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Preface
Great  progress has been m ade in  dental radiology in  the 
last  30 years. This is part icularly t rue for technical devel-
opm ents, but  also for educat ion  and t rain ing in  dental ra-
diology at  universit ies.

The in t roduct ion  of digital im age receptors can  be 
viewed as a m ilestone in  the technological developm ent 
of dental radiology. The in t roduct ion  of cone beam  com -
puted tom ography gave dent ists the  rst  fully  edged 
technology for three-dim ensional im aging of the oro-
m axillofacial region.

In  parallel, radiat ion  protect ion  legislat ion  has been 
thoroughly revised. Radiat ion  protect ion  and im age qual-
it y are two closely in ter tw ined pillars of the X-ray ordi-
nance. Over the years, the In ternat ional Com m ission on 
Radiological Protect ion  has in t roduced increasingly con-
crete and detailed provisions. The “as low  as reasonably 
achievable” (ALARA) principle, w hich states that  the pa-
t ient  should only be exposed to as m uch radiat ion  as rea-
sonably necessary, m ust also be applied in  full to dental 
radiology.

The key to h igh-qualit y radiographic diagnosis is com -
prehensive t rain ing during dental school; th is serves to 
ensure that , in  later pract ice, individuals w ill only be ex-
posed to X-rays if really necessary. Dent ists also learn  in  
dental school how  to perform  pract ical radiat ion  protec-
t ion  procedures and how  to obtain  radiographs of good 
diagnost ic im age qualit y. Moreover, cont inuing educat ion  
and t rain ing during the course of professional pract ice is 
essent ial. Only those professionals w ho have up -to-date 
radiological knowledge and skills can  perform  X-ray pro-
cedures responsibly.

This book describes the essent ials of dental radiogra-
phy w ithout  w hich it  would be im possible to understand 
the concepts of im age qualit y and radiat ion  protect ion . 

Likew ise, it  explains the fundam entals of X-ray physics 
and provides pract ical inform at ion and inst ruct ions for 
the di erent techniques used in  dental radiography. The 
book is designed as a step -by-step guide to help students 
learn  dental radiography. At  the sam e t im e, it  was con-
ceived as a reference to help dent ists in  private pract ice 
and hospitals achieve opt im al results in  dental X-ray di-
agnost ics in-o ce or in  the universit y teaching set t ing.

A good know ledge of the techniques of in t raoral ra-
diography and dental panoram ic radiography is crucial 
to obtain ing good radiographic im age qualit y. The tech-
nique of cone beam  computed tom ography is becom ing 
m ore and m ore established. An exact knowledge of X-ray 
im age form at ion and of the diverse possibilit ies for using 
the enorm ous am ounts of data collected is necessary for 
opt im al use of th is w ide-ranging technique.

At the end of the X-ray exam inat ion , the task at  hand is 
in terpretat ion  of the  ndings, w hich plays an  increasing-
ly important  role in  dental radiology. Even panoram ic ra-
diographs can provide a large num ber of  ndings. Im ages 
from  cone beam  com puted tom ography yield far m ore di-
agnost ic inform at ion. Therefore, m any pract ical aids are 
given for the opt im al in terpretat ion  of results.

In  order to keep radiat ion  exposure as low  as possible, 
a just ifying indicat ion  m ust  be established before begin-
ning any type of X-ray exam inat ion . A precise knowledge 
of the m any diagnost ic possibilit ies is also absolutely nec-
essary, in  order to respect  the ALARA principle in  dental 
radiology. Correct  pract ical perform ance of the exam ina-
t ion  results in  h igh diagnost ic im age qualit y. If all steps 
are perform ed and executed according to the latest  stan -
dards of science and technology, then opt im al diagnosis 
is assured.

Andreas Fuhrm ann, DDS
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History and Development  of Dental Radiography
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2

physicist  Walter König. In  the follow ing years, the in-
t roduct ion  of X-ray tubes w ith  a plat inum  plate anode 
cut  the exposure t im e in  half.

● 1896: C. Edm und Kells described the  rst   lm -holder 
for dental radiography, w hich was m ade of h ighly per-
m eable alum inum . Kells is thus credited as being the 
father of the paralleling technique. However, the glass 
plates used as im age receptors at  that  t im e were gen-
erally held in  the pat ient’s m outh  by the dent ist .

● 1897: The  rst  double-coated celluloid  lm s were 
m ade in  1897 but  were not  used in  rout ine pract ice 
unt il 1923.

● 1897: Edison and Gehler developed in tensifying 
screens that  were coated w ith  calcium  tungstate.

● 1904–1907: The bisecting-angle technique of intraoral 
radiography was described by two independent re-
searchers, Price (1904) and Cieszynski (1907) (� Fig. 1.3).

● 1904–1925: The  r st  den tal X-ray m ach in e was devel-
oped in  1904. However, the angular tube required for 
th is m achine was not developed unt il 1919 by Garret-
son, and was  rst  installed in  dental X-ray equipm ent  
in  1925. These technical advances m ade it  possible to 
capture di erent angles of incidence of the beam  w ith  
m uch bet ter precision .

● 1921: French inventor André Bocage, the founder of 
convent ional tom ography, applied for a patent  for a 
funct ional tom ographic unit .

● 1921: Ow ing to the lack of suitable  lm -holders for the 
paralleling technique, Collins Le Master proposed the 
use of “a roll of absorbent cot ton  cem ented or other-
w ise secured to the  lm  holder,” to align  the plane of 
the  lm  perpendicular to the axis of the teeth .

● 1925: Howard R. Raper developed the bitew ing exam i-
nat ion  technique for opt im al detect ion and diagnosis 
of approxim al car ies.

1 History and Development of Dental Radiography

While conduct ing experim ents in  his laboratory at the 
Physics Inst itute of the Universit y of Würzburg, Germ any, 
on  Novem ber 8, 1895, physicist  Wilhelm  Conrad Röntgen 
observed that “a paper screen washed w ith barium –plat i-
nocyanide lights up brilliantly and fluoresces equally well, 
w hether the t reated side or the other be turned toward 
the discharge tube. The fluorescence was observable two 
m eters away from  the apparatus.” (� Fig. 1.1). These are 
the words that Röntgen used to describe the discovery he 
m ade w hile experim ent ing w ith cathode ray tubes. After 
repeat ing the experim ents several t im es, he felt  cer tain  
that  he had indeed discovered “a new  kind of rays.”

The  rst  prelim inary photographic evidence of th is 
discovery probably showed his ow n hand, but  the  rst  
“roentgenogram ” on reliable record was that  of h is w ife’s 
hand, taken on Decem ber 22, 1895.

Röntgen published the details of h is discovery and  nd-
ings in  three com m unicat ions:
● Prelim inary com m unicat ion  dated Decem ber 28, 1895: 

On a New  Kind of Rays (� Fig. 1.2)
● Second com m unicat ion  dated March 9, 1896: On a 

New  Kind of Rays
● Third com m unicat ion  dated March 10, 1897: Further 

Observat ions on the Propert ies of X-rays.

Röntgen him self referred to th is new  type of radiat ion  as 
“X-rays.” At the m eet ing of Germ an Physico-Medical So-
ciet y on January 23, 1896, w here he presented h is discov-
ery, it  was decided to call them  “Roentgen rays” instead. 
The nam e “X-rays” is st ill used in  English-speaking coun-
t ries today. Important  dates in  the h istory and develop-
m ent  of dental radiography are described below.
● 1896: The  r st  X-rays of th e teeth  were probably 

taken in  late January and early February 1896. The  rst  
dental radiographs on record are those of Friedrich  
Ot to Walkho , a Germ an dent ist  w ho lay m ot ionless 
on  the  oor for 25 m inutes to achieve blur-free im ages 
during the long exposure t im e needed. Other dental 
X-rays from  th is early period were taken by Germ an 

Fig. 1.1 Fluorescence of intensifying screens of three di erent 
thicknesses.

Fig. 1.2 Detail of the title page of the Proceedings of the Meet-
ing of the Würzburg Physico-Medical Society, Germany, in 1895.
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● 1928: The  rst  dental X-ray units w ith  h igh-voltage 
protect ion  were placed on the m arket .

● 1931: Hofrath  and Broadbent in t roduced cephalom et-
r ic radiography in to orthodont ics.

● 1933: The  rst  X-ray system s housing the X-ray tube 
and generator in  a single unit  were developed. The Sie-
m ens X-ray sphere is the m ost fam ous representat ive 
of th is group of dental X-ray m achines (� Fig. 1.4). The 
so-called single-tank const ruct ion  m ethod was thus 
in t roduced in to dental radiography (� Fig. 1.5).

● 1933: Num ata developed a panoram ic radiography 
m ethod capable of im aging the ent ire upper or lower 
dental arch  using a slit -beam  technique (� Fig. 1.6).

● 1946–1952: Paatero independently developed a sim i-
lar system  in  1946. Unlike Num ata, Paatero cont inued 
to develop h is invent ion . Between 1949 and 1952, he 
in t roduced an  X-ray m achine for panoram ic tom ogra-
phy or pantom ography (� Fig. 1.7).

● 1956: This year m arked the in t roduct ion  of the Pan-
orex X-ray m achine, the  rst  double eccentric pan-
oram ic unit .

● 1959–1961: In  th is period, there was cont inued de-
velopm ent proceeding from  the pantom ograph to the 
or thopantom ogram .

● 1961: Magni cat ion was int roduced to panoram ic radi-
ography by Ott  and Blackm an (� Fig. 1.8 and � Fig. 1.9).

● 1974: Further developm ent  of dental panoram ic to-
m ography star ted in  1974.

● 1982: The Zonarc panoram ic X-ray m achine (� Fig. 
1.10), w hich had m any new  scanning program s for the 
head and neck region, was in t roduced (� Fig. 1.11).

a  b

Fig. 1.3a, b Image distortion in the root region associated with use of the bisecting-angle technique. (From: Pasler FA, Visser H. Zahn-
medizinische Radiologie. 2nd ed. Stut tgart : Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)
a Bisecting-angle technique: Positioning of the  lm packet.
b Zygomatic bone projecting to the root region.

Fig. 1.4 X-ray sphere introduced by Siemens.

Fig. 1.5 Modern technology has greatly reduced the size of 
the dental X-ray head. A large older model is shown on the 
left, and a signi cantly scaled-down modern dental X-ray head 
(Heliodent 70) is shown on the right. The space required for 
the transformer is highlighted in blue .
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Dental X-ray tubehead
with slit aperture

The X-ray tube revolves 
around the patient’s jaw, 
and the patient remains 
still during imaging

A long, flexible film packet 
is pressed firmly to the lingual 
surfaces of the teeth

Fig. 1.6 Schematic diagram of a panoramic 
radiograph (based on Numata’s method of 
slit-beam intraoral panoramic radiography).

Fig. 1.7 Panoramic radiograph of a patient by Paatero.

Fig. 1.8 Status-X panoramic X-ray apparatus by Siemens.

Fig. 1.9 This magni ed panoramic radiograph taken with the 
Status-X shows a residual root in the right maxillary sinus of 
the upper jaw.
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● 1985: The Scanora, a com bined system  for panoram ic 
radiography and convent ional spiral tom ography, was 
in t roduced in  1985.

● 1987: This year m arked the beginning of d igit al rad i-
ography in  dental, oral, and m axillofacial surgery.

● 1995: Digital technology for panoram ic radiography 
was in t roduced.

● 1995: “Transverse panoram ic tom ography” was the 
buzzword in  1995.

● 1998: Digital cone beam  com puted tom ography (CBCT) 
was in t roduced as a tom ographic m ethod designed 
speci cally for im aging of bony st ructures in  the head 
region (� Fig. 1.12).

● 2007: The Galileos digital CBCT system  for standing and 
seated patients (� Fig. 1.13) was launched on the m arket.

● 2010: A com bined panoram ic radiography and CBCT 
system  was in t roduced.

Fig. 1.10 Zonarc panoramic radiography device for supine 
patients.

Fig. 1.11 Zonarc panoramic radiography device for midfacial 
imaging.

Fig. 1.12 NewTom cone beam computed tomography system 
for supine patients.

Fig. 1.13 Galileos cone beam computed tomography system.
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2 Radiation Physics
2.1 Types of Radiation
All life on  our planet  is exposed to different  t ypes of natu-
rally occurr ing radiat ion . This radiat ion  generally occurs 
in  the form  of elect rom agnet ic waves that  differ only by 
wavelength . Som e radiat ion  can be seen or felt  if it  occurs 
at  a few  specific wavelengths but , in  m ost cases, radia-
t ion  cannot be detected by our sense organs. This applies 
in  part icular to rays w ith  very shor t  wavelengths beyond 
the ult raviolet  end of the light  spect rum .

Radiat ion  is de ned as the em ission and propagat ion  
of energy.

When radiat ion  st r ikes an  object , the energy generated 
in  the radiat ion   eld t r iggers in teract ions in  the object . 
The body can w ithstand a good deal of radiat ion  but bio-
logical dam age star ts w hen it  is exposed to shor t-wave-
length  radiat ion .

Radiat ion  in  the infrared range is perceived as heat  ra-
diat ion  that  is not  uncom fortable. Ult raviolet  radiat ion , 
however, star ts to induce dam age associated w ith  chem i-
cal react ions in  the skin  that  can  produce sunburn .

Radiat ion  at  even shorter wavelengths is able to knock 
elect rons out  of an  atom . This process is called ionizat ion  
and such radiat ion  is referred to as ionizing radiat ion .

Note 

There are two basic t ypes of radiation: ionizing radiation 
and nonionizing radiation.

2.2 Direct and Indirect 
Ionization
Radiat ion  is fur ther characterized by the m anner in  w hich 
it s ionizing effects occur.

In  the case of direct ly ionizing radiat ion , the energy 
from  elect r ically charged par t icles is t ransferred direct ly 
to the ir radiated st ructures. Alpha par t icles, beta part i-
cles, and protons are t ypes of direct ly ionizing radiat ion .

In  indirect ly ionizing radiat ion , in teract ions w ith  the 
irradiated m at ter result  in  the generat ion  of elect rically 
charged par t icles w hich , in  turn , t ransfer their energy to 
surrounding st ructures. X-rays and gam m a rays are form s 
of indirectly ionizing radiat ion .

2.3 Corpuscular and Photon 
Radiation
Ionizing radiat ion  can be divided in to two types, accord-
ing to it s physical consistency: corpuscular radiat ion  and 
photon radiat ion .

The fact  that  nuclei m ay be stable or unstable is one 
reason w hy these two t ypes of radiat ion  occur. Stable nu-
clei are an  im portant  par t  of our everyday lives and are 
generally harm less. Unstable nuclei, on  the other hand, 
em it  ionizing radiat ion  and it  is im portant  to protect  the 
body from  th is t ype of radiat ion  as well as possible.

2.3.1  Corpuscular Radiation
Alpha and beta radiat ion  are com m on types of corpus-
cular radiat ion . Corpuscular radiat ion  is direct ly ionizing 
radiat ion  generated by the spontaneous decay of unstable 
atom ic nuclei. This process is know n as radioact ivit y.

Alpha par t icles consist  of helium  nuclei, while beta 
part icles are h igh-energy free elect rons.

Alpha and beta rays consist  of part icles w ith  rest  m ass; 
therefore, they have a relat ively short  range. Typically, al-
pha radiat ion  has a range of only a few  cent im eters in  air. 
It s range in  t issue is less than 1 m m  because the at tenua-
t ion  of radiat ion  passing through t issue is very large. The 
range of beta radiat ion  depends on the energy of the ra-
diat ion  and varies from  a few  m eters in  air to only a few  
m illim eters in  t issue.

2.3.2  Photon Radiation
X-rays and gam m a rays are form s of elect rom agnet ic ra-
diat ion .

E

B

Fig. 2.1 Electromagnetic waves. B: magnetic  ux density;  
E: electric  eld strength. (Adapted from: Zabel H. Kurzlehrbuch 
Physik. Stut tgart : Thieme; 2011.)
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Electrom agnet ic waves are m ade from  elect ric and 
m agnet ic  elds. Elect r ic  elds and m agnet ic  elds are 
closely related. Elect rom agnet ic waves are t ransverse 
waves because the elect ric  eld waves are perpendicular 
to the m agnet ic  ux density (� Fig. 2.1).

Unlike corpuscular radiat ion , photon radiat ion  has no 
rest  m ass. Therefore, it  t ravels at  the speed of light  in  air 
as well as in  a vacuum .

The ent ire elect rom agnet ic spect rum  consists of pho-
ton and elect rom agnet ic radiat ion  wavelengths, ranging 
from  very long-wavelength  radio waves to very shor t-
wavelength  gam m a rays (� Fig. 2.2).

2.4 Interactions between 
Radiation and Matter
The m ain  physical processes involved in  energy t ransfer 
are the excitat ion  and ionizat ion  of atom s exposed to ra-
diat ion .

Knowledge of the st ructure of atom s is therefore need-
ed to understand the processes associated w ith  ioniza-
t ion .

From  the work of Ernest  Rutherford (1911) and Niels 
Bohr (1913), it  is know n that  an  atom  consists of a posi-
t ively charged nucleus surrounded by a shell of negat ively 
charged elect rons that  t ravel in  circular orbits around the 
nucleus.

The num ber of elect rons corresponds to the atom ic 
num ber or nuclear charge of the atom . The atom ic num -
ber is equivalent  to the num ber of protons in  the nucleus. 
The characterist ic posit ion  of an  elem ent on  the periodic 
table is determ ined by it s atom ic num ber. Atom s norm al-
ly have an  equal num ber of elect rons and protons, so they 
are elect rically neutral.

The fact  that  the elect rons revolve around the nucle-
us in  di erent  paths is im portant  for various react ions 
involving photons. The orbits or shells are represented, 
from  the nucleus outwards, by the let ters K, L, M, N, O, 
P, and Q. Each shell can  accom m odate a  xed num ber of 
elect rons. The shell capacity ranges from  two elect rons in  
the K shell to 18 elect rons in  the M shell. The num ber of 
elect rons that  can  be accom m odated in  a shell increases 
w ith  the atom ic num ber of an  elem ent . The h igher the 
atom ic num ber of an  elem ent , the larger the num ber of 
elect rons that  it  can  accom m odate. This, in  turn , has an  
e ect  on  the absorpt ion  behavior of the elem ent .
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Fig. 2.2 The electromagnetic spectrum. 
(From: Zabel H. Kurzlehrbuch Physik. Stut t-
gart: Thieme; 2011.)
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Note 

The more electrons an element has, the more photons it  
can absorb. This fact plays an important role in the rec-
ognition of di erent tissues and in diagnostics.

2.5 Fundamental Physical 
Processes Involved in the 
Transfer of Photon Energy to 
Matter
When incom ing photons st r ike m at ter, two physical pro-
cesses m ay occur: excitat ion  or ionizat ion .

2.5.1  Excitation
The addit ion  of energy to an  atom  from  an external 
source can cause elect rons to be displaced from  an inner 
shell of the atom  to an  outer shell. This very brief state is 
called excitat ion . In  the process of excitat ion , no elect ron 
is ejected from  the atom  and no ionizat ion  occurs. Since 
the shells of an  atom  m ust  always be full, the vacancies 
created in  now  incomplete inner shells m ust , in  turn , be 
filled by elect rons from  outer shells. In  the process, the 
elect rons that  fall from  the outer shells to fill the vacan-
cies in  the inner shells em it  energy in  the form  of elec-
t rom agnet ic photon radiat ion . The vacancies left  in  the 
outer shell result ing from  th is elect ron m ovem ent  m ust , 
in  turn , be filled by other free elect rons.

If these elect ron shell-to-shell t ransit ions occur in  the 
region of the innerm ost  shell, then enough energy is gen-
erated for the product ion  of X-rays. Since the wavelength  
of these X-rays is dependent on  the speci c t ype of anode 
m aterial, th is kind of radiat ion  is referred to as character-
ist ic X-rays. Conversely, elect ron shell-to-shell t ransit ions 
in  the region of the m iddle shells result  in  the product ion  
of u lt raviolet  light , and those in  the region of the outer-
m ost  shell result  in  the product ion  of low-level energy 
perceived as visible light .

Note 

Electron shell-to-shell transitions in the region of the in-
nermost shell of an atom result  in the release of energy 
in the form of electromagnetic radiation at wavelengths 
in the range of X-rays.

2.5.2  Ionization
Ionizat ion  occurs w hen the energy of an  incident photon 
is com pletely absorbed and t ransferred to an  elect ron. 
The am ount  of energy t ransferred in  the process is so 
great  that  it  overcom es the binding energy of the elec-
t ron, knocking the elect ron out  of it s shell and eject ing 
it  from  the atom . Such an  atom  is said to be ionized. The 
ejected elect ron can, in  turn , ionize other atom s.

2.6 Interactions between 
X-rays and Matter
When incident  X-rays collide w ith  m at ter, they pass 
through the m at ter but  are at tenuated in  the process. In  
physical term s, the energy of the photons is either ab-
sorbed or propagates fur ther as scat tered radiat ion . The 
am ount of at tenuat ion  is determ ined by the th ickness, 
density, and atom ic num ber of the irradiated m aterial.

Note 

As X-rays pass through the body, the X-ray beam is at-
tenuated, or weakened as a result  of the absorption of 
photons and the production of scat tered radiation.

2.6.1  Absorption—Photoelectric 
 E ect
The absorpt ion  of radiat ion  takes place m ainly w ith in  
the inner shells of an  atom . Since X-ray beam s consists 
of photons, X-ray absorpt ion  is also referred to as the 
photoelect r ic effect  (� Fig. 2.3). A fract ion  of the energy 
of the incom ing X-ray photon is used to eject  an  elect ron 
from  its inner shell, and the em it ted photon receives the 
rem aining energy as kinet ic energy. Subsequently, the 
ejected elect ron induces m ore photoelect ric effects in  
other atom s.

As in  excitat ion , the vacancy left  in  the inner shell of 
an  atom  due to the eject ion  of elect rons is then  lled by 
elect rons dropping dow n from  outer shells. The energy 
released in  the process is em it ted from  the atom  in  the 
form  of characterist ic X-radiat ion .

The photoelect ric e ect  plays a crucial role in  diagnos-
t ic radiography, w here voltages of up to 100 kilovolts (kV) 
are applied. The lower the kilovoltage level, the greater 
the photoelect ric absorpt ion , and the h igher the atom ic 
num ber of the irradiated m aterial, the greater the pho-
toelect ric e ect . This is w hy bony st ructures are best  vi-
sualized at  lower kilovoltage levels of around 50 kV. From  
levels of around 60 kV, the photoelect r ic e ect  decreases 
sharply w ith  increasing kilovoltage, w ith  a proport ional 
increase in  scat tered radiat ion . The size of the two frac-
t ions is approxim ately equal at  60 kV.
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2.6.2  Scattered Radiation— 
Compton E ect
Besides the photoelect ric effect , the second physical pro-
cess that  plays an  im portant  role in  diagnost ic radiology 
is the Compton effect , or Com pton scat tering. The Com p-
ton effect  also involves the eject ion  of an  elect ron  from  
its atom ic shell. However, unlike the photoelect ric effect , 
outer-shell elect rons are affected rather than inner-shell 
elect rons. Because outer-shell elect rons have relat ively 
low  binding energy, they can be m ore easily ejected from  
an atom . Therefore, only a fract ion  of the incom ing pho-
ton  energy is required to eject  these elect rons. The re-
m aining energy is deflected from  the atom , at  an  angle 
of 0 to 180 degrees, as a scat tered photon. Therefore, the 
angle of scat ter ing can be quite large (� Fig. 2.4). In  spite 
of the energy loss, the ejected elect ron and scat tered ra-
diat ion  can st ill undergo further ionizat ion  in teract ions.

Since scat tered X-rays can t ravel in  all direct ions, they 
st rike the im age receptor (e. g., X-ray  lm ) from  arbit rary 
angles. Therefore, scat tering results in  a signi cant  reduc-
t ion  of cont rast .

The Com pton e ect  is a m ajor factor determ ining the 
energy level used in  dental X-ray im aging. At  60 kV, pho-
toelect r ic and Compton-e ect  in teract ions are approxi-
m ately equal.

Classical scat tering w ithout energy loss and pair pro-
duct ion  does not  play a role in  diagnost ic radiology. The 
reason for th is is that  classical scat tering only occurs w ith  
very “soft” X-rays and pair product ion  only occurs in  the 
m ega elect ron volt  (MeV) range.

Note 

The photoelectric e ect has its greatest e ect at low 
voltages of up to ~ 50 kV. X-ray images produced in this 
low-voltage range are characterized by high contrast. 
This high contrast is possible because the scat tered ra-
diation component is very small, resulting in very sharp 
visualization of bony structures. On the other hand, 
these so-called soft-rays are associated with a very large 
degree of absorption and thus disproportionately high 
radiation exposure.

This is why all dental X-ray machines that used to oper-
ate at 50 kV were prohibited. Today, radiation protection 
guidelines stipulate that the kilovoltage of dental X-ray 
machines must not be less than 60 kV. This operating 
kilovoltage achieves a good compromise between the 
quality of the dental X-ray image and radiation exposure.

2.7 Radioactivity
Atom s w ith  stable nuclei have an  equal num ber of pro-
tons and neutrons. If, however, the num ber of neutrons 
differs from  the num ber of protons (that  is, if the neut ron 
to proton rat io is too low  or too h igh), then  the atom  has 
an  unstable nucleus. Unstable nuclei undergo radioact ive 
decay at  variable rates and are ult im ately conver ted back 
in to stable nuclei. Nuclei undergoing radioact ive decay 
are term ed radioact ive nuclides (radioact ive isotopes), or 
radionuclides (radioisotopes) for short . Radioact ivit y re-
fers to the process of radioact ive decay.

Radioact ive radiat ion  consists m ainly of alpha part icles 
(helium  nuclei), beta par t icles (elect rons), and gamm a 
rays (very h igh-energy elect rom agnet ic radiat ion).

Photon

Nucleus

K shell

L shell

e
_

Fig. 2.3 Photoelectric e ect. (From: Schwenzer N, Ehrenfeldt 
M, eds. Chirurgische Grundlagen. 4th ed. Stut tgart: Thieme; 
2008.)
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Fig. 2.4 Compton scat tering. (From: Schwenzer N, Ehrenfeldt 
M, eds. Chirurgische Grundlagen. 4th ed. Stut tgart: Thieme; 
2008.)
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It  is categorized by source as terrest r ial, cosm ic, or ar-
t i cial radiat ion . The di erent t ypes of radiat ion  have dif-
ferent  m echanism s of act ion .

2.8 Production of X-rays
2.8.1  Dental X-ray Equipment
In  dental X-ray equipm ent , the X-ray generator and X-ray 
tube are contained together in  the sam e radiat ion-proof 
housing. This m odern  single-tank design allows the m an-
ufacture of sm all and easy-to-handle X-ray m achines, 
w hich are very well suited for use in  dental radiography 
(� Fig. 2.5 and � Fig. 2.6).

The X-rays are generated in  a glass X-ray tube (� Fig. 
2.7). The glass X-ray tube contains all the essent ial tech-
nical components required for the generat ion  of X-rays.

The X-ray tube and the generator producing the h igh 
and low  voltage needed for the product ion  of X-rays are 
located together in  the radiat ion-proof housing. The radi-
at ion-proof X-ray tube housing is completely  lled w ith  
oil, w hich acts as an  insulator.

The radiat ion-proof housing of all X-ray m achines 
m ust be inspected regularly to prevent leakage radiat ion . 
Oil leakage is a sure sign  of defects in  the radiat ion-proof 
housing. If oil leakage is detected, operat ion  of the equip -
m ent  m ust  be stopped im m ediately.

X-ray Tube Design
X-rays are produced w hen high-speed elect rons com ing 
from  the cathode are suddenly decelerated or stopped by 
the anode (� Fig. 2.8).

To produce X-rays, several technical requirem ents m ust 
be m et . First , the X-ray tube m ust  be sealed in  an  evacu-
ated glass envelope. Second, it  m ust have a cathode that  
serves as the source of elect rons. Third, a braking m echa-
nism  m ust  be present that  is capable of w ithstanding the 
h igh temperatures produced by the decelerat ion  of h igh-
energy elect rons, w hen temperatures as h igh as 2,500 °C 
m ay occur.

The m aterial requirem ents for the cathode and anode 
are thus extrem ely h igh. Last  but  not  least , the X-ray tube 
m ust  have a good cooling system  that  m ust be able to 
conduct heat  away e cient ly.

Cathode
To ensure an  adequate supply of elect rons for accelera-
t ion , a filam ent heat ing circuit  delivers low  voltage (8–
12 V) and current  (3–6 A) to the cathode filam ent . The fil-
am ent , w hich generally consists of a coiled tungsten  w ire, 
is thus heated to incandescence (2,000 °C). Ow ing to the 
in tense heat , elect rons detach from  the m etal surface and 

Fig. 2.5 Dental X-ray tube with a short spacer cone (may no 
longer be used today).
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are released as a cloud of elect rons in  a process know n as 
therm ionic em ission.

Since the focal spot on  the anode is sm aller than the 
elect ron cloud em it ted from  the tungsten  w ire, the elec-
t rons m ust  be guided toward the anode. The Wehnelt  cyl-
inder, a negat ively charged elect rode that  surrounds the 
cathode, serves to focus and guide the em it ted elect ron 
beam  so that  it  converges and st rikes the anode at  a pre-
cisely de ned point , to produce the sm allest  focal spot 
possible (� Fig. 2.9).

Anode
A second circuit  is needed to produce the h igh  voltage re-
quired to accelerate the elect rons toward the anode. Un-
like the filam ent heat ing circuit , the accelerat ing circuit  
runs on very h igh voltage and low  current .

High voltage is necessary for the generat ion of X-rays. 
In  accordance w ith radiat ion protect ion guidelines, dental 
X-ray m achines m ust not be operated at  voltages of less 
than 60 kV. The current intensity is generally less than 1 A.

Since dental X-ray m achines work on low  tube current , 
stat ionary anodes can be used (� Fig. 2.10).

Stat ionary anodes consist  of a sm all tungsten–rhenium  
plate (anode target) em bedded in  a block of copper de-
signed to dissipate heat .

Rotat ing anodes are used in  X-ray m achines w ith  h igh-
er perform ance, that  is, m achines that  produce m ore 
elect rons that  bom bard the anode (� Fig. 2.11). William  
Coolidge in t roduced the rotat ing anode in  1916. Rotat-
ing anodes have a circular rotat ing plate that  rotates at  
speeds of 3,000 to 90,000 rpm . Rotat ing anodes dist r ibute 
the heat  produced in  the process of X-ray generat ion  over 
a larger area, w hich reduces the overheat ing and wearing 
of anode m aterial. Tungsten–rhenium  alloy is used as the 
anode m aterial.

To reduce geom etric unsharpness, the size of the focal 
spot should be as sm all as possible. However, for m ate-
rial reasons (ow ing to h igh-temperature heat  produc-
t ion), the so-called focal spot  can  never be an  actual point  
source. Therefore, there w ill always be som e degree of 
geom etric unsharpness, w hich w ill inevitably im pair im -
age qualit y to som e extent .

X-rays

Anode

Cathode

Electrons

Evacuated envelope

Tube voltage

Filament

Fig. 2.8 High-speed electrons striking the 
anode. (From: Albes G. Facharztprüfung Ra-
diologie. 2nd ed. Stut tgart: Thieme; 2010.)

Anode

Cathode

Fig. 2.10 Stationary anode.
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To m ake the focal spot  size as sm all as possible, it  is 
ar t i cially reduced by using an  angled target  and the line 
focus principle. Consequently, the size of the e ect ive fo-
cal spot is sm aller than that  of the actual focal spot . This 
is accom plished by angulat ion  of the anode relat ive to the 
beam  (� Fig. 2.12). Ow ing to the ver t ical con gurat ion  
of the  lam ent and Wehnelt  cylinder, a narrow  rectan-
gular focal spot is produced on the sm all (~2 m m ) tung-
sten–rhenium  plate of the anode. By changing the anode 
angle to ~15 degrees, the shape of the apparent  focal spot  
also changes. Instead of appearing as a line, the projected 
elect rons from  the  lam ent are now  focused as a rectan-
gle, corresponding to the apparent  (e ect ive) focal spot . 
Dental X-ray m achines have an  e ect ive focal spot  size of 
~0.6 × 0.6 m m .

Multi-pulse Generators
Mult i-pulse generators have been used for m any years 
to improve the perform ance of dental X-ray m achines. 
In  generators of th is t ype, the prim ary m ains voltage of 
alternat ing (AC) current is rect ified and sm oothed and 
then processed and t ransform ed in to h igher-frequency 
AC voltage. This t ransform ed voltage is subjected to fur-
ther h igh-frequency t ransform at ion, rect ificat ion , and 
sm oothing (� Fig. 2.13).

Mult i-pulse generators increase the e ciency of dental 
X-ray m achines signi cant ly and protect  them  from  volt -
age  uctuat ions in  the power grid.

RotorStator

Rotating anode 
(= tungsten target)

Evacuated 
X-ray tube

~ 10 V

Filament

Electron beam X-rays

Grounding
+ 60,000 V

Fig. 2.11 Rotating anode. (From: Zabel H. 
Kurzlehrbuch Physik. Stut tgart : Thieme; 
2011.)

Electrons  

Central beam

Apparent focal spot

Actual focal spot

Anode angle

Fig. 2.12 Angulation of the anode for the 
production of a small apparent focal spot 
(schematic diagram).
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Note 

An X-ray tube has two electrical circuits: a  lament heat-
ing circuit that supplies low voltage and current to the 
cathode for the generation and emission of electrons, 
and a high-voltage circuit  that supplies accelerating volt-
age to the anode for the acceleration of electrons pro-
duced at the  lament. 

An increase in  lament heating voltage results in 
increased emission of electrons. If the  lament heating 
voltage cannot be adjusted, then the number of elec-
trons produced must be controlled by adjusting the ex-
posure time. The amount of electrons a ects the degree 
of blackening (density) of X-ray  lm.

An increase in voltage (kV) results in generation of 
 X-rays with higher energy, shorter wavelengths, and 
greater penetrating power. The decision to use high 
voltage depends on the thickness and density of the im-
aged object. An increase in voltage a ects contrast but 
not density (the degree of darkening of X-ray  lm).

Interactions of Electrons with the Anode 
Material
When elect rons are suddenly decelerated or stopped by 
the anode, 99 % of the energy of the elect rons is converted 
in to heat , and only 1 % is conver ted in to X-rays.

Two physical processes lead to the generat ion  of two 
di erent t ypes of X-rays: (1) characterist ic X-rays, w hich 
are produced w hen elect rons from  the cathode st rike 
elect rons on the innerm ost  shells of an  atom , and (2) 

brem sst rahlung, or “braking radiat ion ,” w hich is pro-
duced from  the kinet ic energy lost  by elect rons that  are 
decelerated by the nucleus of an  atom .

Characteristic X-rays
Characterist ic X-rays are produced by in teract ions of the 
elect rons com ing from  the cathode w ith  shell elect rons in  
the atom s of the anode m aterial.

According to the Bohr m odel of the atom , elect rons can 
m ove from  shell to shell around the nucleus of an  atom , 
but  cannot  exist  outside of the shells. The num ber of 
elect rons in  a given shell is exactly de ned and cannot 
be changed w ithout  consequences for the atom . When a 
h igh-speed elect ron com ing from  the cathode enters the 
atom , displaces an  elect ron from  an inner shell, and ejects 
it  from  the atom , leaving a vacancy in  the shell, then th is 
vacancy m ust be  lled by another elect ron. Consequent-
ly, an  elect ron from  a h igher-energy outer shell m ust  fall 
dow n to the lower-energy inner shell to  ll the vacan-
cy left  by the ejected elect ron. The vacancy in  the outer 
shell m ust , in  turn , be  lled by another elect ron. Energy 
is thereby released in  the form  of characterist ic X-rays, or 
characterist ic radiat ion  (� Fig. 2.14).

Bremsstrahlung
When elect rons from  the cathode com e close to the nu-
cleus, they are deflected in  the elect ric field  of the nucle-
us. The kinet ic energy lost  by the elect rons in  the process 
does not “vanish” but is converted in to photons, or en-
ergy quanta.

Mains
synchronization

DC link 
filter  Inverter

High-
voltage

transformer

High-
voltage
rectifier

High-
voltage

capacitor  Tube

U
t

Fig. 2.13 Operating principle of a multi-pulse generator.
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Very t iny fract ions (a few  thousandths) of the elec-
t rons lose all of their kinet ic energy im m ediately. In  other 
words, the total energy level of these elect rons is used for 
the product ion  of photons. Therefore, the vast  m ajorit y 
of the elect rons em it  only a variable port ion  of their ki-
net ic energy in  the form  of heat  unt il they are converted, 
so m ost  of the photons em it ted by these elect rons have a 
lower energy level than the form er t ype. Therefore, all en-
ergy levels are represented and th is produces a cont inu-
ous spect rum  of brem sst rahlung (� Fig. 2.15).

Note 

Bremsstrahlung is the product of the interaction of 
incident electrons with the electric  elds of the nuclei of 
the anode material. Because the individual electrons are 
decelerated di erently, this results in the production of 
an X-ray spectrum with a range of di erent wavelengths.

Properties and Characteristics of X-rays
Ow ing to their ionizing effect , X-rays have very special 
propert ies and characterist ics that  can  be ut ilized in  vari-
ous ways.
● At ten u at ion : When X-rays penetrate m at ter, they are 

at tenuated (weakened) by absorpt ion  and scat ter ing.
● Lu m in escen ce: X-rays st im ulate cer tain  substances to 

em it  light . The principle of lum inescence is used for 
X-ray im age in tensi cat ion  and dose reduct ion  (� Fig. 
2.16).

● Ion izat ion : X-rays ionize air and gases and can  thus be 
m easured.

● Ph otoelect r ic e  ect : X-rays have a photoelect r ic e ect  
and darken X-ray  lm  (� Fig. 2.17).

● Sem icon du ctor  e ect : X-rays change the charge and 
conduct ivit y of sem iconductors (th is has applicat ions 
in  digital radiography).

Nucleus

K shell

L shell

M shell

Characteristic
X-rays

Characteristic
X-rays

Fig. 2.14 Characteristic X-rays (schematic 
diagram). (From: Albes G. Facharztprüfung 
Radiologie. 2nd ed. Stut tgart: Thieme; 
2010.)

Atomic 
nucleus

Electron 3

Bremsstrahlung photon 3

Bremsstrahlung photon 2

Bremsstrahlung photon 1

Electron 2

Electron 1

Fig. 2.15 Bremsstrahlung (schematic 
diagram). (From: Albes G. Facharztprüfung 
Radiologie. 2nd ed. Stut tgart: Thieme; 
2010.)
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2.8.2  Additional Equipment Needed 
for Dose Limitation and Improve-
ment of X-ray Image Quality
Som e addit ional equipm ent  is needed to ensure the opt i-
m al implem entat ion  of X-ray m achines, especially in  den-
tal radiography.

