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Abstract. Intraoral radiographs are widely used in periodontal diagnosis and research.
However, accurate radiographic interpretation is only possible with high quality images.
Some of the technical and geometric variables to consider have been presented.

Early periodontal lesions are not detected in radiographs. The amount of periodontal
destruction in more advanced disease is generally underestimated. The accurate topography
of periodontal pockets and the buccai and lingual aspects of the teeth cannot be visualized.
Clinical probing is therefore a prerequisite for a complete periodontal diagnosis. How-
ever, radiographs are a valuable adjunct for the periodontal diagnosis and the diagnosis
of trauma from occlusion. With standardized systems, radiographs may furnish additional
quantitative data in clinical research.

Radiographs have been used in tnedicine
since 1895 when Wilhelm Conrad Rontgen
discovered the roentgen rays. One year
later, the radiographic technique was used
hy Morton in the diagnosis of periodontal
disease. With the Introduction of the con-
cept of focal infection, radiographs became
commonly accepted in dentistry.

In periodontics, radiographs have mainly
heen used to assess the loss and destruction
of alveolar hone and to confirm a clinical
diagnosis of trauma from occlusion. Intra-
oral radiographs are generally preferred due
to tbeir sharpness and ability to demonstrate
structural details (Barr 1966). When using
radiographs in clinical diagnosis, it has to
he kept in mind that a three-dimensional
object is projected onto a two-dimensional
plane resulting in a complex picture of
different anatomical structures super-
imposed on each other (Regan & Mitchell
1963).

The purpose of this review is to present

some of the technical and clinical aspects
of dental radiography in order to facilitate
correct interpretation of radiographs in the
diagnosis and treatment of periodontal dis-
ease.

Technical Considerations

Correct interpretation of radiographs is pos-
sihle only if the image of the ohject is well
defined and if there is not too much con-
trast. Contrast is defined as the difference
between various degrees of density making
details visible (Fitzgerald 1950). It may he
altered by varying the kilovoltage or the
processing time (Fitzgerald 1950, Guldener
& Beissner 1970) (Fig. la, c). The increase
of the kilovoltage from 65 KV to 90 KV
produces shorter, more penetrating rays, re-
sulting in a film with a dull and almost flat
character (Updergrave 1951). This is due to
the fact that rays of shorter wave length are
more evenly absorbed into all tissues (Fitz-
gerald 1950).
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The type of film used as well as its dark-
room processing may affect the quality of
the radiograph (Fig. la, b), e. g. developing
temperature should be between 19" and
21 °C. The quality of the picture is also
affected by the milhamperage and kilo-
voltage nsed in the radiographic apparatus
and by exposure time (Richards T949, 1961)
(Fig. 2).

The geometric quality of radiographic
image is affected by the angulation of Ihe
central beam and the film in relation to the
object. If the film is not placed parallel to
the object, the parts of the object located
at the longest distance from the film will be
distorted (Richards 1949, 1961, Updegrave
1951). Increased distance between the X-ray
source and tbe object will improve the
quality of the picture because of less diver-
gent rays (Richards 1949, Patur 1960).
These facts lead many authors to advocate
a change from the bisecting-angle technique
to the parallehng long-cone technique (Fitz-
gerald 1947a,b, Updegrave 1951, Wuehr-
mann 1957, Frohlich 195S, Patur & Glick-
man 1962, Guldener & Beissner J970). The
transition from the bisecting-angle to the
long-cone technique in periodontics has re-
sulted in radiographs of better diagnostic
value. Superimposition and distortion of
tooth-bone relationships could hereby be
diminished (Patur & Glickman J962, Regan
& Mitchell 1963). Furthermore, the projec-
tion of the zygomatic process onto the buc-
cal roots of the upper molars is eliminated
(Fitzgerald 1947b). However, owing to the
anatomical features of the mouth, it may
often be difficult to apply the paralleling
technique correctly, and compromises have
to be made (Siiha 1968).

