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Abstract

Dosimetric analysis measurements of the Dose-area-product (DAP) of 7 individuals were estimated for the
deglutition dynamic using the videofluoroscopic method. The aim of this study is to establish in a preliminary
way, typical DAP values, for this kind of study. The DAP values were obtained attaching to the X ray tube exit,
an ionization chamber from PTW and a Diamentor M4 meter. The typical DAP values obtained during the
videofluoroscopic evaluation of the deglutition dynamic including its three phases was 4101 +/- 881 cGy.cm2

and the typical DAP rate was 577 +/- 94 cGy.cm2/min. These values refer to a standard patient (1.57 cm height,
56 kg. weight) and a protocol that can be performed in about 7 minutes. The values, defined herein as typical
refer to the used protocol. To our knowledge, the mean DAP rate is a good parameter to estimate radiation
exposure from videofluoroscopic study of swallowing process.

1. Introduction

The efficiency and the quality of a semiotic method is represented by its ability of solving
questions and indicating solutions. Videofluoroscopy has been accepted as the "gold standard"
for the evaluation of the oral and pharigeal phases of the swallowing process. Its efficiency is
unquestionable for the study of the esophageal phase, as well.

To study swallowing in its three phases, including the esophageal one in the disphagia
protocol evaluation, in spite of increasing the examination time, is indeed an important
decision. Not seldom, oro-pharingeal disphagias are associated with some morfological or
functional involvement of the esophagus. Besides this, low tract disphagias of esophageal
origin are commonly refered to, by the patient, as high disphagia due to upper transmission.
These facts are more than adequate justifiactions to the inclusion of the esophageal evaluation
in the protocol for disphagia studies, by the videofluoroscopic method.

However, in radiological examinations, exposure time to radiation must be taken into account
in the cost-benefit analysis. Therefore it is important to evaluate the radiation doses to which
the patients will be exposed when evaluated by a protocol that includes swallowing in its three
phases. On the other hand, medical procedures are the most important causes of human
exposure to artificial radiation sources.

The Committee of Radiological Protection from the Pan American Health Organization [1],
points out that a radiological examination, clinically justified, generally causes a benefit to the
patient and compensates the associated radiation exposure risk. The fact of recognizing the
possibility of harmful effects, is the resposible for safety in radiodiagnostic methods
nowadays.

Radiation interacts with the body determining the energy absorption by mass unit in a given
tissue or organ, characterizing the absorbed dose. The dose received in a given kind of
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examination is distributed in a variable mode in the body being maximun at the skin surface.
Dose in tissues greatly depend on the radiographic technique. The unit of absorbed dose is the
Gray (J/kg).

Costa et al [2,3,4] have evaluated patient doses using TLD's the videofluoroscopic method
and compared the results with the deglutogram which uses radiograpic film, and concluded
positively, with respect to the videofluoroscopy.

The low radiation in videofluroscopy was shown more evident when compared to classical
radioscopy, the method where the images in the fluorescent screen were directly observed in
dark room. It was observed [2] that the method that uses fluoroscopy with image intensifier
causes an exposure around 13 times lower than the classical radioscopy.

The overall radiation emitted during an examination can be measured with a "dose x area
meter", an equipment that registers in cGy.cm2 the radiation quantity that may reach the
patient during an examination. The DAP (Dose Area Product) is a dosimetric quantity
specifically related to patient exposure. It reflects the greater or smaller exposure determined
by the procedure. Therefore, not only the radiation dose but also the field size in cm2, are
important in the evaluation of radiation exposure produced by a given examination.

The most appropriate parameter to evaluate patient exposure in fluoroscopic examinations is
the DAP, that registers the absorbed dose in the air multiplied by the total irradiated area
during the examination. The DAP, generally expressed in cGy.cm , must not be mistaken with
the concept of radiation dose per area expressed in cGy/cm2, that is the dose per unit area
where each cm2 receives the dose. The DAP does not measure the dose in a particular body
region, the expressed value is proportional to the total energy imparted to the patient during
the whole procedure.

In this regard, we have tried to adopt, for patient radiological protection the reference doses,
and standardize the radiation that is needed to correctly perform a given type of examination
[5,6].

