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Dosimetry during intramedullary nailing of the tibia

Patient and occupational exposure
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Background Intramedullary nailing under fluoroscopic guid-
ance is a common operation. We studied the intraoperative radia-
tion dose received by both the patient and the personnel.

Patients and methods 25 intramedullary nailing procedures
of the tibia were studied. All patients suffered from tibial frac-
tures and were treated using the Grosse-Kempf intramedullary
nail, with free-hand technique for fixation of the distal screws,
under fluoroscopic guidance. The exposure, at selected positions,
was recorded using an ion chamber, while the dose area prod-
uct (DAP) was measured with a DAP meter, attached to the tube
head. Thermoluminescent dosimeters (TLDs) were used to derive
the occupational dose to the personnel, and also to monitor the
surface dose on the gonads of some of the patients.

Results The mean operation time was 101 (48-240) min, with
a mean fluoroscopic time of 72 seconds and a mean DAP value
of 75 c¢Gy-cm2. The surface dose to the gonads of the patients
was less than 8.8 mGy during any procedure, and thus cannot be
considered to be a contraindication for the use of this technique.
Occupational dose differed substantially between members of the
operating personnel, the maximum dose recorded being to the
operator of the fluoroscopic equipment (0.11 mSv).

Interpretation Our findings underscore the care required by
the primary operator not to exceed the dose constraint of 10 mSv
per year. The rest of the operating personnel, although they do not
receive very high doses, should focus on the dose optimization of
the technique.

During intramedullary nailing of long bones, intraoperative
fluoroscopic guidance is required for the reduction of the frac-
ture, the placement of the nail, and the fixation of distal screws.
The use of radiation, combined with the relatively young age
of the patients, highlights the need to measure the exposure
of the patient and personnel and to find ways of optimizing
the use of intraoperative fluoroscopy (Hofstetter et al. 1999,
Kahler 2001).

In the past, several authors have measured the patient dose
and the occupational dose during fluoroscopically guided
operations using slow dosimetric films (Fitousi et al. 20006).
Later, for the same measurement, thin-layer lithium fluoride
thermoluminescence dosimetry (TLD) chips were used (Miller
et al. 1983, Sanders et al. 1993), carrying the advantage of
higher precision and minimum interference, due to their small
sizes. In the last few years there has been increased interest
in estimation of patient radiation exposure by means of dose
area product (DAP). Due to its precision and independence
from the projection and the technique used, it is considered
the primary index to be used in order to establish diagnostic
reference levels (DRLs) for fluoroscopic procedures (Carwley
and Rogers 2000, Hart et al. 2004, Fitousi et al. 2006).

We measured radiation doses, both patient and occupational,
associated with intramedullary nailing procedures. During all
procedures, Grosse-Kempf intramedullary nailing was applied,
using the free-hand technique for the fixation of the distal
screws. The aim was to determine the dose to the employees
who participated in the operation, and to examine whether the
annual dose constraints (ICRP 2007) would be exceeded for
a typical workload. In addition, through dose mapping of the
operating room different positions of the personnel around the
operation table were examined in order to study the possibility
of minimizing the occupational dose. Regarding the safety of
patients, our main aim was to quantify the amount of energy
imparted to the gonads, since due to their positioning they
would be close to the primary X-ray beam.

Material and methods

The complete dosimetric study during intramedullary nail-
ing, which was performed in a university hospital, originally
included 27 patients. During 2 tibial nailing procedures severe
complications occurred, resulting in increased fluoroscopy
time. These patients were removed from the sample concern-
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ing patient dose, while their results were included in the occu-
pational dose study. Thus, the final sample for the DAP esti-
mation involved 25 patients, 10 of whom were also monitored
with TLDs for the estimation of entrance surface dose (ESD).

All procedures were carried out under the fluoroscopic
guidance of 2 C-arm devices of the same type (Philips BV
25 Libra/Gold). Both devices were under a complete quality-
control program for consistency of performance, according to
national and international protocols (Conference of Radiation
Control Program Directors (CRCPD) 2001).

Area exposure survey

In the first part of the study, and before in vivo measurements,
the operation room was mapped in terms of dose equivalent
per DAP. This would allow us to inform the medical staff par-
ticipating in the operation about the positions of lowest expo-
sure that they should ideally occupy. The patient set-up was
simulated using blocks of perspex of the appropriate geom-
etry and thickness (dimensions: 60 cm x 30 cm x 10 cm). The
exposure was recorded under operation set-up using an area
survey meter (Victoreen lon Chamber 451P), while irradiating
with typical fluoroscopic conditions for intramedullary nail-
ing. At the same time, the DAP was recorded for a fixed field
size at the phantom entrance plane.