Periodontal Health and Disease

Lamina Dura and Periodonlal Membrane
Space
The presence or absence of a lamina dura

on radiographs may be affected by slight
variations in the angulation of the X-ray
beam. The convexity or concavity of proxi-
mal tooth surfaces, the curvature of the
roots, the level of the cemento-enamel junc-
tion and the thickness of the alveolar bone
may cause variations in the thickness and
clarity of the lamina dura (Ritchey & Orban
1953, Weinmann 1955, Manson 1963). With
teeth that have a broad buccal-lingual width
of elliptical-shaped roots, the X-ray beam
must penetrate through a great amount of
hard tissues before it reaches the film.
Therefore, the lamina dura around such
teeth will appear very dense. The lamina
dura also follows the topography of the
cemento-enamel junction which may give
the appearance of angular bone defects if
the teeth are lilted (Fig. 3). Changes in the
horizontal and vertical angulation may also
affect the thickness of the periodontal mem-
brane space. A widened periodontal mem-
brane space may be due to variation in the
radius of the root curvature or the result
of increased voltage or exposure time (van
der Linden & van Aken 1970). Therefore,
two teeth with roots of different size and
curvature but surrounded by a periodontal
membrane of the same size may in fact in
the radiograph show periodontal membrane
spaces of which one is twice as wide as the
other. Furthermore, multiple lines may oc-
cur at the image of the periodontal mem-
brane space of teeth with concave roots
The number of these hnes varies according
to the depth of the concavity and the width
of the periodontal membrane (van der Lin-
den & van Arken 1970).

Radiographs as a Diagnostic for Periodontal
Disease
In children displaying severe gingivitis, Hol-
lender et al. (1966) were unable to find
roentgenographic evidence of tbe periodon-
tal destruction. Also, Ramadan & Mitchell
(1962) and Ainamo & Tammisalo (1973)
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a
Fig. J. Technical aspects of

intraoral radiography.
a) Radiograph showing low-

er contrast and density at
2-min developing time as
compared with a lO-min
developing time.

b) Using old developer re-
sults in a fuzzy and wash-
ed out image.

c) Influence of kilovoltage
on the quahty of the
radiograph. Lower kilo-
voltage (40 KV) resuUs in
an image of higher con-
trast and density as com-
pared to higher kilovol-
tage (90 KV).
(A. G. Richards, Univer-
sity of Michigan, Ann
Arbor, USA).

Technische Betruchtungen
zur intraoralen Radiograph'ie.
a) Ein Ronlgenbild, welches

wahrend nur 2 Miiiuten
entwickelt wurde, zeigt
weniger Kontrast und
Dichse als eines des
wahrend 10 Minuten ent-
wickelt wurde.

b) A he Entwicklerlosungen
filhreti zu einem ver-
schwommenen und aus-
gewaschenen Bild.

c) Einfluss der Kilovolt-
meitge auf die QualUiit
des Rontgenhiides. Eine
niedrigere Spannung (40
KV) resultiert in einem
Rontgenbild mit Iioherem
Kontrast und hoherer
Dichte verglichen mit ei-
ner huheren Spannung
(A.G. Richards, Univer-
sity of Michigan, Ann
Arbor, USA).

Aspects techniques de la ra-
diologie intra-orale.
a) Radiographie montrant

inoins de contraste et de
densite avec un temps de
developpeinent de 2 mi-
nutes gu'avec un temps
de developpement de 10
minutes.
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Fig. 2. Influence of exposure time as radiographic image. Too high exposure time results in a
too dense image with high contrast resulting in "burn out" of the interproximal alveolar crest.
(A. G. Richards, University of Michigan, Ann Arbor, USA).
Einfhiss der Belichtung auf das Rontgenbild. Eine zii lange Belichtungszeit kann zu einem
zu dichteu Bild mit sehr hohem Kontrast fuhren, was in sogenanntem "Ausbrennen" des Al-
veolarkainmes resiiltiert (A. G. Richards, University of Michigan, Ann Arbor, USA).
L'infhience dit temps d'exposition sur Vimage radiologique: une exposition trop longue donne
itn image trop dense a haut contraste qui resulte en I'elimination de la Crete alveolaire inter-
proximale (A. G. Richard, University of Michigan, Ann Arbor, USA).

were unabie to reveal early crestal bone
loss in radiographs. From these studies it
can be concluded that radiographs are use-
less in the assessment of early destructive
changes in the periodontium.

