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Abstract. The National Radiological Protection Board (NRPB) has recommended the

introduction of dose±width product (DWP) for the measurement of patient dose in panoramic

dental radiology and has proposed a reference level of 65 mGy mm for adult exposures. This

paper describes a method for measuring DWP and dose±area product (DAP) using

thermoluminescent dosemeters (TLDs). The technique was used on 16 sets with a range of

exposure settings. The mean value of DWP was 14% higher than the mean value reported from a

survey by the NRPB. This difference is most likely to be caused by systematic variations due to

measurement method. The average DAP for a standard adult examination was shown to

be 11.3 cGy cm2. Data are presented so that the DAP can be derived from the exposure factors

(tube current and operating potential) and beam area. Based on published data for effective

dose, it is estimated that the DAP to effective dose conversion factor is approximately 0.06

mSv(Gy cm2)21. The average DAP value (11.3 cGy cm2) can be compared with the average value

for intraoral radiography (9.3 cGy cm2) based on the NRPB survey of entrance surface doses

assuming 6 cm circular collimation.

In medical radiology it is generally accepted

that patient dose audit is an important quality

control tool. Measured parameters are normally

either entrance surface dose (ESD) or dose±area

product (DAP). However, assessment of patient

dose in panoramic radiography is more dif®cult

because of the narrowness of the X-ray beam and

the dynamic nature of the imaging technique. As

part of the National Radiological Protection

Board's (NRPB) Dental X-ray Protection

Services, Napier [1] reported dose±width product

(DWP) for 387 panoramic dental X-ray sets. The

method used ®lm to assess dose and to measure

beam width. Based on Napier's results, the NRPB

recommended adoption of a reference DWP of

65 mGy mm for the standard adult panoramic

radiograph [2].
When a panoramic set is installed, radiological

parameters (tube potential and tube current) are

adjusted so that the density on the resultant ®lm is

optimized. This adjustment is dependent on the

sensitivity or speed of the ®lm±screen combina-

tion, and the effect of such adjustment will be

re¯ected in changes in DWP. This parameter is

therefore a useful quality control tool but is not

directly related to patient risk. A more useful

parameter is DAP. Since DAP is the product of

DWP and slit length, it seems worth exploring

this parameter as a means of assessing the relative

risks from different X-ray sets.

In medical radiology, DAP can be converted to
effective dose E using Monte-Carlo-generated
conversion factors [3] for speci®c radiological
projections. DAP can also be used in dental
radiology for the assessment of E without the
need for extensive phantom studies.

The purpose of this study was: to develop a
method for measuring DWP and DAP using
thermoluminescent dosemeters (TLDs) and dental
®lm; to assess these parameters for a number of
dental panoramic X-ray sets; and to consider how
DAP can be converted to E for this type of
examination.

Methods

Measurement of dose at the secondary colli-
mator on several panoramic dental X-ray units
was made using LiF TLDs (TLD-700, Harshaw-
Bicron, Solon, USA) mounted in a Perspex jig
(Figure 1). The TLDs were 0.85 mm thick,
4.5 mm diameter chips. TLDs were placed in a
Perspex tube at the centre of the jig so that a
column of 22 TLDs was perpendicular to the
secondary collimator. The jig was positioned
parallel to the secondary collimator using two
central cut-outs in the jig for correct alignment. At
either end of the jig there was a gap for insertion
of intraoral ®lms. Solder markers were placed
above these gaps so that they would appear on the
resultant ®lms. These markers were 120 mm
apart, allowing the degree of overlap or underlap
to be measured, thus giving the true slit length.
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Before each measurement, test rotations were
made to ensure that there was suf®cient space
between the jig and the head-rest whilst the
secondary collimator was rotated. Exposures were
made at settings for a medium adult and, where
possible, for other patient sizes. Measurements
were repeated on a few sets to test the reprodu-
cibility of the results.

Calibration of the TLDs was undertaken at
80 kVp to a dose of approximately 10 mGy
against a Keithley 35050A dosemeter, with the
ionization chamber readings corrected for tem-
perature and pressure. The TLDs were irradiated
in the jig with the beam perpendicular to the axis
of the TLD column to provide the same beam
angle to the TLD disc as in the study. Readings of
irradiated TLDs were undertaken on a Rialto
reader supplied by Qados (Sandhurst, UK), with
readings of calibration and background TLDs
taken at the same time. The average of the
readings from the background TLDs was sub-
tracted before dose calculation.

