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ABSTRACT

Introduction: The aim of this study is to show referential values of the radiation doses absorbed by surgeons while per-
forming open reduction and internal fixation with volar locking plate in unstable fractures of the distal radius.

Materials and Methods: Between May and December 2015 we evaluated prospectively exposure to radiation in two
surgeons using dosimeters in thorax, neck and wrist in surgery of unstable fractures of the distal radius. We calculated
a relative index for each surgery so as to identify the differences between the exposed regions and establish referential
values for exposure monitoring.

Results: We evaluated operative results in 50 patients’ surgeries. The surgical procedure averaged 40 minutes (2.06 SD);
we find statistically significant differences between both surgeons (p=0.043). The average exposure time to the C-arm was
75 seconds and it differed significantly between the two surgeons (p=0.007) and between regions (p<0.05). There was less
radiation on the thorax (protected by the lead vest, 0.04 mSv) than there was in the other two (unprotected) regions. 0.017
mSv—wrist and 0.18 mSv— thyroid gland.

Conclusions: In open reduction and internal fixation of fractures in the distal radius, surgeons are exposed to direct ra-
diation during fluoroscopy, which varies as the exposed regions do and is not homogeneous between professionals. The
amount of radiation received by surgeons, when only fractures of the distal radius are considered, cannot be associated
with greater risk of cancer or the development of malignancy.
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EXPOSICION A LA RADIACION DE LOS CIRUJANOS EN LA FIJACION INTERNA DE FRACTURAS DE RADIO DISTAL

RESUMEN

Introduccién: El objetivo de este estudio es proveer valores de referencia de dosis de radiacién absorbida por el cirujano
en la reduccién abierta y fijacién interna con placa volar de fracturas inestables de radio distal.

Materiales y Métodos: Entre mayo y diciembre de 2015, se evalud prospectivamente la exposicion a la radiacién de dos
cirujanos, usando dosimetros en térax, cuello y muiieca en las cirugias de fracturas inestables de radio distal. Se construyé
un indice relativo para cada cirugia a fin de identificar las diferencias entre los sitios y establecer valores de referencia para
el monitoreo de la exposicion.
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Resultados: Se evaluaron los resultados en las cirugias de 50 pacientes. El procedimiento quirtdrgico promedié 40 minu-
tos (DE 2.06); se hallaron diferencias estadisticamente significativas entre los dos cirujanos (p = 0,043). El tiempo pro-
medio de exposicion del arco en C fue de 75 segundos y difirié significativamente entre los cirujanos (p = 0,007) y entre
los sitios (p <0,05). Hubo menos radiacion en el térax (protegido con chaleco de plomo, 0,04 mSv) que en los otros dos
sitios (no protegidos): mufieca 0,017 mSv y tiroides 0,18 mSv.

Conclusiones: En la reduccién abierta y fijacion interna de fracturas de radio distal, los cirujanos estdn expuestos a la
radiacion directa durante la fluoroscopia, la cual varia conforme el sitio de exposicién y no es homogénea entre los pro-
fesionales. La cantidad de radiacién recibida por los cirujanos, cuando se consideran aisladamente las fracturas de radio
distal, no puede asociarse a un mayor riesgo de cancer o desarrollo de malignidad.

Palabras clave: Radiacion; arco en C; fracturas de radio distal.
Nivel de Evidencia: 11

Introduction In spite of all the clear benefits associated with the
use of these devices, radiation exposure is still a prob-
Intra-operative C-arm fluoroscopy is essential to get lem. Mastrangelo et al. found fivefold cancer incidence
anatomic bone reduction, adequate stabilization and ap- in professionals exposed to radiation as compared to
proaches less invasive in fractures. The development of those who had been not.” The adverse effects of radia-
new technologies has allowed surgeons an important de- tion are well documented in the specialized literature
crease in the size of these devices, with easier use in op- and include greater risk of skin cancer, cataracts, thyroid
erating rooms. The C-arm allows the surgeon to reduce cancer and leukemia.*”
fractures and insert implants with no ample devitaliza- Although especially in Operating Rooms surgeons
tion of soft tissues, what results in a less invasive surgi- have gowns, gloves, protective spectacles and even lead
cal tendency.! thyroid collars, only 80.4% of orthopedic surgeons uses

A Figure 1. Dosimeters position in the surgeons.
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protection 75% of the times, and only 42.4% acknowl-
edges the use of the lead thyroid collar.®

The aims of these study are to show the referential
values of the doses of radiation absorbed by surgeons
while operating on unstable fractures in the distal radius
treated by open reduction and internal fixation with vo-
lar locking plates, and determine the exposure degree of
the surgeons’ hands, thorax and neck during such proce-
dures so as to determine the risk of developing cancer.