Dosimetric data depend on the kind of radiological equipment, the degree of patient
cooperation, the radiologist ability and the exposure time. Preliminary results [3,10], coincide
with data from the European Comunity are of the order of 1100 cGy.cm2 for an
esophagography, of 4000 cGy.cm for barium meal and 6000 cGy.cm2 for barium enema. In
these examinations, radiographies represent 20-50 % of DAP [7,8].

In a dynamic examination, different regions with distinct densities are exposed to radiation.
Therefore, different DAP are to be expected. Different registred DAP are summed up by the
DAP meter allowing the quantification of the total overall radiation produced during a
videofluoroscopic examination. This characteristic of summing up in the examination time the
DAP variations, makes the videofluoroscopic method an excelent standard to study
deglutition dynamic. For these reasons, the present study can offer in preliminary values of
typical DAP which could represent this type of examination.

2. Materials and methods

The videofluoroscopic examinations were performed using an X ray equipment from Medicor
model UV 56M, type FR2 with undercouch tube model D19-12/50-150. The tv system is
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Vidiomed 2, with image intensifier type RBV 23/13. It uses a Vidicon tube with 525 lines, 60
Hz, interlacing 2:1. The images were registered in the VHS format with a video/monitor
Samsung high speed mechanism model-CXE 1331. The DAP values were obtained attaching
to the X ray tube exit a Diamentor model M4 from PTW.

Radiation exposure of 7 persons were analyzed during the videofluorsocopic examination,
two men and 5 women, with ages between 21 and 72. The individuals were evaluated for the
three phases of swallowing (oral, pharingeal and esophageal). One woman, a volunteer, had
no complain and the remaining 6, refered to disphagia related to Parkinson disease.

The oral, pharingeal and esophageal phases were examined with a previously defined protocol
[9] which includes observation during deep nasal inspiration and expiration and deglutition of
saliva, water and contrasted home made test bolus (moisturized and homogenized bread with
powder barium sulfate in soft consistency) from 0.5 to 2,5 cm diameter as well as barium
sulfate solution.

The radiation doses to which the patients were exposed were calculated using the relation :
(DAP = DAPm x 0,97 x 1,14) where DAP represents the actual value, DAPm is the measured
value without correction. Correction factors are 0,97 determined by the manufacturer for
undercouch tubes and 1,14 is the ionization chamber calibration factor.

3. Results and discussion

To our knowledge, there is no similar protocol for the evaluation of either DAP of
swallowing, radiographic nor videofluoroscopic methods. For this reason, results obtained
here can serve as a reference and a basis for future evaluations. It is necessary to take into
account, the kind of protocol employed in the evaluation of swallowing when comparing
DAP. Does the protocol include the three phases of swallowing? What kind of equipment is
used for registering the events?

Protocols that do not include the three phases of swallowing can present lower values of DAP,
limiting information that could be obtained in exchange of a shorter examination time.
Observation with fluoroscopy first and then registration in a radiographic film causes a loss of
dynamic information and the use of a higher dose rate to sensitize the radiographic film that,
depending on the used protocol, can cause in a higher DAP.

Aiming the reduction of this possible discrepancy we have considered DAP rate
(cGy.cm2/min). Therefore, the exclusion of one examination phase would generate reduced
DAP but similar values of DAP rate.

An analysis of table 1 allows the evaluation of sample quality, radiological technique, time
variations necessary for fulfilling the proposed protocol and data registred by the Diamentor
for each one of the individuals in cGy.cm2. This table also shows the DAP rate in
cGy.cm2/min. Table 1 shows also the normalized values obtained by the product of
examination time multiplied by the mean DAP rate. Results show new values for DAP
comparable to the measured in each examination.This table, points out to the fact that, in the
evaluation of swallowing which occurs in head, neck and mediastinum regions, where the
contrasted esophagus is visualized in its cranio-caudal transit, the mean DAP does not change
much with individual physical completion. Its variation depends on a larger scale on the
changes of employed technique. Therefore, even a small sample was representative of
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exposure to radiation in this protocol that can be verifyed by the small variance of the results.
Consequently, a larger sample, that could present a greater dispersion depending on physical
completion is out of procedure control. Dose control can and must be performed according to
the protocol and in the proposed time.

Table 1. Data

CMF
SIF
MLO
JM
AFS
PFM
C
CDP
St.dev

Hight
(cm)

1.48
1.65
1.49
1.60
1.60
1.65

1.55

Weight
(kg)

42
60
59
63
60
54

52

mA
(aver.)