Full compliance w ith  the current  guidelines for radia-
t ion  protect ion  and im age qualit y is required for every 
 X-ray taken. This also applies to the addit ional equipm ent 
used in  radiography.

Filtration of X-rays
Filt rat ion  of X-rays is m andatory, ow ing to the inhom oge-
neity of brem sst rahlung. Most X-rays consist  of low -en-
ergy radiat ion  that  is completely absorbed in  body t issues 
and thus does not  cont ribute to im age form at ion.

Although th is low-energy radiat ion  does not  have any 
useful e ects, it  m ay, however, have injurious e ects. 
Consequently, alu m in u m   lters m ust be used to prevent 
individuals from  being exposed to these rays.

However, the weakest  X-rays in  the beam  are already 
 ltered by m aterials present  w ith in  the radiat ion-proof 
tube housing before they reach the exit  w indow  of the 
tube housing. The m aterials responsible for th is inherent  
 lt rat ion  are the glass envelope of the X-ray tube and the 
surrounding oil that  insulates the radiat ion-proof X-ray 
tube housing. Inherent   lt rat ion  has the e ect  of an  alu-
m inum   lter w ith  a th ickness of 1 to 2.5 m m .

Total tube  lt rat ion  is therefore de ned as inherent   l-
t rat ion  and addit ional  lt rat ion  by alum inum   lters.

Note 

Total tube  ltration is required by law. According to 
international standards, the total tube  ltration must 
be equivalent to at least 1.5 mm of aluminum in dental 
X-ray equipment operating up to 70 kV, and equivalent 
to at least 2.5 mm of aluminum in equipment operating 
at more than 70 kV.

Collimator
Collim ators are used to narrow  the beam  to the desired 
size and shape. When ext raoral radiography is perform ed 
using large im age receptors, the beam  m ust be lim ited, in  
order to leave a visible unexposed m argin . This serves to 
ensure that  the beam  is not  larger than necessary.

In t raoral radiography is perform ed using sm all im age 
receptors, however, so it  is not  advisable or necessary to 
leave an  unexposed m argin . In t raoral X-rays are subject  
to di erent  principles, w hich  require that  a collim ator or 
spacer cone is used to lim it  the beam  and thus reduce the 
area of the radiat ion   eld at  the end of the spacer cone to 
a diam eter of no m ore than 6 cm .

To ensure that  im age receptors of all t ypes and sizes are 
covered, the guidelines fur ther st ipulate that  the diagonal 
of the useful radiat ion   eld at  the end of the spacer cone 
m ust  be no m ore than 1 cm  larger than the diagonal of 
the act ive surface area of the largest  im age receptor used.

In  pract ice, th is m eans that  a sm aller secondary colli-
m ator m ust be used w hen the im age receptor is sm aller 
than 3 × 4 cm .

Spacer Cone
The spacer cone (� Fig. 2.18 and � Fig. 2.19) is of special 
im portance in  dental radiography. It  has three im portant  
funct ions:
● Beam -in dicat ing device (BID): In  in t raoral radiogra-

phy, it  is im perat ive that  the X-ray beam  and the target  
teeth  of in terest  be properly aligned w ith  each other.
○ When using the bisect ing-angle technique w ithout fo -

cusing adjustm ent , it  is best to at tach a pointed spacer 
cone to the X-ray tube housing, to ensure proper 
alignm ent of the X-ray beam  and im age receptor.

Fig. 2.16 X-ray beam generates light on an intensifying 
screen.

Fig. 2.17 Dental X-ray  lm.
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○ When the paralleling technique is used, it  is best  to 
use a long st raight spacer cone w ith  a sm all second-
ary collim ator, to ensure proper alignm ent w ith  the 
localizer r ing (� Fig. 2.20).

● Spacer:
○ Independent of shape and length , the spacer cone 

m ust  be posit ioned as close as possible to the skin  on 
the pat ient’s cheek.

○ If the distance were larger, the irradiated area of skin  
(radiat ion   eld) would be large. This would result  
in  pat ient  exposure exceeding the m axim um  dose 
lim its, and the X-ray im age cont rast  would decrease 
because of an  increase in  the am ount  of scat tered 
radiat ion  reaching the im age receptor.

● Collim ator  h older: The collim ator is m ounted on the 
spacer cone because the length  of the spacer cone cor-
relates w ith  the size of the collim ator  eld. Because the 
radiat ion   eld size m ust rem ain  constant , the collim a-
tor  eld size m ust  increase or decrease in  accordance 
w ith  changes in  the length  of the spacer cone.

○ For example, if the spacer cone is relat ively shor t  
(10 cm ), then a relat ively large collim ator  eld size is 
needed to m aintain  the radiat ion   eld at  a constant 
size of 6 cm  (� Fig. 2.21).

○ Ow ing to beam  divergence, the size of the collim ator 
 eld  decreases as the length  of the spacer cone in -
creases, to prevent the radiat ion   eld from  exceeding 
the prescribed diam eter size of 6 cm  (� Fig. 2.22).

Collimator Geometry and Radiographic 
Technique
When using the paralleling technique of in traoral radi-
ography, the im age receptor (e. g., film  packet) is placed 
inside a film -holder. Target ing accuracy increases signifi-
cantly w hen im age receptors are used. Sm all, rectangular 
secondary collim ators that are specifically designed for 
the im age receptor m ay be used for this purpose. Second-
ary collim ators can  reduce the field size on the skin  sur-
face by up to 50 %, w hich is a m ajor advantage (� Fig. 2.23).

Fig. 2.18 Round cone with a round col-
limator and a radiation  eld of 6 cm.

Fig. 2.19 Secondary collimator with an 
adapted rectangular aperture designed 
to limit  the dose to a small area of skin 
( eld).

Fig. 2.20 Long spacer cone with a small secondary collimator.
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6-cm radiation field

Fig. 2.21 Short spacer cone with a large 
collimator.

6-cm 
radiation field

Fig. 2.22 Long spacer cone with a small 
collimator.

Round spacer cone

Rectangular spacer cone

Film

Fig. 2.23 Comparison of round versus rectangular collimation.
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3 Dose Terms and Dose Units Used for Ionizing 
Radiation

�Equ ivalen t  dose: The equivalent dose takes into ac-
count the di erent biological e ect  of radiat ion  of dif-
ferent ionizat ion density in  t issue. The equivalent dose is 
thus the unit  used in  radiat ion protect ion. Its physical unit  
is the sievert  (SI unit: Sv), w hich is used to dist inguish the 
equivalent dose from  the radiat ion absorbed dose.
● Radiat ion  weigh t ing factor (W R): Di erent radiat ions 

have di erent ionizat ion densit ies. Therefore, som e 
form s of radiat ion have h igh biological e ect iveness, 
w hile others have low  biological e ect iveness. X-rays, 
beta rays, gam m a rays, and electron beam s are assigned 
a radiat ion weight ing factor (W R) of 1. The W R of neu-
tron beam s is 10 to 20, and that  of alpha part icles is 20.

● Lin ear  en ergy t ran sfer  (LET): The in tensit y and spat ial 
dist r ibut ion  of ionizat ion  produced by radiat ion  is 
greatly dependent  on  the t ype of radiat ion. The LET is a 
m easure of the so-called radiat ion  qualit y. This unit  in -
dicates the order of m agnitude of in teract ion  between 
a cer tain  t ype of radiat ion  and irradiated m at ter. The 
num ber of ionizat ions that  radiat ion  produces per unit  
distance as it  t ravels through t issue is a m easureable 
param eter of linear energy t ransfer. Alpha par t icles are 
very densely ionizing radiat ion . Neutrons and protons 
are only half as densely ionizing, and X-radiat ion  is 
sparsely ionizing radiat ion  w ith  a low  ionizat ion  den-
sit y (� Fig. 3.1).

Therefore, the equivalent dose corresponds to the radia-
t ion  absorbed dose m ult iplied by the radiat ion  weight-

To quant itat ively describe the extent  and the effects of 
ionizing radiat ion  on the body, units for the m easurem ent  
of ionizing radiat ion  m ust be defined. Because the extent 
and effects of radiat ion  depend on m any factors, several 
different  dose units are needed to describe the various 
in teract ions. The m ost  important  of these dose units are 
defined below.

� Ion  dose: The ion  dose is a m easure of the charges pro-
duced by the X-ray tube in  a given volum e of air. This dose 
unit  is used in  m et rology. It s physical unit  is the coulom b 
per kilogram  (SI unit: C/kg). Therefore, the ion  dose can 
also be described as the quot ient  of charge and m ass.

�Radiat ion  absorbed  dose: The radiat ion  absorbed dose 
is a m easure of the am ount  of radiat ion  absorbed by the 
body, referring to the e ect  of radiat ion  on the di erent 
t ypes of body t issues. Because the e ects of the radiat ion  
vary by t issue t ype, the absorpt ion  of radiat ion  is also 
dependent  on  the t ype of t issue involved. The radiat ion  
absorbed dose is thus a m easure of absorbed energy. It  is 
de ned as the quot ient  of the absorbed energy impar ted 
by ionizing radiat ion  on a given volum e elem ent  of a spe-
ci c m aterial and the m ass of th is volum e elem ent . The 
radiat ion  absorbed dose cannot be m easured direct ly but 
can  only be calculated from  the ion  dose and the absorp-
t ion  coe cient . It s physical unit  is the gray (SI unit: Gy), 
w here one gray equals one joule per kilogram  (1 Gy = 1 J/
kg).

Fig. 3.1 Linear energy transfer (LET). 
(From: Pasler FA, Visser H. Zahnme-
dizinische Radiologie. 2nd ed. Stut tgart: 
Thieme; 2000. Farbatlanten der Zahnme-
dizin; Band 5.)
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ing factor, W R. Since X-rays have a W R of 1, the equivalent 
dose is num erically equivalent  to the radiat ion  absorbed 
dose in  dental radiography.

�E ect ive dose: The e ect ive dose equivalent , or e ec-
t ive dose, was in t roduced as a param eter for est im at ing 
the risk of cancer associated w ith  radiat ion  exposure, in  
a di erent iated m anner. The rat ionale behind th is is that  
som e organs of the body are m ore sensit ive to radiat ion  
than others.

The radiosensit ivit y est im ates for the various t issue 
t ypes are accurate, because they are based on data from  a 
large num ber of cases, including survivors of the atom ic 
bom bings in  Hiroshim a and Nagasaki. By taking the num -
ber of deaths as the basis of calculat ion , it  is possible to 
calculate an  organ or t issue weight ing factor for each par t  
of the body, based on it s radiosensit ivit y.

The In ternat ional Com m ission on Radiological Protec-
t ion  (ICRP) recalculated its t issue weight ing factors in  
2007. Because of th is, the values for m any organs have 
changed since the last  ICRP recom m endat ions were pub-
lished in  1979 (� Table 3.1).

The e ect ive dose is the sum  of the equivalent doses 
for each organ or t issue irradiated, m ult iplied by their re-
spect ive t issue weight ing factors. It  thus represents the 
e ect ive dose for the w hole body. The SI unit  of e ect ive 
dose is the siever t  (Sv).

In  addit ion  to these basic dose term s and units used in  
dosim et ry, other im portant  dose term s play an  im portant  
role in  the everyday use of X-rays.

�Dose–area produ ct : The dose–area product  is the in-
cident  radiat ion  dose m ult iplied by the irradiated surface 
area. All new  X-ray m achines, including those used in  
dent ist ry, m ust  calculate and display values of dose–area 
product . A record of the DAP m eter reading is m ade after 
each exam inat ion  (� Fig. 3.2).

30
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Fig. 3.2 Dose–area product. (From: Pasler 
FA, Visser H. Zahnmedizinische Radiologie. 
2nd ed. Stut tgart: Thieme; 2000. Farbatlan-
ten der Zahnmedizin; Band 5.)

Table 3.1 Tissue weighting factors (WT)

Tissue or organ  WT 1991  WT 2007

Gonads 0.20 0.05

Red bone marrow 0.12 0.12

Colon 0.12 0.12

Lung 0.12 0.12

Stomach 0.12 0.12

Breast 0.05 0.12

Liver 0.05 0.05

Esophagus 0.05 0.05

Thyroid 0.05 0.05

Skin 0.01 0.01

Bone surface 0.01 0.01

Brain 0.01

Kidney 0.01

Salivary glands 0.01

Remainder 0.05 0.10
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4.1 Fundamentals
The processes that  ult im ately lead to the biological ef-
fects of radiat ion  in  t issues star t  w ith  the physical process 
of absorpt ion . The energy input  from  radiat ion  induces 
considerable st ructural changes in  the t issues. Compared 
w ith  other agents w ith  toxic effects on  cells, ionizing ra-
diat ion  has the h ighest  biological efficiency and the h igh-
est  dam age potent ial. The biological effect  of radiat ion  
develops in  a series of processes, star t ing w ith  physical 
changes (physical phase) that  lead to chem ical changes 
(chem ical phase) and, ult im ately, biological changes in  
the DNA (biological phase).

When radiat ion  passes through m at ter, it  is at tenuat-
ed by absorpt ion  and scat tering processes. The resultant  
t ransfer of energy to the irradiated m aterial leads to the 

release of elect rons. These charged part icles, in  turn , con-
t inuously induce further ionizat ion  processes w ith  con-
stant ly decreasing energy.

The elect rons released in  photoelect ric and Compton 
in teract ions have su  cient  energy to induce further ion-
izat ion  or st im ulate the em ission of fur ther radiat ion  on 
their ow n. This results in  the product ion  of photons w ith  
less energy. However, even these lower-energy photons 
from  these various processes st ill have enough energy 
for fur ther st im ulat ion  of atom s and m olecules. Overall, 
considerable heat  is generated by the prim ary and sec-
ondary processes involved in  the in teract ion  of radiat ion  
w ith  m at ter. These physical processes lead to chem ical 
changes in  the irradiated area, w hich  can  ult im ately lead 
to biological changes.

4 The Biology of Radiation E ects  

Biological effects
Repair processes, degeneration, malignant transformation, mutation

Chemical effects
Changes in biomolecular structures

Ionization, excitation, heat

Scat tered photons 
(coherent scat tering, Compton scat tering)

Bremsstrahlung photons, 
characteristic X-radiation

Release of electrons 
(photoelectric, Compton, and Auger effects)

Interactions with atoms

Radiation field of high-energy photons

Fig. 4.1 Schematic diagram of the e ects of radiation in tissue. (From: Pasler FA, Visser H. Zahnmedizinische Radiologie. 2nd ed. 
Stut tgart: Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)
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Note 

Only the fraction of ionizing radiation that undergoes in-
teraction with the tissue can cause biological e ects. All 
the biological e ects of ionizing radiation are the result  
of the transfer of energy to the tissue (� Fig. 4.1).

4.2 Direct and Indirect E ects 
of Radiation
Ionizing radiat ion  can have direct  or indirect  effects. 
St ructural changes w ith in  the cells, and m acrom olecular 
changes, are direct  effects, and changes due to the pro-
duct ion  of free radicals in  the water of the cell are indi-
rect  effects. Free radicals are h ighly react ive fragm ents 
of m olecules. They t r igger a variet y of biochem ical reac-
t ions, such as hydroxylat ion , decarboxylat ion , reduct ion , 
and oxidat ion . These processes can induce biochem ical 
alterat ions in  norm al biom olecular st ructures and bonds.

Living cells are ~90 % water. The radiolysis of water 
results in  the product ion  of OH• radicals as an  oxidant  
species, and in  the product ion  of hydrogen radicals, free 
elect rons, OH– ions and H+ ions as reducing species. The 
form at ion of peroxide can also occur due to in teract ion 
w ith  oxygen.

Exposure to X-rays and other t ypes of low  linear energy 
t ransfer ionizing radiat ion  predom inantly causes indirect  
e ects, w hich are responsible for up to 70 % of the overall 
e ect .

4.3 E ects of Ionizing 
Radiation on DNA
DNA is by far the m ost crit ical target  for radiat ion  dam age 
in  a cell. It  is, however, the m ain  point  of at tack of ionizing 
radiat ion .

DNA is the carrier of genet ic inform at ion. It  serves to 
preserve and repair the body through it s abilit y to pro-
duce ident ical replicas in  cell division  and the capacity 
to pass on  genet ic inform at ion  through the generat ions. 
Dam age to DNA seriously in terferes w ith  the biological 
balance of the living organism .

Ionizing radiat ion  can result  in  several t ypes of dam -
age to DNA. The m ost  com m on types are changes in  bases 
such as thym ine, cytosine, adenine, and guanine. DNA 
single-st rand breaks and changes in  sugars are the second 
m ost  com m on type. DNA double-st rand breaks are not so 
com m on (� Fig. 4.2).

4.4 Repair Mechanisms for the 
Restoration of DNA
Cells have effect ive m echanism s for the flawless repair of 
the m ajor port ion (up to 97 %) of radiat ion-induced dam -
age to their DNA w ithin  a few  hours. These repair m echa-
nism s serve to restore the DNA, suppress cancer develop -
m ent , and prevent  m utat ions.

The repair processes occur quickly—som e repairs are 
com pleted in  only a few  m inutes. Most of the dam age 
is repaired w ith in  several hours. The rem aining residual 
dam age accounts for less than 5 % of the total dam age.

In DNA single-st rand breaks, the com plem entary st rand 
of the DNA double helix that is st ill present is used as a 
template for the restorat ion , via the respect ive enzym es. 
Even DNA double-st rand breaks can be repaired; th is oc-
curs in  a process referred to as nonhom ologous end-join-
ing.

4.5 Biological E ects of 
Radiation Damage
Radiat ion-induced dam age to the DNA m ay cause differ-
ent t ypes of effects, depending on the severit y and loca-
t ion  of dam age.
● Im pairm en t  of cell fun ct ion  generally leads to pro-

gram m ed cell death , depending on the severit y of 
im pairm ent .

● Program m ed cell death  (apoptosis) is a norm al physi-
ological process that  occurs in  all living organisms. 
It  serves to ensure that  cells that  are not funct ioning 
properly are ident i ed as such and dest royed before the 
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Fig. 4.2 DNA damage. (From: Pasler FA, Visser H. Zahnmedi-
zinische Radiologie. 2nd ed. Stut tgart: Thieme; 2000. Farbat-
lanten der Zahnmedizin; Band 5.)
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star t  of cell division. Apoptosis m ay, however, result  in  
determ inist ic radiat ion dam age if the radiat ion causes 
the cell death rate to rise above a cer tain  level. Deter-
m inist ic radiat ion  e ects occur above a threshold dose.

● Mu tat ion s result  in  changes in  the genet ic characteris-
t ics of subsequent  generat ions of cells. Mutat ions m ay 
cause or contribute to the m alignant  t ransform at ion of 
som at ic cells.
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5 Radiation Pathology
5.1 Natural Radiation 
Exposure
Exposure to natural background radiat ion  is inevitable 
because it  is a natural part  of the environm ent . Major 
sources of natural radiat ion  include cosm ic radiat ion  and 
the decay of radionuclides that  occur naturally in  the hu-
m an environm ent and in  the hum an body.

5.1.1  Cosmic Radiation
It  is know n that  cosm ic rays consist  of radionuclides from  
galact ic and solar sources, but their origin  is st ill not  com -
pletely understood. Prim ary cosm ic radiat ion consists 
m ainly of protons, photons, and elect rons that  in teract  
w ith  atom s in  the atm osphere, result ing in  the produc-
t ion  of secondary cosm ic rays. The am ount  of natural ex-
posure to cosm ic radiat ion  depends on the alt itude of the 
locat ion  of m easurem ent . In  central Europe, the annual 
effect ive dose of cosm ic radiat ion  is ~0.3 m Sv at  sea level, 
and ~1 m Sv at  an  alt itude of 2,500 m .

Exposure to cosm ic radiat ion  is of special signi cance 
to  ight  personnel. Therefore, guidelines recom m ending 
that  the exposure of air crew  to cosm ic radiat ion  should 
be taken in to account  in  occupat ional exposure est im ates 
are already in  place.

While the in tensit y of cosm ic radiat ion  rem ains rela-
t ively constant , the in tensit y of solar radiat ion  varies de-
pending on the solar cycle and solar act ivit y ( ares).

5.1.2  Terrestrial Radionuclides
Terrest r ial radiat ion  is natural radiat ion  originat ing from  
the decay of the radionuclides in  the Ear th’s surface. Ra-
dionuclides are taken up in  the hum an body w ith food, 
air, and drinking water. The three m ain  radionuclides in  
the Ear th’s crust  are uranium , thorium , and potassium . 
Other radionuclides are m em bers of the natural decay se-
ries of uranium  and thorium . Radon exposure (1.4 m Sv) 
m akes up the largest  fract ion  of the total radiat ion  dose 
due to terrest rial radionuclides. Radon is inhaled as a gas 
in  enclosed spaces. Radon gas is a product  of the radioac-
t ive decay of uranium  and thorium . It  escapes by diffu-
sion from  the soil in to the air and then seeps in to houses 
and buildings (� Fig. 5.1).

5.2 Arti cial Radiation 
Exposure
The ionizing radiat ion  and radioact ive m aterials used in  
m edicine are the largest  source of ar t ificial radiat ion  ex-
posure associated w ith  civilizat ion . Diagnost ic radiat ion  
m akes up the largest  fract ion  of these exposures. Radio-
therapy and nuclear m edicine contribute only 10 % to the 
total annual dose of 1.5 m Sv from  m edical radiat ion .

All other sources such as the Chernobyl nuclear pow-
er plant accident , atom ic bom b fallout , nuclear power 
plants, and radiat ion  used in  research  and nuclear tech-
nology produce less than 0.02 m Sv per year (� Fig. 5.2).
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Fig. 5.1 Radon pathways into a house.
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5.3 Stochastic and 
Deterministic E ects of 
Ionizing Radiation
5.3.1  Stochastic E ects
The stochast ic effects of ionizing radiat ion  occur by 
chance, that  is, are determ ined by a random  dist r ibut ion  
of probabilit ies (� Fig. 5.3). Therefore, one can only pre-
dict  the stat ist ical probabilit y of biological effects occur-
ring in  a given populat ion  of individuals w ith  ident ical 
radiat ion  exposure. Stochast ic effects m ay not occur unt il 
after a latent  period of several years. It  is impossible to 
predict  w hether stochast ic effects w ill occur in  a given 
individual.

There is no threshold dose for the occurrence of sto-
chast ic e ects.

Unicellular processes are involved in  the occurrence of 
stochast ic radiat ion  e ects. Malignant t ransform at ion of 
a som at ic cell, or a m utagenic e ect  on  germ  cells, is a 
random  occurrence determ ined by chance dam age to the 
respect ive DNA. Theoret ically, a single h igh-energy pho-
ton  can  release secondary elect rons that , on  their orbit  
in  the cell nucleus, m ay induce DNA dam age result ing in  
stochast ic e ects. The probabilit y of occurrence of sto-
chast ic e ects increases w ith  dose. However, the severit y 
of the result ing e ect  is not  dose dependent .

The stochast ic e ects of radiat ion  include:
● Genet ic defects
● Cancer.

5.3.2  Deterministic E ects
A biological effect  of radiat ion  is character ized as deter-
m inist ic if the effect  occurs as a direct  result  of exposure 
to a specific dose of radiat ion . Unlike stochast ic effects, 
determ inist ic effects occur only after exposure to radia-
t ion  exceeding a certain  threshold dose. The threshold 
dose is the dose w here the num ber of cells killed by radia-
t ion  increases to such a degree that  it  r ises above the nor-
m al level. The severit y of dam age to the affected t issue in -
creases w ith  increasing dose. The latent  period between 
exposure and the onset  of the determ inist ic effect  varies, 
depending on the t ype of t issue involved and the radia-
t ion  dose level. The acute effects of radiat ion  appear after 
a latent  period of a few  hours to days, w hile the chronic 
late effects m ay take years to m anifest  them selves.

The determ inist ic e ects of radiat ion  (� Fig. 5.4) always 
ar ise from  m ult icellular m echanism s. The induct ion  of 
dam age exceeding the cellular repair capacit y leads to an  
increase in  cell death  or degenerat ive processes. The ef-
fects only becom e clin ically m anifest  after a large num ber 
of cells have been dam aged.

It  is im perat ive that  the radiat ion  doses used in  diag-
nost ic im aging do not  cause determ inist ic dam age.

The m ost com m on form s of early radiat ion-induced 
dam age due to determ inist ic e ects include:
● Erythem a
● Ulcers
● Acute radiat ion sickness.

Late effects include a variety of:
● Tissue changes
● Vascular changes.
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● Chapter 6
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6 Image Formation and Image Processing
6.1.1  Summation E ect
The fact  that  an  X-ray im age is the sum m ation of different 
consecut ive st ructures in  three-dim ensional space in to a 
two-dim ensional im aging plane m akes radiographic in -
terpretat ion  even m ore challenging. Individual details on  
an  X-ray im age m ay be indist inguishable, ow ing to th is 
sum m at ion effect  (� Fig. 6.1). It  m ay be necessary to take 
an  X-ray from  a different project ion  angle, to visualize 
such “hidden” st ructures.

The m ain  problem  of X-ray im aging is that  it  depicts 
three-dim ensional objects in  a two-dim ensional plane. It  
is di cult  for the inexperienced radiographer to m entally 
t ranslate a three-dim ensional object  in to a two-dim en-
sional radiograph. Likew ise, it  is hard to gain  an  im pres-
sion of three-dim ensionalit y from  a two-dim ensional im -
age.

Considering th is knowledge of the physical pr inciples 
of X-ray im age form at ion, the  rst  step is to learn  to per-
ceive the di erent  gray levels as di erent  degrees of at-
tenuat ion  caused by t issues of di erent densit ies.

The next  step is to learn  to t ranslate the gray-scale in-
form at ion in to vivid three-dim ensional im pressions of 
the irradiated organs. The last  step is to learn  to dist in-
guish  norm al from  abnorm al. In  other words, the observ-
er m ust learn  to dist inguish  the radiographic appearances 
of norm al anatom ical st ructures and variants from  ab-
norm al anatom ical st ructures and pathological changes.

Thus, radiographic in terpretat ion  is complicated by 
the two-dim ensionalit y of X-ray im ages and by the sum -
m at ion (superim posit ion) of shadows from  consecut ive 
st ructures. Another X-ray opt ical phenom enon that  in  u-
ences the ident i cat ion  and in terpretat ion  of radiograph-
ic appearances m ust also be considered: the tangent ial 
e ect .

6.1 Fundamentals
Im age form at ion w ith  X-rays is significant ly different 
from  the form at ion of im ages by visible light that  we are 
fam iliar w ith .

Unlike visible light , X-rays pass through the body and 
form  im ages of the di erent  st ructures they encounter, 
according to the laws of cent ral project ion .

Central project ion  m eans that  X-rays diverge as they 
t ravel in  a st raight line from  a point  source focus to the 
anode. As X-rays pass through t issues, di erent st ruc-
tures of di erent  densit ies absorb and scat ter di erent  
fract ions of the radiat ion , result ing in  at tenuat ion  of the 
beam . The degree of X-ray at tenuat ion  varies depending 
on the com posit ion  (density) of the irradiated objects. 
The variable pat tern  of blackening result ing from  th is re-
 ects these di erences in  opt ical density of the objects.

The degree of absorpt ion  of X-rays is determ ined by the 
num ber of elect rons per atom  of a given elem ent . St ruc-
tures m ade of elem ents w ith  a large num ber of elect rons, 
as re ected by a h igh atom ic num ber, absorb m ore X-rays 
than those m ade of elem ents w ith  a low  atom ic num ber. 
Osseous st ructures contain  calcium , w hich has a relat ive-
ly h igh atom ic num ber. Therefore, bone appears w hite 
and part icularly prom inent  on  radiographs. The reason 
for th is is that  X-rays that  st r ike bone are alm ost ent ire-
ly absorbed and do not reach the im age receiver. Tissues 
that  are not as dense as bone absorb m uch less X-radia-
t ion  and therefore appear as variably dark to black shad-
ows. Between these two ext rem es—w hite or black—are 
m any shades of gray. The corresponding im age generated 
by the im age receptor is m ade visible by developing the 
 lm , or by digital im age processing. The num ber of gray 
levels or contrast  displayed varies from  system  to system .

Unlike photography, X-radiat ion  does not  produce a 
“picture.” An X-ray im age is m erely the result  of the vari-
able at tenuat ion  of X-rays by the irradiated objects. The 
result ing light and dark areas m ust  be in terpreted and 
correlated to their respect ive anatom ical st ructures. A 
precise understanding of the principles of X-ray im age 
form at ion, and a detailed knowledge of the anatomy of 
the region of the body being exam ined, are thus neces-
sary for the in terpretat ion  of radiographic im ages.

However, observer experience is just as important: com -
parison w ith known radiographic im ages is the only way to 
improve the reliability and accuracy of interpretation of the 
radiographic appearances of anatom ical structures of vari-
able density. The fact that we compare things we observe 
w ith sim ilar and fam iliar things stored in our m em ory is 
a natural m ental process. The larger the num ber of sim i-
lar and fam iliar things stored in the m em ory (for example, 
radiographic im ages), the greater the experience of the ob-
server. Greater experience allows the observer to identify 
structures on radiographs m ore quickly and accurately.

Fig. 6.1 Summation of shadows in an X-ray image (schematic 
representation). (From: Pasler FA. Zahnärztliche Radiologie.  
5th ed. Stut tgart: Thieme; 2008.)
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6.1.2  Tangential E ect
Objects that  are very dense or th ick are readily seen on 
radiographic im ages. Conversely, st ructures that  are very 
sm all absorb very lit t le radiat ion; therefore, they m ay be 
very hard to visualize if the X-ray im age was taken from  
the w rong project ion  angle. The only way to clearly dis-
play sm all, curved, and th in  st ructures is to align  the 
beam  parallel to these objects. This applies, in  part icu-
lar, to st ructures in  the alveolar region and to the th in  
bone walls in  the m axillary sinus area. The im age form ed 
is then the sum m ation of bone wall st ructures aligned 
parallel to the central ray. Hard-t issue st ructures aligned 
perpendicular or oblique to the cent ral ray at  the m om ent 
of exposure are either not  visible or only slight ly visible 
on  radiographs, even if they are very dense and th ick.

Take, for example, the hard palate, w hich can be visual-
ized in  only a few  beam  project ions. If the th in  hard palate 
is aligned perpendicular to the central ray, the area of the 
hard palate w ill not  be visible, ow ing to its lack of th ick-
ness. Only the m arginal areas are visible as shadow  lines, 
ow ing to their curvature (� Fig. 6.2).

Despite these di cult ies, the goal of radiography m ust  
be to depict  anatom ical st ructures as accurately and real-
ist ically as possible. To facilitate radiographic in terpreta-
t ion  and prevent errors, it  is essent ial to ensure that  the 
gray-level inform at ion  used to produce the X-ray im ages 
is processed exactly in  accordance w ith  prescribed rules. 
This is done by using st an dard  rad iograph ic project ion s.

Radiologist  Guido Holzknecht (1931) said, “From  the 
total num ber of possible radiographic project ions, the 
ones best  suited to display the largest  num ber of changes 
know n to occur by experience w ith  the sm allest  num ber 
of project ions m ust  be selected.”

Note 

The use of standard radiographic procedures is an im -
portant element of dental radiography. Standardized 
imaging procedures contribute to quality assurance and 
reduce radiation exposure.

By acquiring standard radiographic project ions according 
to recognized rules, target  st ructures can  be im aged w ith  
the greatest  accuracy possible.

The visualizat ion  of organs using well-know n standard 
project ions has dist inct  bene ts for radiographic diag-
nost ics. It  is the only way to obtain  a t rue-to-scale repro-
duct ion  of speci c st ructures in  a know n form . Moreover, 
radiographs should always provide an  exact  indicat ion  of 
the density of anatom ical st ructures, so that  changes can 
be clearly ident i ed.

In  dental radiography, we know  that  cer tain  laws of 
project ion  m ust  be know n and applied, especially w hen 
taking in t raoral radiographs. For bet ter understanding, 
the factors that  in  uence X-ray im age form at ion can be 
divided in to two m ain  categories:
● Factors that  are independent of the im age receptor
● Factors that  are determ ined by the im age receptor 

system .

6.2 Image Receptor-
Independent Factors 
In uencing Image Formation
The degree of penetrat ion  of X-rays is dependent  on  the 
X-ray wavelength , w hich, in  turn , is dependent  on  the 
h igh voltage applied to the X-ray tube. As the th ickness 
or density of an  irradiated object  increases, the degree of 
penet rat ion  of X-rays m ust also be increased by increas-
ing the voltage.

The variable absorpt ion  of X-rays by the di erent t is-
sues of the body produces variable shadow  pat terns of 
the irradiated st ructures and organs, w hich are seen as 
project ion  im ages on the radiograph. Dense st ructures 
such as bones st rongly absorb X-rays and produce vari-
able degrees of shadow ing. Loose st ructures such as soft-
t issues, cavit ies, and air absorb lit t le or no X-rays and thus 
appear radiolucent (w hite), ow ing to their low  density.

The superim posit ion  of st ructures from  di erent  levels 
of an  object  is referred to as add it ion . The opposite e ect , 
caused by spaces contain ing air, is called su bt ract ion . 
These addit ion  and subtract ion  e ects m ay complicate Fig. 6.2 Tangential e ect in the maxillary region.
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radiographic diagnost ics, especially w hen they occur in  
the craniofacial region, w here a very large num ber of an-
gular bony st ructures of di erent th icknesses are closely 
posit ioned together in  close proxim ity to soft-t issues and 
air- lled cavit ies.

The age of the pat ient is another important factor, par-
t icularly in  dental radiography, because of age-related 
changes in  the calcium  content of bone. Last  but  not  least , 
path ological ch anges result  in  altered absorpt ion  deviat-
ing from  the character ist ic X-ray absorpt ion  of healthy 
t issues.

6.2.1  Object Contrast
Very low  and very h igh degrees of absorpt ion  produce 
very dark, dense, and bright  low -density areas on the ra-
diograph. The large differences between these extrem e 
densit ies result  in  h igh contrast . The degrees of absorp-
t ion  between these extrem es form  the gray-scale range 
of radiography. The difference between the m axim um  
and m inim um  opt ical density w ith  w hich a st ructure is 
displayed is referred to as object  contrast . The only fac-
tors that  influence object  contrast  are the object  t ype 
and beam  qualit y. Other factors such as current  in tensit y, 
source-to-film  distance, exposure t im e, and film  charac-
terist ics have no effect  on  object  contrast . Digital im age 
processing is the only way to change the prim ary object  
contrast  of a radiographic im age.

6.2.2  Current Intensity and 
 Exposure Time
The am ount of X-rays generated in  a given exposure t im e, 
in  seconds (s), depends on the am ount  of current , in  m il-
liamperes (m A), applied to the filam ent of the cathode. 
Accordingly, the product of current and exposure t im e 
determ ines the im age density w ithout  affect ing the 
contrast . If technically possible, the sam e effect  can  be 
achieved by changing the exposure t im e, or, if th is is not 
possible, by varying the current . The m illiampere–second 
product (the product  of m illiam perage and exposure t im e 
in  seconds) rem ains the sam e in  either case.

6.2.3  Inverse Square Law
The distance from  the radiat ion  source to the ir radiated 
object  is another factor to consider. As the distance from  
the source increases, the in tensit y of X-radiat ion  decreas-
es, ow ing to at tenuat ion , and the density per unit  area de-
creases, ow ing to the divergence and cone-shaped spat ial 
dist r ibut ion  of the beam . Therefore, distance has a m ajor 
influence on the degree of film  darkening, or radiograph-
ic density.

X-rays, as well as light  rays, follow  the inverse square 
law  (� Fig. 6.3), w hich states that  the in tensit y of radia-

t ion  decreases in  inverse propor t ion  to the square of the 
distance from  the radiat ion  source. This has important  
im plicat ions for radiat ion  protect ion . Distance is the best  
protect ion  against  radiat ion .

Theoret ically, if the distance from  the X-ray source to 
the object  increases by a factor of two, the radiat ion  in-
tensit y m ust  be increased by a factor of four to obtain  the 
sam e degree of blackening. However, w hen the source-
to-target  distance is increased, a sm aller collim ator size is 
used to keep the  eld size constant  (6 cm ) w ithout  h igher 
radiat ion  exposure.

6.2.4  High Voltage
Any change in  voltage results in  a change in  the penet rat-
ing power of X-rays. The h igher the penet rat ing power, 
the sm aller the fract ion  of X-rays absorbed and the larger 
the num ber of X-rays reaching the im age receptor. The 
end result  is a reduct ion  of contrast , w hich occurs be-
cause the absorpt ion  differences in  t issue becom e sm aller 
and fewer contrast  levels are displayed. At the sam e t im e, 
the propor t ion  of scat tered radiat ion  increases w ith  in -
creasing voltage. From  a voltage of ~60 kV and higher, the 
percentage of scat tered radiat ion  exceeds the percentage 
of absorbed radiat ion .

Higher voltage does have an  in  uence on   lm  dark-
ening, but the price for th is is a loss of contrast . The re-
duct ion  of cont rast  due to scat tered radiat ion  can be de-
creased to a cer tain  extent . In  dental radiography, th is 
can  be accomplished by reducing the size of the radiat ion  
 eld, and through appropriate  ltering.

In general radiology, ant i-scat ter grids are used to re-
duce scat tering. Anti-scat ter grids consist of parallel st r ips 

Dose = 1
x

2x

Dose = ¼

Fig. 6.3 Inverse square law (schematic representation). (From: 
Pasler FA. Zahnärztliche Radiologie. 5th ed. Stut tgart: Thieme; 
2008.)
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of lead, w hich serve to absorb scat tered radiat ion  that  
st r ikes the grid at an angle. Ant i-scat ter grids are posi-
t ioned between the pat ient  and the  lm . They do not at-
tenuate the prim ary beam , w hich is important for im age 
form at ion.

6.2.5  Scattered Radiation
When X-rays pass through an  object , they are either 
absorbed or scat tered in  all direct ions. Because th is so-
called secondary radiat ion  scat tered from  the object  has 
different  angles of incidence, it  leads to a reduct ion  of 
contrast .

A pract ical way to reduce the scat tered radiat ion  com -
ponent is to use the sm allest  collim ator possible. When 
taking skull radiographs w ith  larger form ats, ant i-scat ter 
grids are placed between the pat ient  and the im age re-
ceptor, to in tercept scat tered radiat ion  (� Fig. 6.4).