For the purpose of area mapping, the room was divided into
rectangular areas of 0.5 m x 0.5 m, at the center of which
the dose was measured. The point of each measurement was
positioned 1 m above the floor, which is the mean height of the
position of the gonads—one of the most radiosensitive types
of organ, according to the International Commission of Radia-
tion Protection [ICRP 2007].

Occupational exposure

Following the ICRP recommendations, the occupational expo-
sure was measured to assure that the annual dose constraint of
10 mSv was not exceeded, under normal circumstances. For
this purpose, thermoluminescent dosimeters (TLD-100 LiF:
Mg, Ti, Harshaw-Bicron, OH, USA) were used (in sets of 3
chips) on the medical personnel, during all intramedullary
nailing procedures, without replacement or periodical readout.
This was unavoidable since the threshold dose of the TLDs, in
addition to the low doses imparted, does not allow their use
per single operation. One more set was used for estimation
of background radiation, and the net difference between the
mean value of the 3 chips of each set and the background dose
was considered to be the final measurement. For the physician
operating the C-arm fluoroscopic system during the surgery,
2 sets of TLDs were used and the effective dose was derived
according to the recommendations of the National Council on
Radiation Protection and Measurements (NCRP 1995). The
first set was placed at the neck above the lead apron and the
second one was placed at waist level below the apron. The
primary operator’s whole-body dose was calculated according
to the formula:

DoseEﬁ‘ective = O'S'DoseBelow apron + O'OZS'DOSEAbove apron (0

Although this methodology leads to an overestimation of
up to 100%, it can be considered representative of the amount
of energy imparted to the physician. Under normal circum-
stances, only the operator of the fluoroscopic equipment was
inside the room during the irradiation, and thus he was the
only member of staff wearing a protective apron on a regular
basis. For the rest of the personnel, only 1 TLD set was used,
which was placed at the neck, and so the whole-body dose was
calculated by a similar formula for single dosimeter measure-
ment (Padovani and Rodella 2001):

DoseEﬁ‘ective = 0'03.D0S8Above apron 2

Patient dose

Measurement of dose to the patient during intramedullary
nailing was an essential part of the study, in order to ensure
that it was within an acceptable range and for establishment
of local and national DRLs. During an intramedullary nail-
ing procedure, the exposure parameters vary widely and the
primary X-ray beam is directed at different areas and angles,
in order to image different regions of interest. The DAP
value was selected for measurement of the X-ray tube output
because of its precision and independence from the projection
and the technique used. A DAP meter (PTW Diamentor M-4)
was attached to the head of the tube throughout each proce-
dure, and at the end of each operation the total DAP value and
the total fluoroscopy time were recorded.

Apart from measurement of the tube output, which is indica-
tive of the total amount of radiation, it is important to estimate
the dose to critical organs, which could possibly receive an
elevated dose (as described by the ICRP (2007)). In the case
of intramedullary nailing in particular, the critical organs that
are closest to the primary X-ray beam are the gonads. This is
one of the most radiosensitive parts of the human body, which
means that the effective dose is substantially increased.

The patients who undergo this particular procedure are
mostly young. In order to estimate the dose to the gonads, ther-
moluminescent dosimeters (TLD-100 LiF:Mg) were placed at
this specific part of the patient’s body, during 10 procedures.
The TLD indications were obtained and then converted to
dose using the TLD calibration curve. Taking the background
dose value into account, which was subtracted from each TLD
measurement, the actual surface dose at the gonads of the
patient was determined.

Results and discussion

The total procedure time during the 25 tibial nailing proce-
dures was 101 (SD 54) min, and ranged from 48 to 240 min.
The corresponding fluoroscopy time was 71 (SD 40) seconds,
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Table 1. Fluoroscopy time reported in various studies

Mean (SD)
fluoroscopy  Experience of
time, min  primary surgeon
Muller et al. 1998 (T) 416
Madan and Blakeway 2002 (T) 0.56 Senior
1.28 Middle grade
Blattert et al. 2004 (T + F) 4.43 Senior
6.95 Junior
Hafez et al. 2005 (T + F) 2.58 (0.57)
Malek et al. 2007 (T) 2.1(1.3)
Tsalafoutas et al. 2008 (T) 5.7 (3.5)
Current study (T) 1.19 (0.67)

T: tibial; F: femoral.

ranging from 19 to 141 seconds. The fact that this time was
shorter than in previously published studies (Table 1) can be
attributed to different protocols being used in different hospi-
tal departments and perhaps also to the increased familiariza-
tion of the staff with this technique in our particular university
hospital.

