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Objective: To determine the quality of the evidence for the uses of fluoroscopy in dentistry.
Methods: A4 systematic review using Ovid and MEDLINE was conducted to identify papers
showing the uses of fluoroscopy in dentistry published between 1953 and September 2009.
Human, animal and phantom/skull/mannequin studies on fluoroscopy with regard to its diag-
nostic value, research performance, and clinical and safety applications in dentistry were
included in this analysis. Studies that were not in English, as well as those that employed
Sfluoroscopy in dentistry without the use of image intensification, were excluded. Articles were
evaluated, classified and graded by levels of evidence.

Results: Fifty-five out of 139 papers fulfilled the inclusion criteria. Amongst them, 19 were
related to diagnosis, 15 to research, 12 to clinical and nine to safety applications. Fluoroscopy
has contributed to nine different areas of dentistry. Also, it was used on 895 dental patients, 37
animals and 17 phantoms/skulls/mannequins. Two randomised controlled trials, two cohort
studies, two case controls, 48 case reports and one expert opinion were found.

Conclusion: Fluoroscopy with image intensification has been a useful, but not consistently
used tool in dentistry for over 50 years. Several lines of evidence have shown fluoroscopy's
diagnostic potential, research use, and clinical and safety applications in dentistry.
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entistry has always focused on improving dental

diagnosis and treatment through the use of the lat-
est available technology. In this regard, radiography
was incorporated very early on, and this trend contin-
ued with the emergence of new technologies such as
computed tomography (CT), digital radiography and
cone beam CT!23, In contrast, fluoroscopy, a widely
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used diagnostic tool that allows for the acquisition of
continuous radiographic images for medical use, has
not been definitively adopted in dentistry. Fluoroscopy
is a dynamic radiograph, or radiographic movie, and
differs from conventional dental radiography which is
static. While physicians can observe these live imaging
events, dentists’ only possibility of monitoring treatment
progress is by making radiographs before and after the
procedure. As a result, craniofacial surgeries, endodon-
tic treatments and conventional dental implant place-
ment are invariably ‘blind’ procedures®*. In addition, in
order to avoid excessive radiation dosage, dentists have
to leave the patient and stand 6.5 feet or more from the
tube housing assembly while using currently available
dental x-ray devices®.

These problems have been solved in the medical
field through the introduction of the medical fluoro-
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scope or C-arm. It has allowed physicians to ‘see
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Fig 1 Uses of fluoroscopy in dentistry.

their work while they work, allowing them to work
easier and faster while staying there with the patient®.
Fluoroscopy of the chest, blood vessels, digestive tract,
urinary tract or reproductive tract is routinely performed
in hospitals. In-office fluoroscopy has helped to fulfil a
growing demand for minimally invasive procedures in
traumatology, orthopaedics, endoscopy, pulmonology,
paediatrics and urgent care medicine’. Today, fluoros-
copy (medical fluoroscopes, C-arms and mini C-arms)
accounts for 35% of the medical imaging market®.

In dentistry, William H Rollins described an early
fluoroscope through which a dentist could observe
portions of the oral cavity. Rollins’ fluoroscope was
not used in dentistry routinely. One major reason for
that was the high level of radiation received by the
patient while using these early fluoroscopes as well as
the device’s size and poor image resolution. However,
since the introduction of image intensifying principles
in 1942, and the first image intensification unit in 1953,
the harmful effects of radiation have been considerably
reduced®!?. An image intensifier, in combination with
the use of low milliampere (mA) levels, lowers patient
and operator dose, provides dynamic real-time imaging
and allows the operator to position the patient to visu-
alise anatomy and pathology of interest. Video images
recorded this way or by digital detectors are stored in
a computer, where they can be viewed on a monitor in
real time or printed to film. To keep the radiation dose
from becoming a health hazard, the exposure rate in
fluoroscopic image intensification is several orders of
magnitude lower than in radiography!'!.