6.3 Radiographic Film and 
Intensifying Screen-Dependent 
Factors that In uence Image 
Formation
6.3.1  Screenless Films
Dental radiology is unique, in  that  the film s used to ac-
quire dental radiographs com e both  w ith  and w ithout in -
tensifying screens.

In t raoral radiography is the only branch of radiography 
w here screenless  lm s are used. In t raoral radiographs are 
expected to provide h igh contrast  and very h igh resolu-
t ion  (sharpness) on  the one hand, and high  lm  speed 
and sensit ivit y on the other (� Fig. 6.5).

Note 

The main characteristics used to describe the quality of 
radiographic  lms are:
● Contrast
● Sharpness (resolution)
● Film speed (sensitivity).

�Con t rast : As a general rule, dental radiographic  lm  
m ust  have h igh contrast  to be able to accurately di eren -
t iate between  ne st ructures located close together in  the 
dental region. Factors related to scat tered radiat ion  and 
 lm  developm ent in  uence  lm  contrast . Film  cont rast  
increases w ith  h igher  lm -developm ent tem perature. Re-
use of developer results in  a decrease in   lm  contrast .

Scat tered radiation

Film Lead line grid

Large radiation source

Fig. 6.4 Scat tered radiation and anti-scat ter grid. (From: Zabel 
H. Kurzlehrbuch Physik. Stut tgart : Thieme; 2011.)

Fig. 6.5 Dental X-ray  lm. Fig. 6.6 Lead line grid.
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�Sh arpn ess (resolu t ion ): Because in t raoral radiogra-
phy is in tended for the visualizat ion  and di erent iat ion  
of very  ne st ructures, it  requires the use of  lm s w ith  a 
h igh degree of sharpness. Generally speaking,  lm  sharp -
ness is m easured in  term s of resolut ion , or resolving pow -
er. In  pract ice, resolut ion  is m easured using h igh-contrast  
lead line grids in  units of line pairs (lp) per m illim eter 
(� Fig. 6.6).

�Film  speed (sen sit ivit y): Film  speed is a ected both  
by the num ber and by the shape and size of the silver 
brom ide (AgBr) crystals present in  the  lm  em ulsion. 
The m ore crystals there are, the faster the  lm  w ill be. 
However, there are lim its to the num ber of silver brom ide 
crystals that  is technically feasible. The shape and st ruc-
ture of the silver brom ide crystals has been im proved 
through the developm ent  of new  crystalline form s.

Convent ional silver brom ide crystals were very sm all 
and characterized by h igh resolut ion . However, because 
their sensit ivit y was low, they required signi cant ly 
longer exposure t im es than m odern  crystals. Fur ther 
research  led to the developm ent of tabular crystals (T-
grains), w hich lie along the surface of the em ulsion layer 
such that  the  at  side of the crystal is st ruck by the inci-
dent X-ray beam  (� Fig. 6.7 and � Fig. 6.8). Ow ing to th is 
con gurat ion , tabular crystals have signi cantly h igher 
absorpt ion  characterist ics than the older spherical crys-
tals. In  accordance w ith  ISO 3665 standards for the clas-
si cat ion  of in t raoral radiographic  lm , three di erent 
classes of  lm  speed are dist inguished and are character-
ized by the let ters D, E, and F.

The use of E-speed  lm  results in  ~50 % dose reduct ion  
com pared w ith  D-speed  lm , but  the di erence between 
E-speed and F-speed  lm  is not  as h igh .

The only reason w hy F-speed  lm  is faster is because of 
its h igher developing tem perature. According to the ISO 
3665 standards, in t raoral  lm  developed in  autom at ic 
processors using a roller t ranspor t  system  and at  h igher 
tem perature (28 °C) is classi ed as F-speed  lm . However, 
if it  is developed m anually or on  another t ype of autom at-
ic processor at  20 °C, then it  is classi ed as E-speed  lm .

Note 

Only the faster E-speed and F-speed  lms should be 
used in intraoral radiography because they provide the 
same diagnostic imaging quality as D-speed  lm but can 
reduce the radiation dose by up to 50 %.

Fig. 6.7a, b Comparison of di erent  lm crystals.
a Conventional crystals.
b T-grain crystals.

Fig. 6.8 T-grain crystals under an electron microscope.
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Construction of Radiographic Film
To obtain the m axim um  yield of X-rays and light from  the 
intensifying screen, the em ulsion layer of radiographic film  
m ust contain as m any silver brom ide crystals as is techni-
cally feasible. Since each em ulsion layer can contain only 
a lim ited num ber of silver brom ide crystals, m ost radio-
graphic film s have two layers of em ulsion, one on the front 
and one on the back (� Fig. 6.9). The central film  base sepa-
rating the two layers is a thin polyester sheet ~0.2 m m  thick. 
Polyester is a transparent and flam e-retardant m aterial.

A thin layer of adhesive is applied to each side of the  lm  
base. The adhesive layers serve to  rm ly at tach the em ul-
sion containing the silver brom ide crystals to the  lm  base. 
Each em ulsion layer is em bedded in gelat in. The gelat in  
not only serves as a binder for the em ulsion layer, but also 
a ects the speed (sensit ivity) and contrast of the  lm . Fi-
nally, the  lm  is enclosed in a protective layer designed to 
prevent m echanical dam age, safeguard the em ulsion, and 
improve gliding of the  lm  through the  lm  processors.

Only a few  incident X-rays st rike intraoral  lm s w ithout  
an intensifying screen. Therefore, in  addit ion to the two-
sided coat ings described above, the  lm s have another 
layer that contains as m uch silver as is technically feasible. 
Modern non-screen dental  lm s contain ~200 g of silver 
per square m eter, w hereas radiographic  lm s w ith an in-
tensifying screen only have ~40 g of silver per square meter. 
The m ain reason for this di erence is probably the price of 
silver, in addit ion to the use of an intensifying screen.

The  lm  packaging m ust  be light  and waterproof and 
m ust  provide su cient  stabilit y. The covers are m ade of 
plast ic. To provide stabilit y, the  lm  is also encased in  
cardboard (� Fig. 6.10).

Fig. 6.10 Dental X-ray  lm packaging and 
components (from left to right): plastic 
cover, front and back,  lm, black cardboard, 
and lead foil.

Protective layer

Emulsion layer

Adhesive layer

Film base

Fig. 6.9 Cross-sectional structure of radio-
graphic  lm.

Fig. 6.11 If X-ray  lm is exposed on the wrong side, the pat-
tern embossed on the lead foil can be seen.
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a  b  c

Fig. 6.12a–c Over-exposure, normal exposure, and under-exposure.
a Too light.
b “Normal.”
c Too dark.
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Fig. 6.13a, b Characteristic curves. (From: Ewen K, ed. Moderne Bildgebung. Stut tgart : Thieme; 1998.)
a Characteristic curve of radiographic  lm showing log relative exposure and the resulting optical density. Dmax: maximum optical 

density.
b Characteristic curves of  lms with di erent contrast characteristics. The  lm on the right, which has a steeper linear region or slope, 

has higher contrast but low exposure latitude. The  lm on the left, which has lower contrast , has wider exposure latitude and is 
especially well suited for radiographs of areas that require high-contrast imaging, such as the facial skeleton.



41

6.3 Radiographic Film and Intensifying Screen-Dependent  Factors that  In uence Image Formation

6

On the back side of the  lm  casset te, there is a th in  
sheet  of lead foil that  absorbs both  the radiat ion  that  
passes through the  lm  as well as the scat tered radia-
t ion  that  reaches the  lm  from  the t issues. The lead foil 
serves to provide radiat ion  protect ion  and to im prove im -
age qualit y. A pat tern  em bossed on the lead foil indicates 
w hen radiographic  lm  is m istakenly exposed from  the 
back. If the  lm  is exposed on the w rong side, the X-ray 
appears too light and the pat tern  can be seen (� Fig. 6.11).

Graphical Representation of Film 
 Characteristics: Characteristic Curve
The characterist ic curve describes the relat ionship be-
tween film  exposure—including developm ent—and the 
result ing opt ical density.

When exposing and developing radiographic  lm , the 
goal is to ensure that  the opt ical density of the  lm  is al-
ways in  a range that  is suitable for diagnost ic in terpre-
tat ion  (� Fig. 6.12). The character ist ic curve, or density 
curve, is a graph used to show  how  the characterist ics of 
the radiographic  lm  a ect  the X-ray im age (� Fig. 6.13).

The character ist ic curve is com posed of di erent  re-
gions. The m iddle linear region of the curve (slope) re-
veals the m ost important  inform at ion about the contrast  
of the  lm . The steeper the linear region or slope, the 
h igher the contrast  of the  lm .

The two curved por t ions at  the beginning and end of 
the curve are referred to as the toe and shoulder of the 
curve. They m ark the regions that  are not suitable for di-
agnost ic radiology.

The characterist ic curve does not star t  at  zero. Instead, 
it  star ts at  a level called backgroun d  fog. Background fog 
is the inherent level of background blackening that  m ay 
occur on  radiographic  lm , but  the fog density m ust not 
exceed a level of 0.25. Background fog is caused by the 
base and the em ulsion of radiographic  lm . Film  stor-
age condit ions, as well as environm ental condit ions in  
the darkroom , are factors that  can  result  in  an  increase in  
background fog levels.

6.3.2  Radiographic Film w ith 
 Intensifying Screens
Intensifying screens are used in com bination w ith radio-
graphic film s for all extraoral im ages. Intensifying screens 
are typically m ounted on the inside of film  casset tes, on  
both the front and back of the casset te. Like radiographic 
film s, intensifying screens consist of a plastic base layer to 
which an em ulsion layer is at tached. The em ulsion con-
tains fluorescent crystals. The m ain purpose of intensify-
ing screens is to reduce the am ount of radiation needed for 
the production of radiographic images, by reinforcing the 
action of X-rays. This occurs as a result of lum inescence of 
the incident X-rays that strike the intensifying screen; the 
lum inescence is in the range of the visible light spectrum .

Fluorescence has a long history, and it  was the glow  
from  such a layer of  uorescent  m aterial that  led to the 
discovery of X-rays. In tensifying screens have been used 
since the beginning of radiography. Calcium  tungstate 
phosphors were used for decades. Since 1978, calcium  
tungstate screens have been replaced w ith  rare-ear th  
screens using green-glow ing gadolin ium  phosphors.

Calcium  tungstate and gadolin ium  crystals have indi-
vidual light-em ission  characterist ics, w hich m ust be pre-
cisely m atched, to correspond to the characterist ics of the 
 lm  (� Fig. 6.14 and � Fig. 6.15).

The sensit ivit y of a screen/ lm  system  is determ ined 
by the dose that  induces a speci ed degree of blackening 
of the  lm . The sensit ivit y class is m ainly determ ined by 
screen th ickness.

The speed of in tensifying screens is divided in to di-
m ensionless speed classes. Only class 200 to 250 and 400 
fast  screens w ith  h igh in tensifying power are used in  den-
tal radiography.

Fig. 6.14 Calcium tungstate crystals.

Fig. 6.15 Gadolinium crystals (rare earths).
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Note 

High-speed (400) intensifying screens must be used for 
the acquisition of cephalometric radiographs in children. 
All other extraoral radiographs can be taken using inten-
sifying screens with a speed of 200 to 250 (� Fig. 6.16).

Disadvantages of Intensifying Screens
In tensifying screens achieve dose reduct ion  for the pa-
t ient , at  the expense of im age qualit y.

One of the m ain  factors responsible for the blurring as-
sociated w ith  in tensifying screens is the size of the crys-
tals: screen crystals are not as sm all as silver brom ide 
crystals. The th ickness of the screen is another im por-
tant  factor. The th icker the screen, the longer the distance 
the light  m ust t ravel and thus the greater the degree of 
scat tering. This e ect  increases if light  does not st r ike 
any silver brom ide crystals in  the  rst  em ulsion (st r ik-
ing only those in  the second em ulsion), or if the em ulsion 

is exposed from  the rear by light re ected from  the back 
wall of the casset te. This e ect  is referred to as crossover. 
Crossover can also have an  adverse e ect  on  im age qual-
it y (� Fig. 6.17).

6.4 Processing of Radiographic 
Films
Radiographic film  can be developed by m anual, sem i-au-
tom at ic, or fully autom at ic processing m ethods. The in-
t roduct ion  of m odern  qualit y assurance standards have 
m ade m anual and sem i-autom at ic processing pract ically 
obsolete.

One of the m any advantages of autom at ic processing at  
h igher tem peratures is that  h igher temperature results in  
an  increase in   lm  speed and contrast . Thus, two pract i-
cal bene ts of fully autom at ic developm ent  are reduct ion  
of the pat ient  dose and addit ional improvem ent of im age 
qualit y.

The roller t ransport  system  of autom at ic processors 
m eets the qualit y assurance requirem ents for radio-
graphic  lm  developm ent in  accordance w ith  in terna-
t ional standards (� Fig. 6.18).

If no darkroom  is available, the autom at ic processor 
can  be  t ted w ith  a daylight  loader that  allows safe  lm  
developm ent (� Fig. 6.19).

Fig. 6.16 Casset te and  lm.

Front screen

1  2  3  4  5

Cassette

Emulsion

Emulsion

Film base

Back screen

Cassette

Fig. 6.17 Screen unsharpness (schematic 
diagram). (From: Pasler FA, Visser H. Zahn-
medizinische Radiologie. 2nd ed. Stut tgart: 
Thieme; 2000. Farbatlanten der Zahnme-
dizin; Band 5.)
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Fig. 6.18 Automatic processor with rollers: 1 Film feed, 2 De-
veloper, 3 Fixer, 4 Wash water, 5 Dryer, 6 Outlet. (From: Pasler 
FA, Visser H. Zahnmedizinische Radiologie. 2nd ed. Stut tgart: 
Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)

Fig. 6.19 Automatic processor with daylight loading appara-
tus.
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The use of digital im age receptors in  dental radiography 
began w ith  the launch of the first  com m ercial system  in  
1986. This technology, called the RadioVisioGraphy sys-
tem , used a charge-coupled device (CCD) for digital in t ra-
oral X-ray im aging. Digital im aging plate scanner system s 
were in t roduced as the second digital X-ray im aging tech-
nology in  the m id-1990s.

Meanw hile, the technology used in  in t raoral and extra-
oral digital im aging system s has becom e so good that  the 
diagnost ic im age qualit y of digital X-rays is now  equal, if 
not  superior, to that  of convent ional X-rays.

7 Digital Dental Radiography

Fig. 7.2 Digital imaging plate with protective cover.Fig. 7.1 Digital radiography sensor and cable.

Input 
phosphor screen

Output 
phosphor screen

Signal
processing

Photodiodes

ElectronsPhotonsIncident X-rays

Fig. 7.3 Flat panel detector (schematic 
diagram).

Input 
phosphor screen

Output phos-
phor screen

Electrodes of 
electron optics

CCD
 chip

Evacuated tube Optical irisIncident X-rays

Fig. 7.4 Image intensi er (schematic dia-
gram). CCD: charge-coupled device.
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The term  digital radiography, or digital X-ray im aging, 
refers to the technique of acquisit ion  and display of ra-
diographic im ages by m eans of elect ronic data-process-
ing technology. Convent ional X-ray im ages are acquired 
using a radiographic  lm  or  lm –screen com binat ion. 
Digital X-rays, on  the other hand, are acquired and pro-
cessed using digital sensor system s and im aging plates. A 
computer w ith  appropriate software is needed to process 
and display the digital im age data on  a h igh-perform ance 
m onitor.

All digital im aging system s need a system  for the con-
version of analog signals in to digital im age signals, and a 
detector that  converts X-ray photons in to elect ric charges.

Several di erent  devices are used for th is purpose in  
dental digital X-ray im aging:
● Sensors (� Fig. 7.1) and im aging plates (� Fig. 7.2) are 

used in  digital in t raoral and panoram ic radiography 
system s.

● Flat  panel detectors (� Fig. 7.3) and, in  som e cases, 
im age in tensi ers (� Fig. 7.4) are used in  cone beam  
computed tom ography (digital volum e tom ography).

7.1 Sensors
Sensors are im age-capturing devices that  consist  of qua-
drat ic light-sensit ive photodiodes. Each photodiode acts 
as a picture elem ent , w hich is abbreviated as pixel.

The energy of the incident  photons is t ransferred to the 
elect rons of a sem iconductor that  acts as a capacitor (e. g., 
a CCD chip). The charges generated in  the process  ow  
in to a “potent ial pot ,” w here they are collected and then 
read out  (� Fig. 7.5).

The im age sensors used in  dental digital radiography 
di er, in  som e cases signi cantly, in  their st ructure and 
m ode of operat ion . There are three t ypes available:
● CCD sensors
● CMOS sensors (com plem entary m etal oxide sem icon-

ductors)
● CdTe sensors (cadm ium  telluride sensors).

�CCD sen sors: CCD sensors read out charges as follows: 
the elect rons are t ransported across the chip row  by row, 
in  the ver t ical and the horizontal direct ion , from  one pix-
el to the next , as in  a bucket  brigade. The elect rical analog 
signals are then  am pli ed and converted in to digital sig-
nals by an  analog-to-digital conver ter. The m ain  disadvan-
tage of CCD sensors is that  if there are very large am ounts 
of charge (that  is, over-exposure), the sm all potent ial pots 
over ow. This is re ected as ink-blot-t ype zones of radio-
lucency on the im ages. This problem , know n as bloom ing, 
is one of the reasons w hy CCD sensors are being increas-
ingly replaced by CMOS sensors. Other disadvantages of 
CCD sensors are their narrow  exposure lat itude (ow ing to 
bloom ing) and relat ively long readout t im e.

�CMOS sen sors: CMOS sensors use a di erent  readout  
technique, in  w hich  each pixel can  be read out individu-
ally. Furtherm ore, each pixel has its ow n am pli er for an -
alog signal processing and it s ow n analog-to-digital con-
verter. Since CMOS sensors can perform  these and m any 
other funct ions, they are called act ive pixel sensors (APS). 
This technology w ill replace the old CCD-based technol-
ogy because it  enables CMOS sensors to achieve faster 
readout  t im es and less noise than CCD sensors.

X-rays Visible light Image displayed 
on the monitor

A/D

Scintillator CCD Signal processing Standard PC

Fig. 7.5 Signal processing with a digital sensor (schematic diagram). CCD: charge-coupled device. (From: Pasler FA, Visser H. Zahn-
medizinische Radiologie. 2nd ed. Stut tgart : Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)
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�CdTe sen sors: CdTe sensors have a th in  layer of cadm i-
um  tellur ide rather than a light-em it t ing layer. Alm ost  all 
sensors today work w ith  a lum inescent layer that  is  rm -
ly vapor-deposited on the sensor, sim ilar to an  in tensify-
ing screen. Whereas the  rst  generat ion  of sensors had 
layers doped w ith  rare-ear th  ions, cesium  iodide (CsI) is 
used today. Cesium  iodide crystals are characterized by 
their sm all size and narrow, tapered needle st ructure. 
This technology reduces light  scat ter nearly completely. 
The light  protects the sensor from  X-rays, w hich have ex-
t rem ely shor t  wavelengths.

CdTe sensors were developed in  an  at tem pt to digit ize 
X-rays w ithout light  and to obtain  radiographic im ages 
w ith  even bet ter resolut ion .

7.1.1  Spatial Resolution
The spat ial resolut ion  of a sensor is dependent  on  the 
physical pixel size. Modern  sensors have a pixel size of 
15 × 15 µm . Spat ial resolut ion  is generally expressed in  
units of lin e pairs per  m illim eter  (lp/m m ). Sensors w ith  
a pixel size of 15 × 15 µm  have a theoret ical spat ial resolu-
t ion  of 33 lp/m m . However, th is theoret ical m athem at i-
cal physical value is never achieved in  pract ice, ow ing to 
several in terfering factors, such as im age noise and geo-
m etrical unsharpness.

Im age n oise is produced by the random  m anner in  
w hich photons are dist r ibuted in  a de ned area of the im -
age receptor. The noise component  is solely dependent on  
the num ber of photons incident  on  the detector. There-
fore, the dow nside of increasing the dose (to im prove im -
age qualit y) is a larger noise com ponent .

Geom et r ic un sh arpn ess is the loss of detail caused by 
increasing the size of the focal spot  (non-point  source), 
w hich, together w ith  other unfavorable im aging param -
eters, can  decrease im age qualit y to a variable degree.

Pixel bin n ing is another procedure used in  digital im -
age processing. In  binning, the charge from  four adjacent 
pixels is generally com bined to shorten  processing t im es 

and to reduce storage requirem ents. Another im portant  
bene t  of pixel binning is that  it  can  reduce the dose to 
the pat ient . In  any case, it  m ust be noted that  pixel bin-
ning o ers several advantages but  reduces spat ial resolu-
t ion .

7.2 Storage Phosphor Imaging 
Plates
In  cont rast  to the in tensifying screens, storage phosphor 
im aging plates do not conver t  X-rays in to visible light  
im m ediately; instead, excited elect rons are “t rapped” in  
the crystal lat t ice of the storage phosphor layer of the 
plate. Storage phosphor im aging plates are sem iconduc-
tor plates w ith  a storage phosphor layer, w hich  generally 
consists of a europium -doped barium  fluorohalide phos-
phor. The storage phosphor layer contains so-called elec-
t ron t raps, or chem ical t raps (� Fig. 7.6). A laser is used to 
scan the storage phosphor im aging plate and conver t  the 
latent  im age in to a digital im age, by the process of photo-
st im ulated lum inescence (PSL) (� Fig. 7.7).

Storage phosphor layer

Light guidance Photo-
multiplier

Signal 
processing

Rotating
mirror

Laser beam (HeNe laser: 632.8 nm)

A
D

Computer 
system 

(PC, storage, 
monitor)

Fig. 7.7 Imaging plate readout. HeNe: 
helium–neon. (From: Pasler FA, Visser H. 
Zahnmedizinische Radiologie. 2nd ed. 
Stut tgart: Thieme; 2000. Farbatlanten der 
Zahnmedizin; Band 5.)

Protective layer

Storage phosphor layer

Conductive layer
Support layer
Light-shielding layer
Backing layer

Fig. 7.6 Structure of an imaging plate. The imaging plate 
consists of a layer of X-ray sensitive crystals (storage phosphor 
layer), usually europium-doped barium  uorohalide phosphor 
(BaFBr:Eu2+) on a polyester base (support layer).
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Dental digital in t raoral and panoram ic im aging sys-
tem s com e equipped w ith  various digital in t raoral or 
panoram ic storage phosphor im aging plates (� Fig. 7.8) 
and the appropriate scanners to read them  (� Fig. 7.9 and 
� Fig. 7.10).

As in  lum inescence, X-ray exposure causes the europi-
um  elect rons to rise to a h igher energy level, referred to 

as the excited state. They do not  fall back to their ground 
state im m ediately, but are  rst  stored in  elect ron t raps in  
the storage phosphor layer, w here they rem ain  as the un-
processed latent  im age for up to 7 hours (� Fig. 7.11).

Subsequently, the storage phosphor screen is scanned 
and st im ulated by laser light , inducing the release of elec-
t rons. As a result , the elect rons fall back to their original 
energy level (ground state), em it t ing energy as photons 
of visible light  in  the process. These photons of em it ted 
light  (lum inescence) are counted by a photom ult iplier. 
The data are then forwarded to the analog-to-digital con-
verter and digit ized by the com puter (� Fig. 7.12).

One of the m ain  advantages of storage phosphor im ag-
ing plates is their w ide dynam ic range, w hich is now  par-
alleled by that  of som e CMOS sensors.

However, unlike digital sensor technology, storage 
phosphor im aging plates require h igher doses of radiat ion  
for noise-free im aging.

In  pract ice, the handling of storage phosphor im aging 
plates is very sim ilar to that  of dental X-ray  lm . Storage 

Fig. 7.8 Imaging plates of di erent  
formats.

Fig. 7.9 Imaging plate scanner.

Fig. 7.10 Imaging plate scanner for small formats.
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phosphor im aging plate system s m ay at   rst  seem  easier 
to use than  digital sensor system s, but  th is assessm ent is 
relat ive because the pract ical execut ion  of digital in t ra-
oral im aging depends on several other factors besides the 
im age receptor.

Even if storage phosphor im aging plates are very sim i-
lar to convent ional  lm , it  is im portant  to rem em ber that  
they are very delicate and can be easily dam aged by im -
proper handling. When m echanically induced dam age 
occurs, every scratch  produces a visible bright  line on the 
im age (� Fig. 7.13 and � Fig. 7.14). These dam age-related 
m arks increase the r isk of m isdiagnosis.

7.3 Advantages of Digital 
Radiography

�Wide dyn am ic range: The im age qualit y of digital 
X-ray im ages is determ ined by the num ber of photons 
conver ted in to elect ric signals and used to produce the 
im age. Detect ive quantum  e ciency (DQE) is a m easure 
used to describe how  m any (percentage fract ion) incident 
quanta are converted in to im aging signals. Therefore, the 
DQE value describes the sensit ivit y of a detector.

The dose range that  the digital im age receptor can  con-
vert  in to act ionable data is referred to as the dynam ic 
range. Digital radiography system s achieve a m uch higher 
yield than convent ional X-ray system s. The characteris-
t ic curve describes the contrast  characterist ics of the 

Electrons in the 
storage phosphor 

fall back to the 
ground state X-rays strike the 

storage phosphor screen

Laser light strikes 
and stimulates the 
storage phosphor

The stored energy is released
as visible light and converted

into a digital signal

Electrons in the 
storage phosphor in 

an unstable
excited state

Electrons in the 
storage phosphor in 

a stable
excited state

Fig. 7.11 Process of photostimulated luminescence.

Ground state

X-rays
Exposure

Laser beam
ScanningLight

ReadoutErasure

stimulates imaging plate,
creating luminescence

Plate illuminated with 
strong light for erasure 
of residual excitation

Excited state

Fig. 7.12 Process of reading a phosphor 
storage imaging plate. (From: Pasler FA, 
Visser H. Zahnmedizinische Radiologie. 2nd 
ed. Stut tgart: Thieme; 2000. Farbatlanten 
der Zahnmedizin; Band 5.)
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 lm . Convent ional  lm  has an  S-shaped character ist ic 
curve, and only a sm all port ion  of the curve, the linear 
part , is relevant  for im aging. In  cont rast , the character-
ist ic curve for digital radiography is cont inuously linear. 
Because only the m iddle par t  of the characterist ic curve 

for convent ional  lm  is linear, the useful range is very 
sm all (� Fig. 7.15). Com parison of characterist ic curves 
shows that   lm  has a dynam ic range of around 1:30, 
w hereas im aging plates have dynam ic ranges approach-
ing 1:10,000.

�Elim in at ion  of developing an d   xing solu t ion s: The 
use of processing chem icals for  lm  developm ent is very 
problem at ic. It  is very t im e consum ing because process-
ing m achines m ust be cleaned regularly. In  m ost  cases, 
the processing chem icals m ust  be replaced once a m onth . 
Disposal of the used chem icals takes t im e and m oney, and 
ult im ately places an  ext ra burden on the environm ent .

�Digital im ages can  be edited  an d  en h an ced: The  lm  
developm ent  process is unalterable. The work steps and 
procedures involved in  radiographic  lm  processing 
are covered in  detail by standard operat ing procedures, 
w hich m ust  be followed to the let ter. This also m eans that  
correct  exposure and  lm  processing procedures are key 
determ inants of the qualit y of an  X-ray im age. The radio-
graph leaving the processing m achine is the  nal im age. 
If not  developed properly, it  m ay appear too light  or dark, 
or m ay not have enough cont rast  (� Fig. 6.12). In  any case, 
post-processing of developed radiographic  lm  generally 
is not  possible and, if it  is, then it  is very cost ly and re-
duces im age qualit y. Digital im ages can be edited in  m any 
ways to com pensate for exposure errors. However, it  m ust  
not  be forgot ten  that  su cient  darkening by an  adequate 
num ber of photons is needed to produce radiographs of 
diagnost ic qualit y. It  is w rong to th ink that  edit ing under-
exposed digital im ages can m ake up for insu cient  opt i-
cal density and im age qualit y. Every im age receptor re-
quires the radiat ion  dose speci ed in  it s system  require-
m ents to achieve the necessary im age qualit y.

�More rapid  availabilit y: Digital radiographs are m ore 
rapidly available than  lm  radiographs. Film  develop -
m ent in  autom at ic processors takes alm ost  eight  m inutes. 
Digital sensors display im ages on the m onitor im m ediate-
ly after exposure. Im aging plates take a bit  longer, ow ing 
to their longer readout t im es. The im aging plate work ow  
resem bles that  of  lm  developm ent , except that  a scanner 
is used instead of a processing m achine.

�Data storage an d  t ran sfer: Digital im ages can be eas-
ily stored and quickly ret rieved from  m em ory. Therefore, 
they cannot  be lost  (convent ional dental radiographs 
were often  lost  or m isplaced). Elect ronic data storage 
saves space and can be carried out sim ultaneously at  
m ult iple sites.

Fig. 7.13 Scratches on an imaging plate.

Fig. 7.14 Heavily scratched imaging plate.
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8 Radiation Protection and Quality Assurance in 
Dental Radiology

The ICRP is an  independent  organizat ion  that  collab-
orates closely w ith  m any other in ternat ional organiza-
t ions. It  has m ore than 200 volunteer m em bers from  over 
30 count ries around the world. Leading scient ists and 
policy-m akers in  the  eld of radiat ion  protect ion  are in -
cluded in  it s ranks.

Som e of the m ost im portant  organizat ions that  collab-
orate closely w ith  the ICRP are:
● European ALARA Network (EAN)
● European Com m ission  (EC)
● European Nuclear Installat ions Safety Standards In it ia-

t ive (ENISS)
● European Platform  on Preparedness for Nuclear and Ra-

diological Em ergency Response and Recovery (NERIS)
● Heads of the European Radiological Protect ion  Com pe-

tent  Authorit ies (HERCA)
● Ibero-Am erican Forum  of Radiological and Nuclear 

Regulatory Agencies (FORO)
● In ternat ional Atom ic Energy Agency (IAEA)
● In ternat ional Com m ission on Radiological Units and 

Measurem ents (ICRU)
● In ternat ional Radiat ion  Protect ion  Associat ion  (IRPA)
● United Nat ions Scient i c Com m it tee on the E ects of 

Atom ic Radiat ion  (UNSCEAR)
● World Health  Organizat ion  (WHO).

8.1.2  Tasks and Content  
of the  Various Activities of the  
International Commission on  
Radiological Protection
In it ially (in  1928), lim itat ion  of the hours of work involv-
ing m edical radiat ion  sources was the only recom m en-
dat ion  for radiat ion  protect ion  in  m edicine, and the first  
threshold was defined in  1934.

Scient i cally based evidence of increased cancer inci-
dence am ong Am erican radiologists, and the know n cases 
of leukem ia after the atom ic bom bings in  Japan, changed 
opinions regarding the threshold above w hich dam age 
from  ionizing radiat ion  m ight  occur.

Consequently, m onthly and annual lim its for workers 
and for the populat ion  were recom m ended in  1956.

The realizat ion  that  it  is not  possible to set  a thresh-
old led to the recom m endat ion to lim it  the radiat ion  dose 
to the lowest  level possible. This wording was later im -
proved and re ned to include phrases such as:
● “To the lowest  level” (1955)
● “As low  as pract icable” (1959)
● “As low  as reasonably achievable” (ALARA) (1966)
● “As low  as reasonably achievable, econom ic and social 

factors taken in to account” (1973).

The two pillars of dental radiology are radiat ion  protec-
t ion  and im age qualit y. In  X-ray im aging, the goal of any 
exposure is to obtain  the required im age qualit y at  the 
lowest  possible dose.

8.1 History of Radiation 
Protection
The fact  that  X-rays can also cause dam age was recog-
nized even at  the beginning of the h istory of the use of 
Roentgen rays for diagnost ic and therapeut ic purposes.

The  rst  reports of radiat ion  derm at it is, a side e ect  
of radiat ion  character ized by sunburn-like skin  react ions, 
were published in  1896. The developm ent of skin  cancer 
secondary to radiat ion  derm at it is was  rst  described in  
1902, in  the Germ an journal ent it led Advances in the Field 
of X-rays and Nuclear Medicine. In  1911, 94 cases of skin  
cancer developing on healthy skin  after prolonged radia-
t ion  exposure were classi ed as radiat ion  cancer.

Radiat ion  dam age and changes to germ  cells were de-
tected soon thereafter. Scient i c proof of the m utagenic 
e ects of radiat ion , however, was not established unt il 
1927, w hen H. J. Muller published the results of h is fruit  
 y (Drosophila) experim ents.

In  response to these  ndings, the In ternat ional Com -
m ission on Radiological Protect ion  (ICRP) was founded at  
the Second In ternat ional Congress of Radiology in  Stock-
holm  in  1928.

The goal of the ICRP is to  nd ways and m eans to con-
t inuously reduce radiat ion  exposure, in  order to provide 
workers, the populat ion  in  general, and pat ients in  par-
t icular bet ter protect ion  from  ionizing radiat ion .

8.1.1  Structure of the  
International Commission on  
Radiological Protection
The ICRP consists of the m ain  com m ission and five stand-
ing com m it tees devoted to the follow ing subject  areas:
● Radiat ion  e ects
● Doses from  radiat ion  exposure
● Radiat ion  protect ion  in  m edicine
● Applicat ion  of the com m ission’s recom m endat ions
● Protect ion  of the environm ent .

A scient ific secretariat  in  Sweden oversees the ICRP and 
it s com m it tees. In  addit ion  to the perm anent com m it-
tees, the ICRP also has tem porary task groups that  deal 
w ith  specific tasks and problem s of radiat ion  protect ion .
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The m ain  object ive is to reduce the dose to acceptable lev-
els. When doing so, determ inist ic effects m ust  be avoided 
and stochast ic effects reduced to an  acceptable level. The 
term  “acceptable level” is defined relat ive to other r isks 
of daily life.

Together w ith  the IAEA, the ICRP com piled several Fun-
dam ental Safety Principles, w hich were published in  2006.

8.2 Responsibility for 
Radiation Protection
The sole person bearing the responsibilit y for protect ion  
against  ionizing radiat ion  is the doctor or dent ist  respon-
sible for the radiology equipm ent  w ith  w hich the radio-
graphs are taken.

8.2.1  Supervisory Duty of the  
Government
It  m ust be ensured that  each state has an  effect ive legal 
and regulatory fram ework for radiat ion  protect ion . Inde-
pendent  and com petent regulatory authorit ies m ust  en-
sure that  nat ional laws and regulat ions are followed.

8.2.2  Administration and 
 Management of Safety
Effect ive adm inist rat ion  and qualit y-assured m anage-
m ent  of protect ion  from  the risks of ionizing radiat ion  
m ust be pract iced by organizat ions that  are affected by 
radiat ion  r isks, or that  operate facilit ies and engage in  ac-
t ivit ies that  give r ise to radiat ion  risks.

8.3 Need and Justi cation
No radiat ion  risk can be just ified unless it  has a net  posi-
t ive benefit . Every radiograph requires just ificat ion , and 
any m edical radiat ion  exposure in  dent ist ry m ust  have a 
sufficient net  posit ive benefit .

8.4 Optimization of Radiation 
Protection
The ALARA principle m ust  be applied to all X-ray exam i-
nat ions. In  other words, radiat ion  exposure m ust always 
be kept  as low  as reasonably achievable.

8.4.1  Limitation and Monitoring of 
Individual Dose Limits
Lim its m ust  be in t roduced and it  m ust  be ensured that  
radiat ion  doses to individuals do not exceed the lim its 
specified for the respect ive condit ions.

8.4.2  Prevention of Accidents 
and Protection against Existing or 
 Unregulated Radiation Risks
Avoidable dam age from  ionizing radiat ion  m ust be pre-
vented by all reasonable m eans. The protect ion  and re-
duct ion  of exist ing or unregulated (natural) radiat ion  
risks m ust  be responsible and opt im ized.

8.5 Implementation of 
Recommendations by the 
International Commission on 
Radiological Protection
The recom m endat ions form ulated by the ICRP are adopt-
ed by the responsible com m it tees and published in  the 
form  of guidelines that  serve as the prescribed legal basis 
for pract ical im plem entat ion  of the com m ission’s recom -
m endat ions in  the different  count ries.

The m ost  im portant  radiat ion  protect ion  organizat ion  
in  Europe is the European Atom ic Energy Com m unity 
(EURATOM), w hich was founded in  1959. This in terna-
t ional organizat ion , established by the Treat ies of Rom e, 
regulates the use of radioact ive m aterials and serves as 
the in ternat ional basis for all nat ional regulat ions.

The EC is working on speci c radiat ion  protect ion  
guidelines. After hearings by the European Parliam ent 
and adopt ion by the Council of Ministers, these guide-
lines w ill be binding for all Mem ber States and m ust  be 
im plem ented in  nat ional law. EURATOM thus declared 
the Fundam ental Safety Principles of the ICRP binding for 
all EU Mem ber States, in  Direct ive 2009/71/EURATOM. 
The individual Mem ber States are encouraged to im ple-
m ent the enacted guidelines in  nat ional law.

The United States has a well-developed system  of orga-
nizat ions responsible for radiat ion  protect ion . These in -
clude the follow ing organizat ions, am ong others:
● Biological E ects of Ionizing Radiat ion  Com m it tee 

(BEIR)
● Environm ental Protect ion  Agency (EPA)
● Nat ional Center on  Devices and Radiological Health  

(NCDHR)
● Nat ional Council on  Radiat ion  Protect ion  and Measure-

m ents (NCRP)
● Nuclear Regulatory Com m ission (NRC)
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● Occupat ional Safety and Health  Adm inist rat ion  (OSHA)
● U. S. Departm ent  of Health  and Hum an Services
● U. S. Food and Drug Adm inist rat ion  (FDA).

In addit ion , the use of X-ray equipm ent  is regulated by 
the individual states, in  cooperat ion  w ith  the FDA. They 
m anage the regist rat ion  and control of X-ray equipm ent 
used in  the m edical, dental, and veterinary applicat ions.

The NCRP publishes recom m endat ions for radiat ion  
protect ion  in  dent ist ry. It  also issues reports on  top-
ics such as “Radiat ion  Protect ion  in  Dent ist ry” and “Im -
plem entat ion  of the Principle of As Low  As Reasonably 
Achievable (ALARA) for Medical and Dental Personnel.”

In  sum m ary, it  can  be stated that  increasing num bers 
of count ries around the world have established nat ion-
al guidelines on radiat ion  protect ion  in  dental X-ray fa-
cilit ies. In  m any cases, these are t ype tests. For example, 
the devices are tested for conform ity to nat ional require-
m ents w hen  rst  installed. These tests include dose m ea-
surem ents, determ inat ion  of half-value layer,  lt rat ion  
tests, and voltage checks. The technician  who evaluates 
these values sends the results to the com petent  author-
it y. This procedure serves to ensure the successful m oni-
toring of dental radiographic equipm ent  in  the respect ive 
country.

