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ABSTRACT

Obijective: To estimate the amount of radiation received and accumulated in the bodies of two surgeons, one being the responsible
surgeon and the other the assistant, performing spine surgery procedures over a period of 25 years. Methods: Seventy-two spinal surgeries
were performed during a seven-month period and the radiation loads were measured in both surgeons. The measurement of radiation was
captured in fluoroscopy in anteroposterior and lateral incidences. The surgeon and the assistant used two dosimeters, one in the cervical
region protecting the thyroid and the other on the lead apron in the genital region. The radioactive loads were measured in millisieverts
and the accumulated charges were recorded monthly in both regions of the body in the two surgeons for seven months and the means
for the work periods (1, 5, 10, 15, 20 and 25 years) were estimated. Results: It was observed that in the surgeon the average accumulated
radiation loads were 131.9% and 176.92% higher than those of the assistant in the cervical and genital regions, respectively. Conclusion:
While the use of X-rays is indispensable in routine orthopedic surgery, we have to consider the development of techniques of protection,
rigor and discipline in the use of safety materials for surgeons. Preventive exposure reduction measures such as using thyroid protection
equipment and turning the head away from the patient during fluoroscopy, among others, should be mandatory to promote less radiation
exposure. Level of evidence Il; Comparative prospective study.
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RESUMO

Objetivo: Estimar a quantidade de radiagéo recebida e acumulada no corpo de dois cirurgiées, durante periodo de 25 anos de trabalho,
sendo um o cirurgiao responsavel e outro, assistente, nos procedimentos de cirurgia da coluna vertebral. Métodos: Foram realizadas 72
cirurgias de coluna vertebral em um periodo de sete meses, e as cargas de radiagdo foram medidas nos dois cirurgides. A medicao da
radiacao foi captada em fluoroscdpio nas incidéncias anteroposterior e de perfil. O cirurgido e o auxiliar utilizaram dois dosimetros, sendo
um na regido cervical protegendo a tireoide e outro sobre o avental de chumbo, na regido genital. As cargas radioativas foram medidas
em milisievert e as cargas acumuladas foram registradas mensalmente em ambas as regiées do corpo nos dois cirurgides, durante sete
meses, foram estimadas as médias no periodo (1, 5, 10, 15, 20 e 25 anos) de trabalho. Resultados: Observou-se que no cirurgido as médias
das cargas de radiagdo acumulada foram 131,9% e 176,92% superiores as do assistente nas regioes cervical e genital, respectivamente.
Conclusao: Enquanto o uso dos raios X for indispensavel na rotina da cirurgia ortopédica, ha de se considerar o desenvolvimento de técnicas
de protecao, rigor e disciplina no uso materiais de seguranca para os cirurgides. Medidas preventivas de reducao da exposi¢édo, como uso
de equipamento para prote¢éo da tireoide e girar a cabega para se afastar do paciente durante a fluoroscopia, entre outras, devem ser
obrigatdrias para promover menor exposicao a radiacéo. Nivel de evidéncia Il; Estudo prospectivo comparativo.

Descritores: Cirurgides Ortopédicos, Coluna Vertebral; Exposicao a Radiagdo, Equipamentos de Protegdo Pessoal.

RESUMEN

Objetivo: Estimar la cantidad de radiacion recibida y acumulada en el cuerpo de dos cirujanos, durante 25 afios de trabajo, siendo uno
el cirujano responsable y el otro, asistente, en los procedimientos de cirugia de columna vertebral. Métodos: Se realizaron 72 cirugias de
columna vertebral en un periodo de siete meses, y las cargas de radiacion fueron medidas en los dos cirujanos. La medicion de la radiacion
fue captada en fluoroscopio en las incidencias anteroposterior y de perfil. El cirujano y el auxiliar usaron dos dosimetros, siendo uno en la region
cervical protegiendo la tiroides y otro sobre el delantal de plomo, en la regién genital. Las cargas radiactivas se midieron en milisievert, y las
cargas acumuladas se registraron mensualmente en ambas regiones del cuerpo, en los dos cirujanos, durante siete meses, y se estimaron
los promedios durante el periodo (1, 5, 10, 15, 20 y 25 anos) de trabajo. Resultados: Se observé que en el cirujano los promedios de las
cargas de radiacion acumulada fueron de 131,9% y 176,92% superiores a las del asistente en las regiones cervical y genital, respectivamente.
Conclusion: Mientras el uso de rayos X sea indispensable en la rutina de la cirugia ortopédica, hay que considerar el desarrollo de técnicas de
proteccién, rigor y disciplina en el uso de materiales de sequridad para los cirujanos. Las medidas preventivas de reduccion de la exposicion,
como uso de equipamiento para proteccion de la tiroides y girar la cabeza para alejarse del paciente durante la fluoroscopia, entre otras, deben
ser obligatorias para promover menor exposicion a la radiacion. Nivel de evidencia Il; Estudio prospectivo comparativo.