Fluoroscopy has been widely used in the medical field
for more than 100 years now; however, the evidence of
the contribution of fluoroscopy to dentistry has never
been assessed®. The aim of this study was to determine
the quality of the evidence for the uses of fluoroscopy in
dentistry after the introduction of image intensification
in 1953 with regard to its diagnostic value, research per-
formance, and clinical and safety applications.
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Fig 2 Fluoroscopy subject types used in dentistry.

Materials and methods

A comprehensive search was conducted to identify
studies on dental fluoroscopy published from 1953 to
September 2009. Two reviewers used Ovid MEDLINE
in-process, and other non-indexed citations in Ovid
MEDLINE, and a manual search to retrieve abstracts
and published papers. Combinations of the following
medical subject headings were used: fluoroscopy, video-
fluoroscopy, videofluorography, videoradiography, cin-
eradiography, cineradiographic, cinefluorography, pho-
tofluorography, dental and dentistry. No efforts were
made to identify unpublished studies. Duplicate refer-
ences were removed. Using this method, 139 papers were
selected for the review. The studies were then reviewed
for inclusion based on the following inclusion criteria:
(1) human, animal and phantom/skull/mannequin studies
on fluoroscopy concerning its diagnostic value, research
performance and clinical and safety applications in den-
tistry and (ii) intraoral and extraoral fluoroscopy modali-
ties. Exclusion criteria were: (i) studies that were not
in English and (ii) studies that employed fluoroscopy
in dentistry without the use of image intensification.
The selection of papers, decisions about eligibility and
data extraction were conducted independently by three
reviewers: one endodontist, one periodontist and one
oral and maxillofacial radiologist. References retrieved
from the search were screened and the articles were
classified by levels of evidence (LOE) as follows: (1)
randomised control trials (RCTs), meta-analyses or sys-
tematic reviews of RCTs; (2) cohort studies, systematic
reviews of cohort studies and outcomes research; (3)
case-control studies and systematic reviews of case-
control studies; (4) poor-quality cohort and case-control
studies and case series and (5) case reports and expert
opinion without explicit critical appraisal!2.
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Results

Among the 139 reviewed articles, 84 did not fulfil
the inclusion criteria. Of the 55 articles selected, 19
studies were related to fluoroscopy’s diagnostic val-
ue!'3-31 15 to research performance324°, 12 to clinical
applications*’3% and nine to safety>-%7 in dentistry
(Fig 1). Also, the fluoroscopy subject type used in den-
tistry can be seen in Figure 2 for a total of 895 den-
tal patients, 37 animals and 17 phantoms/skulls/man-
nequins. Additionally, 12 papers were associated with
prosthodontics?3-28-30.34,47:49-53.55.56 * 12 with ortho-
dontics!0-2126.27.36.43.54.59 ' nine with oral and maxillo-
facial surgery!3-24:29,31,46,48,57.58.62 " ejoht with radiolo-
gy!415.60.61.63-65.67 eiohtwith oral biology33-3537:39-42:44,
two with endodontics*>-%, two with oral anatomy?32-38,
one with paedodontics?® and one with forensic dentistry??
(Fig 3). Only four studies®2-04¢ out of 55 used intraoral
fluoroscopy (Fig 4). There were no disagreements dur-
ing the selection of the studies in the review. With regard
to levels of evidence, two articles were RCTs2>43, two
cohort studies2%-7, two case controls3%:#8, 48 case report
studies!3-21:24.25.27-29.31-42,44-4749-66  and one expert
opinion report without explicit critical appraisal and lit-
erature review?2 (Table 1).

Table 1 The use of fluoroscopy in dentistry: levels of evidence (LOE).
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Fig 3 Uses of fluoroscopy according to dental specialty.
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Fig 4 Fluoroscopy modalities used in dentistry.