Materials and Methods

Between May and December 2015 we analyzed pro-
spectively radiation absorption in two surgeons who op-
erated on 50 patients >18 years of age, of both sexes, ad-
mitted in our institution due to distal radius fracture and
that were treated by open reduction and internal fixation
with volar locking plates. We excluded the patients with
fractures treated by other osteosynthesis methods or by
other surgeons. We used three dosimeters—one in the
surgeons’ thorax (covered by a lead vest); one on their
anterior region of the neck (external to the thyroid pro-
tector); and the last one in their right (dominant) wrist
(Figure 1).

For the procedure we always used the same hand op-
erating table and the C-arm reset, always respecting the

A Figure 2. Reduction maneuvers and hands exposure.
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same distance from the tube to the wrist (50 cm). We used
a SIEMENS Siremobil Compat L C-arm, whose charac-
teristics are the following: maximal power entrance of
1.4 kW, maximal tube current of 12.2 mA, free space of
78 cm, immersion depth of 73 cm, orbital movement of
130° and analogical navigation interface. For radiation
absorption we used three AGFA dosimeters, which are
film dosimeters used in radiographic films to capture the
absorbed radiation.

We used the Henry anterior approach for the open re-
duction of the fracture.” Once we got to the radial bone,
we carried out fracture reduction and osteosynthesis
with volar locking plate. We decided to evaluate the ab-
sorption of radiation in these types of fractures because
indirect reduction by traction is needed, thus exposing
hands to radiation (Figure 2). Fractures were sub-divid-
ed according to the AO classification.

As the dose received was analyzed accumulatively af-
ter n1=29 and n2= 21 surgeries for two surgeons (from
now on CA and FP respectively) we calculated a radi-
ation relative index (RI) per surgery so as to get indi-
vidual exposure levels and compare average exposure
between the analyzed regions represented by the three
dosimeters. The RI (individual for each surgeon during
each surgery in each region) is defined as the ratio be-
tween the received accumulative dose and the total of
distal radius surgeries carried out by each professional




calculated by means of the fluoroscopy amount of time
used in each surgery. RI can be calculated as follows:

where k represents the professional, k=1,2; d is the to-
tal dose or that detected by the dosimeter in each region
(vest, wrist and thyroid gland) which has been accumu-
lated in the I surgeries, i=1,...., I (I=29 or 21/ k=1 or k=2,
respectively), and t represents the fluoroscopy amount of
time used in each surgery by the k-th professional. These
individual figures are added so as to evaluate the total ra-
diation dose in every region of analysis.

We carried out an explorative analysis to describe the
study, and used hypothesis tests for differences in RIs av-
erages in both professionals together and, within each sur-
geon, to evaluate possible differences in the RIs averages
in each region of analysis (vest vs. wrist, wrist vs. thyroid
gland, etc.)

All the routines and analysis were carried out using the
Stata 14.0 program (Statacorp LP. College Station, TX,
USA. 2014).

Results

We analyzed the results of surgeries in 50 patients from
May to December 2015. Sixty four percent of them were
women who averaged 53 years of age (15.19 standard de-
viation [SD], ranging from 23 to 78). The total amount
of time for each surgery was 40 minutes (2.06 SD), with

Table. Values of absorbed doses and calculated indexes

Absorbed radiation
doses—Indexes

Average values

CA(k=1)

(standard deviation)
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significant differences between each surgeon (43 vs. 36
min, p=0.0436, respectively, for surgeons 1 and 2); reduc-
tion and osteosynthesis in fractures of the distal radius re-
quired 75-second radiation exposure (between 12 and 450
seconds); the current used by the C-arm was of 0.65 mA
(0.20 SD), varying as the duration of the surgery did; there
was no association with sex (p=0.2652), age (p=0.111) or
presence/absence of fracture in the ulnar styloid process
(p=0.7921).