Several investigations have been carried
out in order to detertnine the amotmt of
bone resorption which can be visualized in
radiographs. Lesions produced with burs in
dried specimens of canceiious hone were
not visible in radiographs unless the corti-

cal bone plates had been eroded extensively
or penetrated (Goldman et al. 1957, Bender
& Seltzer 1961a,b, Wengraf 1964). Like-
wise, Ramadan & Mitchell (1962) found
that interproximal defects produced in dried
human skulls could not be seen in radio-
graphs when the huccal and lingual cortical
plates were intact. Defects on the buccal
and lingual root surfaces could only be seen
if the cortical plate was thick, and a high
degree of contrast existed between the de-

b) L'usage d'un vieux revelateiir donne une image floue et pale.
cj L'lnfluence du kilovoltage sur la qualite de la radiographie: un kilovoltage bas (40 KV) re-

sulte en une image d'un contraste et d'une densite plus elevcs qu'avec un kilovoltage eleve
(90 KV).
(A. G. Richards, University of Michigan, Ann Arbor, USA).
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Fig. 3. In health the lamina dura follows the alignment of the cemento-enamel junction (ar-
rows).
a) No angular bone defect,
b) True angular bone defect with loss of attachment (LA).
Im gesunden Farodont folgt die Lamina dura dem Verlauf der Schmelz.-Zemenlgrenze (CEJ)
(Ffeile).
a) Kein vertikaler Knochendefekt trotz. gekipplem Zahn.
h) Wahrhafter vertikaler Knochendefekt mit Verlusl des Attachmentapparates (LA).
Dans un cas normal la lamina dura suit I'alignement de la jonclion email-cement (fleches).
a) Absence de defaut osseux angulaire.
b) Veritable defaut osseux angulaire avec perte d'attachement (LA).
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Fig. 4. Measurement of alveolar bone loss on
the distal of the second molar according to
Schei et al. (1959) demonstrating a !oss of
35%.
Alveolarer Knochenverlust auf der dista!en
Seite eines unieren iweiten Molareu gemesseri
nach der Melhode von Schei et al. (1959). In
diesem Falle hetrligt der Knochenverlust 35 %.

Mesure de la perte d'os alveola'ire an niveaii
distal de (a deiixieme molaire mandlbidaire
selon la methode de Schei el al. (1959): pertc
de 35%.

feet and the surrounding bone. Septa! de-
fects created experimentally were noticed
radiograph!cally only if lhey had a minimal
depth of 3 mm (Pauls & Trott 1966). Ob-
viously, Ihe actual size of a bony lesion
must be much Jarger than its radiographic
image. In a model system which was stan-
dardized for all radiographic variables (po-
sition of the mandible, film packet, source
of radiation, exposure and processing con-
ditions), bony lesions in the premolar areas
without any involvement of the cortical
plates could also be detected (Shoha et al.
1974). Since the cortical plates were thinner
in the premolar areas, it was coacluded
that these plates did not attenuate as much
of the X-ray beam as those of the n:iolar
region allowing for more contrast and
earlier detection of bony lesions.

In none of the above-mentioned studies
could it be ascertained whether septal le-
sions were present on the buccal or lingua!
aspects of the jaw. Due to the lack of sepa-

rate buccal and lingual visualization of
the alveolar crest, the amount of bone
loss is generally underestimated (Theilade
1960a,b). The interpretation of vertical bone
destruction on the buccal and lingual as-
pects of the jaw is impaired by super-
position of the tooth. Furthermore, furca-
tion involvments cannot he diagnosed from
radiographs before the bone resorption has
extended apically beyond the furca. In
order to register furcation involvments from
radiographs before bone loss had progressed
to the extent that the treatment of the lesion
was unpredictable, Orban & Orban (1960)
used a three-dimensional roentgenographic
technique. This technique was based on the
principle that the objects farthest away from
the film plane (buccai aspects) will alter
their position most in an up or down direc-
tion by changing the centra! X-ray beam in
a vertical direction. The comparison of
three films exposed at different vertical
angulations of the central beam may thus
yield furcation involvements at an earlier
stage.

