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AbSTRAcT
Background: Intraoperative radiographic control (IRC) is an increasingly common practice, but it causes certain adverse events 
for healthcare providers. Objective: To measure the use of fluoroscopy in spinal surgery, recognize control measures, evaluate 
assimilation of protection elements by surgeons, and analyze adverse events for spinal surgeons. Materials and methods: A 
survey of 17 multiple-choice questions was e-mailed to spinal surgeons. Results: 55 surveys were answered. More than 60% of 
surgeons were spinal surgeons. The C-arm is the most widely used machine for final control by pulsating X-rays. Real-time controls 
are carried out in 31 % of cases. One-piece leaded aprons are the most commonly used method, but it is unknown when they 
should be replaced. Half of the respondents uses more than one protection element. There were 7 cases of vision changes [sic], 
5 of thyroid disorders, 3 of dermatitis, and 2 of infertility. Three surgeons required surgery for thyroid nodules, cataracts or neo-
plasm. conclusions: IRC is a common practice in spinal surgery. One-piece leaded aprons are the most commonly used method 
and they are often combined with other elements, but it is not known when aprons must be replaced. One in 3 surgeons suffered 
from the studied conditions, and there were 3 related surgeries. Lack of adequate protection and control is a reality for specialist 
surgeons, together with a lack of protocols, making this an unregulated issue.
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Exposición a los rayos X en cirugías de columna

RESuMEN
Introducción: El control radioscópico intraoperatorio es una práctica cada vez más frecuente, que no está libre de eventos adver-
sos para el personal de la salud. Objetivos: Conocer la tasa de uso de radioscopia en la cirugía vertebral, reconocer las medidas 
de control, evaluar la asimilación del cirujano a los elementos de protección y analizar los eventos adversos en estos profesiona-
les. Materiales y Métodos: Se envió, por correo electrónico, a cirujanos espinales, una encuesta de 17 preguntas de opciones 
múltiples. Resultados: Se recibieron 55 encuestas. El 87% se dedicaba a la columna, en más del 60% de sus prácticas. El arco 
en C es el método más utilizado para el control final, en forma pulsátil. Solo el 31% controla el tiempo real. El delantal plomado 
de una pieza es el método más utilizado, pero se desconoce cuándo se debe reemplazar. La mitad utiliza más de un elemento. 
Siete casos de trastornos visuales, 5 patologías tiroideas, 3 dermatitis y 2 casos de infertilidad. Tres cirujanos fueron operados 
por nódulos tiroideos, cataratas o neoplasia. conclusiones: El control radioscópico intraoperatorio es una práctica frecuente en la 
cirugía espinal. El delantal plomado de una pieza es el método más utilizado y, muchas veces, se lo combina, pero se desconoce 
cuándo se deben renovar los plomados. Uno de cada tres cirujanos presentaron las patologías evaluadas y 3, cirugías relaciona-
das. Así queda en evidencia la protección y el control escasos que existen en los cirujanos especialistas, acompañados de una 
falta de protocolización que deja a la deriva este control. 
Palabras clave: Cirugía espinal; radioscopia; evento adverso; complicaciones; protección. 
Nivel de Evidencia: IV
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IntroductIon
Fluoroscopy is widely used in surgery, especially in minimally invasive procedures where its key role is to help 

visualize anatomy. Radiation is known to have obscure and stochastic effects, with known health risks, such as 
an increased risk of cancer and cataracts.1 Mastrangelo et al. found that cancer incidence was five-fold higher in 
radiation-exposed health professionals compared to those unexposed.2 Thomas et al. reported cases of fluoroscopy-
induced chronic dermatitis both in patients and in health care providers.3

