follow‑up and no missed data. The 
mean age was 19.3 years. Females formed most of the sample, 
counting for 98 patients (70%), and AIS was the main subtype 

Table 1: The X‑rays films’ values based on the average 
radiation doses reported in the literature

X‑rays films Average effective radiation dose (mSv)
Cervical spine X‑ray 0.2
Thoracic spine X‑ray 1
Lumbar spine X‑ray 1.5
Complete spine X‑ray 2.7

Table 2: Descriptive statistics of background clinical 
variables

Cohort (n=140)

Variables Mean SD Minimum Maximum
Age 19.34 10.43 12 80
Body mass index 20.78 5.7 8.54 44.32
Initial scoliosis curve 
Cobb angle

51.37 20.07 12 115

Total spine radiographs 5.23 3.0 1 20
Total cumulative effective 
dose mSv (mean)

22.13 12.71 3.4 64.4

SD: Standard deviation

Table 3: Frequency and percentages of background 
clinical variables

Variables Frequency (%) Total number
Gender

Males 42 (30.000 140
Females 98 (70.00)

Scoliosis subtypes
Idiopathic 116 (82.86) 140
Nonidiopathic 24 (17.14)

Anatomic location
Thoracolumbar 100 (71.43) 140
Lumbar 15 (10.71)
Thoracic 25 (17.86)

Initial management
Nonsurgical 35 (25) 140
Surgical 105 (75.00)



Radiation exposure among scoliotic patients

Journal of Musculoskeletal Surgery and Research  ¦  Volume 5  ¦  Issue 1  ¦  January-March 2021 43

with 116 patients (82.6%). The mean initial Cobb angle at the 
time of diagnosis was 51.3°, and the average number of total spine 
X‑ray films was found to be 5.2. The average cumulative effective 
radiation dose was estimated at 22.13 mSv [Tables 2 and 3]. 
Moreover, the mean number of spine X‑ray films among a 
nonsurgical group found to be 3.79, whereas the surgical group 
had a mean of spine X‑ray films estimated as 5.64 [Table 4]. 
Four cases were diagnosed with spondylolisthesis and 
underwent surgical intervention. Moreover, 91 patients (65%) 
with AIS underwent corrective surgery. Among the tested 
independent variables, the type of initial management (whether 
surgical or nonsurgical) was found to have a significant linear 
effect (P < 0.0001) on the cumulative effective radiation dose 
mean through the GLM univariate procedure [Table 5].

Discussion
Spinal radiography in scoliosis patients is important in diagnosis 
and management. In fact, the definition of scoliosis needs to 
meet the radiographic measurements on a radiograph. The 
curvature in the coronal plane of at least 10° (Cobb angle) with 
a rotation of the involved vertebrae. X‑ray imaging remains 
an essential part of diagnosing a spine deformity despite 
the presence of advanced new techniques. The significance 
of the radiation dose imparted by spine radiographs is still 
underestimated among the physicians in current practice in 
terms of the benefit and risk the patients are gaining over their 
follow‑up period. To perform appropriate risk‑benefit analyses 
of current imaging practices, it is imperative that the amount of 
radiation received by radiographs be accurately quantified. Our 