Although the bucca! and lingua! exten-
sions of periodonta! defects cannot be as-
sessed accurately on radiographs (Patur Sc
Glickman 1962), the visualization of jnter-
proximal intrabony pockets is generally
possible. However, the exact topography of
bony defects can only be determined by
surgical exposure (Prichard 1961, 1966).
Several diagnostic aids have been advo-
cated to diseover the bony topography of
periodontal pockets without surgical ex-
posure. Barium penetrations and Lipidol
(Berry 1951) as well as periodontal dressing
(Welty 1963) have been placed in pockets
prior to taking radiographs. Introduction
of these materials into periodontal pockets
with adiacent inflamed and friable tissue
is not recommended. The materials may be
forced into the tissues and result in further
irritation and subsequent loss of attachment
(O'Leary et al. 1973). Clinical examination
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with a periodontal probe is a safer and
more effective means of determining the
depth and topography of periodontal pock-
ets.

Another method used io determine
pocket depth is the insertion of calibrated
silver points into the pocket prior to ex-
posing the X-ray film. This technique may
be useful to evaluate intrabony pockets and
to locate fistulous tracts and periodontal
abscesses in relation to the teeth (Hirsch-
feld 1953).

In order to visualize three-dimensional
changes in alveolar crest height, a stereo-
scopic technique was introduced (Berg-
hagen & Hjelmstrom 1956a,b, Berghagen &
Blom ]961). Two films of the same object
were exposed with different horizontal
angulations. The radiographs were then ob-
served with stereoscopic viewers. Super-
imposed detail may be distinguished and
definitions improved with this technique.

The diagnosis of absence or presence of
calculus deposits should not be based on
radiographlc interpretation, since small
deposits are not visible in radiographs (All-

dritt 1954). Radiographs are useful in de-
tecting defective margins of restorations
(Prichard 1961). However, if there is ex-
cessive vertical or horizontal angulation of
the central X-ray beam, there is a risk of
underestimating, but not overestimating the
size of the defective margin (Bjorn et al.
1973, Haakonson et al. 1973). This empha-
sizes the importance of precise paralleling
radiographic technique for periodontal dia-
gnosis.

Radiographs in Evaluation of Periodontal
Therapy and in Epidemiological Research

Standardization of Radiographs
Results of periodontal therapy may incor-
rectly be evaluated as successful if the pre-
operative radiograph is under-angulated or
over-exposed compared to that of the post-
operative film (Wuehrmann 1957) (Fig. 2).
Several devices have been suggested in or-
der to standardize pre- and postoperative
radiographs. Obviousjy, the technical speci-
fications of the film and its exposure and
processing have to be the same. One of

Fig. 5. Radiographic evidence of trauma from occlusion.
a) Loss of continuity of the lamina dura (arrows) associated with coronal and apical widening

of the periodontal membrane space.
b) Widening of the periodontal memhrane space and root fractures as a result of heavy bruxism.
c) Root resorption fdWow'mg rapid orthodontic movement.
d) Hypercementosis associated with trauma from occlusion (S. P. Ramfjord, University of Michi-

gan, Ann Arbor, USA).
Okklusales Trauma im RdntgenhiJd.
a) Verlusl der Kontinuitdt der Lamina dura (Pfeile) im Zusaminenhang init koronaler iind

apikajer Erweiterung des Parodontalspaltes.
b) Erweiterung des Parodontalspaltes und Wurzelfrakture/i ah Resultat schweren Bruxismus'.
c) Wurzelresorption ah Folge zu schneller orthodonthcher Bewegung beini Erwachsenen.
d) Hyperz.ementosen konnen auch in Verbindung mit okkliisalein Trauma gefunden werden (S. P.

Ramfjord, University of Michigan, Ann Arbor, USA).
Evidence radiologique de trauma occlusal.
a) Discontinuite de la lamina dura (fleches) associee u iin elarghsenicnt. coronaire et apical de

I'espace occupe par le ligament parodontal.
b) Elargissement de I'espace occupe par le ligament parodontat et fractures de racines resullani

d'un bruxisme severe.
c) Resorption radiculaire suite d'un mouvement orthodontique rapide.
d) Hypercementose associee a uii trauma occlusal (S. P. Ramfjord. Universily of Michigan, Ann

