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Abstract—A recent publication by Hujoel et al. (2004) in the 
April 28, 2004, issue of JAMA raises concern since it suggests 
that exposure to dental x rays during pregnancy could be 
responsible for human fetal growth retardation. Furthermore, 
the article could have a negative impact on the dental care of 
pregnant women who might fear the effect of dental radiog-
raphy on their developing embryo. In our initial discussions, 
John Boice and I decided to communicate our concerns to the 
scientific and medical community. Boice has published a recent 
letter concerning the Hujoel paper. The Hujoel publication has 
very serious deficiencies. This Forum presents analyses of 
these deficiencies. 
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Several letters have already been published in 
JAMA that have critiqued the Hujoel et al. (2004) paper. 
Reiman (2004) was concerned that the films used for 
dental radiography were contaminated with lead and the 
lead caused the growth retardation. Pisaniello (2004) was 
concerned that Hujoel et al. had not controlled for dental 
caries. Henderson (2004) was concerned about the large  
number  of statistical tests that were performed that could 
result in one of the tests being positive dust by 
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control for maternal weight gain. Lockhart and Ludlow 
(2004) were concerned that the veLy.._19w exposure 
assumed by Hujoel et al. was even lower. None of the 
published letters-to-the-editor concerning the Hujoel et 
al. publication addressed the most serious deficiencies in 
the paper; namely, the extensive human and animal 
literature refutes the claims of the authors that the 
radiation exposure received during dental radiography 
has the potential for producing fetal growth retardation 
or any other developmental effect. These deficiencies 
will be discussed below. 

The following material is a refutation of the conclu-
sions of the article based on the extensive literature  

dealing with the effects of radiation during pregnancy 
using human and animal data. The main thesis of the 
Hujoel et al. (2004) publication was that dental radiog-
raphy that exposed the head of pregnant women might be 
responsible for producing fetal growth retardation; since 
their article indicated that there was no significant fetal 
exposure from dental radiography. 

The article by Hujoel et al. published in the April 28, 
2004, issue of the JAMA has received a great deal of 
attention. It will promote anxiety in the dental patient 
population, provide the news media with alarming infor-
mation, and provide American trial lawyers with another 
area of litigation. Furthermore, if very low exposures 
from dental radiographic studies can cause fetal growth 
retardation, can you imagine the anxiety of pregnant 
women concerning the risks of conventional radiological 
and CT scan studies of the head, neck, and chest, since 
these exposures are higher than dental x-ray exposures? 
The research that was not mentioned by the authors of 
this paper indicates that the exposures from dental x rays 
cannot produce fetal growth retardation. 

The many serious errors in this paper include the 
following problems: 

• 

• 

First, the medical literature to support this study 
included studies with high exposures to the developing 
embryo, including pregnant women who were exposed i  
to the atomic bomb at exposures that were as great as 1 
1,000 times the exposures in dental radiography as 4> 
well as exposing the embryo directly. Many of the i  
other studies that were cited also exposed the embryo 
directly and therefore, had little relevance to their 	0 
hypothesis and project; 
Second, the authors failed to refer to any of the 
hundreds of animal studies dealing with radiation 
during pregnancy or even reviews dealing with this 
subject (Brent 1969, 1989, 1999, 2000; Mettler et al. 
2000). Many epidemiologists fail to realize the impor-
tance of animal studies in supporting or refuting their 
hypotheses; and 
Third, some readers may infer that this is a clinical 
study because it deals with human patients, but there is 
one clinical requirement that was not performed that 
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would have been of great value and importance. There 
were only 31 patients in the groups for which they 
calculated the relative risks and the confidence limits. 
Physicians who deal directly with patients with repro-
ductive problems, i.e., birth defects, growth retarda-
tion, prematurity, and neurodevelopmental problems, 
would not have published this paper without examin-
ing those 31 patients and without reviewing their 
family histories. Clinical evaluations are essential 
since growth retardation has many etiologies, and 
maternal disease states or genetic abnormalities (Brent 
and Jensh 1967) cause an important percent. One 
cannot assume that all of the growth-retarded babies 
were due to the dental radiation or associated factors 
without performing a detailed evaluation of the 31 
growth-retarded babies. 

The hypothesis in the Hujoel et al. paper is that 
exposures to the thyroid and pituitary or other structures 
in the head and neck may interfere with fetal growth even 
when the fetus is not irradiated. This effect would be 
considered an indirect effect of radiation on the devel-
oping embryo. After World War II and the detonation of 
the atomic bomb, patients were concerned about radia-
tion effects. Pregnant women were even more concerned, 
even when the radiation was to other parts of their body 
and the embryo was not directly irradiated. The patients 
were concerned and rightly so, because we had no data to 
counter their concern and anxiety. We used to say, "It is 
not biologically plausible that the embryo would be 
harmed if it was not exposed." But we had no data. So a 
series of studies were initiated dealing with the indirect 
effects of radiation on the embryo and fetus (Brent and 
McLaughlin 1960; Brent 1960; Brent and Bolden 1967, 
1968). These studies included the following projects: 

1. Irradiating the placenta while shielding the embryo; 
2. Irradiating the mother while shielding the pregnant 

uterus; and 
3. Irradiating the oviduct, ovary, uterus, and mother in 

separate experiments on the first day of pregnancy. 