8.6 Quality Assurance in 
Dental Radiology
Qualit y assurance is a broad term  that  includes all 
planned and system at ic act ions by the dent ist  to provide 
confidence that:
● The X-ray exam inat ion  is necessary and appropriate 

for diagnosis of the clin ical problem  at  hand
● The radiograph provides adequate diagnost ic inform a-

t ion  to address the clin ical quest ions being asked
● The contents of the radiograph can be in terpreted cor-

rect ly and m ade available in  a t im ely m anner
● The X-ray exam inat ion  can be perform ed w ith  m ini-

m um  radiat ion  exposure and w ith  m inim um  discom -
fort  to the pat ient .

8.6.1  Standards
Regarding technical concerns in  radiology, there are stan-
dards governing qualit y assurance in  part icular, as well as 
standards that  play a m ajor role in  regulat ing the technol-
ogy used in  X-ray equipm ent . In tern at ion al Basic Safet y 
Stan dards (BSS) were in t roduced for in ternat ional stan -
dardizat ion  purposes. These globally valid  standards ap-
ply to all m anufacturers of dental X-ray equipm ent .

Uniform  in ternat ional acceptan ce test s for X-ray 
equipm ent st ill do not  exist , despite various at tem pts to 
in t roduce such standards. In  m ost  cases, only t ype tests 
and regular qualit y inspect ions are perform ed. However, 
it  is important  to have in ternat ional standards that  are 
recognized and observed across all borders.

The In ternat ional Organizat ion  for Standardizat ion’s 
(ISO’s) Tech n ical Com m it tee 106 Den t ist r y is responsible 
for the developm ent and im plem entat ion of all ISO stan-
dards related to dent ist ry.

In  Europe, the European Com m it tee for Standardiza-
t ion  is responsible for the developm ent of generally ap -
plicable standards. EN 60601 is the standard that  covers 
safety requirem ents for m edical elect rical equipm ent and 
system s. There is a special ser ies of standards for dental 
radiology, for exam ple, EN 60601-2-63 for dental ext ra-
oral X-ray equipm ent , and EN 60601-2-65 for dental in-
t raoral X-ray equipm ent .

In  the USA, the Am erican Dental Associat ion (ADA) 
Standards Com m it tee on Dental Products is the respon-
sible body for standards for dental X-ray equipment . The 
ADA represents the in terests of Am erican  dent ists around 
the world, by collaborat ing w ith  organizat ions such as 
the ISO.

8.7 Procedures to Ensure 
Compliance w ith Basic 
Principles of Radiation 
Protection
Generally speaking, it  can  be said that  the follow ing pro-
cedures, as described in  the current  guidelines of the EC, 
ensure that  the goals of radiat ion  protect ion  and qualit y 
assurance can be m et:
● Risk/ben e t  assessm en t  for just i cat ion  of the use of 

ionizing radiat ion
● Valid  clin ical in d icat ion  for any radiological exam ina-

t ion  after the general m edical/dental exam inat ion
● Opt im izat ion  procedu res:
○ Adequacy and qualit y of prem ises and equipm ent
○ Qualit y assurance
○ Qualit y cont rol program
○ Pat ient  dose m easurem ent  and assessm ent

● Design at ion  of respon sibilit ies, including lines of au-
thorit y and radiat ion  safety responsibilit ies

● Adequ ate t rain ing in  the radiological procedures to be 
perform ed and the corresponding radiat ion  protect ion  
requirem ents

● Con t in u ing edu cat ion  an d t rain ing, w hich is neces-
sary as a result  of the rapid developm ents in  m edical 
science and technology.
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9 Practical Dental Radiography
● Su per im posit ion -free or th ogon al im aging:
○ In t raoral radiography plays a m ajor role in  diagnosis 

of caries. Therefore, periapical and (in  part icular) 
bitew ing radiographs m ust  be acquired in  such a way 
that  the in terproxim al surfaces are show n w ithout  
superim posit ion  (� Fig. 9.2).

○ Regardless of w hich radiographic technique is used, 
the successful product ion  of superim posit ion-free 
im ages is solely dependent  on  the qualit y of execu-
t ion .

○ Every in t raoral radiograph m ust provide a superim -
posit ion-free view  of the in terproxim al areas. The 
only person responsible for ensuring that  th is is ac-
complished is the person w ho takes the radiographs. 
Regardless of w hich adjustm ent system  is used, 
beam  angulat ion  m ust  be individually adjusted for 
each pat ient , to achieve orthogonal project ion  geom -
et ry. When posit ioned orthogonally, the central ray 
is directed perpendicular to the in terproxim al sur-
faces of the teeth . Orthogonal project ion  geom etry 

9.1 Intraoral Radiography
In t raoral radiography was the m ost  important  dental im -
aging technique for decades but lost  som e of it s impor-
tance after the in t roduct ion  of panoram ic radiography 
and digital cone beam  com puted tom ography (CBCT). In  
m any cases, in t raoral radiography is st ill of great  diag-
nost ic value in  dental radiography, w hen used as a sup -
plem entary exam inat ion  for opt im al visualizat ion  of the 
teeth  and adjacent st ructures.

Because in t raoral single-tooth  radiographs vary great ly 
depending on the  ndings and are prim arily used to show  
 ne detail, they m ust  m eet  very h igh diagnost ic im age 
qualit y standards.

The diagnost ic im age qualit y of in t raoral radiographs 
depends m ainly on the t ype and qualit y of perform ance 
of the in t raoral radiography technique. Also, as the devel-
opm ent of in t raoral radiographic techniques has show n, 
the use of technical aids such as an  appropriate  lm -
holding device has proved to be another im portant  factor.

In t raoral radiography is perform ed according to certain  
basic principles that  serve to ensure that  all diagnost i-
cally im portant  im age features, details, and clin ically rel-
evant  st ructures are visualized according to the current  
standards of dent ist ry and technology.

According to these standards, all in t raoral radiographs 
m ust provide complete, superimposit ion-free, and dis-
tor t ion-free or thogonal im ages of the teeth . The im age 
qualit y of the radiograph m ust be good enough to en-
sure unequivocal diagnosis of the crow n, pulp, root  canal, 
periodontal ligam ent , apical region, cancellous bone, and 
neighboring st ructures.

The radiographer m ust em ploy a radiographic tech-
nique that  m eets these requirem ents. When the general 
rules of central ray project ion  are considered in  th is con -
text , it  quickly becom es evident that  there are qualitat ive 
di erences in  the available techniques for in t raoral radi-
ology and that  not every technique produces results of 
the desired qualit y.

9.1.1  Quality Criteria for Intraoral 
Radiography
To enable com prehensive and opt im al diagnost ics, in t ra-
oral radiographs m ust m eet the follow ing im age qualit y 
criteria:
● Com pleten ess of visu alizat ion :
○ The ent ire crow n, root , and periapical region m ust be 

show n on the in t raoral radiograph.
○ Radiographs lacking crow ns or root  t ips no longer 

m eet  m odern  dental radiography standards (� Fig. 
9.1).

Fig. 9.1 Correct maxillary periapical radiograph of the entire 
tooth.

Fig. 9.2 Orthogonal imaging of teeth 17 to 15.
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is best  achieved by aim ing the central ray perpen-
dicular to the im aginary line of the buccal surfaces 
of the teeth , and by placing the  lm  parallel to th is 
line. Based on the  lm  posit ion , it  is easy to check 
w hether the beam  is correctly aim ed perpendicular 
to the tooth  (� Fig. 9.3). 

● Reproducibilit y:
○ In t raoral radiographs m ust be reproducible. When 

in terpret ing radiographs, dent ists basically com pare 
them  to the im ages stored in  their m em ory. This 
is the key to opt im al in terpretat ion  of new  X-rays. 
Moreover, it  is som et im es necessary to compare 
previous X-rays of a given case to follow -up X-rays 
over t im e.

○ The use of standardized radiographic procedures 
is crucial for diagnost ic reliabilit y. When taking 
in t raoral radiographs, the tooth  axis m ust  always be 
perpendicular to the lower edge of the  lm  or bite 
block. If th is ru le is followed w hen posit ioning the 
X-ray  lm , a h igh degree of reproducibilit y can be 
achieved.

○ The reproducibilit y of radiographic im ages is a very 
important  elem ent  of diagnost ics. To be compa-
rable, in t raoral radiographs m ust be taken in  the 
sam e m anner and m ust show  the target anatom ical 
st ructures in  the sam e m anner. Reproducibilit y fa-
cilitates the ident i cat ion  of di erences, regardless 
of w hether these are norm al variants or pathologic 
changes (� Fig. 9.4).

● Distor t ion -free im aging: the successful product ion  of 
distort ion-free im ages of the teeth  is h ighly technique 
sensit ive. Distort ion  pract ically never occurs:
○ if a long cone (30 cm ) is used
○ if the central ray of the X-ray beam  is perpendicular 

to the im age receptor and (ideally) to the long axis of 
the tooth  (� Fig. 9.5 and � Fig. 9.6).

9.1.2  Principles of Projection 
 Geometry 
The basic principles of project ion  geom etry can be sum -
m arized as follows:
● The X-ray beam  m ust be directed perpendicular to the 

im age receptor and the object  (� Fig. 9.7).
● Beam  divergence m ust  not  occur.

A long cone is required for the product ion  of parallel rays 
in  in t raoral radiography. Moreover, a suitable film -hold-
ing device is crucial to ensure that  the X-rays are directed 
perpendicular to the film  or other t ype of im age receptor.

However, t rue parallelism  between the tooth  and the 
im age receptor cannot  always be achieved, ow ing to the 
anatom ical const rain ts w ith in  the oral cavity.

Implementation and Application of the 
Rules of Projection Geometry
The requirem ents for ideal im aging vary, depending on 
the individual radiographic technique. At the same tim e, 
the extent to which the rules of projection geometry can  
be applied vary and m ust be know n. The greater the ex-
tent of conform ity w ith the rules of projection geometry, 
the higher the quality of the im age from  the radiographic 
technique w ill be.

Regardless of w hich radiographic technique is used, 
there is always a com prom ise between the achievable 
and the ideal project ion  geom etry for in t raoral radiogra-
phy (� Fig. 9.8). This applies regardless of w hether radio-
graphic  lm , sensors, or phosphor storage plates are used. 
Although it  is not  possible to m eet all the requirem ents 
for ideal project ion  geom etry, it  is crucial to use an  in t ra-
oral radiology technique that  com es as close to the ideal 
as possible.

Fig. 9.3a, b Orthogonal projection geometry.
a Schematic: in orthogonal imaging, the central ray projects toward the projection radius from a given position.
b Radiograph acquired with orthogonal projection geometry.
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Fig. 9.4a, b Reproduc-
ible and correct tooth 
positioning.
a Reproducibilit y: the 

long axis of the tooth 
(arrow) must be 
perpendicular to the 
bite block.

b Radiograph acquired 
with correct tooth 
positioning.

Fig. 9.5 Maxillary radiograph with distortion characteristic of 
the bisecting-angle technique.

Fig. 9.6 The comparison radiograph obtained with the paral-
leling technique has no distortion.

Fig. 9.7 Schematic of the X-ray source and beam path relative 
to the object of interest and the image receptor ( lm, sensor, 
or phosphor storage plate).

Fig. 9.8 Ideal positioning for intraoral radiography (schemat-
ic). (With the kind permission of Dentsply Rinn.)
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Periapical Radiography
The convent ional periapical radiograph is used to obtain  
a view  of the ent ire tooth  and it s surrounding st ructures. 
Two film  sizes are em ployed for periapical radiography: 
3 × 4 cm  and 2 × 3 cm .

Periapical radiographs of the prem olars and m olars are 
usually taken w ith  the  lm  packet (norm ally 3 × 4 cm ) in-
serted horizontally. Horizontally posit ioned  lm  can re-
cord up to three teeth .

If sm aller  lm  sizes are used, the  lm  packet  m ust  be 
posit ioned upright , to capture the ent ire length  of the 
tooth .

Both  3 × 4 cm  and 2 × 3 cm   lm  sizes m ay be used for 
periapical anterior radiographs. The  lm  packet  should 
always be inserted upright  for canine and anterior peri-
apicals (� Fig. 9.9 and � Fig. 9.10).

9.1.3  Paralleling Technique
Principles of the Paralleling Technique
Two radiographic techniques are used in periapical radi-
ography: the paralleling technique and the bisecting-an -
gle technique. The goal of the paralleling technique is to 
achieve the ideal posit ioning requirem ents for intraoral 
radiography. One of the m ain requirem ents, recognized by 
even the early pioneers of dental radiology, is that the film  
should be posit ioned parallel to the long axis of the tooth  
under investigation. Other requirem ents are that the film  
m ust be flat and that the central ray of the X-ray beam  m ust  
be oriented perpendicular to the tooth and the film.

C. E. Kells is considered to be the founder of the paral-
leling technique. The use of a suitable  lm -holding device 
is necessary because the patients them selves cannot hold 
the  lm  in the correct posit ion. The  rst  lm-holder for the 
paralleling technique was introduced by Kells in 1896, but  
proved unsatisfactory in practice. Several di erent  lm -
holding devices for the paralleling technique were devel-
oped in subsequent years, but decades passed before one 
was introduced that proved e ective in everyday practice.

Consequently, the bisect ing-angle technique rem ained 
the standard technique of periapical radiography for de-
cades. Later research work by F. G. Fitzgerald (1947) and 
D. T. Waggener (1947), t ranslated in to pract ice by W. J. 
Updegrave (1951), ult im ately m ade it  possible to gain  the 
scient i c basis needed to establish  the paralleling tech -
nique as a bet ter alternat ive to the bisect ing-angle tech-
nique. A typical  lm -holder designed for the paralleling 
technique is show n in  � Fig. 9.11.
● A long cone (30 cm ) should be used for the paralleling 

technique.
○ Instead of a shor t  cone (see � Fig. 2.5), a long cone 

(see � Fig. 2.6), or posit ion-indicat ing device, is em -
ployed for the paralleling technique, to ensure that  
only parallel rays cont ribute to im age form at ion. This 
serves to m inim ize im age m agni cat ion .

○ From  orthodont ic radiography, it  is know n that  a very 
long focus-to-object  distance (FOD) produces radio-
graphs w ith  very low  distor t ion. Because orthodont ic 
radiography captures im ages of alm ost the ent ire 
skull, a distance of at  least  1.5 m  is required to ensure 

Fig. 9.9 Typical anterior radiograph.

Fig. 9.10 Typical posterior radiograph.
Fig. 9.11 Film-holder for the paralleling technique. (With the 
kind permission of Dentsply Rinn.)
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that  the skull is only st ruck by parallel rays. Because 
the  eld size used in  periapical radiography is m uch 
sm aller (6 cm ), a distance of only 30 cm  is su cient to 
ensure that  the part of the beam  used for X-ray im age 
form ation only consists of parallel rays.

○ Previously, a longer exposure t ime was said to be the 
m ain disadvantage of a large FOD, because this is as-
sociated w ith a higher risk of unsharpness. However, 
m odern high-perform ance dental X-ray system s that  
use ultrasensit ive im age receptors ( lm  as well as 
phosphor storage plates and sensors) have extrem ely 
short exposure t im es. Consequently, the use of a long-
cone technique should not result in impairm ent of im-
age quality due to m otion blur. The m inim um  length  
requirem ent for long cones is 20 cm .

● Parallel rays m ust  be d irected  perpen dicu lar  to th e 
im age receptor. The  lm , sensor or phosphor storage 
plate m ust  always be posit ioned in  the bite block of the 
holder, such that  the parallel rays are directed perpen-
dicular to the im age receptor and the long axis of the 
tooth  (see � Fig. 9.8).

● Th e im age receptor  m ay be p laced  in  th e m iddle of 
th e oral cavit y.
○ The m iddle of the oral cavity is the site w here the 

greatest  degree of parallelism  can be achieved 
between the im age receptor and the tooth  to be 
radiographed. Only the height  of the hard palate can  
rest r ict  or prevent  their parallel posit ioning.

○ However, it  should be rem em bered that  because 
posterior teeth  often  have bifurcated roots that  are 
not  parallel to each other, absolute parallelism  can 
never be achieved, even if the height of the palate is 
su  cient  (� Fig. 9.12).

E ects of Increasing the Object-to-Film  Dis-
tance
Because the large FOD of 20 to 30 cm  results in  parallel 
rays, increasing the object-to-film  distance by up to 2 cm  
w ill not  have a negat ive effect  on  im age qualit y or sharp-
ness. The theoret ical increase in  geom etric unsharpness 
is negligible.

Funct ion and Importance of the Bite Block
A bite block is an  essent ial com ponent of film -holders 
used for the paralleling technique. It  serves to ensure 
good and stable fixat ion  of the film -holder (� Fig. 9.13).

The  lm  is always in  contact  w ith  the hard palate on  
the m axillary side, and w ith  the  oor of the m outh  or the 
dorsum  of the tongue on the m andibular side. These con-
tact  points provide very stable and secure posit ioning of 
the  lm  packet  in  the oral cavity.

Likew ise, th is constellat ion  ensures that  the ent ire 
tooth  is show n on the radiograph if the X-ray beam  is 
correct ly aligned. Moreover, if the pat ient  has a shallow  
palate, foreshortening of the teeth  w ill be m inim al and 
the long object-to- lm  distance par t ially com pensates for 
th is.

The bite block elim inates the need for adjustm ent of 
the vert ical angle, as is necessary w ith the bisecting-angle 
technique. Consequently, the use of a bite block enhances 
the reproducibility of periapical radiographs by elim inating 
arbitrary adjustm ent of the vert ical angle. With the paral-
leling technique, the vert ical angle is solely determ ined by 
the anatom ical space condit ions and is the same for each 
radiograph.

Because the crow n is in contact w ith the platform  of the 
bite block, and the im age receptor is in contact w ith the 
hard palate, the respective posit ion of the im age receptor 
is  xed and de ned. In m ost cases, there is a high degree 
of parallelism  between the tooth and the im age receptor. 
There is never a signi cantly large angle between the tooth  
and the im age receptor, except in a few patients w ith an  
extrem ely shallow palate. These cases underline the advan-
tages of the paralleling technique, in which parallel rays are 
always oriented perpendicular to the im age receptor, inde-
pendent of the anatom ical situation.

Fig. 9.12 The  lm packet is positioned in the middle of the 
oral cavity such that the central ray (arrow) is perpendicular to 
the  lm.

Long cone

Bite block

Aiming ring

Indicator rod

Fig. 9.13 Correct posit ioning of the  lm-holder in contact with 
the tooth crown and hard palate. The central ray of the X-ray 
beam consists of mostly parallel rays. It  is perpendicular to 
the image receptor and (ideally) to the long axis of the tooth. 
(With the kind permission of Dentsply Rinn.)



63

9.1 Intraoral Radiography

9

Importance of Film -holders for Orthogonal 
Projection Geometry
Orthogonal project ion  geom etry can be achieved m ore 
reliably w ith  film -holding devices than w ithout  film -
holders or bite blocks (� Fig. 9.14 and � Fig. 9.15; see also 
� Fig. 9.3).

Importance of Film -holders for 
 Repro ducibilit y
If a film -holding device is used, the pat ient  cannot  in -
fluence the posit ion  of the film . Therefore, the use of a 
film -holder m akes it  possible to obtain  a standard film  
posit ion  in  w hich the long axis of the teeth  is always ori-
ented perpendicular to the bite block. This enhances the 
reproducibilit y of the radiographs (cf. � Fig. 9.4, w hich 
shows reproducible project ion  geom etry w ith  correct  
root alignm ent).

Note 

The paralleling technique is easier to use than the  
bisecting-angle technique: if the  lm-holder is posi-
tioned correctly, orthogonal beam angulation is the only 
adjustment needed.

An in t raoral radiograph is used for the visualizat ion  of in-
dividual teeth . A convent ional full-m outh  series consists 
of 14 in t raoral radiographs (� Fig. 9.16). In  m odern  den-
tal radiography, a full-m outh  series generally is not jus-
t ified because a panoram ic radiograph can visualize the 
m ajorit y of the teeth  w ith  the sam e diagnost ic qualit y. In  
special cases, the panoram ic radiograph m ay be supple-
m ented by individual in t raoral radiographs as needed.

Bitew ing radiography has a special status in  dental ra-
diography: it  is the best  radiographic technique for the 
detect ion  of in terproxim al caries.

Paralleling Technique: Methodology
In  the paralleling technique, the crow ns of the teeth  m ust  
be firm ly posit ioned on the bite block and the film  packet  
m ust  be posit ioned in  the m outh  as follows:

Fig. 9.14 Orthogonal projection geometry for the premolars. 
(With the kind permission of Dentsply Rinn.)

Fig. 9.15 Orthogonal projection geometry for the molars. 
(With the kind permission of Dentsply Rinn.)
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Fig. 9.16 Full-mouth series of 14 radio-
graphs. The upper panel shows the usual 
full-mouth series for adults, and the lower 
panel shows that used for evaluation of the 
periodontal status. The numbers re ect the 
tooth numbers. M: mesial; d: distal. (From: 
Pasler FA, Visser H. Zahnmedizinische Ra-
diologie. 2nd ed. Stut tgart: Thieme; 2000. 
Farbatlanten der Zahnmedizin; Band 5.)
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● Maxilla: in  contact  w ith  the hard palate and  oor of 
the nose (see � Fig. 9.8)

● Man dible: in  contact  w ith  the  oor of the m outh  or 
dorsum  of the tongue (see � Fig. 9.25).

This posit ioning geom etry provides a h igh degree of sta-
bilit y and decisively contributes to obtain ing a correct ly 
adjusted exposure w ith  good im age qualit y.

It  also ensures that  the ent ire tooth  w ill be show n on 
the radiograph. This requires proper alignm ent of the 
spacer cone, aim ing r ing, and indicator rod.

If th is is ensured, parallelism  of the tooth  and im age 
receptor is only dependent  on  the height  of the hard 
palate. The use of a long cone can overcom e anatom ical 
lim itat ions associated w ith  a shallow  palate because the 
parallel rays and increased object-to- lm  distance associ-
ated w ith  a long cone prevent  radiographic distort ion  and 
m inim ize foreshortening.

Insert ing the Film -holder in the Mouth
The film -holder m ust  be inser ted and posit ioned in  the 
oral cavit y, w hile ensuring that  the crowns are in  contact  
w ith  the bite block. The film -holder is inser ted in to the 
m outh  in  a gentle, tw ist ing m ot ion w ithout  jerky m ove-
m ents. The techniques for inser t ion  in  different parts of 
the m axillary and m andibular arch  are described below.

Maxillary Premolars and Molars
The film -holder is held diagonally and inserted in to the 
m outh  in  an  upward m ot ion (� Fig. 9.17); the bite block 
and the front par t  of the indicator rod should lie com -
pletely w ith in  the oral cavit y (� Fig. 9.18).

The  lm  packet  is posit ioned in  the m iddle of the oral 
cavity, to ensure that  the  lm  is parallel to the tooth , 
w hile accom m odat ing it s height  as the space in  the oral 
cavity allows. Since prem olars and m olars usually have 
bifurcated roots, it  is impossible to posit ion  the  lm  in  
the oral cavity so that  it  is absolutely parallel to the roots.

The bite block is inserted in  such a way that  it   rst  
com es in  contact  w ith  the crow n before the  lm  touches 
the palate,  oor of the m outh , or dorsum  of the tongue.

Next , the holder m ust be aligned orthogonally. It  is piv-
oted m ore distally for m olars and m ore m esially for pre-
m olars. The posit ion  of the im age receptor is crucial: the 
plane of the  lm  packet m ust  be tangent ial to the tooth  
under invest igat ion  (see, e. g., � Fig. 9.15).

In  addit ion  to ensuring or thogonal project ion  geom -
etry, it  is also important  to ensure that  the holder is not  
t ilted forward or backward and that  there is no space or 
angle between the crow ns and the bite block.

Once the holder is correct ly posit ioned, the pat ient  is 
inst ructed to close the teeth  slowly on the bite block and 
hold it   rm ly between the teeth  w ithout excessive pres-
sure (� Fig. 9.19).

Next , the operator m ust  slide the aim ing ring dow n the 
indicator rod to the pat ient’s cheek; th is serves to ensure 
that  the m axim um  lim its of  eld size are not  exceeded. 
The operator then checks to m ake sure that  the holder is 
stably in  place.

Finally, the spacer cone is aligned so that  it s longitudi-
nal axis is parallel to the indicator rod and the collim ator 
is parallel to the indicator r ing.

a  b c

Fig. 9.17a–c Diagonal position of the  lm-holder during insertion.
a Diagonal position outside the mouth.
b Diagonal position inside the mouth.
c Incorrect position inside the mouth.

Fig. 9.18 Correct position inside the mouth.
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Maxillary Incisors and Canines
An anterior holder is posit ioned upright  in  the anter ior 
region (� Fig. 9.20). The holder is inserted in to the oral 
cavity at  the best  angle perm it ted by the bite block (� Fig. 
9.21). The pat ient  is inst ructed to close the teeth  slowly 
on the bite block and hold it  firm ly between the teeth  
w ithout  excessive pressure.

For canine periapicals, the holder is rotated slightly to 
the r ight  or left  (� Fig. 9.22).

The axis of the canines m ust be aligned in  the center 
of the im age receptor. Especially w hen taking canine 
periapicals, it  is crucial to ensure that  the tooth  axis is 
perpendicular to the bite block and not t ilted toward the 
roots (� Fig. 9.23).

Fig. 9.21 Anterior holder placement inside the mouth. (With 
the kind permission of Dentsply Rinn.)

Fig. 9.19 Errors caused by bending of 
 lm: correct position (top); bend in  lm 
(arrow, bottom left); bent edge (arrow, 
bottom right). (With the kind permission 
of Dentsply Rinn.)

Fig. 9.20 Anterior holder for the paralleling technique. (With 
the kind permission of Dentsply Rinn.)

Fig. 9.22 Anterior holder placement for 
anterior and canine periapicals. (With the 
kind permission of Dentsply Rinn.)
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Mandibular Premolars and Molars
Although the m andible m ay seem  to offer ideal anatom i-
cal condit ions for parallel tooth  and film  alignm ent , expe-
rience has show n that  m any pat ients find the film  packet  
pressing against  the floor of the m outh  too painful. Con-
sequently, they tend to push film  packets and phosphor 
storage plates w ith  sharp edges out of posit ion , w hich 
m ay result  in  the root  t ips being cut off the radiograph. 
An alternat ive m ethod is to posit ion  the film  packet  on  
the dorsum  of the tongue. Because the tongue is less sen-
sit ive than the floor of the m outh , the film  packet  is usu-
ally bet ter tolerated on the tongue.

Di cult  anatom ical condit ions that  prevent the use 
of a  lm -holder are encountered in  the m andibular arch  
m ore often  than in  the m axillary arch . In  these cases, the 
operator m ust decide w hether in t raoral radiography is 
possible and, if so, w ith  w hich technique a radiograph 
could be obtained.

Fig. 9.23a–c Canine periapical radiographs.
a Periapical radiograph showing bone loss in tooth 43.
b Periapical radiograph of bridge abutment tooth 13.
c Periapical radiograph of endodontically treated tooth 23.

Fig. 9.24 Film insertion angle for mandibular radiographs. Fig. 9.25 Film placed along the midline of the tongue.

Fig. 9.26 Film placed on the dorsum of the tongue.
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The  lm -holder is held diagonally and inserted dow n-
ward in to the m outh . The bite block and the front part  
of the indicator rod lie completely w ith in  the oral cavit y 
(� Fig. 9.24).

If the pat ient   nds the  lm  next to the tooth  too un-
com for table on  the  oor of the m outh , then  the  lm  pack-
et  should be posit ioned on the tongue in  the m iddle of the 
oral cavity (� Fig. 9.25). Afterwards, the operator checks 
to m ake sure that  the im age receptor is completely cush-
ioned by the tongue and that  no hard or sharp edges are 
causing pain  and discom for t .

The holder is then aligned orthogonally. It  is pivoted 
m ore distally for m olars and m ore m esially for prem olars. 
With  m andibular periapicals, pressure can be exerted 
w hen the tongue is used. The posit ion  of the im age re-
ceptor is crucial: the plane of the  lm  packet m ust  be tan-
gent ial to the tooth  under invest igat ion .

Mandibular Incisors and Canines
Placem ent  of the film  packet  on  the tongue is also recom-
m ended for m andibular incisors and canine periapicals. 
This creates m ore space to accom m odate the w idth  of the 
film  packet and to achieve parallelism  (� Fig. 9.26).

9.1.4  Bisecting-angle Technique
The bisecting-angle technique of periapical radiography 
was designed for use in cases w here it is not possible to 
achieve parallelism  between the film  and the teeth, ow-
ing to either anatom ical constraints or the lack of a suitable 
film -holder. It is an alternative m ethod of obtaining ana-
tom ically correct intraoral radiographic im ages of the teeth.

In  principle, the  lm  packet is  rm ly placed against  the 
tooth  under invest igat ion , w ithout bending. This form s an  
angle between the long axis of the tooth  and the  lm . The 
central ray is aim ed perpendicular to the im aginary bi-
sector (the plane that  bisects the  lm  and the tooth). The 
bisect ing-angle technique provides anatom ically correct  
im ages of the teeth , based on sim ple rules of geom etry. 
This geom etr ic con gurat ion  corresponds to an  isosceles 
t r iangle (� Fig. 9.27 and � Fig. 9.28).

The patient’s thum b or index  nger can be used to sta-
bilize the  lm  packet in the m outh, by gently pressing it  
against the palatal or lingual side of the upper or lower arch.

Especially in  the m axillary arch , there are anatom ical 
st ructures that  can  increase the angle between the tooth  
and the  lm  to as m uch as 45 degrees. In  the m andibu-
lar arch , the  lm  can theoret ically be pressed far enough 
in to the  oor of the m outh  that  the tooth  and the  lm  are 
nearly parallel (� Fig. 9.29).

Geom etrically accurate im ages of single-rooted teeth  
can easily be achieved by correct  vert ical angulat ion  of 
the X-ray beam . Mult i-rooted teeth  are m ore problem at-
ic. In  m any cases, correct  ver t ical angulat ion  is not  possi-
ble because the roots of the tooth  are not  parallel to each 
other. The larger volum e of the prem olars and m olars also 
has an  unfavorable e ect  on  the project ions.

The bisect ing-angle technique m ay result  in  m ore or 
less im age distort ion , ow ing to technique-related factors. 
Especially w hen using a shor t  cone (10 cm ), im age dis-
tor t ion  is par t icularly problem at ic because of increased 
beam  divergence. Distor t ion  m ay be readily apparent; for 
example, there m ay be conspicuous elongat ion  of palatal 
roots in  the m axillary posterior region, or crow ns m ay be 
cut  o  at  an  angle (� Fig. 9.30 and � Fig. 9.31).

Isosceles
triangle

Bisector

FilmTooth

Long axis of the tooth

Bisector

90°

Long axis 
of the film

Occlusal plane

Fig. 9.27 Schematic of the bisecting-angle 
technique. (From: Schwenzer N, Ehrenfeldt 
M, eds. Chirurgische Grundlagen. 4th ed. 
Stut tgart: Thieme; 2008.)

Fig. 9.28 Bisecting-angle technique (bot tom) versus parallel-
ing technique (top).



Practical Dental Radiography

68

9

Because of technique-related factors and the general 
lack of posit ioning devices, the bisect ing-angle technique 
has m any disadvantages.

It  generally requires larger vert ical angulat ion , w hich 
m akes it  harder to achieve or thogonal project ion  geom -
etry (� Fig. 9.32). The zygom at ic bone often  projects onto 
the apices of the m olar roots, ow ing to excessive vert ical 
angulat ion  (� Fig. 9.33).

Moreover, it  is not always easy to h it  the bisector cor-
rectly. Incorrect  ver t ical angulat ion  results in  elongat ion  
(� Fig. 9.34) or foreshor tening of the im age (� Fig. 9.35).

Fig. 9.32 Radiograph acquired with nonorthogonal projection 
geometry (angle too steep).

Fig. 9.30 Bisecting-angle technique: radiograph of the right 
maxillary teeth of a phantom head.

Fig. 9.31 Paralleling technique: radiograph of the right maxil-
lary teeth (same as in � Fig. 9.30).

Axial projectionApical projection

Limbal projection

Coronal projection

Long axis 
of the film

Occlusal plane

Fig. 9.29 Bisecting-angle technique: pro-
jection geometry for maxillary anterior 
radiographs. (From: Schwenzer N, Ehren-
feldt M, eds. Chirurgische Grundlagen. 4th 
ed. Stut tgart: Thieme; 2008.)



69

9.1 Intraoral Radiography

9

a  b

Fig. 9.33a, b Projection of the zygomatic bone.
a Zygomatic bone.
b Projection in the molar apical region.

a  b

Fig. 9.34a, b Bisecting-angle technique: too shallow an angle results in elongation of the teeth. (a from: Pasler FA. Zahnärztliche Radi-
ologie. 5th ed. Stut tgart: Thieme; 2008; b from: Schwenzer N, Ehrenfeldt M, eds. Chirurgische Grundlagen. 4th ed. Stut tgart: Thieme; 
2008.)

a  b

Fig. 9.35a, b Bisecting-angle technique: 
too steep an angle results in foreshortening 
of the teeth. (a from: Pasler FA. Zahnärztli-
che Radiologie. 5th ed. Stut tgart: Thieme; 
2008; b from: Schwenzer N, Ehrenfeldt 
M, eds. Chirurgische Grundlagen. 4th ed. 
Stut tgart: Thieme; 2008.)
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Film  or  p late ben ding can also result  in  im age distor-
t ion . This occurs due to excessive pressure during han-
dling or from  the  lm  being pressed against  the palate or 
 oor of the m outh .

Radiographs acquired using the bisect ing-angle tech-
nique have geom etrically correct  size equalit y but  are not  
t rue to scale (� Fig. 9.36).

a  b  c

Fig. 9.37a–c Comparison of three periapical radiographs.
a Bisecting-angle technique: too steep an angle results in foreshortening of the teeth.
b Paralleling technique: geometrically correct image of the teeth.
c Bisecting-angle technique: too shallow an angle results in elongation of the teeth.

a

FocusObject

Long axis of the film

b  c

Fig. 9.36a–c Radiographic distortion 
caused by bends in the  lm.
a Bisecting-angle technique (schematic 

diagram): there is great divergence of 
the beam and bending of the  exible 
image receptor ( lm and image plate) in 
the apical region, near the  palate. (From: 
Pasler FA. Zahnärztliche Radiologie. 5th 
ed. Stut tgart: Thieme; 2008.)

b Note the elongation of the root- lled 
tooth. The apex is not visualized on the 
image. This problem occurred because 
the angle of incidence is too shallow and 
the  lm is bent in the apical region.

c The paralleling technique was used for 
this radiograph. All important areas are 
visualized without distortion.

Excessive ver t ical angulat ion  is also not  recom m ended 
for reasons of radiat ion  protect ion , because a larger por-
t ion  of the beam  would irradiate the t runk of the body. 
There is a r isk of exposing other parts of the pat ient’s 
body to prim ary radiat ion , even if a radiat ion-protect ion  
apron is correctly placed.
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c

b

a

Fig. 9.38a–c Bisecting-angle technique: both vertical angula-
tion of the beam and orthogonal projection geometry must be 
considered. Vertical angulation adjustments can result  in three 
possible outcomes:
a Too steep an angle (perpendicular to the  lm).
b Correct angle (perpendicular to the bisector).
c Too shallow an angle (perpendicular to the tooth).

Moreover, use of the bisect ing-angle technique de-
creases radiographic reproducibilit y. The reprodu cibilit y 
of radiographs is a very im portant  elem ent  of radiograph-
ic diagnosis. To be com parable, radiographs m ust show  
the target  anatom ical st ructures in  the sam e m anner. Re-
producibilit y facilitates the ident i cat ion  of di erences, 
regardless of w hether these are norm al variants or patho-
logic changes (� Fig. 9.37).

Note 

The bisecting-angle technique does not conform to the 
rules of projection geometry because the X-ray beam, 
including the central ray, is not oriented perpendicular 
to the  lm and the long axis of the tooth. Moreover, the 
use of a short cone results in considerable beam diver-
gence and image distortion. Only those X-rays near the 
central ray are likely to form images without major geo-
metric unsharpness.

This problem resulted in the development of so-called 
apical, coronal, and marginal projections, in which the 
central ray was aimed at the center of the apex, the 
crown, or the alveolar ridge, depending on the clinical 
question, in an at tempt to image these regions without 
distortion. However, these methods were never able to 
produce intraoral radiographs of the entire tooth in a 
single exposure without distortion.

The bisecting-angle technique is only recommended 
for use in certain exceptional cases. Furthermore, the 
use of a short cone is no longer permit ted today: an 
FOD of at least 20 cm is required for reasons of radiation 
protection. Otherwise, the X-rays responsible for im-
age formation would not be perpendicular to the image 
receptor, resulting in image distortion.

On first  glance, the bisect ing-angle technique m ight  seem  
to be easy to use, but  it  is not  easy to learn . Even experi-
enced radiographers som et im es have problem s correct ly 
calculat ing the im aginary line that  bisects the im age re-
ceptor and the long axis of the tooth  and aim ing the cen-
t ral ray perpendicular to the bisector (� Fig. 9.38).

Bisecting-angle Technique: Methodology
The bisect ing-angle technique is usually perform ed w ith-
out  a film -holder or aim ing device (e. g., aim ing ring and 
indicator rod). Therefore, there are m any m ore factors to 
consider than  w ith  the paralleling technique.

For exam ple, the head posit ioning is m ore important  
for the bisect ing-angle technique than for the parallel-
ing technique. The occlusal plane m ust  be aligned st rict ly 
horizontal and parallel to the  oor. This m eans that  the 
head m ust be t ilted slightly forward for m axillary ra-
diographs, and slight ly backward for m andibular radio-
graphs. Correct  head posit ion  can be checked against  the 
posit ion  of the tooth  axes, w hich should be perpendicular 
to the  oor.
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For anatom ical reasons, the  lm  is placed in  the oral 
cavit y at  an  angle, pressed against  the tooth . This con-
 gurat ion  m akes it  hard to check the posit ion  of the  lm  
for correctness. When the pat ien t  holds the  lm  w ith  a 
 nger, it  is usually not  possible to determ ine w hether 
the posit ion  of the  lm  changed un t il after  lm  develop -
m ent .