LOE Type of study Number of studies
1 Randomised controlled trials (RCTs) / systematic reviews 2

2 Low-quality RCTs / cohort studies 2

3 Case-control studies (CCS) / systematic reviews of CCS 2

4 Poor quality cohort and CCS / case series 48

5 Expert opinion without explicit critical appraisal 1

Total 55

The Chinese Journal of Dental Research

25



UZBELGER FELDMAN et al

Discussion

This paper presents a systematic review of the design and
quality of studies published on the uses of fluoroscopy
in dentistry with regard to its diagnostic value, research
performance, and clinical and safety applications since
the introduction of image intensification. Fluoroscopy
has been an aid for diagnosis in several areas of dentistry
such as prosthodontics, orthodontics, radiology, oral and
maxillofacial surgery, paedodontics and forensic den-
tistry. For instance, it has been useful during functional
evaluation of malocclusions?’; determination of diag-
nostic errors in condylar position throughout mandibu-
lar movements?8; development of a minimally invasive
incision during palatopharyngoplasty procedures®?;
information retrieval about oral, velopharingeal and
esophageal function during swallowing for prosthetic
treatment purposes>’ as well as an evaluation method for
diagnosing dysphagia3!.

The preferred areas for the contributions of fluor-
oscopy in dental research were oral biology, oral and
maxillofacial surgery, endodontics and the study of the
masticatory cycle’2#4. A root canal treatment on a zoo
tiger showed the potential of fluoroscopy to provide
an immediate image of the tooth in endodontics™®.
Recently, a microfocus x-ray fluoroscope and micro-
focus x-ray CT techniques provided a clear and distin-
guishable image of the bone-implant interface due to
their high spatial resolution*.

During the 60s and 70s, fluoroscopy had clinical
applications in prosthodontics, orthodontics, oral and
maxillofacial surgery and oral anatomy for the study
of physiological and non-physiological movements of
the oral cavity. This knowledge has had direct implica-
tions on the design of removable and fixed prostheses.
Fluoroscopy has also contributed to the management
of temporomandibular joint disorders*’->4. In addition,
it determined the meniscus-condyle position in real
time>>. The clinical use of fluoroscopy in oral surgery
was demonstrated in two studies. Yoshino et al used it
as an aid in the removal of stones obstructing the ducts
of salivary glands. The device helped the surgeons find
and remove the stones while being able to watch them
through the ducts®’. Recently, Thompson et al demon-
strated that fluoroscopy can be a useful technique in
locating foreign bodies within head and neck tissues. As
a result, surgeons were able to find and remove broken
dental needles in the oral cavity>S.

Fluoroscopy’s safety has been demonstrated in sev-
eral studies that measured its radiation dosage and
compared it with the existing dental technologies dur-
ing the 50s, 60s and 70s3°%4. The most recent papers
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from the 80s showed that the lower radiation exposure
required by the fluoroscopic system ‘allowed motion
studies which provided far more diagnostic informa-
tion than still radiographs. Fluoroscopy has allowed
for a reduction in patient exposure one hundred times
lower than the average intraoral dental radiographs®’. In
this regard, Saito et al showed that the risk of radiation
exposure to the crystalline lens and the thyroid gland
was negligible due to the extremely low radiation dos-
ages used in fluoroscopy®®. Recently, Uzbelger showed
that fluoroscopy allowed an increase in the exposure
time without increasing the dose equivalent of radiation
received by the skull due to its low mA settings and the
use of image intensification. This is in contrast to digital
dental imaging and intraoral radiography®’.