Moreover, many spine surgeons have likely exceeded their lifetime radiation dose limits. And as a result of be-
ing exposed by 10 years during their practice, this may be the case even for those surgeons whose annual radiation 
exposure levels comply with the standards of the National Council on Radiation Protection and Measurements.1 
According to a study, 80.4% of orthopedic surgeons use protection elements, and 42.2% acknowledges the use of 
thyroid shields. The annual maximum limit of dose for the body is 20 mSv and for the hands 500 mSv. However, 
the limit of doses for non-classified workers (e.g. orthopedic surgeons) is just 30% of those limits (i.e. a hand dose 
limit of 150 mSv). The radiation limit for the thyroid gland is 300 mSv.4 Mroz et al. studied radiation exposure 
in kyphoplasty and found that the operator’s hand exposure of a single procedure could reach 1.7 mGy and eye 
exposure could reach 0.3 mGy. This research team concluded that total exposure to hands and eyes could easily 
exceed occupational exposure limits if the operators use no protection.5 According to the American Thyroid As-
sociation, the thyroid gland is “among the most susceptible sites to radiation-induced cancer”.6 Many authors have 
emphasized the use of image-guided navigation for spine surgery as a way to decrease radiation exposure and 
operative time.7

We surveyed spinal surgeons to measure the use of fluoroscopy in spinal surgery, assess the use of protection ele-
ments, recognize control measures, evaluate assimilation of protection elements by surgeons, and analyze adverse 
events for spinal surgeons.

MaterIals and Methods
A survey of 17 multiple-choice questions was e-mailed to the members of the Argentine Society for the Study 

of Spine Pathology (SAPCV). Answers were anonymously sent to the leading study researcher and the data was 
entered into an Excel spread sheets.

Questions 1 through 5 collected demographics and career-related data (sex, age, education, seniority, and per-
centage of workload assigned to spine procedures). Questions 6 through 11 collected data on the use and method 
of fluoroscopy, and protection measures (method, reason for its use, frequency and ways of use, monitoring time, 
and percentage of use in minimally invasive surgery). Questions 12 through 15 collected data on protection meth-
ods (protection elements, ownership, and replacement). Questions 16 through 17 collected data on conditions 
sustained and surgeries required during the past 10 years.

results
We received 55 answered surveys, 96% of the responders were men (53/2), 78% were under 50 years old, 93% 

were orthopedic surgeons (51/4), 78% had less than a 30-year of seniority (Figure 1), and 87% dedicated more than 
60% of their practices to spine procedures (Figure 2).

The most commonly used IRC method was C-arm fluoroscopy (95%), followed by radiography (2%) (Figure 
3). The most common reason for control was final control (28%), followed by therapeutic procedures (23%) and 
level location (23%) (Figure 4).

Figure 5 shows the frequency of fluoroscopy use in spine procedures. The machine is used by pulsating X-rays 
by 98% of the respondents and only 31% carry out real-time controls.

Minimally invasive surgery constitutes less than 25% of the procedures performed by 85% of the respondents, 
25-50% for 11%, and 75% only for the remaining 4%.

The one-piece leaded aprons are the used method (39 cases), it was associated with thyroid protection in 23 cases 
and with standing beyond a 2-meter distance in 16 cases. Combined elements of protection were used in 22 [sic] 
cases and a total lack of protection measures was communicated in 2 cases (Figure 6). Only 3 surgeons own their 
leaded aprons and 10 own their leaded goggles. In the remaining cases, the protection elements are owned by the 
medical center, and 83% of the surgeons ignore when they should be replaced.

There were 7 cases of vision changes [sic], 5 of thyroid disorders, 3 of dermatitis, and 2 of infertility. It is uncer-
tain if these conditions were associated with the use of fluoroscopy. Three surgeons required surgery for thyroid 
nodules, cataracts or neoplasm.
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Figure 1. Respondents’ seniority.

Figurae2. Respondents’ percentage of workload assigned to spine procedures.
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Figure 3. Respondents’ imaging diagnosis method used in spine procedures.