In the publication dealing with maternal radiation 
while shielding the mother, the uterus was placed in lead 
shields so that the embryo received less than 1 rad (10 mSv, 
1,000 mrem) (Brent and McLaughlin 1960). The experi-
ment was performed on the 9th postconceptional day in the 
rat, which is the most sensitive stage for embryonic effects. 
The lowest exposure that we utilized was 4 Gy (400 rad, 4 
Sv, 400,000 mrem, or 4,000 mSv). Following 4 Gy whole-
body exposure, the term fetal weight was 4.70 g in the 
controls and 4.84 g in the 4 Gy group. Obviously, the head 
and neck and therefore the pituitary and thyroid received 4 
Gy, and no growth retardation resulted. A different form of 
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shielding had to be utilized when 10 Gy and 15 Gy were 
administered. These fetuses were growth retarded, but the 
mothers were not eating because of the high exposure. In 
fact, all three groups were clinically affected by the radia-
tion. Even the 4 Gy group had an increase in maternal 
mortality, but the fetuses grew normally in the surviving 
mothers. In this animal study (Brent and McLaughlin 1960), 
an exposure that was 1 000 times greater than what was 
reported in the Hujoel et al. paper (2 14:1car004 ect eta 
growth. While animal studies cannot replace human studies, 
they can be helpful in interpreting human studies. Many 
other animal radiation embryology studies utilized whole 
body radiation that includes radiation of the embryo and 
head and neck of the mother. These studies consistently 
demonstrate thresholds for growth retardation above 0.2 Gy 
(20 mSv, 20 rad) (Brent 1999, 2000; Mettler et al. 2000; 
Jensh et al. 1987; Jensh and Brent 1987, 1988a,b,c). How 
can 0.4 mGy (40 mrem, 0.04 rad) to the head and neck 
result in growth retardation when the threshold for growth 
retardation is 200 times greater when the entire pregnant 
animal, including the embryo, is irradiated? 

Readers are urged to review the critique of Boice et al. 
(2004) for the perspective of experienced radiation epide-
miologists on the Hujoel et al. publication. They said, 
"Epidemiology is simply not capable of detecting radiation  
effects following such trivial doses (Land 1980; Inskip et al.  
1995; UNSCEAR 2000). The lowest thyroid dose for which 
epidemiologic studies have found increases in thyroid 
disease is about 100 mGy (Ron et al. 1995)." 

Another important point made by Boice et al. (2004) 
is that background radiation is comparable to the expo-
sure from dental radiography. Boice et al. (2004) state, 
"In one year, sources of natural background radiation  
xpose people to 1.2 mGy of external radiation, or about 

0.9 mGy during a pregnancy. Thus it is claimed that 
exposures to the thyroid gland of pregnant women that 
are equivalent to that received from natural background 
radiation will double the risk of having a child with low 
birth weight! When studies of low statistical power are 
conducted on populations exposed to very small doses, 
any statistically significant finding must grossly exagger-
ate risk and is either a purely chance occurrence or due to 
bias or confounding (Land 1980)." 

This commentary is not intended to critique the 
statistical and epidemiological methodology of the inves-
tigators. They have invested a tremendous amount of 
time and effort in this study. However, the authors have 
concluded that dental radiography may be responsible for 
human fetal growth retardation because of deleterious 
effects on the thyroid or pituitary. It is scientifically 
difficult to accept this conclusion. If the authors had 
included an obstetrician, radiation biologist teratologist, 
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and/or reproductive biologist in their study these profes- 
sionals could have been helpful to their investigation. 
The authors' findings may be statistically correct, but the 
etiology is not causally related to the dental radiography 
exposures for the following reasons: 

1. Epidemiological and animal studies indicate that the 
threshold exposure for growth retardation for direct 
radiation of the fetus is 200 fold higher than the 
exposure from dental radiography; 

2. Epidemiological and animal studies that involve radi-
ation to the thyroid, pituitary and head do not find that 
fetal growth retardation is a result of these exposures 
in the majority of these studies; 

3. Numerous animal studies indicate that you have to 
directly radiate the embryo to produce fetal growth 
retardation, and when the whole pregnant animal is 
irradiated the threshold dose is 20 to 30-fold higher 
than dental radiography exposures; and 

4. The suggestion that low dose radiation to the pituitary 
and thyroid of the mother could produce fetal growth 
retardation is itself biologically and medically naive. 
Hujoel et al. could have read any basic pediatric or 
pediatric endocrinology textbook and they would have 
discovered that growth hormone does not influence 
human growth until several months after the infant is 
born and if the infant's thyroid is normal the status of the 
maternal thyroid's function is irrelevant to the fetuses 
growth, unless the mother is severely hypothyroid. Even 
Hujoel et al.' s hypothesis is biologically incorrect. 

This information should be helpful to radiologists, 
dentists, obstetricians, health physicists, teratology counsel- 
ors, and radiation biologists in order to counsel pregnant 
patients about their concerns of visiting a dentist. It can be 
definitively stated that dental radiography is not a risk for 
any fetal effects, including fetal growth retardation. 
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