The dose pro®le (Figure 2) was scaled to the
width of the TLDs. Maximum dose Dmax,

integrated dose Dint and full-width at half
maximum (FWHM) values were calculated.
DWP (in mGy mm) was equivalent to
Dmax6FWHM. Dint was multiplied by the slit
length L to obtain DAP (in cGy cm2).

Results

Measurements were made on 16 panoramic
dental X-ray units, listed in Table 1, using an
average-sized adult setting. The results of these
measurements are shown in Table 1. On each
unit, exposure factors could be varied for patient
size. On 12 sets, an additional measurement was
made at a second tube potential (kVp) or mAs,
corresponding to ®ve paediatric, ®ve large adult
and two small adult programmes. On one set, an
alternative programme (Code D in Table 1) for a
standard adult, which used a reduced scan time
and angle of rotation, was included in the study.
The main factors that in¯uence dose are the mAs,
tube potential (kVp), FWHM and slit length L.
Figure 3 shows the variation of DAP with these
exposure factors (mAs6FWHM6L6kVp2) for
the full series of 29 measurements. As expected,
there was a good linear relationship between DAP
and these four factors, allowing approximate
calculation of DAP from a measurement of
X-ray slit length and beam width. Scatter of the
points about the line of best ®t may be due to
variation in tube potential and mAs calibration,
the distance of the secondary collimator and
output variation.

Table 2 details the results of various parameters
for the 17 exposures for an average adult. The
average DAP is 11.3 cGy cm2, with a range of
4.7±15.3 cGy cm2. Figure 4 shows the range of
DWPs for the standard adult exposure for the 16
sets surveyed in this study. The average value was
65.2 mGy mm, with a third quartile value equal
to 75.8 mGy mm.

For non-standard settings the tube potential is
generally altered, and for paediatric settings the

Figure 1. Design of the jig used to obtain the dose
pro®le across the receiving slit of a panoramic X-ray
set. Positioning of the jig in front of the receiving slit
is facilitated by the triangular windows in the jig,
which are centred over the slit. Beam length is meas-
ured from the developed ®lms using the image of the
solder markers. The inner markers are separated by a
distance of 12 cm and the outer markers by 15 cm.
The jig is mounted with the diagonal solder markers
pointing upwards, as shown, to indicate the orienta-
tion of the developed ®lms. TLD, thermoluminescent
dosemeter.

Figure 2. Example of a dose pro®le for Unit F (see
Table 1 for details). ÐÐ, dose pro®le; ? ? ?, product
of maximum dose and full-width at half maximum
(Dmax6FWHM); ± ±, integrated dose Dint.
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exposure time is reduced. The average DAP
reduction with the paediatric programme was
22%. For the large and small adult settings the
changes in DAP were an increase of 11% and a
decrease of 7%, respectively.

Measurements were repeated three times on
three X-ray sets to test the reproducibility. The
results agreed within 10%.

Uncertainties in the calculation of DAP arise
from TLD calibration and slit length measure-
ment. The standard deviation of a single TLD
reading was 4%. For a typical beam pro®le it can
be shown that the standard error in Dint is
approximately 5% at the 95% con®dence level.

Discussion

Average and third quartile DWP values
(65.2 mGy mm and 75.8 mGy mm, respectively)
were found to be 14% higher than those reported
by Napier [1] (57.4 mGy mm and 66.7 mGy mm,
respectively). The principal determinant of dose is
®lm±screen speed. All the sets in this study used

rare earth intensifying screens. Film speed is also

related to processing conditions and the increased

doses in this study could be due to suboptimal

conditions. However, it seems more likely that the

cause is a systematic difference due to measure-

ment method.
The NRPB method of DWP measurement uses

a ®lm to measure absorbed dose and slit width [1].