Today, fluoroscopy not only has applications in the
field of medicine to minimise radiation dosage, save
working time, and prevent procedural accidents, but it
is also useful to physiotherapists, veterinarians, crimi-
nologists, the army and airport security?>*. Despite
its early introduction to dentistry in 1896, the use of
fluoroscopy in this profession has been inconsistent
over the last 55 years due to radiation dosage concerns
and the large size and low resolution of the devices
used*. The major concerns about the use of ionising
radiation in dentistry are the carcinogenic potential and
the adverse effect upon living tissues®®. Over the years,
dentists have been investigating how to reduce the
radiation dose produced by the dental x-ray apparatus
and the x-ray beam intensity. These studies have been
focused on the reduction of the kVp, the use of high-
speed films and the introduction of digital dental imag-
ing. When compared to film-based dental radiography,
the digital sensor offers the advantage of decreasing
exposure time and as a result reduces radiation dos-
age. However, both the kVp and the mA settings have
remained constant in both film-based and digital dental
imaging systems>%°-73, Despite all of these efforts, the
mA range has not been taken into consideration in any
of the attempts at reducing the radiation dose to which
dental patients are being exposed. The quantity, or
number of x-rays emitted from the tube head, is control-
led by the mA. Milliamperage and exposure time are
inversely related. When mA is decreased, the exposure
time can be increased’®. In comparison to film-based
and dental digital radiography, fluoroscopy uses very
low mA settings as well as image intensification. As a
result, low dose radiographic movies are made up to 5
minutes continuously without resetting®. On average,
physicians use 51 seconds of fluoroscopy time per case,
ranging from 6 seconds to 170 seconds’’. In addition,
the physician’s team is exposed to minimal radiation

Volume 13, Number 1, 2010



UZBELGER FELDMAN et al

during routine use of mini C-arm fluoroscopy, except
when they are in the direct path of the radiation beam’.
Due to this technology’s large medical background, in
dentistry, the use of fluoroscopy with image intensifi-
cation is approved in 28 US states while 11 US states
have not ruled yet on its use. Intraoral fluoroscopy is
disapproved in 11 US states’’.

Device size and image resolution have been impor-
tant concerns for the adoption of fluoroscopy within
dentistry. Thus, the medical fluoroscope, C-arm and
mini C-arm are too large to fit in a dental office. In
addition, digital resolution has not been available dur-
ing past decades. However, new technological advances
may improve its size and portability, safety, digital
resolution and consequently its applications. With these
developments, implant dentistry and endodontics are
some emerging areas for fluoroscopy’s potential use in
clinical applications and research.

With regard to these future perspectives, to date, no
clinical applications of fluoroscopy have been pub-
lished in implant dentistry. The possibility of observing
in real time the anatomical location of the drills within
bone structures during surgical procedures has the
potential to minimise clinical accidents. For instance,
fluoroscopy could be used to establish the best drilling
depth in order to avoid mandibular nerve damage or the
best drilling position in order to avoid sinus perforation.
In endodontics, fluoroscopy could be useful for finding
access through crowns, bridges, and tilted and rotated
teeth; finding calcified canals; negotiating canal curva-
tures; bypassing separated instruments; preventing pro-
cedural accidents such as canal transportation as well
as performing minimally invasive surgical procedures
and apicoectomies. For research purposes, it would be
interesting to compare fluoroscopy not only to intraoral
film-based and digital radiography but also to cone
beam CT scans and panoramic x-rays in terms of radia-
tion dosage. Further studies should include thermo-
luminescent dosimeters or ionisation chambers rather
than film badge dosimeters for radiation measurements.
Also, fluoroscopy’s applications could be compared
with non-radiation producing technologies such as
optical coherence tomography, magnetic resonance
imaging and ultrasound®"-82. Moreover, it appears that
few high-level studies have been published in the past
five decades related to the contributions of fluoroscopy
to dentistry. The authors would like to emphasise the
need for more randomised controlled trials and cohort
studies with meaningful results and statistical analysis
on dental fluoroscopy since most previous studies have
been case reports.

The Chinese Journal of Dental Research

Conclusions

Fluoroscopy with image intensification has been a use-
ful, but not consistently used tool in dentistry for over
50 years. Several lines of evidence have demonstrated
fluoroscopy’s contribution to the dental profession by
showing its diagnostic potential, research use and clini-
cal and safety applications. Its main drawbacks have
been the size and image resolution of the device. Never-
theless, recent advances in imaging devices could sig-
nificantly increase the contributions of fluoroscopy in
the near future by developing a safe technology that
allows continuous or dynamic radiographic imaging for
dental use. More research is needed to demonstrate this
further.
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