Descriptores: Cirujanos Ortopédicos; Columna Vertebral; Exposicion a la Radiacion; Equipos de Proteccién Personal.
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INTRODUCTION

Fluoroscopy is an X-ray imaging technique widely used in or-
thopedics to obtain real-time images of the skeletal structures
to confirm the reduction of fractures and guide the placement of
implants during surgical procedures.'? Intraoperative fluorosco-
pic images are extremely important in diagnosis and aid in the
treatment of orthopedic pathologies. Spine surgery in particular
is highly dependent on fluoroscopy for locating vertebral levels,
guiding pedicle screw placement and evaluating instrumentation
in reconstruction procedures.*®

The use of fluoroscopy in spine surgeries, in which higher doses
of radiation are used to achieve a suitable image compared to those
used in other parts of the body, has increased markedly in recent
years. One study® concluded that doses of radiation during spine
surgery procedures are ten to twelve times higher than during non-
-spinal procedures.

However, the exposure of patients, surgeons and nursing pro-
fessionals to radiation in the operating room in order to obtain intra-
operative images generates concern in the medical and scientific
community,*>1% since it is known that such radiation can be a
determinant in provoking hair loss, skin burns, nausea, cataracts,
and stochastic effects, i.e., carcinogenesis and teratogenesis.'! The
organs sensitive to radiation include gonads, bone marrow, breasts,
corneas, the gastrointestinal tract, lungs and thyroid glands,' and
therefore the concern of surgeons over the effects of exposure during
radiation, mainly on such sensitive organs.3%'316 There is no dose
of radiation, known to be safe but low doses of radiation during
fluoroscopy in surgeries can accumulate over the life of the surgeon
and warrant attention.'”1

The objective of this study is to estimate the quantity of radiation
received and accumulated in the body, in two surgeons, one the lead
surgeon and the other the assistant, over a period of 25 years of work.

METHODS

During the period between February and September 2018, 72
spine surgeries were performed at the Hospital Santa Teresa, Pe-
tropolis/RJ. The surgeries were performed over a period of seven
months, and the radiation loads were measured in the two surge-
ons, one being the surgeon and the other the assistant. The cri-
teria for inclusion in the sample were surgeries for fractures, disc
degeneration or herniation in patients above 18 years of age who
required fluoroscopy during the surgical procedure. The surgeons
who participated in the study signed the Informed Consent Form.
The exclusion criteria were patients with neoplasms, infections and
angular deformities.

The measurement of the radiation was captured by the ante-
roposterior and lateral fluoroscope. Each of the professionals, the
surgeon and the assistant, used two dosimeters (PRO RAD-Radio-
protection, approved by the CNEN/IRD under code 010.02 TL- Cer-
tificate 102/2010) affixed to the cervical and genital regions, on the
thyroid protector and lead apron, respectively, in order to measure
the radioactive load received in these regions during the surgical
procedures. The radioactive loads were measured in millisieverts
(mSv — unit of measurement of the impact of radiation on human
beings), and the accumulated loads were recorded monthly in the
region of the body, in both surgeons over a period of seven months
and estimated for the periods of 1, 5, 10, 15, 20, and 25 years of
work. The devices used the thermoluminescent dosimetry technique
and recorded the result of the measurement when the load was less
than 0.2 mSv. For the calculations, the measurement was considered
equal to the midpoint of this class, 0.1 mSy, as recommended by the
statistical analysis methodology. The surgical procedure time was
also measured and recorded for later calculation of the radioactive
exposure load per unit of time.