The DAP measurements were correlated to the fluoroscopy
time of each operation and the results are shown graphically
in Figure 1; they show a linear dependency. The DAP value
was measured to be 75 (SD 50) cGy-cm?, ranging from 15.4
to 187.2 cGy-cmZ. If alocal DRL was to be set, based on these
measurements, this would correspond to the third quartile of
the DRL distribution, which in our case is 111 cGy-cmz. This
is lower than the third quartile of 447 cGy-cm? reported by
Carwley and Rogers (2000), although the latter value corre-
sponded to both tibial and femoral intramedullary nailing pro-
cedures and not only to the tibial procedures.
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Figure 1. Dose area product (DAP) as a function of the total fluoros-
copy time.

Area exposure survey
The results of an area survey can prove to be useful for the
operating personnel in order to select certain “low-dose” posi-
tions to stand during a procedure, thus minimizing the dose
received and contributing to optimization of protection against
radiation. For this reason, it was found useful to provide a
graphical representation of the dose inside the operating room,
using iso-dose curves and making use of 2 different projec-
tions (Figure 2).

From this figure, one can determine the dose rate at any
selected position during fluoroscopy, taking into account that
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Figure 2. Ground plan of the operation room, with the corresponding iso-dose curves (in uSv) at a height of 1 m, for the lateral view (left panel)
and posterior-anterior (PA) projection (right panel). The arrow and the cross show the tube direction and position, respectively.
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Table 2. TLD results and effective dose for the members of the oper-
ating team

TLD position Mean TLD dose Effective dose

(mGy) per operation (mSv)
Primary surgeon 1.18 0.035
Assistant surgeon 0.74 0.022
Nurse 0.00 0.000
Equipment operator
outside apron 1.02 0.105
inside apron 0.16

these curves indicate the dose with respect to the output of the
fluoroscopic unit (expressed in terms of DAP values). In real
clinical practice the dose to the personnel, as derived from the
iso-dose curves, is significantly overestimated since whenever
possible the personnel—with the exception of the operator of
the fluoroscopic equipment—move out of the operation room
during the irradiation and stand at the entrance to the operat-
ing theater, where the exposure rate was found not to exceed
0.7 uSv/h.

Occupational exposure

The TLD measurements were used to derive the effective dose
to the personnel, in order to know the level of risk and to esti-
mate the number of operations that can be performed annually
by the members of staff, without exceeding the proposed dose
constraint of 10 mSv.

From the results obtained (Table 2), although they represent
a high conservative estimate of the real effective dose, one can
conclude that the maximum dose is imparted to the operator
of the fluoroscopic equipment, as he/she is the only member
of staff who has to remain close to the fluoroscopy unit during
the entire irradiation time.

Although, as already mentioned, these results are substantial
overestimates, we suggest that the operator of the fluoroscopic
equipment should not perform more than 95 operations annu-
ally, in this position. The primary surgeon can perform 282
operations annually, while the corresponding number for the
assistant surgeon is 450. There is no need to set a limit for the
nursing personnel, since the corresponding dose is very low.

Patient dose

The measured surface dose to the gonads of the patients was
found to range between 1.4 and 8.8 mGy (mean surface dose:
4.1 (SD 2.5) mGy). The expected linear correlation between
the DAP value and the entrance surface dose to the gonads of
the patient is shown in Figure 3. It is important to emphasize
that this dose must not be confused with the maximum sur-
face dose, which is much higher in the case of interventional
procedures and can be recorded at the entrance point of the
primary radiation.

The risk of hereditary effects, associated with fluoroscopy,
can be estimated by multiplying the mean dose to the gonads
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Figure 3. Measured patient entrance surface dose versus DAP values.

by the hereditary effect risk factor of [0.2 x 10 mSv'],
as recommended by the ICRP [2007] for the population. If
instead of the mean dose, which requires phantom measure-
ments, the mean ESD from intramedullary nailing (4.1 mGy)
is used, then the overestimated risk of hereditary effects can be
calculated as follows:

4.1mSv x 0.2:105mSv"! = 0.82:105 = 1 in 122,000 A3)

Making an extreme overestimation and considering that this
mean surface dose is the actual dose imparted to the gonads,
the skin, the bladder, and the colon (effective dose ~ 1 mSv),
the calculated cancer risk resulting from the operation would
be less than 1 in 18,000.

It is important to note that even this overestimated result is
extremely low. Taking into account that the technique is well
justified and that its necessity is obvious, it can be concluded
that the patient dose cannot be considered to be a contraindica-
tion for the use of this particular technique.

