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Introduction 

Since the beginning of the 80's, bone defects following rad- 
ical tumour surgery have been bridged by osteosynthesis. 
There are various techniques and materials which may be 
applied (Austermann et al., 1977; Ewers and Joos, 1977; 
Reuther and Hausarnen, 1977; Schmelzle and Schwenzer, 
1977; Spiessl, 1978; Ka'rcher and Eskici, 1986). The titani- 
um-coated hollow screw reconstruction plate (THORP) 
system developed by Raveh et al. (1981, 1984) may be in- 
cluded in this series as a new method of reconstruction. 
However, some authors (Schmelzle and Schwenzer, 1982) 
consider subsequent tumour irradiation in the presence of 
metal implants to be problematic, especially in exposed 
areas, such as the mandible. Dose enhancement may arise 
as a result of backscatter at the interface with denser mate- 
rial. These areas of increased radiation exposure, known as 
hot spots, are considered clinically relevant when in tissue 
cross-section they exceed an area of approx. 2 cm 2 and at- 
tain dose values of more than 100% of the intended dosage 
of the target volume (ICRU-Report 29). For this reason 
Schwartz et al. (1979) favoured a reconstruction plate 
made of Dacron urethane. 
The interface problem between more and less radiodense 
materials has been known for a long time. Measurements for 
a depth dose curve at these interfaces of different materials 
have already been described (Hine, 1951; Dutreix et al., 
1962, 1964; Wambersie et al., 1965; Dutreix and Bernard, 
1966; Spiers, 1966; Wall and Burke, 1970; Manegold, 1970; 
Berger, 1971; Kulkarni et al., 1972;'Gibbs et al., 1976; Mur- 
tby and Lakshmann, 1976; Gagnon and Cundiff, 1980). In 
order to exclude errors in measurement, Rosendahl and 
Kirschner (1979) attempted to calculate the dose of energy 
absorbed using the Monte Carlo method. 
Does a danger of increase dosage (hot spots) exist when us- 
ing metal reconstruction plates during irradiation of head 
and neck tumours? Are there further differences related to 
the density of the material and which may, as a result, pos- 
sess other characteristics with respect to transmission and 
backscatter? Are there differences reflecting the type of ra- 
diation used? 
To answer these questions still open, it seemed prudent to 
perform the simulations on an irradiation phantom under 
reproductable conditions. 

Summary 

An irradiation phantom was used to measure dose in- 
creases using the backscatter of different materials (ti- 
tanium, steel, lead, aluminium). Telecobalt-60 and 
8-MV photons were used for the irradiation. The irradi- 
ation dose was measured by means of a defined X-ray 
film blackening. The most important parameter was to 
find out whether under simulated conditions, undesir- 
able hot spots occur. We were able to demonstrate that 
a 12.5 to 16% increase in the radiation dose can be ob- 
served for titanium and steel at a distance of 0.45 mm 
from the metal specimen. A comparison between tita- 
nium and steel did not demonstrate a relevant advan- 
tage for titanium. Therefore, adjuvant percutaneous ra- 
diation therapy should not have any influence on the 
life of the implant, if the soft tissue layer is of sufficient 
thickness. The available literature is reviewed and pre- 
sented in tables. 
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Material and Method 