According to the AO classification, 54% of the fractures
were type A; 14%, type B and, 32%, type C. The average
length of the incision was of 4.3 cm (0.82 SD), with a
minimum of 3 and a maximum of 6.5 cm.

The accumulated radiation doses (dosimeter) calculated
throughout the surgeries for both surgeons are shown in
the Table. Given the fact that for these absorbed doses it
was not possible to register isolated amounts (unique ac-
cumulated amount) and, therefore, to get some notion of
their accuracy, comparisons were made between the cal-
culated RIs, by means of their dosimeters for each region
of analysis. The average figures and their SDs, as well as
p-values for such comparisons, are shown in the Table.
We verified that, generally speaking, there are significant
differences between surgeons (p=0.007) and between re-
gions of analysis; for both, radiation in the thorax is less
than it is in the other two regions. In one of the surgeons
(FP), the RI for the thyroid gland was the highest one of
the three doses calculated (0.0071), with no significant
differences (p=0.545) with surgeon 1 (k=1). The distribu-
tion pattern of the calculated and relative dose, described
by the total RI, was different in each surgeon; the three
regions (vest, wrist, thyroid gland) got 8%, 50% and 42%
ink=1 (CA) and 15%, 31% and 54% in k=2 (FP).

Average values
(standard deviation)

Total RI 0.0125 (0.0130)* 0.0053 (0.0023)* 0.007

Vest RI (1) 0.00096 (0.0010) 0.00081 (0.0004) -

Wrist RI (2) 0.0063 (0.0065) 0.002 (1 vs. 2) 0.0016 (0.0007) <0.0010

Thyroid gland RI (3) 0.0053 (0.0055) 0.002 (1 vs. 3) 0.0029 (0.0012) 0.0004
0.544 (2 vs. 3) 0.0071

Accumulated doses: 0.25 0.13

-Vest 0.02 0.02

-Wrist 0.13 0.04

-Thyroid gland 0.11 0.07

RI = relative index.
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Discussion

Generally speaking, surgeons are exposed to radiation
both directly and dispersedly. The International Commis-
sion of Radiological Protection® has set out the rules for
protection against radiation, including the limitation of
doses. The maximum limit of admissible dose is 20 mSv
for the body and 500 mSv for the hands. However, the
limit of yearly doses for unclassified staff (e.g. orthope-
dic surgeons) is just 30% of those limits (i.e. 150 mSv for
the hands).’ The limit of radiation for the thyroid gland is
300 mSv.'° Although our study does not covers one year
but just 8 months, we can infer that the absorbed radia-
tion at our institution might not exceed the yearly limit
(0.18 mSv).

This can contribute with some notions of the possible
role that surgeons’ continuous exposure plays in rela-
tionship with the presence of some conditions associ-
ated with this factor. On the other hand, if the orthope-
dic practices used here are to be kept, the amounts of
absorbed doses that we found, which are far from the
permitted limits, would not justify the use of other types
of fluoroscopic instruments. In fact, we should acknowl-
edge that surgeons are not exposed to radiation only in
distal radius fractures; therefore, this RI should be added
to every procedure that surgeons are exposed to fluoros-
copy in.

The distribution of the secondary dose around the pa-
tient is not uniform and does not follow precisely the
reverted law as the case is when it comes to punctual
sources (disperse radiation), and the staff should use a
great number of dosimeters to register the dose absorbed
by different parts of the body such as eyes, forehead,
neck, thyroid gland, fingers and hands." The use of indi-
vidual dosimeters can lead researchers to underestimate
the effective dose. In this study, we tried to elucidate this
aspect, establishing three different regions for exposure
assessment.

A unique dosimeter under a protective gown for the
whole body is not enough to assess the dose of radiation
in other parts of the body; one dosimeter on the gown and
another one beneath it is a good practice for staff which is
highly exposed to radiation.