1.0
1.6
1.0
1.2
1.6
1.1

1.1

kV

65
70
64
65
70
65

60

Total
time
(min)
7.1
7.5
7.7
6.7
7.8
5.9

6.8

DAPm

(cGy.cm2)

3061
4777
4107
4125
4257
2694

2941

DAP
(cGy.cm2)

3385
5282
4541
4561
4707
2979

3252
881.5

DAP rate
(cGy.cm2/min)

477
704
590
680
603
505

478

DAP rate
normalized

(cGy.cm2/min)
4096
4327
4442
3865
4500
3404

3923
387

In table 2, the descriptive statistics is discussed and allows the evaluation of the influence of
the different variables in DAP values. Age, sex and physical complexion, represented by
height and weight are determining factors in density variations and consequently in final DAP.
These parameters, inherent to the patient, do not change, nevertheless its observation will help
the interpretation of the DAP found for each individual. The location of a determined DAP in
one or other end of the gaussian distribution can point out towards a better or worse
performance of the applied methodology or radiological equipment. When patient who were
expected to be located in the lower part of the curve appear in the upper part, it can be an
indicative of careless examination, lack of examinator expertise or deficient equipment.
Another important factor to be considered is collimation. As the measurement is done after the
collimator, to colimate a field, whenever possible, reduces exposure area and consequently the
DAP.

The DAP obtained in our study can be related to other studies of dose-area of digestive system
[7,8]. Our results are distributed in the lower dose level obtained up to date in radiological
procedures of this system. The examination time is the parameter that can be easily
manipulated to reduce DAP together with an optimized technique. For this reason, we define
exposure by an examination per unit time (minutes). This exposure was obtained for each
examination dividing total DAP by the time required for that specific examination.
Examination time is clearly dependent on the protocol and depends on the examinator's
expertise and the degree of difficulty presented to perform the examination. However, it is
here that the efforts to reduce DAP must be directed. This reduction can be achieved
improving the examinator's performance, specially through the elaboration of protocols which
clearly define the sequence of events to be observed. However, to reduce DAP, the
examination quality can not be degraded.

The DAP rates served as a basis to obtain a mean value of what exposure during the
evaluation of swallowing. We believe that it is the best parameter to represent exposure. This
resource allows the reduction of several variables interfeering in the generarion of DAPs. If
we compare standard deviation which covers 68% of mean dispersion, we can see that it from
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about 21% of total exposure to around 16% in exposure per minute, showing less disperssion
in the average when considering exposure/minute.

Table 2. Descriptive Statistics

Average

Standard
error
Standard
deviation

Minimum
Maximum
Sum

Counts

Age
(y)

53,5
7

7,79

20,6
1

21
72

375

7

High
t

(m)
1,57

0,03

0,07

1,48
1,65
11,0

1
7

Weigh
t

(kg)
55,71

2,7

7,13

42
63

390

7

KV

65,5
7

1,32

3,51

60
70

459

7

mA

1,23

0,1

0,26

1

1,6
8,6

7

Total
time
(min)
7,07

0,25

0,67

5,9
7,8

49,5

7

DAPm

(cGy.cm2)

3709

301

797

2694
4777

25962

7

DAP
(cGy.cm2)

4101

333

881

2979
5282

28709

7

DAP rate
(cGy.cm2/min)

577

35

94

477
704

4038

7

Conclusion

Typical value of DAP obtained during the videofluoroscopic analysis of swallowing with
analysis of its three phases is 4101 +/- 881 cGy.cm2 and the typical DAP rate was 577 +/- 94
cGy.cm2/min for individuals 1,57 cm height, 56 kg weight, examined with protocols which
can be performed in around 7 minutes. The values defined here as typical refer to the used
protocol. To our knowledge, the mean DAP rate is a good parameter to estimate radiation
exposure due to videofluoroscopic study of swallowing.
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Topical Session 2

RADIOLOGICAL PROTECTION ISSUES IN SPECIFIC
USES OF DIAGNOSTIC RADIOLOGY, SUCH AS

MAMMOGRAPHY AND COMPUTED TOMOGRAPHY
(WITH SPECIAL CONSIDERATION OF THE

IMPACT OF DIGITAL TECHNIQUES)