Figure 4. Respondents’ reasons for using fluoroscopy in spine procedures.
CEMI: Cirugía espinal mínimamente invasiva.
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Figure 5. Respondents’ fluoroscopy frequency use in spine procedures

Figure 6. Respondents’ protection methods for fluoroscopy in spine procedures.
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dIscussIon
Excessive exposure to radiation is a universally known cause of morbidity. It is known that lumbar spine radi-

ography is the conventional radiographic examination associated with the highest radiation dose.8 To minimize 
all related risks and misgivings, it is essential to decrease the received doses as low as reasonably achievable 
(ALARA).8 However, this problem especially affects surgeons and operating room staff members, thus shown 
by a survey conducted in the US. The survey included 505 female orthopedic surgeons (AAOS fellows), their 
prevalence of cancer for all cancers (standardized prevalence ratio 1.85) and for breast cancer (standardized 
prevalence ratio 2.90) were statistically higher those of the general women population in the US.9 Spinal sur-
geons are even more affected by radiation exposure, according to a study that shows that there is increased 
exposure during the setup phase of the surgery, i. e., steps taken before the incision is made (positioning, initial 
localization, etc.).1 On average, the total procedure dose was 8.04 rad. The average for the radiation during the 
setup phase was 1.90 rad.

In our study, we assessed the use of radiation protection elements and the alternatives provided by spine spe-
cialist surgeons to decrease exposure. The specialized literature clearly defines the use of protection elements 
(goggles, leaded vest, thyroid collars, etc.), their durability, when to replace them, and how much absorbed radia-
tion is acceptable in a month and a year. 

Some studies have reported alternatives to decrease absorbed radiation. For example, adequate beam collimation 
has proven that the entire region irradiated outside of the area of diagnostic interest is 1.26 times larger than that 
of the area of diagnostic interest.8

It seems safe to assume that State-of-the-art equipment would entail less radiation than those emitted by old 
equipment. However, a German study compared two systems, Siremobil Iso-C 3D and Vision FD Vario 3D, and 
found numerically higher radiation exposures for the Vision FD Vario 3D compared to the Siremobil Iso-C 3D, 
this last one being older than the other one. Also, as it was expected, thyroid gland exposure is higher in cervical 
3D scans.10 This study also showed that the actual dose the surgeon receives is reduced 16 times by the leaded 
aprons.10

Chinese researchers attempted to reduce exposure risk by using computer-aided rapid prototyping. This meth-
od uses a computer surgery simulation with a design and planning scheme which displays the results of the 
procedure. By performing the digital surgery, it is possible to define the pedicular screw parameters (placement, 
diameter, and depth direction), avoid neurovascular organs, and ensure a correct placement for the designed 
screws.11

Zhang et al. conducted a comparative study to assess the surgical results between minimally invasive posterior 
decompression combined with percutaneous pedicle screws fixation and posterior open surgery for the treatment 
of thoracolumbar fractures. The study shows that the first procedure resulted in more radiation exposure and more 
operative time.12 Likewise, a transforaminal endoscopic lumbar discectomy is an ultrasound-assisted method that 
takes significantly less time than a fluoroscopy-assisted percutaneous lumbar discectomy. Therefore, differences 
of average fluoroscopy time may result in differences in average radiation dose .13 However, the limitations of the 
bone structure, the depth of the spinal structures, and the narrow visual field prevent the total replacement from 
fluoroscopy to ultrasound.13

There are approaches that could promote significant safety measures to reduce occupational radiation exposure, 
including pulsed low-dose diagnostic imaging, healthcare and patient education, technology to reduce radiation 
exposure, and the use of alternative computer-imaging modalities.1 Some of them, like the use a of C-arm fluo-
roscopy machine with an articulated L-arm, resulted in less radiation exposure than the conventional methods.14 
The goal is to develop better-standardized procedures, which will not entirely rely on intraoperative fluoroscopy 
navigation, better software for surgery panning15 and better computers for fully computer-guided procedures.16 

conclusIons
IRC is a common procedure in spinal surgery, 86% of respondents resort to at least once on a weekly basis.
The one-piece leaded aprons are the used method (39 cases), it was associated with thyroid protection (23 

cases) and with standing beyond a 2-meter distance (16 cases). Combined elements of protection were used 
in 22 [sic] cases and a total lack of protection measures was communicated in 2 cases. Most surgeons (86%) 
ignores when should their leaded clothing be replaced. There were 6 [sic] cases of vision changes, 5 of thyroid 
disorders, 3 of dermatitis, and 2 of infertility. Three surgeons required surgery for thyroid nodules, cataracts or 
neoplasm.
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Therefore, the lack of adequate protection and control is a reality for specialist surgeons, together with a lack of 
protocols, making this an unregulated issue. 
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