The investigation was performed using 4 different metals, 
each subjected to telecobalt 60 irradiation (Philips cobalt 
device: 1.3 MeV photons) and 8-MV photon irradiation 
(Philips Linac SL 75/20). The field size was 20 x 20 cm 2, 
the focus surface distance 80 cm and 100 cm, respectively. 
1. Titanium (pure) 
2. Steel (DIN 4435) 
3. Lead (pure) 
4. Aluminium (pure) 
The metals were used in the form of 2 and 3 mm thick 
square plates with an edge length of 5 and 6 cm, respective- 
ly. To determine the influence of screw holes, customary 
stainless steel and titanium AO-reconstruction plates were 
examined as well. Edge effects were investigated using 
strips of steel and titanium, which differed from the recon- 
struction plates only in that they did not have any holes. 
In preliminary tests, the angle of the incident beams was 
varied in order to evaluate any possible effects resulting 
from a deviation from the perpendicular. 
The effects to be examined were limited to the immediate 
vicinity of the metal/tissue interface (under 2 mm). This 
complicated both the measurements made using ionization 
chambers and with thermoluminescence dosimeters (TLD) 
(Fr6filer et al., 1971) since the measured volumes in both 
methods do not correspond to the dimensions of the areas 
to be measured. Customary TLDs have a diameter of 
1 ram. If these have to be protected from moisture in simu- 
lations with a plastic coat, the diameter is increased up to 
1.8 ram. 
We thus selected an experimental arrangement of the fol- 
lowing construction (Fig. 1): water and polystyrene were 
chosen as a tissue substitute since muscle and other soft-tis- 
sues have the same physical density as these materials. The 
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Fig.1 Schematic cross section of the irradiation phantom. 
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Fig, 2 Baeksoatter: Relative dose enhancement (in percent) in front 
of the metal (cobalt-60 irradiation). 
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Fig.3 Backscatter: Relative dose enhancement (in percent) in front 
of the metal (8-MV photon irradiation). 

metal specimens lay in a water-bath on plastic foil 0.1 mm 
thick. Placed under the water-bath one on top of the other 
were 3 originally packed Kodak-X-Omat-V2 films on 1 cm 
(for cobalt irradiation) or 2 cm thick (for 8-MV photon ir- 
radiation) polystyrene plates. To determine the backscatter 
effect irradiation was conducted from below, to determine 
the absorption it was conducted from above. The distance 
in water was also 1 cm for cobalt irradiation and 2 cm for 
8-MV photon irradiation. The film packaging and the plas- 
tic foil at the bottom of the water-bath led to measuring 
points (middle of the film) of 0.45 mm, 1.15 ram, and 
1.85 mm either in front of or behind the metal test 
object. 
The dose in front of or behind the metal specimens was re- 
gistered by film blackening. As the metal specimens had 
enough space between them there were large enough areas 
of undisturbed film blackening which could be compared 
with the areas at the edges or the perforation or with the re- 
gions behind or in front of the metal surfaces. Quantity 
could be obtained when calculating the ratios of the relative 
dose values on the depth dose curves of the two irradiation 
devices which corresponded to the film blackening on films 
registered in a polystyrene phantom parallel to the beam di- 
rection and which had the same optical density as the 
points of interest of the experimental films. For all optical 
densities mean values of several points were taken which 
were measured on places where constant dose distribution 
could be assumed. 
The mean of several measured values taken independent of 
the metal test objects was used as a reference value. 

Neither the size nor perforation of the individual test ob- 
jects showed essential irregularities onbackscatter. The di- 
rection of transmission was seen to depend on the thick- 
ness of the material used. The metal/screw hole interface 
behaved like the interface at the edges. In the preliminary 
tests, when varying the angle of the incident beam (devia- 
tion from the perpendicular to an angle of 30 ° ) there 
proved to be no significantly measurable difference in dose 
increase in front of or dose decrease behind the metal spec- 
imen. 
The quantitative evaluation of backscatter when using 
plates 2 mm thick at a distance of 0.45 mm for cobalt-60 ir- 
radiation was 46 % of the applied dose for lead, 14.5 % for 
steel, 12.5 % for titanium, and 7% for aluminium. When us- 
ing 8-MV photons the following increased doses could be 
recorded: 58 % for lead, 16 % for steel, 12.5 % for titanium, 
and 8 % for aluminium. At a distance of 1.85 mm from the 
metal test objects the values dropped to 8 %, 2.5 %, 3 %, 
and 2.5% for cobalt-60 irradiation and to 31%, 5%, 4%, 
and 4.5% for 8-MV photon irradiation (Figs. 2 and 3, 
Tables 1 and 2 respectively). 
The dose values behind the metal plates (transmission) at a 
distance between 0.45 mm and 1.85 mm already approach- 
ed the values determined corresponding to the absorption 
of the material thickness asymptotically (Figs. 4 and 5). 