Arbor, USA).
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the first devices for identical exposures was
designed by Benkow in 1956. This system
consisted of a tray containing a thermo-
plastic compound impression of the occlusai
surfaces in the area to be radiographed. The
film was placed in the tray perpendicular
to a steel bar which was parallel to the
X-ray beam. The bar also assured an iden-
tical distance between the film plane and
the cone of the X-ray machine. Using the
same compound impression for the pre- and
postoperative exposures, it was possible to
obtain identical pictures. Similar devices
have been constructed by Benkow (1960),
Medwedeff et ai. (1962), Dalitz (1964),
Gilbers & Hanan (1968) and Puckett (1968).
Recently Rosling et al. (1975) presented a
device based on a similar principle for peri-
odic reproducible radiographs. It consisted
of an acrylic splint with five quadrangular
metal tubes. A metal rod connecting the
splint with the X-ray cone can be inserted.
The splint has five paired tracks on the oral
surface serving as film holders to allow
orthoradial projection of either the pre-
molar, canine or the incisor regions.

Quantitation of Bone Loss

Several attempts have been made to objec-
tively determine the amount of bone loss
in advanced cases of periodontal disease.
One of the first methods was developed by
Schei et al. (1959) who determined the
percentage of alveolar bone on either a
mesial or distal surface of a tooth. Using
a plastic ruler, they assessed the bone
height relative to the distance betweeti the
apex of the root and the "normal" level
of the alveolar crest defined as 1 mm apical
to the cemento-enamel junction (Fig. 4).
This method has been modified by Engel-
berger et al. (1963) who used the total
tooth length minus 1 mm as the reference.
The "normal" bone level was thus between
60-70 % of the total length.

Bjdrn and co-workers (1969) modified
their original determination system which
also based on total tooth length. They intro-
duced a scale of 20 units for the total length
of the tooth as opposed to only 4 scale
units in their original scoring system (Bjorn
& Holmberg 1966, Bjorn et al. 1967).

In an attempt to quantify changes in the
mineral content of interalveolar bone septa,
Omnell (1957) developed a photometric
system. He compared the density of the
bone with a reference object consisting of
an aluminum step wedge. The amount of
radiation transmitted through the radio-
graph was compared with the transmission
of radiation through the aluminum step
wedge. With this method is was possible to
study the healing of interalveolar septal
bone following injury.

Several studies have been performed to
evaluate the long-term effect of periodontal
therapy (Ramfjord et al. 1973). Radio-
graphic assessment of bone loss was posi-
tively correlated with tooth mobility, pocket
depth and the level of attachment (Kelly
et al. 1975). Stiomi et al. (1968) determined
the bone height on the basis of radiographic
measurements, probing prior to and after
surgical exposure of the bone. They dem-
onstrated that there was no significant
difference between radiographic and clinical
measurements. These results indicate that
radiographs are useful for an accurate
evaluation of the level of alveolar bone, but
that clinical measurements of the attach-
ment level yield an equally accurate assess-
ment of the periodontal destruction. Since
measurements on radiographs require more
time, equipment and money, it is reasonable
to assess periodontal destruction in clinical
trials on the basis of clinical attachment
level measurements (Ramfjord 1959, Gla-
vind & Loe 1967).

Radiographs have also been used to eval-
uate the results of reattachment procedures.
The regeneration of the lamina dura asso-
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ciated with the filling of intrabony defects
with bone generally provides the radio-
graphic evidence of successful treatment
(Bell 3950). Following elimination of the
inflammatory process, the bone marrow
spaces may decrease in size and new crestal
cortical layers may form (Friedman 1958).
Since such changes may simulate the radio-
graphic appearance of successful reattach-
ment (Friedman 1958), conclusions regard-
ing reattachment and bone regeneration
on the basis of radiographs should be
drawn cautiously. Radiograpbic informa-
tion should be used only to support clinical
measurements.