The posit ion  of the bisector is di erent for each pat ient  
because of the individual nature of each person’s anato-
my and the result ing  lm  posit ion . In  pract ice, it  is usu-
ally easy to m entally bisect  the angle form ed by the  lm  
and the long axis of the tooth  and aim  the central ray per-
pendicular to the im aginary bisector. If th is is done cor-
rectly, the vert ical angle is usually correct .

When centering, the edge of the cone should be as paral-
lel as possible to the visible edge of the  lm . When the  lm  
is posit ioned correctly (� Fig. 9.39), the central ray should 
be perpendicular to the im aginary plane that bisects the 
angle form ed by the  lm  and the long axis of the tooth.

9.1.5  Right-angle Technique
The r ight-angle technique is usually considered to be 
the sam e as the paralleling technique. However, the only 
th ing the two techniques have in  com m on is that  a film -
holding device is used to direct  the central ray of the beam  
perpendicular to the film . As in  the paralleling technique, 
the im age receptor is posit ioned in  the m iddle of the oral 
cavity, in  order to obtain  parallelism  between the im age 
receptor and the long axis of the tooth. The difference is 
that  the right-angle technique is perform ed w ithout a 
bite block (� Fig. 9.40). Instead, the holder is m ounted on 
a spacer cone.

Ow ing to the lack of a bite block, the r ight-angle tech-
nique is a com binat ion  of the paralleling technique and 
the bisect ing-angle technique. In  the paralleling tech-
nique, the ver t ical angle is determ ined by the bite block, 
w hereas in  the right-angle technique, the ver t ical angle 
is determ ined and set  according to the laws of the bisect-
ing-angle technique (� Fig. 9.41).

The m ain  disadvantage of the r ight-angle technique, 
w hich was in t roduced by Hielscher and m odi ed by 
Pasler, is that  it  is not always reliable for visualizing 
the apical region (� Fig. 9.42). Parallelism  between the 
long axis of the tooth  and the im age receptor should be 
achieved in  the r ight-angle technique, but  if the pat ient  
has a shallow  palate, the upper edge of the  lm  m ay fall 
below  the apical region. This results in  the apical region 
being cut o  the  lm . The bisect ing-angle technique m ust 
be used in  th is situat ion .

Other disadvantages of the right-angle technique in -
clude the follow ing:
● Th e  lm -h older  m u st  be m ou n ted  on  th e spacer  

con e: th is m akes the r ight-angle technique m ore dif-
 cult  to perform  and results in  low  acceptance by 
pat ients.

Fig. 9.39 Correct position of the  lm packet in the lower arch. 
(From: Pasler FA, Visser H. Zahnmedizinische Radiologie. 2nd ed. 
Stut tgart: Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)

Fig. 9.40 Right-angle technique:  lm-holder without a bite 
block is mounted on the cone. (Adapted from: Pasler FA, Visser 
H. Zahnmedizinische Radiologie. 2nd ed. Stut tgart: Thieme; 
2000. Farbatlanten der Zahnmedizin; Band 5.)

Fig. 9.41 Ideal parallelism between the  lm and the tooth (in 
the upper arch).
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● Th e h older  posit ion ing is n ot  reprodu cible: w hen tak-
ing follow-up radiographs (e. g., after im plant  surgery), 
the holder posit ion  in  the m outh  changes, ow ing to the 
lack of a bite block.

● Parallel posit ion ing of th e  lm  is arbit rar y: conse-
quently, the root t ips m ay be cut  o  the radiograph.

● Super im posit ion  due to  lm  posit ion ing errors m ay 
occur: if the  lm  is placed in a slanted m esial or distal 
posit ion, the tooth axes w ill be radiographed at an angle, 
and interproxim al superimposit ion art ifacts m ay occur.

9.1.6  Bitew ing Radiography
Bitew ing radiography was in t roduced by Raper in  1925. 
It  is the m ost  im portant  radiographic technique for di-
agnosis of caries. Bitew ing radiographs show  the alveo-
lar r idge w ithout  distort ion . They dem onstrate salivary 
stones well and are useful for evaluat ing the m arginal in-
tegrit y of crow ns and fillings (� Fig. 9.43).

Bitew ings should always be obtained supplem entary to 
the clin ical exam inat ion  in  cases w here the m esial and 
distal contact  areas cannot be evaluated by visual inspec-
t ion . Approxim al caries is usually overlooked w hen bite-
w ing radiographs are not  m ade supplem entary to the 
clin ical exam inat ion . This is especially t rue in  cases where Fig. 9.42 Right-angle technique: radiograph of the maxilla.

Fig. 9.43a–d Bitewing radiographs.
a Right molars.
b Right premolars.
c Left premolars.
d Left molars.
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invasive caries tunnels through the in terproxim al enam el 
to the dent in  and underm ines the enam el. In  diagnost ic 
radiography, early detect ion  of dental caries is st ill one of 
the m ain  st rategies for prom ot ing dental health  in  broad 
segm ents of the populat ion .

Size 3 × 4 cm   lm  is generally used for bitew ing radi-
ography. Long and narrow   lm  (2.7 × 5.4 cm ) is no longer 
recom m ended, for two reasons:  rst , it  is not  always pos-
sible to achieve or thogonal im aging of all m olars and pre-
m olars in  a single project ion  and, second, the  lm  is too 
short  to capture the alveolar crest .

Bitew ing Radiography: Methodology
Because bitew ings are used for evaluat ion  of in terproxi-
m al areas, a film -holder and aim ing ring should always be 
used in  bitew ing radiography (� Fig. 9.44).

9.1.7  Radiographic Measurement 
Techniques
Radiographic m easurem ent techniques are used to deter-
m ine the working length of root canals (� Fig. 9.45). Since 
these radiographs m ust be taken w ith root-canal instru-
m ents and a rubber dam  in place, technical difficult ies m ay 
occur. Ideally, they should be obtained using the paralleling 
technique, but this is not possible w ith conventional film-
holders.

The Endo-Holder was designed to simplify the radio-
graphic m easurem ent of root-canal working length (� Fig. 
9.46). Its raised basket-like bite block makes it possible to 
take the X-rays w ith root-canal instruments and a rubber 
dam  in place. As in the parallel technique, the Endo-Holder 
has an aim ing ring and indicator rod, and the X-rays are di-
rected perpendicular to the im age receptor. This m akes it  
possible to obtain reproducible working length m easure-
m ents in endodontic applications.

9.1.8  Occlusal Radiography
Occlusal film  is screenless film . Compared w ith bitew ing 
film , the only difference is that occlusal film  is larger; the 
standard size is 7.5 × 5.5 cm  (� Fig. 9.47). Its size m akes oc-
clusal film  very versat ile. Occlusal radiographs can supple-
m ent or replace other intraoral radiographic exam inations.

Phosphor storage plates are the only t ypes of digital 
im age receptors available for occlusal radiography. Occlu-
sal radiography is not  lim ited to the use of large  lm : the 
3 × 4 cm  size can also be used.

The  lm  packet  is placed in  the m outh  parallel to the 
occlusal surfaces of the teeth . There should be an  angle of 
90 degrees between the  lm  and occlusal plane.

The two m ain  techniques used for occlusal radiography 
are:
● Bisect ing-angle technique
● Axial project ion  technique.

Fig. 9.44 Bitewing  lm-holder. (With the kind permission of 
Dentsply Rinn.)

Fig. 9.45 Radiographic measurement of the working length of 
a root canal.

Fig. 9.46 Dentsply Rinn Endo-Holder for radiographic  
measurement.
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Occlusal Radiography: Bisecting-angle 
Technique
The bisect ing-angle technique m ust  be used in  occlusal 
radiography.

As m any as  ve teeth  can be depicted on a single pos-
terior occlusal radiograph w hen large  lm  is used. Ante-
rior and canine occlusal radiographs show  the teeth  and 
large segm ents of the bone. Mandibular occlusal radio-
graphs show  the ent ire m andibular arch , including the 
cort ical bone. Dental radiographs taken using larger  lm  
form ats generally provide m ore inform at ion by vir tue 
of their larger size (� Fig. 9.48). Occlusal radiography is 

som et im es possible in  cases w here other in t raoral radio-
graphic techniques cannot  be perform ed, for exam ple, in  
situat ions w here panoram ic radiography or other tech-
niques of in t raoral radiography cannot  be perform ed suc-
cessfully because of physical const rain ts.

Because of the ease of  lm  placem ent , occlusal radiog-
raphy is especially useful for the assessm ent of anter ior 
tooth  t raum a in  children .

Bisect ing-angle Technique: Methodology
The film  packet m ust be posit ioned in  the pat ient’s m outh  
on the occlusal surfaces of the teeth , such that  the outer 
edge of the film  packet  is parallel to the crow ns of the 
teeth of in terest . This edge form s the tangent line that  the 
central ray m ust in tersect  at  r ight  angles for proper or-
thogonal im aging (� Fig. 9.49 and � Fig. 9.50).

Fig. 9.47 Occlusal  lm (left) versus bitewing  lm (right).

Fig. 9.48 This maxillary anterior occlusal radiograph obtained 
using the bisecting-angle technique shows a large area of 
osteolysis.

Fig. 9.49 Correct  lm positioning for maxillary posterior 
 occlusal radiographs.

Fig. 9.50 Occlusal radiograph of the maxillary posterior teeth.
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Occlusal Radiography: Axial Projection 
Technique
In  the axial project ion  technique of occlusal radiography, 
the axial project ion  of the beam  results in  a second plane 
that  can  provide a spat ial im age impression w hen com -
bined w ith  other radiographs. Film  posit ioning is differ-
ent  from  that  of the bisect ing-angle technique. Because 
th is project ion  is used to ident ify pathological changes in  
the buccolingual dim ension, the m andible m ust always 
be posit ioned in  the center of the film , as parallel to the 
edges of the film  packet  as possible (� Fig. 9.51).

The course or dislocat ion  of m andibular fractures can 
then be viewed in  a second plane in  supplem ent  to pan-
oram ic radiographs (� Fig. 9.52 and � Fig. 9.53). The axial 
project ion  technique can also be used to visualize im -
pacted teeth  or space-occupying lesions.

Because of radiat ion-protect ion  and im age-qualit y 
standards, the axial project ion  technique of occlusal ra-
diography should be used for evaluat ion  of th e m an dible 
on ly.

Moreover, CBCT now  provides im ages in  m ult iple 
planes and w ith  bet ter diagnost ic qualit y than can be 
achieved w ith  the axial project ion  technique of occlusal 
radiography.

Visualizat ion  of sialolith iasis in  the ducts of the sub-
m andibular gland is a special indicat ion  for the axial pro-
ject ion  technique of occlusal radiography. The exposure 
t im e m ust be reduced signi cantly to detect  radiopaque 
objects such as sialoliths (� Fig. 9.54).

Fig. 9.51 Correct positioning for occlusal radiography of  
the mandibular posterior teeth using the axial projection  
technique.

Fig. 9.52 Axial projection technique 
of occlusal radiography used to show 
a second dimension, to identify the 
spatial position of fractures.

Fig. 9.53 Axial projection technique 
of occlusal radiography used to show a 
second dimension revealed a cyst.

Fig. 9.54 Occlusal radiograph of the 
 oor of the mouth revealed a sialolith 
in the duct of the submandibular 
gland.
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9.2 Conventional Tomography
A convent ional radiographic im age is the sum  of an  in-
fin ite num ber of anatom ical slices. It  contains countless 
details, all of w hich ar ise from  a single focus of project ion . 
A single project ion  that  visualizes every detail w ithout 
superimposit ion  does not exist . Therefore, a sum m ation 

radiograph is only capable of depict ing a few  st ructures 
opt im ally.

In  m any cases, the character ist ic im age features cannot  
be adequately visualized on radiographic im ages that  only 
show  a single plane. Even if in t raoral radiographs could 
reproduce the  nest  anatom ical st ructures, it  would not 
be possible to display a tooth  in  it s ent irety. Supplem en-
tary special in t raoral radiographic project ions (e. g., m esi-
al and distal eccentr ic project ions) can  som et im es reveal 
previously unrecognizable st ructures w ithout  superim -
posit ion , but the diagnost ic qualit y is not  sat isfactory.

The easiest  way to display certain  areas w ithout super-
im posit ion  is to blu r  ou t  st ructures above and below  the 
plane of in terest . This is done by changing the angle of 
head posit ion  as needed, to visualize an  isolated aspect  
of the m andible or m idface, for exam ple, by blurr ing out 
the temporal bones from  the m axillary sinus (� Fig. 9.55).

Close-up  im aging is another way to im age regions 
w ithout  superim posit ion . In  X-ray im aging, th is is done 
using a shor t  cone and is based on the principle of geo-
m etr ic unsharpness (� Fig. 9.56 and � Fig. 9.57).

The in t rodu ct ion  of tom ography by Bocage in  1922 
provided a new  and bet ter m ethod.

Fig. 9.57 Close-up view of the temporomandibular joint.

Fig. 9.55 Partial-arch projection showing osteolysis in the 
horizontal ramus of the mandible.

Skin
Skin

Focu s

Short cone
FOD > 5 cmFilm

Fig. 9.56 Close-up view of the temporomandibular joint  
(Parma projection). FOD: focus-to-object distance.

FT

IR

Angle

T

Fig. 9.58 Basic principle of tomography (schematic): struc-
tures in the selected slice, or focal trough (FT), of the object 
appear in sharp focus while those outside the focal trough 
appear blurred. The rotational movements of the tubehead (T) 
and image receptor (IR) are synchronized. Blurring is lowest at  
the rotation center (red dot). The plane of the rotation center 
is the in-focus slice. The larger the angle of rotation, the thin-
ner the slice.
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In  principle, convent ional tom ography consists of three 
com ponents—the X-ray tubehead (T), im age receptor (IR), 
and object  (O), two of w hich are m obile. In  m ost  cases, 
the tubehead and im age receptor are in  m ot ion, w hile the 
object  rem ains stat ionary and m ot ionless (� Fig. 9.58).

Because the m ovem ent of the tubehead and im age re-
ceptor around the rotat ion  center is synchronized (� Fig. 
9.59), only those st ructures located w ith in  the plane 
of the center of rotat ion—that  is, the im age layer/focal 
t rough—appear in  sharp focus, w hile st ructures outside 
the focal t rough are blurred. During and because of tube-
head rotat ion , st ructures outside the focal t rough are not 
projected on the sam e spot , but  on  di erent points across 
the  lm , and thus appear blu r red  on the im age.

Conversely, all objects located w ith in  the focal t rough 
are projected on exact ly the sam e spot  during the ent ire 
exposure cycle, and thus appear in  sharp focus on the im -
age (� Fig. 9.58).

Tom ographic system s m ay be classi ed according to 
the extent  and type of blurr ing.

The exten t  of blu r r ing is dependent  on  the angle of 
rotat ion  (φ ), w hich is determ ined as the points w here 
tubehead m ovem ent begins and ends (� Fig. 9.58). As 
the angle of rotat ion  increases, the degree of blurring in-
creases and the th ickness of the im age layer (focal t rough) 
decreases.

The t ype of blu r r ing is determ ined by the geom etry of 
the m ovem ent  of the X-ray source. The goal of tubehead 
m ovem ent and the resultant blurring is to m ake st ruc-
tures that  lie outside the im age layer (focal t rough) so 
indist inct  that  they are no longer recognizable as st ruc-
tures, but  only as hom ogeneous  lm  blackening. This en-
sures that  st ructures that  are blurred out do not  lead to 
radiographic m isin terpretat ion .

One-dim ensional (linear) and m ult i-dim ensional 
or planar (circular, spiral, and hypocycloidal) blu r r ing 
m ovem en t s are well know n (� Fig. 9.60). Generally 
speaking, one can say that  the m ult i-dim ensional m ove-
m ents blur bet ter and thus are also bet ter for the diag-
nost ic evaluat ion  of bony st ructures of the facial skeleton 
(� Fig. 9.61). Linear blurring usually causes blurr ing shad-
ows that  frequently cannot  be dist inguished from  patho-
logical processes.

The large t radit ional tom ographic im aging system s had 
a blurr ing angle of alm ost 50 degrees and a spiral or hy-
pocycloidal blurring m ot ion, result ing in  the generat ion  
of im ages w ith  slice th icknesses of ~1 m m  w ithout  in ter-
ference shadows. The only disadvantage of these im ages 
was their relat ively low  cont rast .

a  b  c

d  e

Fig. 9.60a–e Blurring pat terns in conventional tomography.
a Linear.
b Circular.
c Elliptical.
d Hypocycloidal.
e Spiral.

Fig. 9.59 Polytomes in movement.

Fig. 9.61 Tomographic image of the maxillary sinuses.
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9.3 Panoramic Tomography
The origins and course of developm ent  of panoram ic to-
m ography are completely different from  those of the con -
vent ional tom ography technique as conceived by Bocage.

Because of the com plex anatomy of the dental arches 
and facial skeleton, it  is di cult  to depict  these st ructures 
in  their ent irety on a single radiograph. Most of these 
st ructures are circular, oval, or arcuate, and hardly any 
of their bony m argins are situated at  r ight angles to each 
other. To obtain  diagnost ically useful radiographs of the 
dent it ion , the teeth  have to be visualized on individual in-
t raoral radiographs. Diagnost ic assessm ent  of the ent ire 
facial skeleton by convent ional radiography (e. g., by using 
radiographs of the m axillary region) is also di cult , ow-
ing to the round shape and close proxim ity of several rel-
at ively sm all and often  duplicate st ructures (� Fig. 9.62).

9.3.1  Panoramic Radiography with 
a Slit Collimator
These problem s prom pted several independent  dental 
researchers to invest igate the quest ion  of how  to gener-
ate panoram ic radiographs that  provided scout  im ages 
of the ent ire dent it ion  or, bet ter yet , of the ent ire facial 
skeleton. The basic idea was to develop a m ethod of pro-
ducing panoram ic scout  im ages that  takes the round to 
oval st ructures of the facial skeleton in to account  w hile 
enabling sim ultaneous and com plete reproduct ion  of the 
teeth , jaws, temporom andibular join ts, and basal m axil-
lary sinuses.

The principles of panoram ic radiography for dental ap -
plicat ions were  rst  described in  a U. S. patent   led by 
A. F. Zulauf in  1922. Panoram ic im ages were generated us-
ing long  lm  w hich, sim ilar to bitew ing  lm , was placed 
in  the pat ient’s m outh  to obtain  separate exposures of the 
m axillary and m andibular arch . The key to success was 
the use of a very narrow  ver t ical slit  collim ator (� Fig. 
9.63). This device m ade it  possible to produce im ages of 
the m axillary and m andibular teeth  in  two separate ex-
posure cycles.

Zulauf m erely  led a patent  for the principle of dental 
panoram ic radiography in  1922, w hereas Num ata (1933) 
and Paatero (1946) were the  rst  to actually build a m a-
chine capable of producing panoram ic im ages using a slit  
collim ator (see � Fig. 1.6).

Fig. 9.63 Slit  collimator.

Fig. 9.62 Panoramic photomontage according to Pasler.
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While Zulauf, Paatero, and Num ata focused on pan-
oram ic im aging of the teeth , the radiologist  Heckm ann 
developed a m ethod for the product ion  of panoram a-like 
radiographs of super cial st ructures of the ent ire facial 
skeleton using ext raoral  lm , w hich he in t roduced in  
1939.

9.3.2  Panoramic Radiography with 
an Intraoral Source
Panoram ic radiography w ith  an  in ternal source was con-
ceived as a concept in  w hich the anode is placed in t ra-
orally, in  order to direct  the beam s of X-rays from  inside 
to outside the m outh , to produce panoram ic im ages of 
the teeth . This radiographic technique, w hich is now  ob-
solete, em ployed a special rod-shaped X-ray tube that  
was placed in  the pat ient’s m outh  (� Fig. 9.64; see also 
� Fig. 1.8).

The  lm  was contained in  a  exible casset te, w hich was 
posit ioned on the upper or lower arch , to allow  separate 
exposures of the m axilla or m andible, depending on the 
direct ion  of the anode.

The Frenchm an Bouchacour t  was the  rst  to propose 
the concept of panoram ic radiography of the jaw  using a 
specially designed in t raoral X-ray tube, in  1898. Patents 
 led by Koch and Sterzel in  Germ any in  1943 and by Ot t  
in  Sw itzerland in  1951 launched the developm ent  of th is 
technology.

In  1961, the  rst  system  for panoram ic radiography 
w ith  an  in t raoral source was in t roduced in  pract ice. If 
used correct ly, the m achine produced sat isfactory pan-
oram ic im ages of the m axillary and m andibular teeth , 
respect ively. The best  diagnost ic qualit y was achieved 
in  the anter ior region because im age m agni cat ion  oc-
curred toward the poster ior region (see � Fig. 1.9).

Panoram ic radiography w ith  an  in t raoral source has 
not  been used for decades. Because th is technology uses a 
very sm all FOD, it  em its ionizing radiat ion  above the level 
prescribed by regulat ion . Consequently, it  is now  classi-
 ed as a prohibited radiat ion  source.

9.3.3  Rotational Panoramic Radi-
ography
The concept  of panoram ic im aging was a crucial step for-
ward in  dental radiology considering that , w ithout  th is 
technology, only in t raoral radiographs of the teeth  and 
ext raoral radiographs of par ts of the m andible were avail-
able. It  was not possible to produce diagnost ic qualit y ra-
diographs of the m axillary and m andibular arches and 
their associated st ructures unt il the advent  of panoram ic 
radiography w ith  a rotat ing extraoral source of radiat ion .

Paatero in t roduced the basic concept of in t raoral pan-
oram ic radiography in  1948. As long in t raoral  lm  proved 
to be very im pract ical, he experim ented w ith  extraoral 
 lm . This allowed him  to produce panoram ic im ages of 
the super cial layers of the m idface that  were very sim i-
lar to those produced by Heckm ann (� Fig. 9.65).

Paatero m ade the next decisive step toward achieving 
tom ographic im ages, by devising a system  in  w hich  the 
pat ient  an d  the  lm  sim ultaneously m oved on synchro-
nized paths around a center of rotat ion , w hile the X-ray 
beam , w hich was narrowed to a blade by a vert ical slit  
collim ator, rem ained stat ionary (� Fig. 9.63).

The narrow  beam  passed through the rotational axis and 
center of both the object and the  lm , w hich was at tached 
to a round  lm -holder. If two points on the sam e radius 
m ove at the sam e velocity, they w ill always be at rest rela-

FilmFocus

Fig. 9.64 Placement of the X-ray tube in panoramic radiogra-
phy with an intraoral source.

Fig. 9.65 Panoramic radiograph of the image without the 
tomographic e ect.
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t ive to each other. If one of the points is part of the object  
of interest and the other is part of the  lm , then that part  
of the object w ill always appear in  sharp focus on the  lm.

This technique was further re ned and, in  1955, a pan-
tom ograph built  in  Helsinki was put in to operat ion  in  
London.

Principle of Rotational Panoramic 
 Radiography
The principle of rotat ional panoram ic radiography can 
be explained as follows: two adjacent  rotat ing disks w ith  
the sam e radius (r) are rotat ing in  opposite direct ions at  
the sam e angular velocity (ω) as the X-ray beam  passes 
through their centers of rotat ion  (� Fig. 9.66). The object  
of in terest  (in  th is case, the tooth) m oves on radius r of the 
first  disk, w hile the film  m oves on  radius r′ of the second 
disk. Because the radii are equal (r′ = r), the object  and the 
film  m ove at  the sam e velocity on  their respect ive disks. If 
the cent ral ray is lim ited to a very narrow  (1 m m ) vert ical 
beam  by a narrow  slit  collim ator, and the object  and the 
film  rotate past  the slit  at  the sam e t im e and are thus ir-
radiated sim ultaneously, then the object  w ill be displayed 
sharply on the film . This is possible because the radii of 
the two disks are equal and because the two disks rotate 
at  the sam e velocity; consequently, the object  and the 
film  are at  rest  relat ive to each other.

If it  is possible to keep the radius of the object  and the 
 lm  equal throughout  the ent ire exposure cycle, it  is also 
possible to display arbit rarily shaped objects (such as the 
dental arches) in  sharp focus on dental  lm , or any other 
t ype of im age receiver.

Adapting the Focal Trough to the Dental 
Arch
If the dental arch  were circular, then it  would be no m ajor 
problem  to obtain  sharp im ages of the teeth  in  the focal 
t rough (im age layer). However, since the two dental arch-
es are horseshoe shaped, the radius of the target  st ruc-
tures changes during the exposure cycle. Circular m ove-
m ent  of the film  is not appropriate for producing sharp 

im ages of the m axillary and m andibular arches in  a circu-
lar im age layer (focal t rough).

Consequently, the posit ion  of the  lm  m ust be adapted 
to the shape of the dental arch .

Because it  is di cult  to change the  lm  radius by m e-
chanical m eans, the panoram ic  lm  velocity is cont inu-
ously increased and decreased during the exposure cycle, 
to accordingly increase or decrease the w idth  of the im -
age layer (focal t rough) to accom m odate the shape of the 
dental arch . Any arch  can be centered w ith in  the focal 
t rough by th is m ethod (� Fig. 9.67 and � Fig. 9.68).

The source–pat ient– lm  con gurat ion  of m odern  
equipm ent has been m odi ed, such that  the pat ient re-
m ains stat ionary w hile the tubehead and  lm  m ove on 
synchronized paths around the pat ient’s head.

Orthopantomography: Orthogonal 
 Imaging of the Teeth
The first  step toward a panoram ic im aging technique that  
provided diagnost ically relevant  inform at ion was the de-
velopm ent  of a m eans of posit ioning the teeth  precisely in  
the focal t rough. The original panoram ic system  could not  
achieve orthogonal im aging of all teeth  because it  only 
had one rotat ing disk. Only the anterior crow n region was 
show n w ithout  superimposit ion .

Slit  collimatorFocal trough

ω  ω

Film/screen
combination

r'  r

Fig. 9.66 Principle of rotational panoramic 
radiography (see text for explanation). ω: 
angular velocity; r: radius.

Image receiverImage layer

r'  r

Fig. 9.67 Adjusting the focal trough to accommodate the 
dental arch (schematic). r: radius.
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The next task was therefore to work out how  to project  
the beam  in such a way as to irradiate both the anterior and 
posterior region as orthogonally as possible. The solution  
was to add m ore rotat ing disks to the panoram ic m achine.

As in  in t raoral radiography, the cor rect  angle of inci-
den ce for each region of in terest  m ust  be ensured for the 
product ion  of superimposit ion-free im ages in  rotat ional 
panoram ic radiography (� Fig. 9.69).

Since or thogonal im aging of the m olars cannot  be 
achieved from  the anterior aspect , addit ional rotat ion  
centers were needed for rotat ional panoram ic radiogra-
phy. These centers of rotat ion  m ust  be posit ioned such 
that  parallel rays st r ike the posterior teeth  orthogonally 
as the tubehead revolves around the pat ient’s head. Once 
a system  w ith  two addit ional rotat ion  centers for the 
posterior region was built , it   nally becam e possible to 
achieve or thogonal panoram ic im aging of the m olars and 
prem olars. This feat  was accom plished by Paatero, w ho 
presented a sm all prototype of a panoram ic m achine 
called the orthopantom ograph, in  1957.

Fig. 9.68 Focal trough adjusted to accommodate the dental arch.

A

B

C

+  –  –  +

Fig. 9.69 Direction of incidence during the rotation cycle of 
rotational panoramic radiography. The X-ray tube and  lm 
rotate clockwise around rotation centers A, B, and C, around 
the patient’s head. Because orthogonal projection geometry 
must be ensured, a separate rotation center (e ective focus 
of projection of the narrow beam) is needed for each segment 
of the arch. (From: Pasler FA, Visser H. Zahnmedizinische Ra-
diologie. 2nd ed. Stut tgart : Thieme; 2000. Farbatlanten der 
Zahnmedizin; Band 5.)

Fig. 9.70 If there are at least three rotation centers (ideally, 
“ ying” rotation centers that continuously change positions 
during the rotation cycle), the narrow beam will strike the im-
age receptor and all teeth in the entire arch orthogonally.
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Fig. 9.71 Slit collimator widths available for various view options 
(schematic representation). Currently, only a slit width of 1 mm 
tends to be used. A wide slit width of 5 mm is needed for thin lay-
ers. CEPH: cephalometric; CS: cross-sectional; PAN: panoramic.
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To accom plish  the goal of or thogonal im aging of all 
of the teeth , the or iginal single-disk pantom ograph was 
m odi ed to accom m odate three rotat ing disks (� Fig. 
9.70).

The developm ent  was completed in  1959 and the  rst  
Orthopantom ograph becam e com m ercially available for 
use in  dental pract ice in  1961.

Image Layer Thickness and Blurring 
Mechanism
In  contrast  to convent ional tom ography, there is no to-
m ographic angle in  rotat ional panoram ic radiography. 
The slit  collim ator assum es the role of the tom ographic 
angle. Most  slit  collim ators used in  panoram ic im aging 
are 1 m m  in  w idth . Slit  collim ators w ith  a w ider aperture 
(5 m m ) can be used for special program s.

As beam  w idth  is proport ional to the tom ographic an-
gle, the use of a narrow -slit  collim ator is associated w ith  
a sm all tom ographic angle and thus w ith  low  blurring. 
Therefore, the im age layers used in  rotat ional panoram ic 
radiography are also relat ively th ick (10–25 m m ). A slit  
collim ator w idth  of 1 m m  corresponds to a tom ographic 
angle of ~10 degrees.

Zon ography is a tom ographic technique using a nar-
row  exposure angle of less than 10 degrees.

Under favorable anatom ical condit ions, a collim a-
tor w idth  of 5 m m  has an  e ect  sim ilar to that  of a to-
m ographic angle of 15 to 20 degrees and an  im age layer 
th ickness of 1 to 2 m m  (� Fig. 9.71).

The project ion  radius, de ned as the distance between 
the rotat ion  center and the center of the im age layer, is 
the second factor that  in  uences the th ickness of the im -
age layer. The rotat ion  center constant ly changes posit ion  
during the exposure cycle, because the project ion  direc-
t ion  constantly changes to m aintain  or thogonal projec-
t ion  geom etry. As the m oving rotat ion  center t ravels a 
predeterm ined path  from  the posterior to the anterior re-
gion and back, the project ion  radius, and thus the im age 
layer th ickness, also changes constantly. The im age layer 
is narrower in  the anterior region and w ider in  the poste-
rior region (� Fig. 9.72):
● 10 m m  in  the anterior region (because the radius is 

sm aller)
● 20 to 30 m m  in  the poster ior region (because the ra-

dius is larger).

Characteristics of Imaging Geometry
Two different  t ypes of project ions are used in  rotat ional 
panoram ic radiography: project ion  in  the vert ical plane 
and project ion  in  the horizontal plane.

Projection in the Vert ical Plane
As the tubehead w ith  the ver t ical narrow  X-ray beam  
revolves in  linear m ot ion around an  im aginary rotat ion  
center located w ith in  the m outh , the posit ion  of the rota-
t ion  center changes constantly during the rotat ion  cycle.

The narrow  beam  acts like the cent ral project ion  in  in-
t raoral radiography. The beam  path  is not  purely horizon-
tal, but  m oves inferior to superior at  a project ion  angle of 
–4 to –7 degrees (� Fig. 9.73).

Projection in the Horizontal Plane
All of the X-rays pass through the respect ive centers of 
rotat ion  throughout the exposure cycle (see � Fig. 9.70). 
The X-rays appear to diverge from  the rotat ion  centers. 
Therefore, the rotat ion  centers funct ion  as the effect ive 
focus of project ion  (� Fig. 9.74).

As the tubehead rotates around the pat ient’s head, the 
X-rays diverging from  the rotat ion  centers have e ects on  
the horizontal dim ension. Each rotat ion  center serves as 
an  e ect ive focus of project ion  for the horizontal dim en-
sion of the im age. The rotat ion  center has a very large and 
usually negat ive in  uence on panoram ic im age form a-
t ion . Incorrect  posit ioning m ay result  in  geom etric un-
sharpness and distort ion  in  the horizontal dim ension of 
all par ts of the jaws, if the distance between the rotat ion  
center and the jaw  is too sm all.

Fig. 9.72 Unlike conventional tomography, the slice thickness 
of rotational panoramic radiography is not determined by the 
tomographic angle, but rather by the radius and the width of 
the slit  collimator (see � Fig. 9.71). The radius (arrow) is the 
distance from the rotation center (e ective focus of projection) 
to the image layer (focal trough).
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The pr in cip le of rot at ion al pan oram ic rad iography 
w ill on ly work if:
● The shape of the focal t rough is opt im ally adjusted to 

that  of the dental arch
● The rotat ion  centers are adjusted as individually as 

possible
● The pat ient  is opt im ally posit ioned in  the system  

(� Fig. 9.75).

Advances in Rotational Panoramic 
 Radiography
With the advent  of orthopantom ography, an  im aging sys-
tem  was in t roduced that , by vir tue of it s panoram ic func-
t ion , has becom e the m ost important  radiographic tech-
nique in  dental, oral, and m axillofacial radiology.

An orthopantom ogram  can serve as the basis of further 
exam inat ions, such as individual intraoral radiographs for 
simple clinical quest ions, or CBCT for complex quest ions.

After recognizing the potential of rotational panoram ic 
radiography, researchers started to develop additional pro-
gram s for these m achines in 1975. In the course of these de-
velopm ents, panoram ic m achines that could im age not only 

Fig. 9.74 The rotation centers serve as e ective foci of projection.

Fig. 9.75 Each panoramic unit has positioning guides for  
correct patient positioning.

a  b

Fig. 9.73a, b Projection geometry and head positioning in panoramic radiography.
a Oblique angle of incidence.
b Correct head position.
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the m axillary and m andibular arches and their supporting 
structures, but also m any other parts of the facial skeleton, 
were placed on the m arket (� Fig. 9.76; see also � Fig. 1.10).

The Scanora system , for example, can also produce very 
impressive panoram ic im ages. This m ultim odal tom o-
graphic system  o ers a com bination of panoram ic radiog-
raphy, conventional tom ography, and spiral tom ography.

The Scanora was the  rst  system  capable of generat-
ing cross-sect ional tom ographic im ages (� Fig. 9.77). This 

was a crucial step toward three-dim ensional im aging, as 
is now  possible w ith  CBCT, the successor to the conven-
t ional tom ography in  dental radiography.

Modern  panoram ic m achines w ith  the corresponding 
technical capabilit ies o er a w ide range of special pro-
gram s w ith  di erent  funct ions.

Special Programs
In  part ial-arch  project ions using special program s w ith  
one rotat ing disk or w ith  the standard panoram ic pro-
gram , the follow ing st ructures are of part icular pract ical 
in terest:
● Part ial-arch  segm ents
● Anterior tooth  region
● Alveolar crest  and in terproxim al m argins
● Midface
● Tem porom andibular join ts.

Viewing Part ial-arch Segments
When invest igat ing specific quest ions, it  would seem  log-
ical to invest igate not always the full arch , but  only the 
current region of in terest . Part ial-arch  panoram ic radi-

Fig. 9.76 The Zonarc rotational panoramic radiography ma-
chine for recumbent patients has several special programs.

Fig. 9.77 This implant on this cross-sectional tomographic 
image is sharply de ned.

Fig. 9.78 Partial-arch view of the left maxilla.

Fig. 9.79 Partial-arch view of the mandible.
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ography allows dose reduct ion  relat ive to full-arch  pan-
oram ic radiography, but  visualizes a larger area than an  
in t raoral radiograph (� Fig. 9.78 and � Fig. 9.79).

Viewing the Anterior Tooth Region
Special rules apply to anterior panoram ic radiography. 
The im age qualit y of anterior panoram ic radiographs can 
be enhanced by using a special anter ior program  w ith  a 
th icker im age layer. Anterior program s greatly reduce spi-
nal shadows and geom etric unsharpness on anterior pan-
oram ic radiographs (� Fig. 9.80).

Alveolar Crest  and Interproximal (Bitewing) 
Views
Through advances in  digital technology, m odern  pan-
oram ic m achines now  have special program s for areas 
previously reserved for in t raoral bitew ing radiographs.

Because the project ion  angle rem ains constant , m od-
ern  panoram ic m achines can generate uniform  and ana-
tom ically correct  panoram ic views of the alveolar crest . 

Fig. 9.80 Owing to the larger radius and adjusted movement 
path, the anterior program depicts the anterior region with 
much less geometric unsharpness. Fig. 9.81 Panoramic radiography: bitewing program.

Fig. 9.82 Orthophos XG program, showing the temporomandibular joint with the mouth open (outer images) and closed (inner images).
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Likew ise, bitew ing program s provide increasingly bet ter 
superimposit ion-free in terproxim al views of coronal as-
pects of the dent it ion  (� Fig. 9.81).

Viewing the Temporomandibular Joint s
Temporom andibular join t  disorders are usually of a func-
t ional nature. The first  quest ion  is how  the head of the 
condyle is posit ioned w ith in  the fossa and how  m uch 
m outh  opening is possible. Magnet ic resonance im aging 
is usually perform ed for fur ther funct ional diagnosis. In  
pract ice, however, the status of the temporom andibular 
join t  w ith  the m outh  closed and during m axim al opening 
can be assessed in  a sim ple m anner, using the tem poro-
m andibular join t  program  of a panoram ic m achine (� Fig. 
9.82 and � Fig. 9.83).

There are other special program s for assessm ent  of 
changes in  the bony st ructures of the temporom andibu-
lar join t  by panoram ic radiography. Digital volum e to-
m ography (CBCT) is, however, the preferred technique for 
invest igat ing special quest ions regarding the bone.

Viewing the Midface
Before the advent  of CBCT, orthopantom ography was 
used for radiographic visualizat ion  of the m idface region. 
It  provided a sim ple and useful way of obtain ing diag-
nost ically useful inform at ion about st ructures above the 
m axilla (� Fig. 9.84).

This radiographic technique has also been replaced by 
CBCT because th in-slice im ages in  m ult iple planes are 
needed for successful diagnost ic im aging of the m idfacial 
region.

Fig. 9.83 Rotational movement path for panoramic imaging of 
the temporomandibular joint. (From: Pasler FA, Visser H. Zahn-
medizinische Radiologie. 2nd ed. Stut tgart : Thieme; 2000. 
Farbatlanten der Zahnmedizin; Band 5.) Fig. 9.84 Panoramic radiograph of the midfacial region.
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Fig. 9.85 Panoramic radiographic anatomy of the mandibular and maxillary region. See � Table 9.1 for key to numbers.
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Fig. 9.86 Panoramic radiographic anatomy, demonstrated using a head phantom. See � Table 9.1 for key to numbers.