Discussion 

The influence of metal implants and metallic dental materi- 
als on dose distribution when applying radiotherapy has al- 
ready been investigated by a series of authors (Ritter and 
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Schlitz, 1967; Maerher et al., 1976; Scrimger, 1977; Rosen- 
dahl and Kirschner, 1979; Thambi et al., 1979; Sailer, 
1980; Tatcher et al., 1984; Hudson et al., 1984; Ebbers et 
al., 1985; Farman et al., 1985; Eichhorn et al., 1986; Mian 
et al., 1987). In these investigations backscatter caused an 
increase in dose of between 20 % and 80 % (Gibbs et al., 
1976; Sailer, 1980; Tatcher et al., 1984; Eichhorn et al., 
1986) for metals and types of radiation beams in common 
use. Examined especially were steel, titanium, amalgam, 
and gold (Table 3). Lead (periodic number: 82; density 
11.3 g/cm 3) as a radio-opaque medium and aluminium (pe- 
riodic number: 13; density 2.7 g,/cm 3) as a relatively radio- 
lucent medium were also investigated by several authors si- 
multaneously, with a view to comparing and delimiting the 
various metals. 
The apparently greater dose enhancement in front of the 
metal plates measured by Sailer (1980) and by Tatcher et al. 
(1984) compared to ours can be readily explained. If one 
considers the dose enhancement in the graphs at a distance 
of 0.45 mm in front of the plate, the results of the measure- 
ments correspond almost exactly. In this context, we must 
also assume in our investigations that the dose elevations 
immediately in front of the metal (<  0.45 ram) increase 
asymptotically. It proves all the more important in the com- 
parison of different investigations to note the measuring 
points in front of the metal bodies. Unfortunately, one of- 
ten finds only very indefinite data on the actual measuring 
points in front of the metal test objects (Table 3), thus re- 

ducing the significance of such investigations for the rea- 
sons mentioned above. 
The relatively smaller enhancement for titanium (7%) in 
front of the plate given by Fr6fller et al. (1975) and Maer- 
her et al. (1976) for Vitallium may be explained by the grea- 
ter volume of the TLDs. This means that "distant areas" in 
front of the plate are already taken into account and inte- 
grated. Nevertheless, we can support their opinion that ra- 
diotherapy is also possible in the case of titanium and Vital- 
lium implants. The calculations made by Rosendabl and 
Kirscbner (1979) and Mian et al. (1987) agree with our re- 
sults (Stoll et al., 1989) very closely, although it should be 
noted that on extrapolating our measurements at a distance 
of 0.03 mm in front of the metal test object, we would ob- 
serve a greater dose enhancement (>  16i2°/0). Mian et al. 
(1987) found corresponding results in their investigations 
between calculation and measurements. 
Under cobalt-60 irradiation, the comparison between tita- 
nium and stainless steel plates shows no decisive radiophy- 
sical advantage for titanium. As far as irradiation with 8-MV 
photons is concerned titanium (12.5 %) proved slightly bet- 
ter than steel (16%). With regard to the degree of relative 
dose enhancement the angle of the incident beam appears 
to be of relatively minor importance, as has already been 
described by other authors (Manegold, 1970; Rosendahl 
and Kirscbner, 1979; Sailer, 1980; Ebbers et al., 1985). 
However, it must be presumed that in the case of irradia- 
tion perpendicular to the metal test object, the phenomena 

Table  1 Backscatter: Relative dose enhancement (in percent) at 
3 defined measuring points in front of the metal under cobalt-60 
irradiation 

Metal Distance (mm) 
0,45 1,15 1,85 

lead 46 20 8 
steel 14,5 6 2,5 
titanium 12,5 5 3 
aluminium 7 2,5 2,5 

Table  2 Backscatter: Relative dose enhancement (in percent) at 
3 defined measuring points in front of the metal under 8-MV photon 
irradiation 

Metal Distance (mm) 
0.45 1.15 1.85 

lead 58 40 31 
steel 16 7.5 5 
titanium 12,5 5 4 
aluminium 8 5 4.5 
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Table 3 Dose enhancement as a result of backscatter using different metal implants. Survey of measurements. 