In summary, we found that medical personnel may attend
a quite high number of these procedures annually without
exceeding the dose constraints. Although this number easily
covers the expected annual workload, it can be increased fur-
ther if all the advice on radiation protection provided by the
medical physicist concerning the use of protective aprons and
standing positions is followed. As far as the patient is con-
cerned, the dose to the gonads was found to be negligible.

GK: Literature review, implementation, manuscript preparation, editing. HD:
Study design, literature review, data analysis, manuscript preparation, edit-
ing. PM and EL: Implementation, manuscript preparation, editing. GP: Study
design, data analysis, manuscript preparation, editing.



572

Acta Orthopaedica 2009; 80 (5): 568-572

No competing interests declared.

Blattert T R, Fill U A, Kunz E, Panzer W, Weckbach A, Regulla D F. Skill
dependence of radiation exposure for the orthopaedic surgeon during inter-
locking nailing of long-bone shaft fractures: A clinical study. Arch Orthop
Trauma Surg 2004; 124 (10): 659-64.

Conference of Radiation Control Program Directors (CRCPD). Quality con-
trol recommendations for diagnostic radiography. Volume 3, radiographic
or fluoroscopic machines. CRCPD Publication 01-6, Frankfort, Kentucky,
2001.

Crawley M T, Rogers A T. Dose-area product measurements in a range of
common orthopaedic procedures and their possible use in establishing
local diagnostic reference levels. Br J Radiol 2000; 73: 740-4.

Fitousi N T, Efstathopoulos E P, Delis H B, Kottou S, Kelekis A D, Panay-
iotakis G S. Patient and staff dosimetry in vertebroplasty. Spine 2006; 31
(23): E884-E889.

Hafez M A, Smith R M, Matthews S J, Kalap G, Sherman K P. Radiation
exposure to the hands of orthopaedic surgeons: Are we underestimating the
risk? Arch Orthop Trauma Surg 2005; 125 (5): 330-5.

Hart D, Hillier M C, Wall B F. Doses to Patients from Medical X-ray Exami-
nations in the UK — 2000 Review, NRPB-W 14, 2004

Hofstetter R, Slomczykowski M, Sati M, Nolte L P. Fluoroscopy as an imag-
ing means for computer — assist surgical navigation. Comput Aided Surg
1999; 4: 65-76.

International Commission on Radiological Protection (ICRP), The 2007 Rec-
ommendations of the International Commission on Radiological Protec-
tion. ICRP Publication 103, Elsevier, 2007.

Kahler D. Virtual fluoroscopy: A tool for decreasing radiation exposure during
femoral intramedullary nailing. In: Medicine meets virtual reality, J (eds D
Westwood et al.) IOS Press 2001: 225-8

Madan S, Blakeway C. Radiation exposure to surgeon and patient in intra-
medullary nailing of the lower limb. Injury 2002; 33: 723-7.

Malek S, Davies E, Malek I A, Rawal A, Singh A, Harvey R A. Trauma sur-
gery and risk of radiation injury to patients. Eur J Orthop Surg Traumatol
2007; 17: 23-8.

Miller E M, Davis L M, Macclean C R, Davis J G, Smith B L and Humphries
J R. Radiation exposure and associated risks to operating-room personnel
during use fluoroscopic guidance for selected orthopaedic surgical proce-
dures. J Bone Joint Surg (Am) 1983; 65: 1-4.

Miiller L P, Suffner J, Wenda K, Mohr W, Rommens P M. Radiation exposure
to the hands and the thyroid of the surgeon during intramedullary nailing.
Injury 1998; 29: 461-8.

National Council on Radiation Protection and Measurements (NCRP). Use
of Personal Monitors to Estimate Effective Dose Equivalent and Effective
Dose to Workers for External Exposure to Low-LET Radiation. NCRP
Report No. 122, Bethesda, Maryland, 1995.

Padovani R, Rodella C A. Staff dosimetry in interventional cardiology. Radiat
Prot Dosimetry 2001; 94: 99-103.

Sanders R, Koval K, Dipascquale T, Schmeling G, Stenzer S, Ross E. Expo-
sure of the orthopaedic surgeon to radiation. J Bone Joint Surg (Am) 1993;
75:326-30.

Tsalafoutas I A, Tsapaki V, Kaliakmanis A, Pneumaticos S, Tsoronis F, Kou-
lentianos E D, Papachristou G. Estimation of radiation doses to patients
and surgeons from various fluoroscopically guided orthopaedic surgeries.
Radiat Prot Dosimetry 2008; 128 (1): 112-9.