Radiographs as a Diagnostic for Trauma
from Occiusion

The clinical diagnosis of hypermobility and
soreness of teeth should be supplemented
by radiographic evidence to support a
diagnosis of trauma from occlusion (Pri-
chard 1963, Bohannan & Saxe 3965, Ram-
fjord & Ash 3971). The lamina dura may
change from an uneven thickening to a
loss of continuity or complete disappear-
ance (Ramfjord & Ash 1971) (Fig. 5a).
Resorption of supporting bone in the crevi-
cular areas results in the appearance of
"funnel-shaped" defects. An increased
width of the periodontal membrane space,
especially in association with resorption of
the lamina dura, is often indicative of
trauma from occlusion (Muhlemann 1955)
(Fig. 5a,b). This may also be noted in fur-
cation areas (Giickman 1972). These radio-
graphic changes should not be confused
with loss of periodontal attachment asso-
ciated with inflammatory periodontal dis-
ease. Root resorption may result from
severe trauma (Fig. 5c) and may be sus-
pected initially from a loss of continuity
of the root surface and a slight scalloping
or fuzziness of the apical outline. Further

changes, which may indicate trauma from
occlusion, are hypercementosis (Fig. 5d)
osteosclerosis and root fractures (Fig. 5b)
(Ramfjord & Ash 1971). Also the presence
of vertical or angular bone resorption has
been associated with the presence of occlu-
sal trauma (Orban & Orban 1960, Patur
& Glickman 1962).

Conciusions

Radiographs of high quality are an im-
portant adjunct in periodontal diagnosis.
They provide a general overview of peri-
odontal breakdown and of trauma from oc-
clusion. They reveal changes only in the
interproxima! areas and do not show the
exact topography of the periodontal lesions.
Clinical examination using a periodontal
probe is the only means of arriving at a
complete diagnosis. Periodontal probing is
also preferred to radiographs in evaluating
treatment results. In clinical research peri-
odic identical radiographs may be a valu-
able adjunct to supplement data on the
progress of periodontal disease or the
evaluation of periodontal therapy.

Zusammenfassung

Rontgenaufnahinen bei Farodontopathien
Intraorale Roentgenaufnahmen sind ein weit
verbreitetes HilfsmiEtel in der parodontaien
Diagnose und Forschting. Eine genaue Inter-
pretation ist jedoch nur mit qualitativ guten
Bsldern tnoglich. In der vorliegenden Arbeit
werden einige der geometrischen und techni-
schen Variabeln, die die Qualitat von Rontgen-
bildern beeinflussen kdnnen, diskutiert. Ferner
werden die rontgenologischen Interpretationeti
des gesunden sowie des erkrankten Parodonts
und des okkiusalen Traumas erlautert.

Beginnende parodontale Lasionen konnen im
aiigemeinen mit Rontgenbiidern nicht diagno-
stiziert werden. Bei fortgeschrittenen Parodon-
topathien wird der Knochenverlust eher unter-
schatzt. Eerner kann die genaue Topographie
der parodontaien Taschen sowie die bukkalen
und lingualenFliichen nicht dargestellt werden.
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Die klinischeUntersuchung mit der Parodontal-
sonde ist deshalb absolute Bedingung fiir eine
genaue Diagnose der Parodontopathien. Die
Rontgenbilder Hefem aber einen recht guten
tlbersichtshefund und bilden eine gute Ergan-
zung zur klinischen Diagnose der Parodontal-
erkrankungen und des okklusalen Traumas.
Rontgenbilder, die In standardisierten Systemen
aufgenommen worden sind, konnen auch zu-
satzliche quantitative Resultate in der klini-
schen Forschung vermitteln.

Les radiographies en parodontologie
Les radiographies intra-orales sont couramment
utilisees pour le diagnostic et la recherche
parodontologique. Une interpretation exacte
n'est possible qu'avec des images de haute
qualite. Quelques variables geometdques et
techniques qui infiuencent la qualite des radio-
graphies sont discutees. L'interpretation radio-
logique du ligament parodontal sain et malade
est evaluee.

Au debut, les lesions parodontales ne peu-
vent pas etre diagnostiquees par des radio-
graphies. Avec des parodontites plus avancees
la perte de I'os est generalement sous-estimee.
En outre, la topographie exacte des poches
parodontates et les surfaces buccales et orales
ne sont pas visibles pour le diagnostic. C'est
poiirquoi l'examen clinique avec une sonde
parodontale est indispensable pour le diagnos-
tic exact des parodontopathies. Les radio-
graphies peuvent, par contre, completer et
verifier le diagnostic clinique d'une parodon-
tite et d'un trauma occlusal. Si les radio-
graphies sont executees d'une maniere stan-
dardisee, elles peuvent fournir des resultats
quantitatifs dans la recherche ciinique.
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