Author Year Type of Single =(S) Metal Relative Dose Distance Between Method of 
Irradiation Opposed =(O) Enhancement Measuring Point Measurement 

beam direction in Front of Metal and Metal (ram) 
(%) 

FrOlJler et al. 1975  cobalt-60 S titanium 7 "in front of the TLD 
titanium plate" 

Gibbs et al. 1976 6-MV photons S gold 75 "directly on the plate" ionization 
amalgam 55 chamber and film 

Q gold 30 
amalgam 20 

Maerker et al. 1976 cobalt-60 S vitallium 9 "directly in front of TLD and film 
the plate" 

Scrimger 1977 cobalt-6g titanium 10 "measured ionization 
lead 72 directly at chamber 

S tin 50 interface" 
brass 32 
steel 25 
titanium 12 

Rosendahland 1 9 7 9  cobalt-60 S titanium 16&2 0.03 calculation (Monte 
Kirschner Carlo method) 

Thambi et al, 1979  cobalt-60 S lead 80 "directly at lead TLD 
O 67 foil" 

Sailer 1980 8-MV photons S lead 73 "measured 
steel 30 directly at 
aluminium 13 interface" 

ionization 
chamber 

Hudson et al. 1984 8-MV photons S steel 20 "measured at film 
copper 40 interface" 

Tatcher et al, 1984  cobalt-60 S Vitallium 43 "measured film 
steel 33 at the metal 
titanium 26 plate" 

Farman et al. 1985 cobalt-60 S gold 21 "region of TLD 
amalgam 19 interproximal 
aluminium 11 gingivae at the 
steel 8 phantom" 

Eichhorn et al. 1 9 8 6  cobalt-60 S K0ntschernails; 18-35 "at metal implant" 
10-MV photons compression 45 

plate 

TLD and ionization 
chamber 

Mian et al, 1987 cobalt-60 S titanium 15 "measured 
6-MV photons 14 directly at 
25-MV photons 11 interface" 

ionization 
chamber and 
calculation (Monte 
Carlo method) 

Stoll et al. 1989  cobalt-60 S lead 46 0.45 
steel 14.5 
titanium 12.5 
aluminium 7 

8-MV photons lead 58 
steel 16 
titanium 12.5 
aluminium 8 

film 
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Fig.6 Backscatter and transmission using opposed beam direction 
at the mandible. 

of backscatter and decreased transmission at maximum in- 
tensity can be measured (Tatcher et al., 1984). 
This means for postoperative irradiation: significant dose 
enhancement due to backscatter can be observed in a range 
of  under I mm in front of  the implanted metal plate. In 
most  cases backscatter is compensated by employing the 
opposing field technique which reduces the dose behind 
the plate (Fig. 6). In this context Gibbs et al. (1976) were 
able to record the differences in dose enhancement in a 
comparison of  single field and opposing field irradiation. 
Investigations on gold showed a 75 % elevation in the single 
field, dropping to 30% at the same measuring point under 
opposing field irradiation. Care should be taken, however, 
in single field irradiation treatment where the implant is in 
the region of maximum dose, especially when this lies 
above the target volume dose and in fractionated schedules 
(Ellis et al., 1969, 1974) in which the biological effect of the 
dose is greater. 
Irradiation damage to the integument as a result of  an in- 
creased dose due to backscatter when inserting metal im- 
plants can only really occur in this small area. Therefore, if 
the soft-tissue layer is of sufficient thickness, adjuvant per- 
cutaneous radiation therapy should not  have any influence 
on the life of  the implant. 

Conclus ions  

An irradiation phantom was used to measure dose in- 
creases using the backscatter of  different materials (titani- 
um, steel, lead, aluminium). Telecobalt-60 and 8-MV pho- 
tons were used for the irradiation. The irradiation dose was 
measured by means of  a defined X-ray film blackening. 
The most  important parameter was to find out whether un- 
der simulated conditions, the undesirable hot  spots occur. 
We were able to demonstrate that a 12.5 to 16% increase 
in the radiation dose can be observed for titanium and steel 
at a distance of  0.45 mm from the metal specimen. A com- 
parison between titanium and steel did not  demonstrate a 
relevant advantage for titanium. Therefore adjuvant percu- 
taneous radiation therapy should not  have any influence on 
the life of  the implant, if the soft tissue layer is of sufficient 
thickness. 
The available literature is reviewed and presented in tables. 
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