In both techniques the dose is de®ned as the peak

dose. However, there is a systematic error in

measurement owing to the detector size. In this

study, this is the TLD width, and in the ®lm

method it is the diameter of the densitometer light

source. Measurement of slit width on the ®lms

was made directly from the ®lm by eye and this is

unlikely to correspond exactly to the FWHM

measurement involved in this study.
A more meaningful dosimetric parameter is

Dint, which would correspond to the DWP of a

square pro®le with the same dose maximum. The

average value of Dint was 87.7 mGy mm, 35%

greater than DWP. The difference is due to the

shape of the pro®le edges and to the signi®cant

contribution to dose from the pro®le tail (Figure 2).

This indicates that DAP should be calculated as

Figure 3. Variation of dose±area product (DAP) with
exposure factors (mA, time, full-width at half maxi-
mum (FWHM), slit length (L) and tube potential
kVp).

Table 2. Results of measurements for average adult
exposure settings

Parameter Mean Third quartile Max./Min.

FWHM (mm) 3.0 3.3 3.14
Dmax (mGy) 22.1 26.7 3.00
DWP (mGy mm) 65.2 75.8 3.35
Dint (mGy mm) 87.7 100.8 3.14
Slit length (mm) 128 137 1.36
DAP (cGy cm2) 11.3 13.9 3.26

FWHM, full-width at half maximum; Dmax, maximum dose;
DWP, dose±width product; Dint, integrated dose; DAP, dose±
area product.

Table 1. Different models of panoramic X-ray units tested at standard adult settings

Code Manufacturer Model kV mA Time (s) DAP
(cGy cm2)

A Siemens OPG 10 73 5 15 4.9
B Siemens OPG 10 73 5 15 4.7
F Siemens OPG 10 64 16 15 8.9
K Siemens OPG 10 62 16 15 14.4
C Siemens Orthophos C 60 14 14.1 9.8
H Siemens Orthophos C 69 15 11.4 11.6
D Siemens Orthoceph 10s 73 15 11.8 8.9
G Siemens Orthoceph 10s 73 15 15 10.8
E Siemens Orthophos 10s 69 15 15 10.4
I Siemens Orthophos 10s 64 16 11.7 11.4
N Siemens Orthophos 10s 66 16 14 13.9
J Siemens Orthophos 3 74 10 11.3 10.6
L Siemens OPG 5 71 15 16 12.7
O Siemens OPG 5 71 15 16 14.9
Q Siemens OPG 5 70 15 16 15.1
P Soredex Cranex 3 71 10 20 15.3
M Soredex Cranex 3 71 10 19 13.5
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the product of Dint and L. It has been shown that

DAP is linearly related to the product of mA,

kVp2 and beam area, as would be predicted. The

data given in Figure 3 may therefore be used to

predict DAP from these settings.
Effective dose E is the accepted quantity to be

used for the assessment of carcinogenic and

heritable risk to the irradiated person. Values of

E for panoramic dental radiology have been

published by White [4], who analysed measured

data from ®ve authors for a total of 11 X-ray sets.

White calculated E to be 6.7 mSv (range

3.0±15.6 mSv). The wide range of values is

principally due to variations in the estimates of

thyroid dose (34±300 mGy), which contributed an

average of 57% to E in that series.
It is useful to be able to estimate E from DAP

measurements. DAP to E conversion factors have

been published by Hart et al [3] for some common

radiological projections based on Monte Carlo

calculations. This data source does not include

any dental radiological projections. If the average

DAP value from this work (11.3 cGy cm2) is

taken with the average E from White [4]

(6.7 mSv), it can be estimated that the conversion

factor is approximately 0.06 mSv (Gy cm2)21.
The range in E reported by White [4] is due to

differences in the imaging equipment surveyed

and in the methods of organ (particularly thyroid)

dose estimation. Although mathematically E is

precisely de®ned, the relationship between E and

risk is based on highly uncertain weighting

factors. This leads to a particular caution when

using effective dose to compare risks for different

examinations, particularly when different regions

of the body are irradiated. Uncertainties in the

estimation of risk are greatest in those regions,

such as the head, where the equivalent doses to

the organs with the highest weighting factors are

negligible. Under these circumstances the some-

what arbitrary nature for treating remainder

organ doses has a signi®cant in¯uence on the

calculation. To illustrate this, an analysis can be

made of the conversion factors for radiological

projections in the head (anteroposterior, postero-

anterior and lateral projections) using data

provided by Hart et al [5] and the programme

XDOSE (Le Heron, National Radiation

Laboratory, New Zealand). It can be shown

that the dose to the brain (the remainder organ

that receives the highest organ dose and that is

therefore assigned a weighting factor 0.025)

contributes just under 50% of the effective dose.