study’s cumulative mean effective radiation dose was 22.13 
mSv that is 9 folds higher than the mean effective cumulative 
dose from background radiation, which is originated from 
environmental sources and estimated as ~2.4 mSv/year.[20] The 
same finding is supported by another study from Xie En where 
the scoliosis ionizing radiation from computed tomography scan 
over 11 years was three times greater than annual background 
radiation.[21] Another study from Law et  al. investigated 
the cumulative effective dose of annual spine radiography 
among scoliotic patients aged 5 years up to 30 years that was 
reported as 15 mSv.[14] It is noted that in reported studies, a 
standardized method is lacking in terms of inclusion criteria. 
The ionizing radiation that is found significantly high in our 
study could be referred to a high mean of Cobb angle at the 
diagnosis (51.37°) and significant complexity during clinical 
evaluation time. The significant finding of linear regression 
for initial management effect on cumulative effective dose can 
be explained to the majority of gathered samples undergoing 
surgical management, which requires close postoperative 
follow‑up with further radiological examinations. One of the 
best strategies to minimize radiation exposure is to apply the 
as low as reasonably achievable principle, which is particularly 
important among pediatric age groups as their body organs 
are more prone to carcinogenesis and their risk to radiation 
exposure is longer during their early lifetime.[22] Improvement 
in nonionizing radiation‑based imaging techniques such 
as magnetic resonance imaging widely replaces ionizing 
radiation for assessment of bony anatomy and may lead to the 
complete dependence for diagnostic purposes.[23] Furthermore, 
modern X‑ray machines such as the EOS™ X‑ray machine 
provide marked advancement in imaging systems by allowing 
anterior‑posterior and lateral views of the whole body to be 
captured simultaneously in an upright position and construct 
a three‑dimensional model using slot‑scanning systems that 
offer very minimal radiation exposure. It also provides a 
high‑quality image performed by single exposure that takes 
20 s with less examination time in contrast to a conventional 
X‑ray machine that requires multi‑exposure and more radiation 
risk. The created image has a scale ratio of 1:1 with physical 
reality and true to object equality.[23,24] Another way to reduce 
the radiation burden found in the literature is by changing the 
image orientation shown in the posterior‑anterior view, which 
is found to carry much less radiation in comparison to the 

Table 4: Descriptive statistics of surgical and nonsurgical groups

Initial management Frequency Variables Mean SD Minimum Maximum
Nonsurgical 35 Age 23.35 16.25 12 80

Body mass index 21.08 6.27 9.85 39.82
Initial Cobb angle 43.032 22.43 12.00 96.1
Spine radiographs 3.79 2.95 1 14

Surgical 105 Age 18.076 7.3898 12 56
Body mass index 20.75 5.52 8.54 44.32
Initial Cobb angle 54.07 18.67 16.40 115.0
Spine radiographs 5.64 2.85 1 20

SD: Standard deviation

Table 5: General linear model univariate procedure 
results for dependent variable  (effective radiation dose 
mean) by different independent variables

Source Type III SS* Mean square F P
Age 122.309608 122.309608 0.96 0.3303
Gender 0.014828 0.014828 0.00 0.9914
Body mass index 64.470360 64.470360 0.50 0.4792
Initial management 3550.964022 1775.482011 13.88 <0.0001
Scoliosis type 116.856647 116.856647 0.91 0.3412
*Type III sums of squares (orthogonal) shown in the table. Type 
I (sequential) and Type II (hierarchical) showed similar significant results
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anterior‑posterior view for spine‑related imaging.[25,26] Lack 
of actual values of radiation dose from this X‑ray machines 
to reflect the standard programmed amount of various spine 
X‑ray radiations is considered a potential weakness in the 
study due to its retrospective design and the inability of 
the machine to obtain real‑time dose estimation as it is 
traditionally manufactured providing only real‑time dose not 
being retrieved. However, it is worth to note that relying on the 
average radiation doses from literature allowed to represent a 
distinct finding of significant radiation exposure in this study. 
Future studies are encouraged to explore the safety of more 
advanced radiation machines.

Conclusions
Cumulative effective radiation dose in the study is markedly 
elevated in comparison to the reported numbers in the 
literature, which requires implementing methods to reduce 
their frequency. We believe that a high dose of radiation in 
this study is due to cases’ complexity from a high value of the 
Cobb angle, which necessitates repetitive radiation exposures 
during the follow‑up period.

Recommendation
Further studies with several hospitals and a wider number 
of scoliotic patients under numerous geographic regions are 
needed to perform the cost analysis evaluating the financial 
consumption of such frequent spine X‑ray radiation among 
scoliotic patients.
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