The data collected during the surgeries and the radioactive loads
measured by the dosimeters were loaded into a Microsoft Excel 2013
electronic spreadsheet, thus constituting the research database.
Excel was also used for graph construction, and the other statistical

analyses were conducted using the Statistical Package for the Social
Sciences (SPSS), version 22.0, with a focus on calculation of the
descriptive statistics (minimum, maximum, mean, median, standard
deviation, accumulated values and coefficient of variation (CV)). The
distribution variance of a variable was considered low if CV < 0.20,
moderate if 0.20 < CV < 0.40, and high if CV = 0.40. The relationship
between the accumulated load and the duration of the surgery was
analyzed calculating the accumulated load by unit of time.

RESULTS

Table 1 shows the main statistics of the surgeries performed by
the two surgeons in the seven months of observation, by month and
in total. From the CVs of the duration of the surgeries, all of them <
0.40, it was concluded that the duration of the surgeries in all months
and in total had high variability. In total, the surgeries performed by
the surgeons had durations ranging from 0.42 hours (25 minutes)
to 7.42 hours (seven hours and 42 minutes), with a mean of 3.76 =
2.03 hours of duration (3 hours and 46 minutes). The median was
3.86 hours (3 hours and 52 minutes). That is, it is estimated that
50% of the surgeries performed by the surgeons lasted less than
3.86 hours and 50% of the surgeries lasted more than 3.86 hours.
Therefore, at the end of seven months, the surgeons had dedicated
270.5 hours to these surgical procedures.

As shown in Table 1, the number of surgeries performed by the
surgeons ranged from five to fourteen surgeries per month, during
the period observed. Table 2 shows the main statistics about the
number of surgeries performed monthly by the surgeons. The mean
is 10.3 = 3.7 surgeries per month, resulting in a CV of 0.36, showing
that the monthly number of surgeries had moderate variance. The
median was 11 surgeries.

We were able to obtain predictions of the radiation accumulated
by the two surgeons during the seven-month period from the dosi-
meters placed in their cervical and genital regions and to produce
the statistics displayed in Table 3. The assistant’s radiation load in
the cervical region after one hour of surgery is 20.5% greater than the
radiation accumulated in the genital region. For the surgeon, the di-
fference between the radiation loads accumulated in the cervical and
genital regions is much smaller, on the order of 0.9%. Comparing the

Table 1. Key statistics from surgeries performed by the two surgeons in
the seven months of observation and in total.

Months
Statistics Total
1 2 3 4 5 6 7
Number of surgeries 7 15 | 12 8 14 | 11 5 72

Minimum duration (h) |1.17]10.90]0.58|0.60(0.42{0.83(1.33| 0.42
Maximum duration (h) |7.08|7.17|6.33(6.33(7.18|7.42|5.57| 7.42
Mean surgical duration (h)| 4.24 | 4.06 | 3.68 | 3.59|3.61(3.86|3.10| 3.76
+ surgical duration (h) [2.062.14(1.66|2.21|2.22|2.29|2.03| 2.03

Median surgical duration
(h)

CV of surgical duration

417(3.92|3.77|4.07|3.256|458(1.92| 3.86

0.49(0.63|0.45|0.61]0.63|0.59|0.65| 0.54
29.67|60.85[44.13(28.75(49.17|42.42|15.52(270.50

h (hour), CV (coefficient of variance).

Total surgical time (h)

Table 2. Key statistics of the number of surgeries performed by the
surgeons monthly.

Statistic Value
Total surgeries 72

Mean number of surgeries 10.3
Median number of surgeries 1M
+ the number of surgeries 3.7
CV of the number of surgeries 0.6

+ (standard deviation); CV (coefficient of variance).
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radiation loads of the assistant and the surgeon, the mean radiation
load accumulated in the cervical region of the surgeon is 131.9%
higher than the mean radiation load accumulated in the cervical
region of the assistant and the mean radiation load accumulated in
the genital region of the surgeon is 176.92% higher than the mean
radiation load accumulated in the genital region of the assistant.