It may also be noted that the de®nition of

effective dose excludes the equivalent dose to

the salivary glands [6], which receive a relatively

high dose in dental radiology. This is despite

evidence of radiation-induced cancer in the

salivary glands [4].
Although effective dose has inherent limitations

in predicting risk, particularly in the head, it can

be used with greater con®dence to assess relative

risk when the same region of the body is

irradiated using different radiological techniques.

In general, DAP to E conversion factors are

comparable for different techniques within a given

region of the body. For example, the conversion

factors at 70 kVp and 2.5 mm Al ®ltration are

0.029, 0.022 and 0.027 cGy cm2 for anteroposter-

ior, posteroanterior and lateral views of the head,

respectively [3]. It is therefore of interest to

compare DAP for panoramic and dental intraoral

radiography. From a survey of 6344 intraoral

sets, Napier [1] reported that the average entrance

sufrace dose for an examination of the adult

mandibular molar was 3.3 mGy, which was

reduced to 1.8 mGy for the subset of 839 sets

operating between 60 kVp and 70 kVp and using

E-speed ®lm. For a standard 6 cm diameter

collimator, these doses are equivalent to DAP

values of 9.3 cGy cm2 and 5.1 cGy cm2, respec-

tively. A further reduction of over 50% may be

achieved using rectangular collimation, which

changes the beam area from approximately

38 cm2 to 16 cm2 (4.5 cm63.5 cm). These

values may be compared with the DAP reported

here for a panoramic examination (11.3 cGy cm2).

It can be seen that the DAP from a panoramic

radiograph is approximately equivalent to that

from two intraoral ®lms using E-speed ®lm and

circular collimation, which implies a comparable

risk. This conclusion may be compared with the

effective dose data from White [4]. In his analysis

based on seven published dose studies, the

effective dose for a full mouth examination

comprising 20 ®lms is 84 mSv, or 8.4 mSv for

two bitewings ®lms. This is comparable with the

average effective dose from a panoramic examin-

ation (6.7 mSv).

Figure 4. Variation of dose±width product for stand-
ard adult exposures. ÐÐ, proposed National
Radiological Protection Board reference level; ± ±,
third quartile value of the results from this study.
Letter codes refer to Table 1, which shows the equip-
ment and settings used.
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Conclusion

DAP can be readily determined for panoramic
radiology. Data have been presented so that the
DAP can be predicted from known exposure
factors and beam area. Effective dose can then be
determined using appropriate conversion factors
so that the dose from panoramic radiography can
be compared with other radiographic exposures.

Acknowledgment

The authors would like to thank Millie Catling
for her assistance with the TLD measurements.

References

1. Napier ID. Reference doses for dental radiography.
Br Dent J 1999;186:392±6.

2. National Radiological Protection Board. Guidelines
on patient dose to promote the optimisation of
protection for diagnostic medical exposures.
Documents of the NRPB 1999;4(1).

3. Hart D, Jones DG, Wall BF. Estimation of effective
dose in diagnostic radiology from entrance-surface
dose and dose±area product measurements, NRPB-
R262. Chilton: National Radiological Protection
Board, 1994.

4. White SC. Assessment of radiation risk from dental
radiology. Dentomaxillofac Radiol 1992;21:118±26.

5. Hart D, Jones DG, Wall BF. Normalised organ
doses for medical X-ray examinations calculated
using Monte Carlo techniques, NRPB-SR262.
Chilton: National Radiological Protection Board,
1994.

6. International Commission on Radiological
Protection. 1990 Recommendations of the ICRP,
ICRP Publication 60. Annals of the ICRP. Oxford:
Pergamon Press, 1991.

J R Williams and A Montgomery

1006 The British Journal of Radiology, September 2000