Table 9.1 Panoramic radiographic anatomy

Number Structure

1 Anterior nasal spine

2 Incisive foramen

3 Piriform aperture

4 Nasal septum

5 Nasal cavity

6 Maxillary sinus

7 Alveolar recess of the maxillary sinus

8 Medio-anterior wall of the maxillary sinus

9 Inferior wall of maxillary sinus

10 Posterior wall of the maxillary sinus

11 Hard palate

12 Maxillary tuberosity

13 Pterygoid process

14 Zygomatic bone

15 Coronoid process

16 Infraorbital margin

17 Mental foramen

18 External oblique line

19 Mandibular canal

20 Trabecular bone

21 Cortical bone

22 Dentin

23 Root canal

24 Periodontal ligament space

25 Lamina dura

26 Condylar process

27 Head of the condyle

Table 9.1 (Continuation)

Number Structure

28 Mandibular foramen

29 Zygomatic arch

30 Articular tubercle

31 External acoustic opening

32 Petrous bone

33 Orbit

34 Lateral wall of the orbit

35 Posterior wall of zygomatic bone

36 Hyoid bone

37 Image of the cervical spine

38 Styloid process

39 Shadow of the nose

40 Air between the tongue and hard palate

41 Ear lobe

42 Soft palate and uvula

43 Pharynx

44 Nasal  oor

45 Mandible, opposite side

46 Mastoid process

47 Pterygopalatine fossa

48 Infraorbital foramen

49 Sphenoid sinus

50 Median palatine suture (intermaxillary suture)

51 Nasal conchae

52 Semilunar notch

53 Skull base
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Radiographic Anatomy of Panoramic 
 Radiography w ith Special Consideration 
of Orthopantomography
Knowledge of the relevant anatom ical st ructures is the 
crucial basis for in terpretat ion  of any radiographic im -
age. It  is not  possible to detect  pathological changes if one 
does not know  w hat  the norm al anatomy of the region 
of in terest  looks like in  it s healthy state. There are count-
less norm al anatom ical variants of the facial skeleton, and 
even these pose a h igh risk of m isin terpretat ion  of radio-
graphic findings.

As described in  Sect ion  6.1, central project ion  (and it s 
special im age-form at ion characterist ics) is the m ain  rea-
son w hy it  is often  di cult  to detect  pathological chang-
es. Because the panoram ic view  is curved, the in terpre-
tat ion  of the individual st ructures is m ore di cult  and 
the view  itself is new  and unfam iliar. A photom ontage 
by Pasler shows a very impressive panoram ic view  of the 
m axilla, m andible, and basal m axillary sinus (� Fig. 9.85). 
For comparison, an  orthopantom ogram  of a skull phan-
tom  is show n, w ith  the key anatom ical st ructures labeled 
(� Fig. 9.86).

Panoramic Radiology: Methodology and 
Avoidance of Errors
The facial skeleton is m ade up of m any different anatom i-
cal st ructures. Most of them  are bony in  nature, but  som e 
are soft-t issue st ructures that  are visible on  radiographs. 
The oral cavity and nasopharyngeal region contain  m any 
air-filled spaces that  are also evident on  dental panoram -
ic tom ographs. The sum  of all of these st ructures m akes 
the panoram ic radiograph an  X-ray im age that  is not easy 
to in terpret  or understand. Correct  pat ient  posit ioning 
is ext rem ely im portant , as th is helps to ensure that  the 
m any different  t ypes of st ructures in  the facial skeleton 
can be in terpreted correct ly.

Posit ioning and Posit ioning Errors
Each panoram ic X-ray m achine has a focal t rough that  
is individually adjusted to accom m odate the pat ient’s 
dental arch . Standard focal t rough shapes can be pro-
gram m ed, based on standard arch  form  data. Digital sys-
tem s allow  for opt im al individual focal t rough adjust-
m ent based on pat ient-specific data collected during the 
exposure. Fur therm ore, panoram ic m achines have a head 
posit ioner and other m easurem ent tools that  can  be ut i-
lized to generate custom  focal-t rough profiles for pat ient-
specific arch  form s (� Fig. 9.75).

Ascending ramus
of the mandible

Hard palate/
nasal floor Frankfort horizontal plane

Fig. 9.87 Correct head position, as evidenced by the horizontal line of the hard palate, which should normally be parallel to the Frank-
fort horizontal plane.
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Regardless of the m ethod of focal t rough adaptat ion , 
the pat ient  m ust be correctly centered in  the adapted fo-
cal t rough. This ensures that  the central ray st r ikes each 
tooth  as or thogonally as possible and prevents the reduc-
t ion  of im age qualit y due to distor t ion  and geom etric un-
sharpness.

Er rors in  th e posit ion ing of th e h ead have two m ain  
causes:
● Tilt ing of the head
● Displacem ent  and rotat ion  of the head.

Any change in  head posit ion m eans that  the head is no 
longer exactly in  the focal t rough. This results in  unwant-
ed superim posit ion and distort ion in  the horizontal di-
m ension. Superimposit ion is caused by t ilt ing of the head, 
distort ion  by displacem ent of the teeth out of the focal 
t rough, and geom etric distort ion by the locat ion of objects 
in  the rotat ion center (effect ive focus of project ion).

a  b

Fig. 9.88a, b Head tilted too far forward.
a Head tilted too far forward (schematic diagram). Red line : Frankfort  horizontal plane with head tilted too far forward. Blue line : 

Frankfort  horizontal plane with head positioned correctly. Black line : occlusal plane. (From: Pasler FA, Visser H. Zahnme dizinische 
Radiologie. 2nd ed. Stut tgart: Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)

b Patient with head tilted too far forward.

Fig. 9.89 Panoramic radiograph taken with the head tilted forward.
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Tilt ing of the Head
It is possible to determ ine whether the patient’s head is t ilt-
ed forward or backward, based on the follow ing structures:
● If posit ioned correct ly, the hard palate and nasal  oor 

should be depicted as a st raight horizontal line parallel 
to the lower border of the radiograph.

● It  is possible to check for correct  head posit ion  w ith  re-
spect  to the Fran kfor t  h or izon tal p lan e: th is reference 
plane is an  im aginary line joining the external auditory 
m eatus to the infraorbital m argin  (� Fig. 9.87).

If the head is t ilted too far  for ward , the two posterior 
ends of the hard palate m ay open superiorly, form ing a 
blunt or pointed “V” (� Fig. 9.88 and � Fig. 9.89).

If the head is t ilted too far  backward , the hard palate 
w ill appear as an  inver ted “V.” There is a r isk that  the  oor 
of the nose and the hard palate m ay be superimposed on 
the apices of the m axillary teeth . The visual e ect  is w id-
ening of the ent ire im age, w hich m ay result  in  the heads 
of the condyles being cut  o  (� Fig. 9.90 and � Fig. 9.91).

a  b

Fig. 9.90a, b Head tilted too far backward.
a Head tilted too far backward (schematic diagram). Red line : Frankfort  horizontal plane with head tilted too far backward. Blue line : 

Frankfort  horizontal plane with head positioned correctly. Black line : occlusal plane. (From: Pasler FA, Visser H. Zahnme dizinische 
Radiologie. 2nd ed. Stut tgart: Thieme; 2000. Farbatlanten der Zahnmedizin; Band 5.)

b Patient with head tilted too far backward.

Fig. 9.91 Panoramic radiograph taken with the head tilted backward.
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Lateral t ilt ing does not a ect  im age qualit y as m uch as 
anter ior and posterior t ilt ing. Never theless, th is ham pers 
com parison w ith  previous radiographs, m aking it  m ore 
di cult  to in terpret  the a ected radiograph (� Fig. 9.92 
and � Fig. 9.93).

Displacement  and Rotat ion of the Head out  
of the Focal Trough
If the pat ient’s head t ilt s in  the ver t ical plane, the m axilla 
and m andible st ill rem ain  largely in  the focal t rough. Only 
excessive t ilt ing has an  effect  on  the im age, nam ely, w id-
ening in  the anterior region. If head displacem ent or rota-
t ion  occurs, the distance to the rotat ion  center changes, 
result ing in  geom etric unsharpness and w idening or nar-
row ing of the jaws on the im age.

Because of a rotat ion center located in  the anterior  oor 
of the m outh, anterior or posterior displacem ent of the an-
terior teeth out of the focal t rough results in  geom etric un-
sharpness. The further backward the teeth are posit ioned 
relat ive to the central plane of the focal t rough, the w ider 
they appear on the im age. The further forward the teeth  
are posit ioned, the narrower they appear on the im age.

�Poster ior  d isplacem en t  of th e an ter ior  teeth : If the 
pat ient’s head is t ilted too far back, the anterior teeth  are 
displaced posterior of the focal t rough, and the distance 
to the rotat ion  center decreases. Consequently, the ante-
rior teeth  are irradiated in  the zone of increasing beam  
divergence, and visible w idening of the anter ior teeth  oc-
curs on  the im age (� Fig. 9.94 and � Fig. 9.95).

Fig. 9.92 Head slanted to the side. (From: Pasler FA, Visser H. 
Taschenatlas der zahnärztlichen Radiologie. Stut tgart: Thieme; 
2003.)

Fig. 9.93 Panoramic radiograph taken with the head slanted to the side.
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Practice 

To avoid such positioning errors, it  is crucial to ensure 
that the anterior teeth are properly aligned in the mid-
dle of the focal trough.
● A bite-rod positioning device must be used in dentate

patients. Modern panoramic machines also have cor-
rection options that should be used for these cases.

● In edentulous patients, close at tention to proper posi-
tioning is especially important. In the case presented in 
� Fig. 9.96, a bite rod was not used because tooth 21

was missing. This resulted in improper alignment of 
the anterior teeth and marked widening of the maxil-
lary and mandibular anteriors. Consequently, there 
was a signi cant decrease in anterior image quality. It 
is also evident that no bite rod was used in this case. 
In the repeat exposure, correct anterior alignment 
was achieved (� Fig. 9.97), that is, the anterior teeth 
were correctly positioned within the focal trough. As is 
clearly visible on the repeat radiograph, this resulted in 
signi cant improvement of diagnostic image quality.

ResultIR
Focal
trough

Fig. 9.94 Schematic of posterior displace-
ment. If the teeth are located posterior 
to the focal trough, they appear wider on 
the radiograph. IR: image receptor. (From: 
Pasler FA, Visser H. Zahnmedizinische Ra-
diologie. 2nd ed. Stut tgart: Thieme; 2000. 
Farbatlanten der Zahnmedizin; Band 5.)

Wide

Normal

Narrow

Fig. 9.95 The further the anterior teeth are 
located posterior to the focal trough, the 
wider they appear on the radiograph.
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Fig. 9.96 Posterior displacement: because the patient was positioned posterior to the focal trough, the images of the anterior teeth 
appear wider.

Fig. 9.97 In the repeat radiograph (same patient as in � Fig. 9.96), the patient was positioned correctly and the teeth are depicted 
correctly.
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In  par t ially an d  fu lly eden tu lous pat ien t s, there is a 
h igher chance that  the anter ior teeth  w ill not  be correct ly 
posit ioned in  the focal t rough. The reason is that  these pa-
t ients are subopt im ally im m obilized in  the focal t rough, 
ow ing to the lack of appropriate posit ioning guides (� Fig. 
9.98 and � Fig. 9.99).

Fig. 9.98 In this panoramic radiograph of a patient with an edentulous anterior maxillary and mandibular arch, the anterior region 
appears extremely widened.

Fig. 9.99 On a later radiograph of the same patient, there was much less anterior widening.
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�An ter ior  d isplacem en t  of th e an ter ior  teeth : Accord-
ing to the general pr inciple of tom ographic blurr ing, if 
the anterior teeth  are displaced too far forward and lie 
outside the focal t rough, they appear blurred and narrow  
and are not show n completely on the im age (� Fig. 9.100 
and � Fig. 9.101).

ResultIR
Focal 
trough

Fig. 9.100 Schematic of anterior displace-
ment of the head. The teeth are positioned 
anterior to the focal trough. IR: image 
receptor. (From: Pasler FA, Visser H. Zahn-
medizinische Radiologie. 2nd ed. Stut tgart: 
Thieme; 2000. Farbatlanten der Zahnme-
dizin; Band 5.)

Fig. 9.101 In this panoramic radiograph, taken with the head tilted forward, there is apparent narrowing of the anterior teeth.
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�Rotat ion  of th e h ead  ou t  of th e m edian  p lan e: If the 
head is rotated slight ly to the side, st ructures appear dis-
tor ted and w ider on  one side than  on the other, because 
a rotat ion  center is located in  the posterior region. This is 
m ore or less apparent on  the panoram ic radiograph, de-
pending on the degree of head rotat ion  (� Fig. 9.102 and 
� Fig. 9.103).

Other Factors In uencing Image Qualit y 
and Diagnostic Qualit y
In addit ion  to posit ioning errors, other factors that  af-
fect  the qualit y of dental panoram ic im ages, som et im es 
very st rongly, m ust be taken in to considerat ion  during 
radiographic in terpretat ion  and diagnosis. These include 
superimposit ions, soft-t issue shadows, and ghost im ag-
es (radiographic ar t ifacts that  appear on  panoram ic film  
w hen a radiodense object  is penet rated m ult iple t im es by 
the X-ray beam ).

Com m on ghost  im ages and soft-t issue shadows in-
clude:
● Ghost  im ages of the cervical spine
● Ghost  im ages of m etallic objects and anatom ical st ruc-

tures
● Ghost  im ages of objects located in  the rotat ion  center
● Soft-t issue shadows and superim posit ions
● Airway shadows from  the oral cavity, nasal cavity, and 

pharyngeal areas.

Fig. 9.102 Schematic demonstrating rotation of the head 
out of the median plane. (From: Pasler FA, Visser H. Zahnme-
dizinische Radiologie. 2nd ed. Stut tgart: Thieme; 2000. Farb-
atlanten der Zahnmedizin; Band 5.)

Fig. 9.103 In this panoramic radiograph, taken with the head rotated out of the median plane, the left side appears much wider than 
the right.
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Ghost  Images of the Cervical Spine
Ow ing to the m ovem ent path and project ion geom etry, 
the X-ray beam  penetrates the cervical spine tw ice later-
ally (on the right and left  side of the im age) and once in  the 
m idline (in  the center of the im age), producing ghost im ag-
es. The lateral im ages generally cause no interference, but  
the central ghost  im age is a m ore or less annoying ar t ifact  

that can—or rather used to—complicate anterior diagnosis 
t rem endously. Modern panoram ic m achines have special 
program s to compensate for ghost im ages of radiodense 
structures such as the spinal colum n (� Fig. 9.104).

The at las, the  rst  cervical ver tebra, is com m only seen 
on radiographs as a conspicuously sym m etrical st ructure 
associated w ith  the spinal colum n (� Fig. 9.105).

Fig. 9.105 The two diagonal radiolucent lines at the level of the apex of teeth 12 and 22 are projected from the spine.

Fig. 9.104 Panoramic radiograph showing ghost images of the cervical spine, projected three times.
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It  appears as a sym m etrical, short  oblique bright line 
in  the apical areas of the anter ior teeth . Although often  
m isin terpreted as an  anterior periapical radiolucency, it s 
sym m etry is m ore suggest ive of an  anatom ical st ructure. 
Two radiolucent lines arise from  the join t  space between 
the  rst  and second cervical vertebrae, as shown on the 
CBCT im age of the at las (� Fig. 9.106).

Fig. 9.106a, b The radiolucent lines in the anterior apical region are projected from the atlas.
a Joint space of the  rst  cervical vertebra (arrow).
b Panoramic appearance of the radiolucent lines (arrow).
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Ghost  Images of Metallic Object s in the Head 
and Neck Region
All m etallic objects in  the neck region m ust  be rem oved 
prior to exposure of the panoram ic radiograph because 
they are located in  the path  of the beam . Metal ar t ifacts 
are m ost com m only caused by lead aprons (if placed too 
h igh) and necklaces.

If placed too h igh at  the back of the neck, lead  apron s 
cause m etal ar t ifacts that  often  obscure large areas of the 
anter ior m andible and cause unnecessary radiat ion  ex-
posure by m aking it  necessary to repeat  the radiographic 
exam inat ion  (� Fig. 9.107).

Par ts of a n ecklace located at  the back of the neck pro-
duce ghost  im ages in  the m andibular anter ior region 
(� Fig. 9.108).

Fig. 9.108 Ghost image of a necklace appearing in the anterior region of a panoramic radiograph.

Fig. 9.107 Lead apron artifact projected on the anterior region of a panoramic radiograph.
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Mandibular and Maxillary Dentures
All m etal objects in  the oral cavit y, part icularly m axil-
lary and m andibular den tu res, appear on  the film . Before 
star t ing the panoram ic exposure, the pat ient should be 
inst ructed to rem ove all dentures from  both  the m axil-
lary and the m andibular arch , even if only one arch  is be-
ing invest igated (� Fig. 9.109).

Com plete dentures w ith  no m etal com ponents can  be 
left  in  the m outh  to bet ter posit ion  the pat ient  in  the m a-
chine. However, it  cannot be recom m ended to leave com -
plete dentures in  the m outh  during a panoram ic expo-
sure because th is m ethod is not reliable (� Fig. 9.110).

Fig. 9.109 Metal clasps of maxillary and mandibular partial dentures.

Fig. 9.110 Maxillary and mandibular complete dentures.
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Ghost  Images of Anatomical Structures
Ghost  im ages of st ructures in  the region of the angle of 
the m andible m ay appear on  the opposite side of the film , 
ow ing to low  blurr ing.

Depending on the degree of head t ilt ing, ghost  im ages 
of the horizontal poster ior ram us of the m andible and 
parts of the ascending ram us m ay appear as anatom ical 
st ructures on  the opposite side of the  lm . The inferior 
cort ical bone frequently appears as a well-de ned radi-
opaque line (� Fig. 9.111).

In  the  gure, a horizontal radiopaque line that  turns 
slight ly upward in  the region of tooth  45 appears at  the 
level of the hyoid bone on the right  side. On the left  side, 
the line is located slight ly h igher because the head is t ilt-
ed slight ly to the left . This phenom enon can be dem on-
st rated by posit ioning three lead spheres along the poste-
rior border of the ascending ram us of the m andible (� Fig. 
9.112).

Fig. 9.112 Lead spheres were placed along the left angle of the mandible to demonstrate the projection of the left mandible and right 
half of the jaw.

Fig. 9.111 The posterior mandible and angle of the mandible project onto the opposite side.
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Ghost  Images of Earrings and other Ear Jewelry
Earrings and other m etallic ear jewelry are the best  
know n and m ost  com m on cause of ghost  im ages in  pan-
oram ic radiography (� Fig. 9.113). The inferior–superior 
beam  path  and project ion-related m agnificat ion  can be 
readily ident ified.

Ghost  Images and Blurring of Object s Located in 
the Rotation Center
Objects located directly in  a rotat ion center (effect ive focus 
of project ion) produce ghost im ages that contribute to im -
age form ation as long as they rem ain in the rotat ion center.

In  the case example, a barbell-t ype tongue piercing 
w ith  spherical beads was at tached on the top and bot-
tom  of the tongue (� Fig. 9.114). On the panoram ic radio-
graph, the beads do not appear as circles but as elongated 
ovals. This indicates that  they are located in  the oral cavi-
ty, posterior to the focal t rough. The upper bead produces 
not  only an  oval ar t ifact , but  also a bright st r ipe that  ex-
tends horizontally across the  lm . The only explanat ion  
for th is phenom enon is that  the bead was located in  the 
rotat ion  center and was thus im aged throughout the en-
t ire exposure cycle as it  rem ained in  the e ect ive focus of 
project ion . In  the subsequent exposure, the tongue was 
pressed far enough against  the roof of the m outh  that  the 

Fig. 9.114 Ghost images: barbell-shaped tongue piercing located in the rotation center for the anterior teeth.

Fig. 9.113 Ghost images of earrings appear on the respective opposite side.
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upper bead of the tongue piercing projected just  below  
the nasal  oor and hard palate; as it  was located in  the ro-
tat ion  center, it  appears as a long shadow  st ripe extend-
ing from  tooth  15 to tooth  25.

The diagram  in  the right panel of � Fig. 9.115 shows 
and explains w hy the upper bead located in  the rotat ion  
center (e ect ive focus of project ion) appeared as a br ight  
st r ipe on the  lm .

Practice 

Jewelry, piercings, and dentures should be removed 
 before a panoramic examination.

If the head is incorrectly posit ioned posterior to the focal 
t rough (as evidenced by w idening of the anterior teeth), 
the crow ns of the m olars and prem olars m ay shift  their 
rotat ion  center and produce ghost  im ages that  appear in  
the apical region on the opposite side of the film  (� Fig. 
9.116).

Soft -t issue Shadows and Superimposit ions
Many soft-t issue st ructures in  the facial region produce 
shadows on panoram ic radiographs that  m ay lead to un -
certain ty and m isin terpretat ion .

Fig. 9.116 Ghost images of right maxillary crowns located in the rotation center.

ba

Fig. 9.115a, b E ect of tongue piercing 
located in the rotation center of panoramic 
radiography.
a Ghost images of tongue piercing on pan-

oramic radiograph (cf. � Fig. 9.114).
b Schematic explaining the phenomenon 

(with rotation center).
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While earlobe shadows are usually easy to ident ify and 
generally cause no radiographic problem s, ow ing to their 
lateral posit ion , soft-t issue shadows of the nose, nasal 
conchae, and soft  palate m ay som et im es lead to confu-
sion (� Fig. 9.117).

�Nasal con ch ae: The panoram ic radiograph is a tom o-
graphic im age w ith  a relat ively large slice th ickness (in  
the order of 10–25 m m ). Therefore, th is X-ray technique 
is chie y indicated for im aging areas w ith  no st ructures 
that  are situated close together. This m ainly applies to 
the m andibular arch , but  also applies to the m axilla. 

Fig. 9.117 Soft-t issue shadows of the nose and ear lobe on a panoramic radiograph.

b

a

Fig. 9.118a, b Shadows caused by the nasal conchae.
a Marked right nasal concha.
b Extension of the nasal conchae. The oval marks the right nasal concha. The double-ended arrow shows the shadow of the left  nasal 

concha extending in the frontal and anterioposterior direction.
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Panoram ic im age qualit y becom es cr it ical in  parts of the 
m axilla superior to the hard palate and nasal  oor, w here 
the nasal cavity lies in  close proxim ity to the m axillary 
sinus. Neither area can be displayed separately on pan -
oram ic radiographs because the im age layer is not th in  
enough. This is w hy com prehensive panoram ic radio-
graphic diagnosis of the sinus cavity is not  possible (and 
m ay even be dangerous).

Basal m axillary sinus shadows w ith a clearly ident i -
able, characterist ic shape (e. g., a m ucocele or odontogenic 
cyst) and locat ion on the  oor of the m axillary sinus can be 
diagnosed w ith a high degree of con dence. More superi-

orly located lesions or changes cannot be reliably detected 
or interpreted by panoram ic radiography (� Fig. 9.118).

Overlapping st ructures on  th ick-layer panoram ic im -
ages can be in terpreted well by m agnet ic resonance im -
aging, w hich can be used for separate assessm ent  of the 
nasal cavity and m axillary sinus (� Fig. 9.119).

�Soft -t issu e sh adow  of th e n ose: If the focal t rough is 
too far anterior, or for anatom ical reasons, the nose m ay 
appear as a soft-t issue shadow  in  the m axillary anter ior 
region that  cannot  im m ediately be in terpreted w ith  cer-
tain t y (� Fig. 9.120).

Fig. 9.120 Soft-t issue shadow of the nose in the upper anterior region of a panoramic radiograph.

Fig. 9.119a, b Nasal conchae and maxillary sinuses.
a Maxillary sinus.
b Nasal conchae.
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�Soft  palate: The panoram ic appearance of the soft  pal-
ate is variable. The only way it  can  be ident i ed is by the 
presence of air from  the nasopharynx and oral cavity 
along its borders. It  can  usually be ident i ed as an  elon-
gated soft-t issue st ructure that  extends slightly dow n-
ward. Ow ing to tongue and swallow ing m ovem ents, the 
shape of the soft  palate m ay vary or it  m ay not be visible 
at all (� Fig. 9.121).

�Tongu e sh adow : Because the tongue is posit ioned 
in  the lower par t  of the oral cavity, there is an  air- lled 
space between the dorsum  of the tongue and the hard 
palate. This air- lled space m ay appear as a black  eld  of 
in terference on panoram ic radiographs, extending from  
the soft  palate from  the right side to the left .

This m ay completely obscure the roots of the m axillary 
teeth . If obscured by the tongue “shadow,” the roots can  
no longer be m ade visible, especially w hen digital sys-
tem s are used.

Fig. 9.121 Panoramic appearance of the soft  palate as rectangular shadow on the left, and as a sausage-shaped shadow on the right.

Fig. 9.122 Correct tongue position for panoramic radiography 
(schematic). The tongue should be pressed against the roof 
of the mouth during the exposure. (From: Pasler FA, Visser 
H. Zahnmedizinische Radiologie. 2nd ed. Stut tgart: Thieme; 
2000. Farbatlanten der Zahnmedizin; Band 5.)

Fig. 9.123 The tongue is clearly seen on this lateral cephalo-
gram.
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Practice 

It  is therefore of utmost importance to ensure that the 
patient’s tongue is pressed well against the nasal  oor 
and hard palate during the exposure cycle. Because of 
its muscle mass, the tongue acts as a  lter, and more 
radiation is absorbed (� Fig. 9.122 and � Fig. 9.123).

If the tongue is not  posit ioned against  the roof of the 
m outh , a radiolucent zone w ill appear that  m ay par t ial-

ly or com pletely obscure diagnost ic inform at ion (� Fig. 
9.124).

On the repeat  radiograph, successful im aging of the 
m axilla was achieved because the tongue was  rm ly 
pressed against  the roof of the m outh  (� Fig. 9.125).

Because the pat ient  forgot to press the tongue against  
the palate at  the beginning of the exposure, a conspicu-
ous black air ar t ifact  appeared in  the left  m axillary re-
gion. Later, as the right side was being exposed, the pa-
t ient  pressed the tongue against  the roof of the m outh  
(� Fig. 9.126).

Fig. 9.124 Tongue shadow due to improper tongue positioning is clearly seen on this panoramic radiograph.

Fig. 9.125 There is no tongue shown on this panoramic radiograph because the tongue was properly positioned against the roof of 
the mouth during the exposure.
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Practice 

To be able to press the tongue against the palate cor-
rectly, the patient must be told how to do so just before 
each exposure. To avoid faulty radiographs and unnec-
essary radiation exposure, the correct tongue position 
should be practiced before the patient is positioned in 
the machine. This takes a lit t le more time but certainly 
helps to improve diagnostic image quality.

9.4 Cone Beam Computed 
Tomography
CBCT, also know n as digital volum e tom ography, is the 
first  fully fledged tom ographic technique designed spe-
cifically for the field of dental, oral, and m axillofacial 
radiology that  was capable of providing opt im al tom o-
graphic im ages of osseous st ructures of the facial skele-
ton . CBCT can be considered the direct  successor to con-
vent ional tom ography based on the blurr ing principle. 
Unlike convent ional tom ography, CBCT is readily avail-
able for dental, oral, and m axillofacial radiology. Because 
of its cut t ing-edge technology, CBCT has a m uch larger 
im aging spect rum  than tom ography based on the blur-
ring principle.

In  the late 1990s, the New Tom  becam e the  rst  CBCT 
system  available for in-o ce use. The New Tom  CBCT 
unit  m ay look very sim ilar to a convent ional com puted 
tom ography (CT) m achine on  the outside but , on  closer 

inspect ion , fundam ental di erences in  the in ternal tech-
nology of the two system s becom e evident .

9.4.1  Technique and Image 
 Formation in Cone Beam Computed 
Tomography
Technical Developments from Computed 
Tomography to Cone Beam Computed 
Tomography
CT was independently in t roduced by Godfrey N. Houns-
field and Allan  McCorm ack in  1972, as a technique ca-
pable of producing tom ographic im ages by a m ethod that  
was com pletely different from  convent ional tom ography 
based on the blurring principle.

In  CT, the X-ray tube and the digital detector array 
revolve around the pat ient  in  a circular m ovem ent (to 
generate cross-sect ional [slice] im ages using a  nely 
collim ated, fan-shaped X-ray beam ). Modern  th ird- and 
four th-generat ion  CT scanners use a signi cant ly en-
larged fan-beam . This aperture enlargem ent  serves to 
ensure m ore e cient  u t ilizat ion  of X-rays. However, be-
cause only a sm all area of skin  is exposed, m ult iple rota-
t ions of the tubehead around the pat ient  are needed to 
expose a given volum e of t issue. By using a larger collim a-
tor aper ture, the X-ray tube can  be m oved cont inuously 
w ithout  linear displacem ent . This results in  a substant ial 
reduct ion  of rotat ion  t im e.

Fig. 9.126 Because the tongue was not positioned against the roof of the mouth at the beginning of the exposure, a black stripe ap -
peared in the left maxillary region of the panoramic radiograph. Later, when the beam scanned the right maxillary region, the tongue 
was properly positioned against the hard palate.
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Spiral CT, in t roduced by Willi Kalender in  1989, was 
a signi cant advance in  CT technology. In  spiral CT, the 
pat ient  lies on  a m otorized table, w hich is cont inuously 
advanced through the gantry w hile the X-ray tube and 
detectors revolve around the pat ient . Although m ult iple 
rotat ions of the X-ray tube are st ill required to im age the 
area of the body being invest igated, th is technique pro-
duces a cont inuous im age w ithout  gaps between slices 
(� Fig. 9.127a).

The next  advance in  CT technology was the in tegrat ion  
of an  addit ional collim ator aper ture and ut ilizat ion  of the 
full beam  for the acquisit ion  of a com plete dataset . These 
m achines, w hich have a cone-shaped beam  and fan-
shaped detector array, basically represent another new  
generat ion  of CT scanners. Because of the large volum e of 
the X-ray beam , they can im age the ent ire volum e of an  
organ in  only one rotat ion .

Current ly, th is technique can only be used to im age 
sm all anatom ical st ructures, ow ing to equipm ent size 
const rain ts and the very complex im aging geom etries. 
This special CT im aging procedure is par t icularly well 
suited for im aging the facial skeleton—the focus of dental, 
oral, and m axillofacial radiographic diagnost ics.

A new  digital volum etr ic CBCT system  developed spe-
ci cally for dental applicat ions was in t roduced by Mozzo 
and colleagues in  1998. This m arked the star t  of the de-
velopm ent  of digital volum etr ic CBCT and its use in  den-
tal, oral, and m axillofacial radiology (� Fig. 9.127b).

Data Reconstruction and Image 
 Formation
When an X-ray beam  t ravels through t issues, all st ruc-
tures in  the path  of the beam  at tenuate the beam  to dif-
ferent  degrees, result ing in  a greater or lesser degree of 
blackening of the film  or im age receptor. The degree of 
blackness is the sum  (of radiographic densit ies) of all ir-
radiated st ructures. A single exposure does not  provide 
enough data to determ ine the exact locat ion  w here a 
given am ount  of absorpt ion  took place. To determ ine the 
spat ial dist r ibut ion , a sufficient ly large num ber of expo-
sures m ust  be taken from  m any different  angles. There-
fore, scanners take at  least  200 exposures per rotat ion  
around the pat ient’s head. Pulsed radiat ion  is generally 
used, but  cont inuous radiat ion  m ay be used for sm all-vol-
um e scanning, to im prove im age qualit y and to achieve 
shorter rotat ion  t im es.

Focal path of continuously 
rotating X-ray tube

z (mm)

t (s) 

Start of spiral computed 
tomography scanning

Direction of 
continuous 
table motion

a

Fig. 9.127a, b Spiral computed tomography.
a Schematic. z: slice thickness; t: time. (From: Pasler FA, Visser H. Zahnmedizinische Radiologie. 2nd ed. Stut tgart: Thieme; 2000. 

Farbatlanten der Zahnmedizin; Band 5.)
b Orthophos XG 3D cone beam machine with combined digital CBCT and panoramic imaging capabilities.
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Absorpt ion  values for each project ion  can  be m athe-
m at ically back-calculated to precise spat ial posit ions of 
a given slice. Each absorpt ion  value can thus be m apped 
back to the exact  spat ial posit ion  w here the absorpt ion  
took place w ith in  the irradiated t issue.

In  CT, a two-dim ensional dataset  is generated as an  axi-
al tom ographic im age. The com puter software t ransform s 
the two-dim ensional axial slice im ages in to a three-di-
m ensional im age, w hich ideally should not  contain  any 
gaps between slices. In  spiral CT, the individual slices are 
com bined w ithout  gaps, so that  three-dim ensional volu-
m etric datasets can  be acquired.

CBCT system s can direct ly generate three-dim ensional 
volum etr ic datasets, ow ing to the cone-beam  geom etry. 
Most  CBCT system s use  at  panel detectors, but som e use 
im age in tensi ers. The detectors consist  of charge-cou-
pled device (CCD) or com plem entary m etal oxide sem i-
conductors (CMOS) im age sensors. Im age in tensi ers use 
phosphors such as cesium  iodide.

Im age form at ion is by prim ary and secondary recon-
st ruct ion .

Primary Reconstruction
Several steps are involved in  t ransform ing raw  data in to 
a reconst ructed im age by m apping the at tenuat ion  coef-
ficients (absorpt ion  characterist ics, gray-scale values) of 
the individual volum es of ir radiated t issue. Mapping of 
the precise spat ial dist r ibut ion  of the at tenuat ion  coeffi-
cients is of crit ical importance for diagnost ic im age qual-
it y.

The m athem at ical foundat ion  for the reconst ruct ion  of 
CT im ages was laid by the Bohem ian m athem at ician  Jo-
hann Radon, w ho, in  1917, proposed a CT reconst ruct ion  
algorithm  using the at tenuat ion  coe cients as the basis 
of calculat ion . His m athem at ical m ethod of  ltered  back 
project ion  and di erent m odi cat ions of it  are st ill used 
for CT im age reconst ruct ion  today.

Filtered back project ion  is also used in  CBCT im age re-
const ruct ion . Because of it s cone-beam  geom etry, CBCT is 
a m athem at ically m ore challenging back-project ion  prob-
lem  than convent ional fan-beam  CT, w hich involves less 
volum etr ic data. Radon’s  ltered back project ion  alone is 
not su cient  for CBCT im age reconst ruct ion . Therefore, 
the Feldkam p algorithm , proposed in  1984, is also com -
m only used for CBCT im age reconst ruct ion  today.

The volum etric dataset  consists of a grid of cubic vol-
um e elem ents, or voxels, in  three-dim ensional space. The 
voxel is the three-dim ensional variant  of the pixel. Each 
voxel is assigned a gray-scale num ber (represent ing the 
degree of at tenuat ion  of the X-ray beam  by the m aterial 
w ith in  the voxel). Each posit ion  of the object  is assigned 
an  exact  gray-scale num ber in  three-dim ensional space 

by m eans of back project ion . From  the sum  of voxels in  
the irradiated region, secondary reconst ruct ion  is per-
form ed to create a reconst ructed CBCT im age that , to a 
great  degree, re ects the anatom ical and pathological 
condit ions w ith in  the region (� Fig. 9.128).

Secondary Reconstruction
The processed volum etr ic dataset  can  be used to generate 
im ages of any desired cross-sect ional slice of the scanned 
object . In  addit ion  to the t ypical sagit tal, coronal, and ax-
ial views used in  cranial diagnost ics, it  is also possible to 
reconst ruct  cross-sect ional views adapted to the specific 
quest ions addressed in  dental, oral, and m axillofacial ra-
diology (� Fig. 9.129, � Fig. 9.130, � Fig. 9.131).

The diverse possibilit ies to reconst ruct  basically any 
slice plane from  the volum etric dataset  m akes CBCT so 
especially in terest ing for dental, oral, and m axillofacial 
radiology.

The anatomy of the facial skeleton is very complex. This 
applies not  only to bony st ructures of the face, but also, 
and equally, to the teeth  and the adjacent  bony st ructures 
of the m axilla and m andible. Preform ed standardized 
slices have proved unsat isfactory for visualizat ion  of the 
sm all individual anatom ical st ructures in  the dental  eld . 
CBCT m ust  provide the opportunity to create a custom  
slice for each region.

The in t raoral or panoram ic radiograph is a  n ished ra-
diograph w hose project ion  geom etry cannot  be changed. 
In  CBCT, on the other hand, the pract it ioner m ust  individ-
ually select  the slice that  is m ost appropriate for the clin i-
cal quest ion . This is precisely the area w here the prob-
lem s and the diverse diagnost ic possibilit ies of CBCT lie 
close together (� Fig. 9.132 and � Fig. 9.133).

Fig. 9.128 Result  of a CBCT reconstruction. After primary 
reconstruction, various secondary reconstructions (e. g., axial, 
sagit tal, and coronal views) can be performed.
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w ith  CT are ar t ifact s caused by filtered back project ion , 
and relat ively h igh rad iat ion  exposu re.

Artifacts
Metal ar t ifact s are am ong the easiest  ar t ifacts to spot  
on  CT im ages. They occur w hen an  object  produces such 
st rong absorpt ion  of radiat ion  that  it  cannot be com pen -
sated by back project ion . Par t ial volu m e ar t ifact s are an-
other m ajor t ype of ar t ifact  to look out  for. They m ani-
fest  as ext inct ion  effects in  reconst ruct ions w ith  large 
contrast  differences between the target  object  and it s 

9.4.2  Limitations of Computed 
Tomography and Cone Beam Com-
puted Tomography
CT is the standard im aging m odalit y used to answer m ost 
clin ical quest ions across the ent ire field  of m edicine. It  
is capable of producing three-dim ensional im ages w ith  
very good im age qualit y. Two disadvantages associated 

Fig. 9.130 This secondary coronal reconstruction shows a 
normal anatomical variant of the mandible. Because of the low 
thickness, hypodense areas appear in the lateral view.

Fig. 9.131 The normal variant is clearly identi able in the axial 
view (cf. � Fig. 9.130).

Fig. 9.129 Orthopantogram showing radiolucencies of unclear etiology in the lateral mandible.
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surroundings. Mot ion  ar t ifact s play a m inor role in  CT, 
but  m ay becom e significant  as the irradiated volum e in-
creases.

CBCT is also subject  to m etal ar t ifacts, but  to a m uch 
lesser extent . Volum e art ifacts m ay also occur. Mot ion ar-
t ifacts can  be considered a m ajor disadvantage of CBCT 
(� Fig. 9.134).

Radiation Exposure
A m ajor advantage of CBCT is that  radiat ion  exposure is 
significant ly lower than that  w ith  convent ional CT. The 
m ain  reason is that  the three-dim ensional volum etr ic 
dataset  is acquired in  a single rotat ion  of the beam  and 
scanner. In  addit ion , m uch lower m illiampere levels are 
needed for CBCT scans.

According to the guidelines for CBCT, the e ect ive dose 
is signi cantly lower than for convent ional CT.