The accumulated loads are small for a one-hour period but con-
sidering the fixed routine of the surgeons over the seven months of
the study, it is possible to predict the radiation load accumulated
over an estimated period (1, 5, 10, 15, 20, and 25 years of work).
The results of these forecasts are described in Table 4 and Figure 1.
In the graph, it is possible to see the differences in accumulated
radiation loads found in this study. The accumulated loads are much
higher for the surgeon, especially in the long term. The radiation
loads accumulated in the cervical and genital regions are practically
the same for the surgeon, while, for the assistant physician, the
radiation loads accumulated in the cervical region are slightly higher
than those accumulated in the genital region.

Table 3. Mean radiation loads accumulated in the routine of two surgeons
per hour of surgery and per 10 hours of surgery.

Accumulated radiation load (mSv)

Means Assistant Surgeon
Cervical Pelvic Cervical Pelvic
region region region region
1 hour of surgery 0.0047 0.0039 0.0109 0.0108
10 hours of surgery 0.047 0.039 0.109 0.108

mSv (millisievert).

Table 4. Radiation load accumulated in routine exposure of the two
surgeons, observed in seven months of work and forecast for the period
estimated (1, 5, 10, 15, 20 and 25 years of work).

|Accumu|ate radiological load (mSv)
. Number of{Total exposure Assistant Surgeon
Estimates . .
surgeries time (h) Cervical| Pelvic |Cervical| Pelvic
region | region | region | region
7 months 72 270.5 1.26 1.05 2.94 2.92
1 year 123 463.7 2.16 1.80 5.04 5.01
5 years 617 2319 10.80 9.00 2520 | 25.03
10 years 1234 4637 21.60 | 18.00 | 50.40 | 50.06
15 years 1851 6956 3240 | 27.00 | 75.60 | 75.09
20 years 2469 9274 4320 | 36.00 | 100.80 | 100.11
25 years 3086 11593 54.00 | 45.00 | 126.00 | 125.14
h (hour); mSv (millisievert).
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Figure 1. Predicted radiation load accumulated in the routine of two surgeons
by exposure time.
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DISCUSSION

Exposure to the radiation emitted during intraoperative fluorosco-
py is a concern for the medical and scientific community, especially
in spine surgeries in which relatively higher doses of radiation have
been used to achieve suitable images than in other parts of the body.
Considering the importance of evaluations and data related to this
subject, the objective of this study was to estimate the radiation load
accumulated by the surgeon in an estimated period (1, 5, 10, 15, 20
and 25 years of work), alerting spine surgeons to protect themselves
and, consequently, avoid diseases.

There is great concern about the radiation dose that surgeons
receive during their careers. Exposure to radiation in medicine is not
benign and the cost of obtaining images can be causing cancer in
between 0.6% and 3% of the population.?® A Scoliosis Research
Society report highlighted this fact, demonstrating the existence of
a surge in thyroid cancer among surgeons.?'

How much radiation is 1 mSv and what is the associated risk of
developing malignity? The International Commission on Radiological
Protection recommends that exposure to radiation be limited to 20 mSv
per year. On the other hand, there are no specific recommendations
for limiting radiation exposure for surgeons in the operating room.??

One study? using a dosimeter, reported that the main surgeon
received 4.2% of the radiation emitted while the assistant recei-
ved 1.3%. The present study also observed a higher radiation load
absorbed by the lead surgeon. Also in the study mentioned above,?
when the surgeons used protective equipment, such as lead apron,
goggles and thyroid protector, the dose of radiation emitted was
reduced from 94% to 98%. Some authors™* pay attention to the
cumulative impact on surgeons of a certain number of procedures
over time or during their careers.

In our study, considering the data observed during the seven-
-month period, the monthly and accumulated exposure times, it was
possible to predict the accumulated load (after 1, 5, 10, 15, 20, and
25 years of work). With the results, it was demonstrated that even
though the monthly loads were small, the radiation accumulated over
the long term reaches significant numbers. This study also showed
that accumulated loads were higher for the lead surgeon, both in
the cervical and genital regions. No difference was observed for the
lead surgeon between the accumulated loads in the two regions.
For the assistant surgeon, the loads were greater in the cervical
than in the genital region, but less than those of the lead surgeon.
Another study®® observed that the chest region was more exposed
to radiation when compared to the gonads. In our study, the mean
radiation load accumulated in the cervical region was 131.9% higher
in the lead surgeon than in the assistant. The mean radiation load
accumulated in the genital region of the surgeon was 176.9% higher
than in the genital region of the assistant.