Both the inadequate or careless use of protection de-
vices and bad practices (for example, surgeons’ hands-
direct exposition to the X-ray beam) could cause high
radiation doses in unexpected regions and poor correla-
tion between dosimeter data.'>? We suggest that dosime-
ters should be kept beneath the lead gown (for the whole
body estimation), out of the platform at shoulder level, on
the thyroid gland protector and in the hand.'*" Modern
dosimeters such as thermoluminescent dosimeters can go
on the forehead, on the thyroid gland protector, in ring
shape. These ones should be used by the staff during pro-
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cedures to assess the exact radiation dose in such anatom-
ic regions.'*1¢ We use film dosimeters because they are
affordable, easy to use and resistant to daily use, sensitive
to light and humidity, and they allow researchers to keep
a permanent register of the accumulated dose, in general
in periods of one month.

Tuhoy et al. made research in four orthopedic surgeons
on the radiation received by their hands and whole body
throughout one year using fluoroscopy and dosimeters in
thorax, finger and beneath the lead gown. In 198 surgi-
cal procedures, they showed that the exposure time for
the hands was 133 seconds with 0.063-mSv radiation
per case. The average dose for the dosimeter beneath the
lead gown was 0.01 mSv throughout the year. The au-
thors conclude that the radiation that hand surgeons are
exposed to might reach the yearly limit (500 mSv in the
USA) after 7900 procedures carried out in one year.* In
our series, exposure time was significantly shorter (75 vs.
133 s.), probably due to the fact that fluoroscopy is given
by technicians specialized in radiology and not by the
surgeon.

However, this is just theoretical time, due to the likely
variations in the position of the hand (Figure 3) and the
distance between the hand and the collimator, not to men-
tion the quality of the bone. In another study, Singer et
al. showed that hand exposure during procedures guided
by fluoroscopy with the use of a dosimeter-ring implied
a fluoroscopy time of 51 seconds and 0.2-mSv exposure
per case.!”

On the other hand, Thompson et al. calculated a total of
0.01 mSv per surgeon.'® The comparison between these
studies shows how insignificant separate absorption is. In
our case, the dose for one surgeon was 0.26 mSv and for
the other one was 0.13 mSyv, although they are not direct-
ly comparable because they were registered in different
way, i.e. in this work they were calculated accumulative
and individually by means of the RI. This study showed
results that, at the level of the calculated RI of absorbed
dose, suggest significant differences in exposure in the
thyroid gland and the wrist as compared to the surgeon’s
thorax.

In our study, we verified that the dosimeter in the tho-
rax was the one receiving the lowest radiation, because it
was beneath the lead vest. The remaining dosimeters re-
ceived similar amounts of radiation, although the one in
the thyroid gland was in front of the thyroid lead protec-
tor, and the other one was right on the skin, thus assessing
the direct impact of radiation on the hand.

Indexes are variables that intend to assess or objectify
quantitatively individual (or collective) events, especial-
ly events that are difficult to measure, so as to back pre-
ventive actions or act modifying such responses. They
are necessary to objectify a given situation and, at the
same time, evaluate its temporal behavior comparing




them with other situations that use the same measure-
ment method.

Without them we would find it difficult to make com-
parisons.

The index that we calculated in this work provides us
with an indicator which, if used in the future by other
professionals at other institutions, in this sense might
help make comparisons, thus becoming an objective ele-
ment to monitor the doses absorbed by such surgeons in
their professional practice. It is calculated individually
for each surgery (what is not feasible with the dosimeter
per se) and it is relative to all the situations of exposure,
making out of this calculation a characteristic indepen-
dent of the total number of surgeries that the surgeon car-
ries out.
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Conclusions

This study showed that there are significant differences in
the amount of exposure to radiation between surgeons and
between the regions of the body assessed (thorax, thyroid
gland and wrist). The amount of radiation received by sur-
geons, when only fractures of the distal radius are conside-
red, cannot be associated with greater risk of cancer or the
development of malignancy, but it will be the result of the
addition of the radiation every surgeon has been exposed to
during all the procedures requiring fluoroscopy what will
determine whether or not every particular case runs the risk
of developing cancer. Therefore, it is essential that surgeons
acknowledge the importance of using all protective measu-
res available to decrease exposure to radiation.
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