Fig. 9.134 Motion blur on a CBCT scan.

Fig. 9.133 In contrast  to the classical orthopantogram, views 
of the maxillary sinus can also be reconstructed from the 
dataset.

Fig. 9.132 Secondary reconstruction corresponding to an orthopantogram.
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According to literature sources, e ect ive doses for con -
vent ional CT range from  180 to 2,100 µSv, w hile those for 
m ost  CBCT system s range from  11 to 674 µSv. In  pract ice, 
however, e ect ive doses of only 11 to 96.2 µSv are used, 
especially for dental implant planning.

The ICRP 2007 recom m endat ions provide the follow ing 
e ect ive doses for rout ine dental procedures:
● Cephalom etric radiograph: 5.6 µSv
● Panoram ic radiograph, digital: 2.7 to 24.5 µSv
● In t raoral radiograph: 34.9 to 388 µSv
● CBCT: 11 to 674 µSv
● CT: 180 to 2,100 µSv.

Actually, the only “price” for the lower radiat ion  dose is 
that  CBCT is unsuitable for soft-t issue im aging. However, 
this is not  needed for m ost  of the clin ical quest ions posed 
in  dental, oral, and m axillofacial radiology.

9.4.3  Volume Size
Since all data for CBCT are collected in  a single rotat ion , 
the volum e size for a given clin ical quest ion  m ust  always 
be selected before star t ing the scan.

The  rst  digital CBCT m achines had large volum e sizes 
( eld of view: 15–18 cm ) that  could provide a com plete 
picture of the w hole facial skeleton in  it s ent irety. Over 
t im e, CBCT system s were developed that  had sm aller vol-
um es of around 5 × 5 cm  to 8 × 8 cm . Large volum es con-
t inue to be used parallel to the sm aller volum es. Consid-
ering the size of the jaw  region, a volum e size of ~8 × 8 cm  
should be quite su cient  for m ost  indicat ions.

Two m ain advantages of using sm aller volum es are lower 
radiat ion doses and shorter reconstruct ion t im es. Because 
sensor size also determ ines the price of a CT system , CBCT 
system s also cost less than conventional CT system s. Fur-
therm ore, m uch higher im age quality can be achieved by 
using sm aller volum es. Am ong other things, this has led to 
an expansion of clinical indications for CBCT because m od-
ern CBCT system s can depict even very sm all anatom ical 
st ructures in  excellent detail (� Fig. 9.135 and � Fig. 9.136).

9.4.4  Clinical Indications for Cone 
Beam Computed Tomography
Three-dim ensional im aging is necessary w hen conven-
t ional two-dim ensional im ages fail to provide sufficient  
inform at ion to answer the clin ical quest ion . Supplem en-
tary three-dim ensional radiographic im aging should con-
t ribute to support ing therapeut ic decision-m aking. The 
purpose is to provide a bet ter overview  for surgical and 
other t reatm ent planning.

The need for supplem entary diagnost ic procedures is 
st rongly dependent  on  the experience of the clin ician . 
Ult im ately, the just ifying indicat ion  determ ines w hether 
CBCT is necessary.

Basic Rules for the Generation of 
 Individual Reconstructions
Diagnosis based on cross-sect ional CBCT im ages requires 
proper applicat ion  of the know n rules of in t raoral and 
ext raoral panoram ic radiography. The product ion  of ana-
tom ically correct  views of the upper and lower jaw  and 
teeth  is of central im portance.

The m ost  basic ru le is that  the beam  m ust  be perpen-
dicular to the long axis of the teeth  for or thogonal im -
aging. Proper applicat ion  and use of the tools supplied 
w ith  each respect ive CBCT system  is the prerequisite for 
achieving th is goal.

Sim ilar to panoram ic radiography, the slice th ickn ess 
an d  posit ion  of CBCT reconst ruct ions can be varied. 
These two param eters m ust  always be considered w hen 
taking cross-sect ional im ages. The choice of slice posit ion  
is of m ajor importance. The slice plane should always be 
posit ioned at  r ight angles to the anatom ically relevant 
axes of the m axilla and m andible and to the axes of the 
diagnost ically relevant teeth .

Correct  adjustm ent  of these param eters requires an  ex-
act  know ledge of the anatomy and a good spat ial im agi-
nat ion .

If these basic rules are ignored or followed incorrectly, 
then there is a r isk that  the anatom ical situat ion  and/or 
any pathological changes that  m ight  be present w ill be 
m isin terpreted. Arbit rary plane select ion  results in  a lack 
of com parabilit y and increases the r isk that  im portant  de-
tails w ill be overlooked.

It  is im portant  to ensure that  the center of the slice 
is exact ly parallel to the object  it  passes through (� Fig. 
9.137). All other slices m ust be at  a r ight  angle to the ob-
ject . If the slice axis deviates by several degrees, then the 
im age of the scanned st ructures w ill not  be anatom ically 
correct  (� Fig. 9.138).

Indications for Cone Beam Computed 
Tomography
Clinical indicat ions for CBCT have developed in  all areas 
of dental, oral, and m axillofacial radiology over the years. 
In  the beginning, CBCT was m ainly used for planning den-
tal im plants, w hich is st ill the m ain  indicat ion  for the ex-
am inat ion . Over t im e, however, indicat ions for CBCT have 
developed over the ent ire field  of dent ist ry.

CBCT should only be used if the three-dim ensional 
im ages w ill provide im portant  new  inform at ion that  is 
needed to answer the clin ical quest ion . The im plicat ions 
for t reatm ent  should always be taken in to account w hen 
considering a referral for CBCT.

If a panoram ic or in t raoral radiograph alone does not 
provide su  cient  diagnost ic inform at ion, a CBCT exam i-
nat ion  is generally just i ed.
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Experience has show n that  in  previously unclear cases, 
CBCT can provide reliable im ages, even around the roots 
of the m axillary posterior root , result ing in  a signi cant 
im provem ent of diagnost ics.

Fig. 9.135 Panoramic reconstruction with a spherical volume of 16 cm.

Target w indow
Target w indow

Fig. 9.136 Bilateral arteriovenous malformation visualized by panoramic image reconstruction.
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In  one case example, plain   lm  radiography and clin ical 
exam inat ion  did not  provide su cient  inform at ion to de-
term ine w hether osteolysis and root fracture were pres-
ent  in  an  endodont ically t reated tooth  26 (� Fig. 9.139). 
High-resolut ion  m ult iplanar reconst ruct ion  im ages ob-
tained by CBCT were needed to reveal the t rue extent  of 
in  am m ation (� Fig. 9.140 and � Fig. 9.141).

Fig. 9.141 CBCT axial view of tooth 26.

Fig. 9.140 CBCT coronal view of tooth 26.

Fig. 9.138 Incorrect position of the image layer in the lower 
arch.

Fig. 9.137 Correct position of the image layer in the upper 
arch (red and blue lines). The layer thickness is marked by the 
yellow  line .

Fig. 9.139 Intraoral radiograph of endodontically treated 
tooth 26.
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In  a second case example, plain   lm  radiographic  nd-
ings were equivocal for oro-antral com m unicat ion  (� Fig. 
9.142). The oro-antral com m unicat ion  could be seen un-
equivocally on the adjunct  CBCT im ages of the right and 
left  m andible (� Fig. 9.143 and � Fig. 9.144).

Fig. 9.142 Conventional panoramic radiography was equivocal for oro-antral communication.

Fig. 9.143 Oro-antral communication was unequivocally 
shown by CBCT (left mandible).

Fig. 9.144 Oro-antral communication was unequivocally 
shown by CBCT (right mandible).
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10 Anatomy and Topography of the Facial Skeleton
In  contrast  to photography, the diagnost ic in terpreta-

t ion  of radiographs depends not only on the visible im -
age, but  also on the beam  path  (project ion) underlying 
the process of im age form at ion (� Fig. 10.1).

A precise knowledge of radiographic anatomy is essent ial 
for the correct  in terpretat ion  of radiographs. Com prehen-
sion of their arrangem ent in  three-dim ensional space is 
also of fundam ental im portance.

Fig. 10.1a–c This panoramic radiograph (a) revealed deep vertical bone loss on the distal surface of tooth 22. Periapical radiographs 
did not show any abnormalities. Transverse (b) and axial (c) views were needed to demonstrate that a cyst was causing vestibular 
displacement of the endodontically treated tooth.
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Because of central project ion , all st ructures of the tar-
get  object  are st ruck by X-rays and projected on the im -
age. Many anatom ical st ructures cont ribute to im age for-
m at ion through sum m at ion. Sum m at ion can be t r icky 
because bony st ructures located outside the target  region 
can contr ibute to im age form at ion and, if they do, there is 
always a r isk of m isin terpretat ion .

Therefore, the con gurat ions seen on radiographic 
im ages do not always accurately re ect  t rue underlying 
anatom ical condit ions. In  in t raoral radiography, for ex-
ample, even the presence of m ult i-rooted teeth  can cause 
diagnost ic di cult ies. Superim posit ion  of the zygom at ic 
bone (cheekbone) over the m axillary region can also lead 
to m isin terpretat ion .

10.1 The Teeth and Tooth-
supporting Structures
The teeth  and tooth-suppor t ing st ructures are am ong the 
sm allest  and finest  anatom ical st ructures that  can  be vi-
sualized radiographically.

The lam ina dura is of great  importance for the ident i-
 cat ion  of pathological changes in  the alveolar area. The 
lam ina dura is the th in  layer of com pact  alveolar bone 
that  lines the tooth  socket  (alveolus). It s th ickness varies 
from  0.1 to 0.4 m m . Because it  looks like a sieve contain-
ing m any sm all holes, the lam ina dura is also referred to 
as the “cribriform  plate.” It  is at tached to the t rabeculae 
of the cancellous bone. The cribr iform  plate appears as 
a radiopaque line called the lam ina dura on radiographs 
in  the vest ibulo-oral project ion , for exam ple, on  bitew ing 
radiographs (� Fig. 10.2 and � Fig. 10.3).

Naturally, the in terradicular bone septum  m ust be in-
cluded to evaluate the bifurcat ion  and the rich  variety of 
form s of the pulp cham ber and root canals. This pushes 
in t raoral radiography to the lim its, and addit ional three-
dim ensional im aging studies such as cone beam  com put-
ed tom ography (CBCT) m ay be needed to address diag-
nost ic quest ions in  th is com plex area (� Fig. 10.4).

Correct  visualizat ion  of the alveolar r idge and in terden-
tal bone septum  on in t raoral radiographs is h ighly depen-
dent  on  the radiographic technique and the X-ray projec-
t ion  angle. If the beam  is not directed at  r ight  angles to 
the alveolar r idge, there is a r isk of m isrepresentat ion  of 
the height  of the alveolar r idge on the radiograph. In  th is 
case, the alveolar r idge seen on the radiograph usually 
seem s higher than  it  really is.

Bitew ings, panoram ic radiographs (orthopantom o-
gram s), or special set t ings for the alveolar crest  in  pan-
oram ic radiography m ay then be needed for proper visu-
alizat ion  of the alveolar r idge (� Fig. 10.5).

Fig. 10.2 The lamina dura appears as a thin, solid, radiopaque 
line surrounding each tooth socket.

a  b

Gingiva

Fiber bundles

Periodontal ligament space

Cementum

Fig. 10.3a, b Tooth and tooth-supporting structures.
a The anatomical alveolus appears as a thin radiopaque line called the lamina dura.
b Longitudinal cross-sectional view of the tooth and supporting structures.
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�Cer vical bu rn ou t : Another radiological phenom enon 
is cervical burnout , w hich appears as a radiolucent  area 
in  the cervical region of a tooth . This di use brightening 
is caused by anatom ical factors. Because the enam el ta-
pers toward the root , there is decreased X-ray absorpt ion  
at the cem ento-enam el junct ion , m aking the area appear 
darker.

Note 

Cervical burnout is similar in appearance to root caries. 
Therefore, care must be taken to avoid misinterpretation 
of cervical burnout as caries (� Fig. 10.6).

Fig. 10.4a–c Interradicular bone septum, bifurcation, pulp chamber, and root canals.
a The exposed bifurcation of tooth 36 is clearly visible. In tooth 37, the oblique line appears at the level of the alveolar ridge as a 

broad, radiopaque line that projects onto the distal root.
b This transverse CBCT image shows the full extent of bone loss in a second plane.
c Fractures in the root region of tooth 16 complicate the diagnosis, but signi cant widening of the periodontal ligament space can 

be seen. Tooth 15 has an incomplete root  lling. The  llings of tooth 17 show irregularit ies and the pulp cannot be diagnosed with 
certainty. The coronoid process shows anatomical irregularities in the vicinit y of the maxillary tuberosity. The pterygoid process ap -
pears distal to the maxillary tuberosity. The posterior part of the zygomatic bone appears in the upper part  of the X-ray image. The 
border of the maxillary sinus appears as a thin radiopaque line.

ba

Fig. 10.5a, b Anatomically correct representation of the alveolar ridge can only be achieved when a parallel beam of incident radia-
tion is highly perpendicular to the mandible and image receiver. These conditions are best achieved in panoramic radiography and 
vertical bitewing radiography.
a Bitewing radiograph acquired using a panoramic radiography machine (Orthophos XG).
b Vertical bitewing radiograph (intraoral).

Fig. 10.6 The dark areas appearing at the necks of teeth 16 
and 15 could be mistaken for cervical caries, but their shape 
and structure is indicative of cervical burnout. The enamel 
damage seen on the distal surface of tooth 35, on the other 
hand, is indicative of caries.
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10.2 The Mandible
Only a few  anatom ical st ructures in  the m andibular re-
gion are of part icular in terest  in  dental radiography.

In  the posterior m andibular region, the oblique line 
(oblique ridge) generally projects to the root region of 
the w isdom  teeth  and second m olars. The oblique line of 
the m andible (linea obliqua) appears as a slightly curved, 

th in  radiopaque line w ith  a w idth  of 1 to 2 m m . It  m ay 
cause diagnost ic problem s if it  extends to the apical re-
gion (� Fig. 10.7).

The m ental foram en is usually visible only on pan-
oram ic radiographs. The m andibular nerve canal appears 
as a radiolucent band between two parallel radiopaque 
lines. In  m ost  cases, it  can  be easily ident i ed on radio-
graphs.

Fig. 10.7a–c Depending on its shape and on the radiographic projection, the oblique line appears at the level of the alveolar crest and 
projects to the root area of the wisdom tooth and second molars.

b

c

a

Fig. 10.8a–c Pathologic 
process or normal anatomi-
cal variation?
a This lateral view shows 

a sharply de ned, hy-
podense, oval area resem-
bling a cystic lesion.

b Marked thinning of the 
mandibular cortex is seen 
on this radiograph.

c The symmetrical pat tern 
of thinning of the man-
dibular cortex can be seen 
in this plane. This thinning 
is the cause of the ques-
tionable hypodense oval 
area observed in (a).
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Caution 

In some cases, the nerve canal cannot be visualized on 
either conventional or panoramic images. If this is the 
case, even greater caution is needed when performing 
surgical procedures in this region.

�An atom ical var iat ion s: There are m any variat ions of 
the norm al anatomy of the m andible. The cross-sect ional 
anatomy of the m andible can lead to m isin terpretat ion  of 
radiographic im ages. If, for example, there is radio lucency 
of unclear origin , side-to-side comparison is always nec-
essary to di erent iate between norm al variat ions of 
the m andibular anatomy and pathological processes. If 
in  doubt , addit ional CBCT studies can help determ ine 
w hether a quest ionable area of radiolucency is due to 
a pathological process or a norm al anatom ical variant  
(� Fig. 10.8).

10.3 The Maxilla
The m axillary region contains significant ly m ore st ruc-
tures of in terest  (besides the teeth  and the alveolar r idge) 
than the m andible.

The incisive canal, w hich varies in  anatom ical w idth  
and size, appears on  m axillary anterior radiographs as a 
radiolucent  band between two parallel radiopaque lines 
that  extend vert ically.

Caution 

In the presence of a nasopalatine cyst, the incisive canal 
may be widened and rounded. However, this sign alone 
is not reliably indicative of a cystic lesion.

The m edian palat ine suture and, in  m any cases, the ante-
rior nasal spine, also appear on  m axillary anterior radio-
graphs. The soft-t issue shadow  of the nose superimposes 
on the m axillary anter ior region. In  in t raoral radiography, 
this often  m akes the root  region seem  denser than it  ac-
tually is. However, the soft-t issue shadow  of the nose can 
be easily ident ified on m ost  in t raoral radiographs as the 
curved line corresponding to the curvature of the nost rils 
(� Fig. 10.9).

Above the m axillary canines, the radiopaque lines 
form ed by the m edioventral border of the m axillary sinus 
and by the nasal  oor in tersect , form ing an  “inverted Y.” 
A brighter, denser area can  be seen  m esial to the canines; 
as in  the m axillary anterior region, th is is caused by the 
soft-t issue shadow  of the nose (� Fig. 10.10).

Incisive  foramen

Intermaxillary suture

Anterior nasal spine

Soft-tissue shadow 
of the nose

Fig. 10.9 Maxillary anterior region and 
radiographically relevant (generally identi -
able) anatomical structures.
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Mediovent rally, the border of the m axillary sinus ap -
pears as a fain t , th in  radiopaque line that  t ypically extends 
across the hard palate/nasal  oor. The hard palate/nasal 
 oor appears as a st raight  horizontal radiopaque line that , 
unlike the radiopaque line of the border of the m axillary 
sinus, is always readily ident i able (� Fig. 10.11).

The alveolar recess is a part  of the m axillary sinus that  
appears posterior to the hard palate/nasal  oor. It  m ay 
cause diagnost ic problem s if it  appears as a radiolucent 
area resem bling a cyst .

In  the posterior m axillary region, the bony border of 
the m axillary sinus always appears as a very th in , curved 
(concave) radiopaque line in  the area of the m olar and 
prem olar roots (� Fig. 10.12).

In  subjects w ith  a  at  hard palate, the radiopaque line 
of the zygom at ic bone can “m igrate” poster iorly (e. g., 
w hen using the bisect ing-angle technique) and superim -
pose on the m olar apices (� Fig. 10.13).

The coronoid process of the m andible can som et im es 
be seen on very distal views (� Fig. 10.14).

10.4 Panoramic Radiographic 
Anatomy
Because it  covers a larger area, panoram ic radiography, or 
or thopantom ography, naturally shows m ore anatom ical 
st ructures than in t raoral radiography. While the anatom -
ical st ructures in  the m andibular region are usually clear-
ly visualized and ident ified, those in  the m axillary and 
bifacial region frequently present diagnost ic challenges.

Two m ain  reasons for th is are the th ickness of the im -
age layer (up to 25 m m ) and superim posit ion  of a vari-
ety of di erent  anatom ical st ructures in  the im age layer 
(� Fig. 10.15).

10.4.1  The Mandible
The m andibular canal is usually well visualized on radio-
graphs, as are the m ental foram en and the m andibular 
foram en. The m andibular canal is ext rem ely variable in  
locat ion  and shape and should always be assessed by left–
right comparison.

The anatomy of the so-called ascending branch of the 
m andible, including the m andibular angle, is character-
ized by the nerve canal that  opens superiorly in to the 

Fig. 10.10 X-ray image of tooth 13 (canine), showing the 
border of the maxillary sinus (distal),  oor of the nasal cavity 
(cranial), and soft-tissue shadow of the nose (mesial).

Fig. 10.11 High palate: only a small portion of the  oor of the na-
sal cavity appears as a radiopaque line above the maxillary molars.

Fig. 10.12 Molar region with small root fragments at the level 
of the alveolar ridge. The posterior margin of the alveolar pro-
cess appears as a thin radiopaque line. The posterior part of the 
zygomatic bone appears in the upper part of the X-ray image.

a  b

Fig. 10.13a, b In both radiographs, the 
zygomatic bone is very low.
a The zygomatic bone covers the apex.
b The zygomatic bone projects to the root 

region.
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 fossa of the m andible. The coronoid process, the m an-
dibular notch , and the caput  and collum  of the m andible 
are usually clearly visualized on radiographs. Howev-
er, diagnost ic problem s m ay arise in  the area, ow ing to 
soft-t issue st ructures, w hich cause anatom ically induced 
problem s such as those norm ally seen only on panoram ic 
radiographs. Because these soft-t issue shadows (and air 
shadows) di er greatly from  one individual to another, 
radiographic diagnosis in  th is region is part icularly m ore 
challenging than  in  other areas.

Radiographic shadows of the opposite jaw, the soft  
palate, and the tube of air from  the m outh  and the nasal 
cavity generally project  on  the ascending branch of the 
m andible. The two shadows m eet at  the pharynx, form -
ing di erent  shapes that  project  on  the ascending branch 
of the m andible. These radiographic shadows can easily 
be m isin terpreted.

The m axillary tuberosit y is located at  the poster ior 
end of the m axilla. It  is clin ically relevant  w hen tuber-
osit y fractures occur during tooth  ext ract ion . The poste-

rior border of the m axillary sinus extends cranially as a 
th in  radiopaque line. A second, th in , vert ical radiopaque 
line extends posteriorly. Both  lines m ark the borders of 
the pterygopalat ine fossa. The pterygoid process or plate 
is not always visible radiographically, and the pterygoid 
ham ulus is rarely visible. The st yloid process can be m ore 
clearly ident i ed as a m ore or less th in  radiopaque line 
that  extends poster iorly and can be very long in  the pres-
ence of calci cat ion .

Panoram ic radiography shows the soft-t issue shadow  
of the auricle (pinna) of the ear, in  addit ion  to that  of 
the nose. The characterist ic shape of the ear  aps gener-
ally leaves no room  for m isin terpretat ion . The soft  pal-
ate, w hich extends as a relat ively th ick, dense soft-t issue 
st ructure from  the end of the hard palate to the pharynx, 
is m ore problem at ic. The soft  palate is ident i ed by the 
air that  surrounds it . This air com es from  the nasal cav-
it y and from  the posterior oral cavity, w hich unite in  the 
pharynx. Problem s in  assessm ent  of the soft  palate m ay 
arise, ow ing to the fact  that  the soft  palate can  assum e 
m any di erent shapes as a result  of technique-related im -
aging factors.

The tongue is another im portant  soft-t issue shadow  
to be considered in  dental radiography in  general, but  in  
panoram ic radiography in  part icular.

The m ost im portant  anatom ical st ructures in  dental ra-
diography are show n in  � Fig. 10.16 (I), � Fig. 10.17 (II), 
� Fig. 10.18 (III), � Fig. 10.19 (IV).

Fig. 10.14 Tooth 17, with a view of the coronoid process of 
the mandible.

Fig. 10.15 Panoramic radiograph obtained with an X-ray sensor, showing a complete view of the upper and lower jaw, the basal 
 maxillary sinus, and the bony joint surfaces.



127

10.4 Panoramic Radiographic Anatomy

10

External acoustic meatus

Hyoid bone The alveolar recess is located 
caudal to the nasal floor

Soft palate Soft-tissue shadow of the nose

Hard palate/nasal floor

Ear lobe

Fig. 10.16 Panoramic radiography: anatomical structures I.

Articular tubercle

Oblique line

Styloid process

Collum

Orbit Lateral atlanto -axial joint Sphenoid sinus

Radiopaque line formed by 
the dense posterior compact bone 
of the opposing jaw

Fig. 10.17 Panoramic radiography: anatomical structures II.
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10.4.2  The Maxilla and Midface
The m idface is connected to the m axilla. The zygom at ic 
bones are the m ost  com m only im aged m idfacial st ruc-
tures in  radiography. Depending on the angle of incidence 

of the beam , the zygom at ic bones m ay appear as dense, 
V-shaped, radiopaque lines. The shape and extent of the 
rem aining parts of the zygom at ic bones are som et im es 
clearly ident ified on  radiographs.

Pterygopalatine fossa Nasal cavity Nasal septum

Mandibular canalMental foramenHyoid bone

Condyle

Inferior nasal concha Semilunar notch

Fig. 10.18 Panoramic radiography: anatomical structures III.

Zygomatic bone
Infraorbital canal Maxillary tuberosity

Zygomatic arch

Pharynx

Angle of the jaw Compact bone of the mandible

Cervical spine

Fig. 10.19 Panoramic radiography: anatomical structures IV.
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The m andible, m axilla, and m idface are generally vi-
sualized in  panoram ic radiography. Because the im age 
layer th ickness in  the m axillary region is in  the cent i-
m eter range, the m axillary sinus and nasal cavity cannot  
be visualized separately. Only the alveolar recess is seen 

w ithout  superimposit ion . The inferior turbinates project  
from  the hard palate/nasal  oor to the m axillary sinus. 
They can be ident i ed as relat ively hom ogeneous, elon-
gated soft-t issue shadows that  extend from  the anter ior 
to posterior wall of the m axillary sinus.

a

b

c

Fig. 10.21a–c Visualization of the posterior and lateral walls of the maxillary sinuses by panoramic radiography. First , the posterior 
wall of the maxillary sinus (yellow ) was visualized as a summation e ect. Then, a tangential projection along the lateral wall of the 
maxillary sinus showed a second vertical line (w hite).
a Beam path.
b Owing to rotation of the tube, the posterior wall is depicted as the  rst  vertical line (yellow ).
c The second vertical line (white) appears, owing to summation of the lateral wall of the antrum.

Fig. 10.20 The zygomatic bone, coronoid process, maxillary sinus, and nasal cavity superimpose on each other in the lateral maxillary 
and midfacial region. This makes radiographic diagnosis di cult , if not impossible. Blue: zygomatic bone; yellow : hard and soft pal-
ate; green: maxillary sinus; brown: orbit; red: coronoid process.
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For technical reasons, st ructures w hose anatom ically 
correct  posit ion  is posterior are posit ioned laterally on  
panoram ic radiographs. Panoram ic im aging provides a 
very good overview, but m akes correct  anatom ical iden-
t i cat ion  and diagnosis m ore di cult .

Proceeding toward the eye socket (orbit), the th in  ra-
diopaque line of the m axillary sinus often  projects onto 
the orbit . Ow ing to the funnel shape of the eye socket , 
cranial areas of the m axillary sinus superimpose on parts 
of the orbit .

The infraorbital canal often  appears on  radiographs as 
a pair of parallel radiopaque lines at  the level of the infra-
orbital r idge. The infraorbital foram en, if visible, appears 
in  the vicin it y of the m axillary sinus.

The posterior–lateral par t  of the m axillary sinus is a ra-
diographically challenging anatom ical region. The h igh-
lighted lines in  � Fig. 10.20 show  how  m any di erent 
st ructures superim pose on each other and their unusual 
appearance result ing from  the panoram ic e ect .

Fig. 10.23 A round, convex soft-tissue mass consistent with a mucocele appears in the region of the  oor of the right maxillary sinus. 
The area superior to the nasal  oor cannot be assessed.

a  b

Fig. 10.22a, b Visualization of the lateral walls of the maxillary sinuses by panoramic radiography.
a Beam path.
b The lateral wall of the maxillary sinus is bounded dorsally by the yellow  line  at  the posterior boundary and ventrally by the white 

line .
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To understand how  panoram ic im ages of the poster ior 
and lateral walls of the m axillary sinuses are form ed, it  is 
always necessary to consider the beam  path  and the fact  
that  the X-ray tube m oves around the pat ient  in  a circular 
fashion (� Fig. 10.21).

The area between the two lines in  � Fig. 10.21 repre-
sents the lateral wall of the m axillary sinus, as show n in  
� Fig. 10.22.

Ow ing to anatom ical and technical lim itat ions, pan-
oram ic radiography is not  a reliable procedure for diag-
nost ic evaluat ion  of the m axillary sinus. The only st ruc-
tures that  can  be reliably assessed by panoram ic radiog-
raphy are the alveolar recess and the posterior wall of the 
m axillary sinus (� Fig. 10.23).

Note 

Anatomical relationships superior to the hard palate/
nasal  oor prohibit the use of panoramic radiography for 
diagnostic evaluation of the maxillary sinus. Panoramic 
radiography can only detect such abnormalities if the al-
veolar process is the site of origin of the lesion. The pos-
terior wall of the maxillary sinus can also be assessed.
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11 Radiographic Findings and Diagnosis
tending around the ent ire useful radiat ion   eld is seen  on 
large-form at  lm s. Finally, the qualit y of the radiographic 
set t ings and posit ioning of the pat ient ,  lm , and X-ray 
tubehead is checked.

After th is qualit y control check, a m ethodical exam i-
nat ion  of all regions of the radiograph for the presence 
of lesions or changes can begin . A thorough and system -
at ic approach is required, part icularly w hen view ing pan-
oram ic radiographs and cone beam  com puted tom ogra-
phy (CBCT) im ages.

The view ing of panoram ic radiographs proceeds from  
one quadrant to the next , star t ing w ith  the teeth  and 
proceeding to the alveolar process and m axillary region, 
including the  oor of the m axillary sinus. The next  step 
is to inspect  the ent ire m andible, including the condylar 
heads.

The size and clin ical relevance of lesions or changes de-
term ine the length and scope of the w rit ten  repor t . The 
w rit ten  repor t  m ust  provide a clear and complete de-
script ion  of the radiographic  ndings.

11.1.2  Steps from Findings to 
 Diagnosis
The path  to a possible diagnosis is a m ult i-step process. 
The first  task is to ensure that  all findings (lesions, chang-
es) have been detected.

Identi cation of Pathological Changes
The exam iner m ust detect  any change or deviat ion  from  
the norm al or healthy condit ion  on first  view ing a radio-
graph. All parts of the radiograph that  deviate from  the 
norm al m ust be ident ified.

A prelim inary assessm ent  of radiographic qualit y is 
crucial to ensure that  nothing is overlooked. In  addit ion  
to correct  exposure, other factors that  play an  im portant  
role—part icularly in  panoram ic and in t raoral radiogra-
phy—include pat ient  posit ioning (in  panoram ic tom ogra-
phy) and posit ioning of the im age receptor (in  in t raoral 
radiography).

Caution 

Experience shows that even minor errors in radiographic 
set tings can lead to major di erences in radiographs, 
owing to the complex nature of the dental/facial anato-
my and the types of radiographic techniques used. This 
is equally true for both intraoral and panoramic radio-
graphs.

11.1 Systematic Image 
Analysis and Interpretation
Many requirem ents m ust  be m et  for opt im al in terpreta-
t ion  of dental radiographs:
● The target  st ructures m ust be com pletely visible and 

clearly ident i able on  the radiograph.
● Standard radiographic techniques and project ions 

m ust be used to ensure comparabilit y and reproduc-
ibilit y. This is the only way to produce radiographs 
that  can  be com pared w ith  previous radiographs. The 
comparison of current  radiographs w ith  previous ra-
diographs obtained from  the sam e pat ient  enables the 
clin ician  to bet ter recognize deviat ions associated w ith  
pathological processes.

● To achieve these object ives, it  is crucial to follow  a sys-
tem at ic radiographic procedure. This is the only way 
to ensure the com parabilit y of radiographs taken by a 
speci c individual w ith  those taken by another person.

Note 

Two basic rules to remember:
● Always take only as many X-rays as absolutely nec-

essary, keeping all exposures as low as reasonably 
achievable (ALARA principle).

● Always ensure that the system provides the speci ed 
image quality (established in acceptance testing) with 
the lowest dose possible.

11.1.1  Film and Monitor Viewing 
Conditions
A suitable light  source is required for proper film  viewing. 
A m onitor that  can  correct ly display very fine anatom i-
cal st ructures is needed to view  digital X-ray im ages. The 
m onitors used in  dental radiography m ust  m eet  very h igh 
qualit y standards.

A darkened room  is needed for both   lm  view ing and 
m onitor view ing. Proper diagnost ic evaluat ion  is not  pos-
sible in  a brightly lit  t reatm ent room . Light  boxes or m on-
itors in  a well lit  room  are for guidance only, but not  suit-
able for diagnost ic assessm ent .

The clin ician  should assess the qualit y of the radio-
graphic im age before star t ing the process of im age anal-
ysis and in terpretat ion . First , the radiograph should be 
evaluated for proper opt ical density. This also applies, 
albeit  to a lesser extent , to digital X-rays. Although digi-
tal radiography system s have w ide exposure lat itude, it  
is not  possible to com pensate for gross under-exposure. 
The next step is to evaluate the visualized target  region 
for com pleteness, taking care to ensure that  a m argin  ex-
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Radiographic Findings Suggestive of Lesions 
or Changes
In principle, pathological lesions or changes can appear 
as an  increase or decrease in  bone substance. This applies 
to inflam m ations, cysts, and tum ors, but  not  to fractures, 
w hich st ill can  usually be diagnosed reliably and w ithout  
difficulty. The presence of a break in  cont inuity of the 
bone is h ighly indicat ive of a fracture.

Description of Radiographic Findings
All lesions or changes discovered m ust  be carefully de-
scribed. A proper descript ion  is essent ial for evaluat ing 
w hether a radiographic finding is indicat ive of a patho-
logical or a norm al variant .

Radiographic features that  should be described include 
the follow ing:
● Locat ion /site: left  m andibular, tooth  18, periapical, 

radicular, coronal, lateral, m edial, poster ior, etc.
● Sh ape: round, oval, ellipt ical, cloudy, m ult icyst ic, etc.
● Margin s: well-de ned, poorly de ned, irregular, etc.
● Size: size relat ive to that  of adjacent  st ructures and 

exact  extent  (from  … to …), in  m et ric units such as 
m illim eters, if possible

● In tern al st ru ct u re: hom ogeneous, inhom ogeneous, 
septate, bowl-shaped, etc.

● Den sit y: com parat ive descript ions, such as bone-, soft-
t issue-, tooth-, m etal- or  lling-dense, are often  helpful

● Relat ion sh ip  to adjacen t  st ru ctu res: adjacent  teeth , 
m axillary sinus, m andibular nerve canal,  oor of the 
nose, etc.

● E ect  on  adjacen t  st ru ctu res: in  lt rat ion , displace-
m ent , th inning, etc.

Evaluation of Radiographic Findings
Once all potent ial lesions or changes ident ified have been 
docum ented in  w rit ing, the evaluat ion  process can begin .

If, on  further evaluat ion , the radiographic  nding ap -
pears clearly deviant , the probabilit y that  the ident i ed 
st ructure is a pathological process increases. However, 
the possibilit y that  the  nding m ay also be a norm al vari-
ant  m ust  always be taken in to considerat ion . It  is often  
di cult  to di erent iate between the range of norm al ap -
pearances and pathological processes. This takes pract ice 
and requires comparison of the current   ndings w ith  pre-
vious  ndings seen in  the course of one’s radiological ex-
perience.

Diagnosis
The probabilit y of correlat ion  between radiographic find-
ings and diagnoses varies. A defin it ive diagnosis cannot  
be m ade unless the agreem ent  between the radiographic 
finding and the diagnosis is unequivocal, for example, in  
the case of a fracture. In  m ost other cases, only a tentat ive 
diagnosis can  be established.

Writ ten Report  of Radiographic Findings
The w rit ten  repor t  of radiographic findings forces the 
person w rit ing the repor t  to focus on the essent ials. It  has 
considerable im pact and relevance in  clin ical and forensic 
pract ice.

Radiological Report
The radiological report  contains a descript ion  of the ex-
am inat ion  procedure, the clin ical quest ions posed, and 
the responses to these quest ions. The st ructure and con-
tent  of radiological reports should com ply w ith  local 
standards. A radiological report  should always include 
the pat ient  details and inform at ion regarding the radio-
graphic technique.

Challenging Radiographic Findings in 
 Routine Dental Pract ice
In dental pract ice, som e radiographic findings are very 
com m on and recurrent , w hile others are uncom m on and 
cont inually challenging.

In  dental radiography, at tent ion  is focused on the teeth  
and adjacent  st ructures. While the diagnosis of patholog-
ical changes in  the teeth  them selves should be rout ine, 
diagnost ic uncertain ty star ts w hen the focus shifts to the 
periapical area and adjacent bone st ructures of the m an-
dible. Par ts of the  oor of the m axillary sinus are also dif-
 cult  to assess, par t icularly if an  area superior to the nasal 
 oor is to be evaluated.

The m ost  com m on clin ical quest ions posed include 
caries diagnosis, apical and m arginal periodontal diseas-
es, and the range of di erent dense and usually benign 
shadows, m ainly in  the m andibular region. Cyst ic lesions; 
displaced, supernum erary, and im pacted teeth ; and os-
seous lesions in  the tem porom andibular join t  are less 
com m on but  generally do not  cause diagnost ic di cul-
t ies. Conversely, radiolucencies of unclear et iology cause 
diagnost ic problem s. They are frequently in terpreted as 
osteolysis because they have poorly de ned m argins and 
could be indicat ive of a m alignant  process.

When view ing radiographs, it  is crucial to not overlook 
any pathological change, but  to ensure that  all have been 
detected and ident i ed.
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Any irregularit y could be due to an  error in  radio-
graphic technique. In  panoram ic radiography, in  part icu-
lar, m any shadows and radiolucencies occur as a result  
of technique-related factors and posit ioning errors alone.

Note 
There are many variations of the normal anatomy of the 
facial skeleton. Side-to-side comparison helps to exclude 
pathological processes.

If suspicious findings cannot  be at t r ibuted to technique-
related factors and norm al variants, then a detailed de-
script ion  of the change is needed for diagnost ic evalua-
t ion .

The other steps are less di cult  but  require a cer tain  
level of experience. A thorough and system at ic approach 
to the descript ion  of  ndings is the prerequisite for cor-
rect  radiographic diagnosis.

In  case of doubt , the radiographs should be subm it ted 
to an  experienced dental radiologist  for in terpretat ion . 
This can  help to prevent m isin terpretat ion . The pat ient  
should not be referred to a specialist  before th is is done, to 
rule out the possibilit y that  there is no pathological  nd-
ing.

11.2 Assessment and 
Diagnosis of the Most Common 
Pathological Changes
11.2.1  Carious Lesions
Caries is the m ost  com m on disease of the dental hard t is-
sues. Failure to detect  and t reat  dental caries early can 
result  in  a loss of vitalit y of the affected tooth  and lead to 
inflam m ation (usually periapical inflam m ation).

Bitew ing radiography, in t roduced by Raper (1925), is 
the radiographic technique of choice for the diagnosis of 
approxim al caries. Although it  has som e shor tcom ings, 
bitew ing radiography is st ill superior to all other m eth-
ods available for the diagnosis of in it ial caries (prim ary 
caries). The extent  and locat ion  of caries and the select-
ed technique are crucial factors. Approxim al caries can  
be diagnosed at  an  earlier stage than  ssure car ies and 
caries of vest ibular and oral tooth  surfaces, ow ing to the 
direct ion  of the beam  in  in t raoral radiography. Early de-
tect ion  of in terproxim al car ies is possible because of the 
beam  direct ion  and tangent ial e ect . Conversely, sum m a-
t ion  e ects associated w ith  the superim posit ion  of in tact  
tooth  substance on  tooth  surfaces im pede the early diag-
nosis of  ssure caries.