A study®® demonstrated that in spine surgeries, the surgeon,
using fluoroscopy and working next to the X-ray tube in a lateral
position is exposed to six to twenty times more radiation (depending
on the location of the dosimeter) than the assistant. However, when
possible, surgeons should distance themselves from the patient
and the X-ray tube to minimize radiation exposure. Urakov?’ showed
that the current safe distance for unprotected parts of the body
seems to be 4.2 m in front of the tube and 2.4 m behind it. Contrary
to what was believed, at a distance of 1.8 m from the X-ray tube,
even though behind it, the amount of radiation present is still 3 to
4 times greater than imagined. Considering the annual dose limits
for specific organs suggested by the National Council on Radiation
Protection, intraoperative use of fluoroscopy should be limited to
1,839 to 8,078 minutes of exposure for the chest, 3,723 to 5,489
minutes for the gonads, 4,949 to 11,549 minutes for the eyes, and
6,406 to 19.194 minutes for the thyroid. In terms of the acceptable
radiation exposure for the hands, the data indicated that the limit
was approximately 1,325 minutes.?®

This study, following the routine of the surgeons over seven mon-
ths, shows significant estimates of radiation load accumulated by the
two surgeons and the estimates of the hours of exposure during a
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25-year career. The estimates are 695,580 minutes of exposure in an
average of 11 surgeries per month over 25 years of work. Therefore,
the surgeons would accumulate 27,825 minutes per year, which
according to the National Council on Radiation Protection, can be
critical for certain organs.

This study draws the attention of the community of spine surge-
ons and of the medical community in general to an important issue —
the radiation load accumulated in the body of the spine surgeon,
acquired by exposure to fluoroscopy X-rays in their daily routine at
the surgery center. The study showed that the accumulated loads
are small for the period of one month but based on the principle
that the radiation load received is cumulative and considering that
the routines of the surgeons observed in this study are consistent,
the proportional forecasts of long-term accumulated load (1, 5, 10,
15, 20 and 25 years of work) yields numbers that warrant attention.

The evaluations performed show a forecast of 126 mSv accumula-
ted from exposure of the cervical region and 125.14 mSv accumulated
from exposure of the genital region of the lead surgeon after 25 years
of work, and 54.00 mSv accumulated in the cervical region and 45.00
mSv accumulated in the genital region of the assistant surgeon after 25
years of work. It is worth mentioning that the results found are minimal
estimates, since they are based on the routine of surgeons in only one
institution and it is known that it is difficult for a surgeon to have their
routine concentrated in only one institution. Therefore, the real radio-
active loads could be up to three times the values found in this study.

This study has some limitations. The estimates were calculated
based on a fixed number of surgeries performed by the professio-
nals in their routine at only one surgical center where they operate.

For this reason, the statistics presented in this study may be un-
derestimated, since professionals typically work at more than one
institution. However, even if underestimated, the results presented
are meaningful estimates that give an idea of the significance of
the accumulated radiation. We believe that this number would be
enough to alert spine surgeons to protect themselves and thereby
prevent future health issues. Although the accumulated radiation
estimate has been analyzed in various spinal pathologies, we do
not believe it is a limitation of the study, as we try to be as faithful
as possible to the reality of everyday medical practice.

CONCLUSION

The exposure of surgeons to radiation in the operating room
calls attention to the important precaution of increased distance
from the source and protection during fluoroscopy. While the use
of this source of X-rays is indispensable to the orthopedic surgical
routine, it is necessary to consider the development of protection
techniques, rigor and discipline in the use of safety materials for
surgeons. Preventative measures to reduce exposure, such as the
use of thyroid protection equipment, turning the head away from the
patient during fluoroscopy use, among others, should be mandatory
to promote less exposure.

All authors declare no potential conflict of interest related to
this article.
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