Practice 

Holders with a position-indicating device and the 
 paralleling technique should always be used.

The radiographic condit ions for bitew ing radiography are 
m uch m ore favorable than those for periapical radiogra-
phy. The im age receptor can  usually be placed parallel to 
the crow n of the teeth  being radiographed.

As in  all dental radiographic techniques, errors in  the 
execut ion  of bitew ing radiography are a m ajor weak 
point . Ideally, one radiograph per side should be su -
cient  for unequivocal diagnosis of the various stages of 
car ies. However, a m ore reliable diagnosis is obtained by 
taking two radiographs per side: one of the prem olars 
and one of the m olars. This corresponds to the procedure 
for evaluat ion  of periodontal status.

With  the current state of technology, convent ional and 
digital bitew ing radiography system s provide im ages of 
equal qualit y. However, the use of a sensor or storage 
phosphor plate results in  relat ively large diagnost ic gain , 
ow ing to im age-processing capabilit ies. Therefore, pref-
erence should be given to digital bitew ing radiographs. 
Moreover, the use of sensors cuts the pat ient’s dose in  
half com pared w ith  the exposure rates associated w ith  
the use of im aging plates and E- and F-speed  lm .

There are p redilect ion  sites for caries occurrence. Chil-
dren  and adolescents often  have a bilateral and sym m et-
rical pat tern  of caries occurrence. The m axillary arch  is 
m ore com m only a ected than the m andibular arch . Car-
ies of the m axillary canines is less com m on than caries of 
the incisors, w hile the reverse usually applies to the m an-
dibular canines and incisors. The m axillary and m andibu-
lar six-year m olars are always m ore com m only a ected 
by caries than the other m olars and prem olars. Other pre-
dilect ion  sites include in terproxim al n iches, w hich can 
be m ade inaccessible and hard to clean by anom alies of 
tooth  posit ion , and the cem ento-enam el junct ion  of the 
second m olars in  pat ients w ith m esially t ilted, half-im -
pacted w isdom  teeth . The accum ulat ion  of plaque below  
the contact  points can  quickly lead to approxim al caries. 
Periodontal pockets can  result  in  cem entum  caries at  the 
cem ento-enam el junct ion . If cavit ies are not carefully 
prepared, residual caries can  develop below   llings. If 
there is poor m arginal seal, secondary caries can  occur in  
the in terdental spaces, as a result  of poor dental hygiene.

After reaching a cer tain  size, caries appears on  radio-
graphs as a clearly ident i able, roundish , wedge-shaped 
lesion w ith  variably well-de ned m argins. Large carious 
lesions appear as irregularly shaped defects.
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Radiographically, p r im ar y car ies is divided in to four 
t ypes, based on t issue involvem ent . Radiographic classi-
 cat ion  types C1 to C4 correspond to clin ical t ypes D1 to 
D4 (� Fig. 11.1):
● D1: super cial caries (lim ited to the enam el)
● D2: m oderate caries
● D3: deep caries
● D4: deep complicated caries.

Examples of Carious Lesions
Superim posit ion-free visualizat ion  of the approxim al sur-
faces is required for opt im al caries diagnosis (� Fig. 11.2).

�C1: Super cial car ies: Super cial caries (enam el caries) 
appears as a wedge-shaped defect that involves the enam el 
layer but has not yet penetrated the dent in (� Fig. 11.3).

�C2: Moderate car ies: The carious lesion has spread 
to the inner enam el region and has penet rated up to the 
dent in  and spread two-dim ensionally (� Fig. 11.4).

�C3: Deep  car ies: Deep st ructural defect  that  involves 
the ent ire dent in  th ickness up to the dent in  layers close 
to the pulp (� Fig. 11.5).

�C4: Deep com plicated  car ies: Caries has led to open-
ing of the pulp (� Fig. 11.6). 

Radiographically, caries lesions on occlu sal su r faces are 
m ore difficult  to diagnose than those on approxim al sur-
faces. Unequivocal radiographic diagnosis of occlusal car-
ies is not  possible unt il car ies has spread to the inner half 
of the dent in  (� Fig. 11.7). Radiographic diagnosis of stage 
C3 is possible only if there is extensive spread.

Radiographic diagnosis of recu r ren t  or  secon dar y car-
ies is not  always possible.

Fig. 11.3a–c Super cial caries: note the defects in the enamel.
a Distal part of tooth 35.
b Distal part of tooth 35.
c Distal part of tooth 13.

a  b c

Fig. 11.2a–c Regardless of whether acute or chronic, init ial caries generally is not detectable radiographically or, if so, only in conjunc-
tion with the  ndings of clinical examination.

D3
D2

D1

D4

Fig. 11.1 Stages of caries progression (approximal caries). D1: 
lesion in the outer half of the enamel; D2: lesion in the inner 
half of the enamel; D3: lesion in the outer half of the dentin; 
D4: lesion in the inner half of the dentin. (From: Weber T. 
Memorix Zahnmedizin. 3rd ed. Stut tgart : Thieme; 2010.)
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In t raoral radiographs are the product of the two-di-

m ensional superim posit ion  or sum m at ion of shadows 
from  three-dim ensional anatom ical st ructures. Addit ion  
and subt ract ion  e ects can  lead to ar t i cially increased 
radiopacity and radiolucency. Depending on the in ten-
sity of the superimposed st ructures, defects m ay appear 
sm aller and indist inct  on  radiographs, ow ing to the ad-
dit ion  e ect , or they m ay be brighter and ext inguished, 
ow ing to the subt ract ion  e ect .

Caution 

In the case of caries, the addition e ect means that the 
extent of the initial caries lesion is underestimated on 
the radiograph, owing to the superimposition of intact 
enamel and dentin on the carious area.

a  b  c

Fig. 11.4a–c Moderate caries.
a On the distal part of tooth 46, caries has progressed to the dentin.
b There is greater dentin involvement on the mesial aspect of tooth 15.
c A carious radiolucency is readily identi able in the deeper layers of dentin on the distal part  of tooth 16.

a  b c

Fig. 11.5a–c Deep caries: in all three cases, caries has spread to the dentin layers very close to the pulp.

Fig. 11.6a–c Deep complicated caries: in all three cases, there is extensive caries involvement in all segments of the crown.

D4

D3

Fig. 11.7 Occlusal caries stages: radiographic diagnosis of D1 
to D2 occlusal caries in the enamel is not possible. D3: carious 
lesion in the outer half of the dentin; D4: carious lesion in the 
inner half of the dentin. (From: Weber T. Memorix Zahnme-
dizin. 3rd ed. Stut tgart : Thieme; 2010.)
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Carious lesions that  have infilt rated the dent in  generally 
have poorly defined m argins; in  the case of deep caries, 
they are often  separated by a dense react ive zone of en-
dangered and ret racted pulp.

Ow ing to the tangent ial e ect  of the X-ray beam , radio-
graphic detect ion  of developm ental defects, such as pits 
and irregularit ies on  the enam el surface of the crow n, is 
not possible unless they are located on the approxim al 
surfaces of the teeth . If they appear as a radiolucent area 
w ith  well-de ned m argins, they can som et im es be di er-
ent iated from  in it ial caries. Such radiolucencies m ust  be 
m onitored at  least  once a year because it  is im possible to 
radiographically dist inguish  in it ial caries from  develop-
m ental defects in  the enam el surface, or from  dem ineral-
izat ion  disorders beginning at  th is stage.

Recu r ren t  car ies beneath  radiopaque crow ns and  ll-
ings can be im possible to visualize properly. Di cult ies 
also arise in  digital radiography if these lesions are too 
st rongly processed by  lters. The m etallic m argins of 
dental crow ns and  llings often  appear as th in  radiolu-
cent bands, causing ar t ifacts that  m ake radiographic di-
agnosis of caries di cult  to im possible in  these regions.

Early ch ildh ood car ies is a special form  of caries that  
a ects the prim ary dent it ion . Dest ruct ion  of the rem ain-
ing teeth  can occur in  the advanced stage associated w ith  
apical in  am m at ion. To keep radiat ion  exposure as low  as 
reasonably achievable, sensor system s should always be 
used in  pediat ric pat ients. Sm all sensors produce radio-
graphs of good diagnost ic qualit y in  children  (� Fig. 11.8 
and � Fig. 11.9).

11.2.2  Horizontal Bone Loss w ith 
Vertical Bone Defects
The height of the alveolar crest  decreases over t im e, and 
the rate of decrease varies from  one individual to another. 
Generalized horizontal bone loss is often  accompanied by 
vert ical bone defects and, in  the advanced stages, by ex-
posed bifurcat ions.

As a baseline exam inat ion , panoram ic radiography is 
su itable for visualizat ion  of the alveolar crest . Ow ing to 
signi cant im provem ents in  im age qualit y in  recent  years, 
and the constant angles of incidence of the X-ray beam , 

a  b c

Fig. 11.9a–c Large carious lesions in the primary dentition.

Fig. 11.8 Note the approximal caries on tooth 74 and the 
discrete radiolucency on the mesial surface of tooth 75.

a  b  c  d

Fig. 11.10a–d Vertical bitewings provide a view of the crowns and alveolar bone.
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panoram ic radiography allows highly correct  visualiza-
t ion  of the m andible and m axilla. Panoram ic radiographs 
should be supplem ented w ith  in t raoral radiographs only 
in  isolated cases. However, reliable assessm ent  of all teeth  
in  the crow n region is not possible in  m ost  cases, ow ing to 
the superim posit ion  of st ructures. Bitew ing radiographs 
are m ore suitable for th is than X-rays of the w hole tooth . 
Ver t ical bitew ing radiographs provide another opt ion  to 
visualize not  only the crow n region but also the alveolar 
r idge, w ith  h igh resolut ion  and w ithout distort ion  (� Fig. 
11.10).

Panoram ic radiographs usually enable a com prehen-
sive and good assessm ent of bone condit ions in  the m ax-
illa and m andible (� Fig. 11.11 and � Fig. 11.12).

In t raoral radiographs can provide m ore precise im ages, 
w hich are needed for clari cat ion  of par t icularly unusual 
 ndings (� Fig. 11.13). Tom ographic im aging techniques 
provide a broader overview. In  recent  years, CBCT, also 
know n as digital volum e tom ography, has proved very 
useful for th is. Transverse and axial views are needed for 
a com plete analysis of bony periodontal defects.

Fig. 11.11 Generalized horizontal bone loss and small vertical bone defects in the remaining maxillary and mandibular dentition.

Fig. 11.12 Advanced generalized horizontal bone loss and marked vertical bone defects. Periapical widening of the periodontal liga-
ment space of tooth 26 and a large carious lesion on the mesial surface of tooth 46.
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11.2.3  Apical Periodontitis
Pulpit is, pulp necrosis, failed root-canal t reatm ent , and 
t raum at ic dental injuries can  lead to apical periodont it is 
and advanced form s of m arginal periodont it is.

Acute and chronic form s of apical periodont it is are 
generally dist inguished. The severit y of the disease is de-
term ined by the virulence of the causat ive pathogen and 
the status of the host’s im m une system .

Acute and Chronic Apical Periodontitis
Even if acute clin ical sym ptom s are present , radiographs 
cannot  dem onstrate inflam m atory responses if no chang-
es have occurred that  affect  the in tegrit y of the periapical 
st ructure. There is a latency period before acute in t raos-
seous inflam m at ion can be radiographically detected. 
Precise visualizat ion  of the apical region is needed to 
detect  any changes in  the lam ina dura as early as possi-
ble. Radiographically, acute inflam m at ion that  infilt rates 
beyond the apical foram en is characterized by w idening 
of the periodontal ligam ent  space and diffuse periapical 
radiolucency. Any loss of cont inuity of the lam ina dura 
around the apex of the affected tooth  indicates the pres-
ence of a periapical inflam m atory process. Chronic apical 
periodont it is is characterized by loss of the periodontal 
ligam ent space, w hich ends as a periapical radiolucency. 
A granulom a is a chronic m ass of granulat ion  t issue that  
form s in  response to inflam m ation. It  is characterized by 
fusion of the lam ina dura w ith  the dense m argins of the 
granulom a, causing m arginal discont inuity and radiolu -
cency at  the apex of the involved tooth .

Radiographic Features of Apical 
 Periodontit is
● Acu te ap ical per iodon t it is usually has a radiographi-

cally norm al appearance but  som et im es produces 
discrete apical w idening of the periodontal ligam ent 
space (� Fig. 11.14).

● Ch ron ic apical per iodon t it is appears as w idening of 
the periodontal ligam ent  space and variable, di use, 
periapical radiolucencies (� Fig. 11.15).

● If the in  am m at ion persists, the apical t issue t rans-
form s in to granulat ion  t issue, the radiolucency be-
com es surrounded by a dense sclerot ic m argin , and 
ch ron ic gran u lom atou s ap ical per iodon t it is develops 
(� Fig. 11.16).

Fig. 11.13a–c These intraoral radiographs clearly show the extent of vertical bone defects.
a Vertical bone defect on tooth 15.
b Vertical bone defect on tooth 15.
c Di cult  situation on fractured tooth 16.

Fig. 11.14 Widening of the periodontal ligament space sug-
gestive of acute apical periodontitis.
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Fig. 11.15a–f Di use periapical radiolucencies.
a Tooth 31.
b Tooth 22.
c Tooth 42.
d Tooth 48.
e Tooth 47.
f Tooth 37.

Fig. 11.16a–c Endodontically treated tooth (a), carious tooth (b), and residual root (c) with periapical radiolucencies demarcated by a 
thin radiopaque margin; the  ndings are suggestive of a chronic process.
a Endodontically treated tooth 45.
b Carious tooth 47.
c Residual root of tooth 12.
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11.2.4  Cystic Lesions
Cysts are defined as pathological cavit ies that  are lined 
by epithelium  and filled w ith  fluid, sem i-fluid or gaseous 
contents. Cysts are st ill classified according to the World 
Health  Organizat ion  (WHO) classificat ion  of 1992; two 
types of epithelial cysts are dist inguished:
● Odontogenic epithelial cysts of developm ental origin
● Nonodontogenic epithelial cysts.

Keratocysts are another t ype of odontogenic cysts. Ac-
cording to the WHO classificat ion  of 2005, they are no 
longer considered to be developm ental cysts but are now  
classified as odontogenic tum ors.

Radiologically, the m ost im portant  odontogenic cyst  
of developm ental or igin  is the follicu lar  cyst  (dent iger-
ous cyst). By de n it ion , a follicular cyst  is a cyst  that  sur-
rounds the crow n of an  unerupted tooth  and at taches at  
the cem ento-enam el junct ion . It  develops due to the ac-
cum ulat ion  of  uid between the enam el epithelium  and 
the tooth  crow n, or in  the layers of the enam el epithelium  
itself, and slowly increases in  size, ow ing to osm ot ic in-
ternal pressure. Follicular cysts usually occur in  associa-
t ion  w ith  impacted m andibular th ird m olars and m axil-
lary canines, but  infrequently involve the m axillary th ird 
m olars and the m andibular prem olars. After the radicular 
cyst , the follicular cyst  is the second m ost  com m on cyst  
of the jaw.

Radiographically, it  appears as a round to oval radio-
lucency surrounded by a th in  radiopaque line. The clin i-
cian  should always check to determ ine w hether th is radi-
opaque line ends at  the cem ento-enam el junct ion . If th is 
is not  the case, then there is a st rong suspicion of a kera-
tocyst ic odontogenic tum or.

Like all cysts, follicular cysts displace the surrounding 
st ructures. In  the m andibular region, the teeth , as well as 
the m andibular nerve canal on  the a ected side, are dis-
placed and no longer show  sym m etry w ith  the opposite 
side (� Fig. 11.17 and � Fig. 11.18).

The n asopalat in e du ct  cyst , although not very com -
m on, is a nonodontogenic epithelial cyst  that  m ust be 
considered w hen the incisive canal is pathologically en-
larged. On radiographs, it  appears as a cyst ic m ass that  
is posit ioned exactly m idline and completely enclosed 
w ith in  the incisive canal.

Practice 

Panoramic radiographs do not provide adequate visual-
ization of nasopalatine duct cysts, especially not to dis-
tinguish whether a suspicious  ndings is actually a cyst 
or not. CBCT is the imaging technique of choice in cases 
where there is clinical and radiographic suspicion of a 
nasopalatine duct cyst. Tomographic images in multiple 
planes are needed for proper visualization of this di cult  
part of the maxillary anterior region (� Fig. 11.19).

The second group of cysts consists of those that  develop 
from  the epith elial cell rest s of Malassez because of in -
flam m ation. Because their grow th is t r iggered by pulp 
necrosis, a nonvital tooth  is the prerequisite for the devel-
opm ent of radicular cysts.

The rad icu lar  cyst  (also term ed periapical cyst) is the 
m ost  com m on cyst ic lesion of the jaw, com prising 90 % of 
all jaw  cysts. It  involves the m axilla m ore frequently than 
the m andible. Radiographically, th is odontogenic cyst , 
like all cysts, appears as a round or ovoid radiolucent area 

Fig. 11.17 Note the follicular cyst arising from an impacted and dislocated wisdom tooth 48; the cyst margin is at tached to the 
cemento-enamel junction. Tooth 37 shows no signs of root resorption.
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surrounded by a th in  radiopaque m argin . If infected, the 
radicular cyst  m ay have an  in terrupted radiopaque m ar-
gin  and resem ble a tum or-like m ass, depending on the 
severit y of infect ion . Radicular cysts are unilocular cys-
t ic lesions that  can  becom e very large, depending on the 
durat ion  of the phase of cyst  enlargem ent  (� Fig. 11.20 
and � Fig. 11.21). If such expansion has occurred, they 
lose their spherical shape and can take on a variety of ir-
regular shapes.

Practice 

Dental panoramic radiography is used for primary diag-
nosis, but multi-dimensional tomographic imaging is 
recommended once the cysts reach a certain size.

Fig. 11.18 Follicular cyst arising from impacted and dislocated wisdom tooth 38; the cyst margin is also at tached to the cemento-
enamel junction. Tooth 37 also shows no signs of root resorption.

Fig. 11.19a, b The  ndings are suggestive of a nasopalatine duct cyst.
a An indistinct circular radiopaque line in the maxillary anterior region is the only  nding on the panoramic radiograph.
b This additional occlusal radiograph shows a very large cystic process suggestive of a nasopalatine duct cyst in the vicinity of the 

incisive canal.
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11.2.5  Malignant Lesions
Cancer of the Floor of the Mouth
Carcinom a of the oral m ucosa is the m ost  com m on t ype 
of cancer of the oral cavit y. Squam ous cell carcinom a of 
the floor of the m outh  involves the lingual cor t ical bone 
of the m andible; it  can  infilt rate and dest roy the alveo-
lar process and even the ent ire m andible in  the advanced 

stages. A panoram ic dental X-ray should be perform ed to 
carefully evaluate the alveolar r idge for signs of osteolysis, 
especially in  elderly and edentulous pat ients. If there is 
generalized horizontal bone loss, cases w here the m ar-
gins of the alveolar r idge are no longer sm ooth  but  have 
breaks in  cont inuity indicat ive of infilt rat ion  by a car-
cin om a of th e floor  of th e m ou th  are som et im es over-
looked (� Fig. 11.22 and � Fig. 11.23).

Fig. 11.21 A round cystic radiolucency arising from the residual root of tooth 17 can be seen in the right mandible and maxillary si-
nus. It  is a radicular cyst whose origin is the residual root of tooth 17, which projects into the cyst. The radiopaque line that surrounds 
the radiolucency is also suggestive of a cyst.

Fig. 11.20 Very large radicular cyst in the left  mandible, arising from tooth 35.
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Osteolysis of the lingual cort ical bone cannot  be de-
tected by panoram ic radiography. Tom ographic im ages 
in  m ult iple planes are needed for visualizat ion  of th is re-
gion. However, CBCT is not  sat isfactory for detect ion  of 

soft-t issue involvem ent or, in  part icular, lym ph node in -
volvem ent  from  carcinom a. Com puted tom ography and 
m agnet ic resonance im aging are the im aging techniques 
of choice in  these cases.

Fig. 11.22 On side-to-side comparison, a discrete, tub-like osseous depression in the alveolar ridge can be detected on the right side. 
There is a risk of misinterpretation of this radiographic  nding as normal in ammatory bone loss. On closer inspection one can see 
that the margin of the alveolar ridge is irregular, which is indicative of a destructive process.

Fig. 11.23 In this case, marked osteolysis was visible not only in the right mandible, but also in the right maxilla. In the maxillary arch, 
destruction of the alveolar ridge extends into the right maxillary sinus.
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Odontogenic Tumors
Odontogenic tum ors or tum or-like lesions that  arise from  
the tooth-form ing st ructures are rare. Their radiographic 
appearance can be m ore or less t ypical. Therefore, w hen-
ever a tum or-like lesion is detected on a radiograph, re-
gardless of w hether it  is presum ed to be benign or m a-
lignant , a h istological exam inat ion  is always necessary to 
confirm  the diagnosis.

Note 

Radiographic images only provide information and clues 
of variable accuracy. Ultimately, a reliable diagnosis can-
not be established based on radiographic images alone. 
The choice of radiographic images can increase the reli-
ability of the diagnosis, but radiographs alone can never 
provide a completely reliable diagnosis of tumors and 
tumor-like lesions.

WHO revised and re ned it s classi cat ion  of odonto-
genic tum ors in  recent  years. Radiographically, they are 
st ill divided in to two m ain  groups:
● Pathological changes that  appear as cyst ic lesions
● Pathological changes that  arise from  m esenchym al t is-

sues and bone.

Solid and Mult icyst ic Ameloblastomas
The convent ional am eloblastom a can occur in  all par ts of 
the m axilla and m andible. The am eloblastom a is the sec-
ond m ost com m on type of odontogenic tum or after the 
keratocyst ic odontogenic tum or, w hich was previously 
referred to as the odontogenic keratocyst .

Note 

Whenever a cystic lesion does not clearly originate from 
the apex of a tooth, follicular cyst, keratocyst (kerato-
cystic odontogenic tumor), and ameloblastoma must be 
considered in the di erential diagnosis.

The m ost com m on site of occurrence (in  80 % of cases) is 
the m andibular m olar region, followed by the m andibu-
lar prem olar region and, less com m only, the m andibular 
anter ior region and m axillary m olar region. The features 
of am eloblastom a vary—they m ay appear as unilocular 
or m ult ilocular cyst ic lesions. Am eloblastom a is often  as-
sociated w ith  an  im pacted tooth . Therefore, if a follicular 
cyst  is detected, the exact  site of origin  m ust be deter-
m ined.

Am eloblastom as, like cysts, tend to displace surround-
ing structures, result ing in  thinning and expansion of the 
cort ical bone. Displacem ent of the m andibular nerve canal 
is a sign of am eloblastom a expansion. Resorpt ion of roots 
of the involved teeth is an  im portant  and reliable sign of 
am eloblastom a (� Fig. 11.24, � Fig. 11.25, � Fig. 11.26).

Am eloblast ic  brom a,  brodent inom a, and am eloblas-
t ic  bro-odontom a are rare var ian t s of am eloblastom a 
that  are classi ed as benign m ixed odontogenic tum ors. 
These m ixed tum ors have both  epithelial and ectom esen-
chym al com ponents and often  involve the dental hard t is-
sues. Unlike the pure am eloblastom a, m ixed odontogenic 
tum ors are usually m ult ilocular cyst ic lesions that  are not 
uniform ly st ructured.

Fig. 11.24 Ameloblastoma of the right mandible with resorption of the roots of teeth 46 and 47.
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Am eloblast ic  brom a and  bro-odontom a are very rare 
tum ors composed of both  odontogenic epithelium  and 
odontogenic ectom esenchym e, w ith or w ithout involve-
m ent of dental hard t issue (� Fig. 11.27 and � Fig. 11.28).

Keratocyst ic Odontogenic Tumor
The keratocyst ic odontogenic tum or is a benign tum or of 
odontogenic origin , w hich, like the am eloblastom a, m ay 
appear as a unilocular or m ult ilocular radiolucent  lesion. 
As the nam e im plies, the special features of the keratocys-
t ic odontogenic tum or are:
● Parakeratosis of the epithelium
● Aggressive and in  lt rat ing behavior.

These tum ors have a h igh recurrence rate and a tendency 
to form  daughter cysts. They can  be ident ified based on 
the budding of daughter cysts, w hich are in it ially round-
ish but  later converge to form  m asses, giving keratocyst ic 
odontogenic tum ors their characterist ic scalloped m ar-
gins and dist inct  appearance. Radiographs often  under-
est im ate the extent of keratocyst ic odontogenic tum ors 
because of the density and superim posit ion  of in tact  ad-
jacent bony st ructures on  the daughter cysts. These sum -
m at ion effects m ake early and com plete detect ion  of ker-
atocyst ic odontogenic tum ors by in t raoral and panoram ic 
radiography ext rem ely difficult  (� Fig. 11.29, � Fig. 11.30, 
� Fig. 11.31).

Fig. 11.26 Multicystic ameloblastoma of the right mandible.

Fig. 11.25 Multicystic ameloblastoma of the left mandible with resorption of the roots of teeth 35, 36, and 38; the third molar (tooth 38) 
is displaced and tooth 37 is missing.
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Fig. 11.27 Histologically, this ameloblastic  bro-odontoma was classi ed as benign, but it s radiographic appearance is suggestive of a 
malignant tumor.

Fig. 11.28 Ameloblastic  broma.
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Fig. 11.30 This unilocular, oval cystic lesion in the right angle of the jaw is a variant of a keratocystic odontogenic tumor.

Fig. 11.29 Typical keratocystic odontogenic tumor with an adjacent tooth. The tumor displaces the tooth but is not at tached to it . 
This type of radiographic constellation can easily be misinterpreted as a follicular cyst.
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Odontoma
The odontom a is a developm ental anom aly that  resem -
bles a tum or but is a ham artom a of odontogenic or igin . 
It  consists of several large and sm all tooth-like st ructures 
or a conglom erate of different dental t issues. Two types 
of odontom a are dist inguished: compound and com plex.
● The com plex odon tom a is a tum or-like m alform a-

t ion  (ham artom a) characterized by the form at ion of 
an  am orphous m ass of enam el, dent in , and cem entum  
(� Fig. 11.32). It  is frequently located on an  im pacted 
m olar, w hich itself m ay be hardly visible, ow ing to the 
superim posit ion  of shadows from  the lesion.

● The com pou n d odon tom a is a developm ental anom aly 
(ham artom a) that  resem bles a tum or and consists 
of several fully developed sm all teeth  or tooth-like 
dent icles. It s radiographic appearance varies, depend-
ing on the stage of developm ent . It  appears as a well-
dem arcated area of osteolysis in  the early stages. In  
later stages, slowly developing tooth  elem ents m ay be 
surrounded by a w ide radiolucent m argin  indicat ive of 
a grow th zone (� Fig. 11.33). In  the  nal stage, the den-
t icles are surrounded by a th in  radiolucent m argin .

Com pound odontom as are usually diagnosed before the 
age of 20 years. They m ost com m only occur in  the ante-
rior teeth , followed by the prem olar region.

Fig. 11.31 Unilocular keratocystic odontogenic tumor in the right angle of the mandible. The radiolucent lesion is not clearly at tached 
to teeth 47 and 48.

Fig. 11.32 This complex odontoma appears as a homogeneous, sharply demarcated pericoronal radiolucency on tooth 37, which is 
deeply impacted. The odontoma is preventing the tooth from erupting.
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a A round, very dense area surrounded by a thin radiolucent margin can be seen in the mandibular anterior region on this panoramic 

radiograph.
b Lateral view CBCT image.
c Lateral view CBCT image.
d Axial CBCT image.
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Odontogenic Myxo broma (Odontogenic 
Myxoma)
The odontogenic myxofibrom a (odontogenic myxom a) is 
an  in t raosseous neoplasm . Odontogenic myxofibrom as 
are benign but  locally invasive tum ors of the jaw. They 
have a relat ively h igh recurrence rate of up to 25 %. On the 
panoram ic radiograph, they appear as a m ult ilocular ra-
diolucency associated w ith  dest ruct ion  of the m andible. 
They often  contain  delicate t rabeculae, giving the lesion 
an  irregular m ult ilocular appearance (� Fig. 11.34).

Cementoma (Cementoblastoma)
Benign cem entom a (synonym : cem entoblastom a) is 
characterized by the product ion  of a bulbous m ass of 
cem entum -like t issue that  is at tached to the roots of the 
tooth . It s radiographic appearance is variable. Cem ento-
m as usually arise in  associat ion  w ith  the apices of the 
m andibular first  m olars and m andibular second prem o-
lars, and they usually occur during the second and th ird 
decades of life. The cem entom a grows slowly in  layers 
around the root of the involved tooth . Because it  is at -
tached to the tooth  root , ext ract ion  m ay be difficult .

With  progressive developm ent and cem entum  deposi-
t ion , the cem entom a appears as a radiopaque m ass w ith  
either a m ot t led,  occular, m osaic-like appearance or a 
uniform ly radiopaque appearance. It  is often , but  not  al-
ways, surrounded by a th in  radiolucent  border. The pres-
ence of a radiolucent  border m ay be a sign  of a grow th 
zone or sequest rat ion  (� Fig. 11.35).

Cemento-osseous Dysplasia
The two m ain  types of cem ento-osseous dysplasia are:
● Periapical cem ental dysplasia
● Florid cem ento-osseous dysplasia.

Periapical cem ental dysplasia m ost com m only involves 
the m andibular anterior teeth . Radiographically, the in i-
t ial stage of developm ent is characterized by osteolysis 
and fibrosis. The second stage is characterized by the 
star t  of the deposit ion  of cem entum , as reflected by the 
appearance of dense cem entum -like radiopacit ies. Pulp 
vitalit y test ing indicates that  neither apical periodont i-
t is nor radicular cysts are the cause of the radiolucencies.

Radiographically,  or id cem ento-osseous dysplasia ap -
pears as a large radiolucency surrounded by a radiopaque 
m argin  characterized by the deposit ion  of cem ent icles in  
dense connect ive t issue st rom a (� Fig. 11.36).

Fig. 11.34 Odontogenic myxoma (myxo broma): The radiograph reveals a large radiolucency that extends from tooth 35 to tooth 46 
and contains trabeculae. The teeth appear to be slightly tilted. Resorption of the roots of teeth 34 and 32 cannot be excluded.
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Fig. 11.35 Cementoma (cementoblastoma): The radiograph reveals a radiopaque mass that is closely connected to the apex of tooth 
43 and surrounded by a radiolucent margin.

Fig. 11.36 Cemento-osseous dysplasia: edentulous spaces 37 and 46 show the typical radiographic features of cemento-osseous 
dysplasia; cementicles are deposited in the connective tissue stroma.
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11.2.6  Bone Diseases of the Jaw
In  addit ion  to inflam m at ions, cysts, and tum ors of the 
jaw, bone diseases of the jaws are other t ypical patholo-
gies that  do not fit  in to the above categories.

Many are not  detected in  rout ine X-ray exam inat ions. 
Im portant  bone lesions of the jaws include osteomyeli-
t is, ossifying  brom a,  brous dysplasia, central giant  cell 
granulom a, aneurysm al bone cyst , and pseudocyst .

Osteom a falls in to a special category. Osteom a is de-
 ned as a benign neoplasm  of m ature com pact  or cancel-
lous bone but is not  listed as a tum or in  the WHO clas-
si cat ion .

Osteomyelitis
Osteomyelit is is an  infect ion  of the bone. In  pat ients w ith  
a weak im m une system , it  can  occur as a com plicat ion  
of periapical infect ion , acute necrot izing gingivit is, and 
untreated open fractures. Radiotherapy of the jaw  is also 
associated w ith  a h igh risk of osteomyelit is. Acute osteo-
myelit is is characterized by necrosis and the form at ion 
of sequest rum  (dead bone) in  the area of infect ion  (� Fig. 
11.37).

Ossifying Fibroma
Ossifying fibrom a is classified as a benign bone lesion 
and a t rue neoplasm . It  is m ost  com m only found in  the 
m andibular m olar region. Radiographically, the ossifying 
fibrom a appears as m ixed radiolucent-radiopaque, con-
tain ing variably calcium -dense st ructures w ith  t rabecu-
lae (� Fig. 11.38). It  has a t ypical ground-glass appearance 
and is well dem arcated from  the surroundings.

Fig. 11.37 Osteomyelitis with the formation of sequestrum 
(dead bone) as a complication of open fracture.

Fig. 11.38 Osteolysis: note the well-de ned expansile lytic lesion in the right mandible (edentulous spaces 47–48) containing 
 trabecula-like structures.
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Fibrous Dysplasia
Fibrous dysplasia (McCune–Albright syndrom e) is a rare, 
genet ically determ ined bone disease that  m ost  com m on-
ly involves the m axilla. Fibrous dysplasia is a slow ly pro-
gressive, episodic disease w ith  sym ptom -free in tervals.

Once the jaw  lesion reaches a cer tain  size, it  causes fa-
cial asym m etry. Adjacent  teeth  in  the m axilla are som e-
t im es displaced. Obliterat ion  of the m axillary sinus m ay 
also be observed (� Fig. 11.39).

Central Giant Cell Granuloma
Central giant  cell granulom a is a benign, generally local-
ized but som et im es aggressive proliferat ing osteolyt ic le-
sion  (� Fig. 11.40). React ive bone form at ion is a t ypical 
radiographic feature.

Central giant  cell granulom a is an  expansile and often  
m ult icyst ic bone disease. Adjacent teeth  are often  dis-
placed, and root  resorpt ion  is possible.

Fig. 11.39 Fibrous dysplasia: the radiograph reveals a homogeneous, hyperdense, sharply demarcated shadow in the left maxillary 
arch, narrowing of the maxillary sinus, and caudal displacement of molar teeth 26 and 28.

Fig. 11.40 Central giant cell granuloma: note the discernible but not sharply demarcated round radiolucency in the anterior mandibu-
lar region, which appears oval as a result  of distortion related to the radiographic technique.
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11.2.7  Sialolithiasis
Funct ional in tegrit y of the salivary glands and proper 
saliva secret ion  are crucial for a w ide range of different  
physiological processes occurr ing in  the oral cavity. Ab-
norm ally reduced or increased saliva flow  can result  in  
dehydrat ion  of the oral m ucosa, w hich can lead to infec-
t ions and other painful condit ions.

Diagnost ic im aging of the salivary glands does not  ac-
tually fall in to the  eld of dent ist ry. However, sialoliths 
(salivary stones) are frequently detected as incidental or 

secondary  ndings on dental panoram ic radiographs in  
the dental pract ice (� Fig. 11.41).

Shadows from  salivary stones often project onto the 
m andible. Therefore, if a radiopaque w hite zone is detect-
ed in the lower jaw, the exam iner m ust  rst decide if it is 
located w ithin the bone or on the  oor of the m outh. A sec-
ond radiograph is then needed for localizat ion. Previously, 
a survey of the  oor of the m outh was used as the second 
plane to im age the  oor of the m outh. However, CBCT is 
now  able to provide high-quality im ages and exact local-
izat ion of salivary stones (� Fig. 11.42 and � Fig. 11.43).

Fig. 11.42 This panoramic CBCT image shows a large sialolith in the bend of the right submandibular gland.

Fig. 11.41 Sialolithiasis: a salivary stone in the right duct appears as a large, inhomogeneously radiopaque lesion on the right side of 
the mandible.
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11.2.8  Tooth Fractures
Radiographic exam inat ion  of the m andible, m axilla, and 
m idface for fractures is not norm ally perform ed in  a den -
tal pract ice. If such studies are necessary, CBCT can pro-
vide com prehensive im ages of difficult-to-detect  m an-
dibular fractures in  m ult iple planes (� Fig. 11.44). Most 
of the fractures diagnosed in  norm al dental pract ice are 
associated w ith  t raum at ic dental injuries—in m ost  cases, 
anterior tooth  t raum a, w hich m ust be adequately visual-
ized and diagnosed. Three m ain  t ypes of t raum at ic dental 
injuries are tooth  luxat ion , in t rusion, and fracture.

The radiographic exam inat ion  procedure for each t ype 
is the sam e. In t raoral radiographic techniques are usu-
ally recom m ended for opt im al visualizat ion  of t raum at ic 
dental injuries.

Note 

In patients presenting with tooth luxation, careful exam-
ination of the alveolar sockets is recommended, to rule 
out the possible presence of a fracture in this region.

Fracture diagnosis is generally st raightforward in  single-
rooted anterior teeth . Conversely, fractures in  the m o-
lar region can cause diagnost ic difficult ies, regardless of 
w hether they are of t raum at ic or idiopathic origin . Again , 
CBCT can provide precise answers to these clin ical ques-
t ions (� Fig. 11.45).

Root  fractures can involve all segm ents of the root . Dif-
ferent  radiographic techniques and project ions are rec-
om m ended, depending on the t ype of fracture and the 
angle of the exposure. If the pat ient’s condit ion  allows, 
the paralleling technique should always be used for ra-
diographic exam inat ion  and diagnosis of tooth  fractures. 
This is the only way to ensure the reproducibilit y of ra-
diographic exam inat ions, w hich is especially im portant  
for fracture follow -up (� Fig. 11.46).

Tooth  fractures can occur in  associat ion  w ith  fractures 
of the m andible. Dental fractures (usually longitudinal) 
can  also occur as a com plicat ion  of dental in tervent ions. 
Root resorpt ion  often  occurs as a com plicat ion  of tooth  
fractures (� Fig. 11.47, � Fig. 11.48, � Fig. 11.49).

Fig. 11.43a, b Salivary stones in the sub-
mandibular gland.
a Axial view.
b Coronal view.
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a

b  c

Fig. 11.44a–c Median mandibular fracture.
a This CBCT panoramic reconstruction shows a thin vertical fracture line on tooth 31, with no signs of dislocation.
b The axial view con rms the diagnosis of mandibular fracture without dislocation at edentulous space 32, as well as a second 

 fracture without dislocation on the right side of the mandible. The second fracture line extends diagonally.
c This three-dimensional view obtained by volume rendering also shows only the fracture in the anterior region.

ba

Fig. 11.45a, b Crown fractures.
a Crown fracture of tooth 21.
b Crown fracture of tooth 42.
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Fig. 11.49 Root resorption in teeth 21 
and 22, induced by anterior tooth trauma.

Fig. 11.48 Longitudinal fracture 
caused by a screw root.

Fig. 11.47 Mandibular fracture with 
tooth involvement.

a  b  c

d  e  f

Fig. 11.46a–f Multiple transverse root fractures in the maxillary anterior teeth.
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