ROENTGENOGRAPHIC EXAMINATION
IN ORTHOPAEDIC DIAGNOSIS

ESSAY |
Submitted in partial fulfilment of M.S. e
Orthopaedic Surgery @*

I:3'
Abd ElI-Rahman Sobhi Soliman Gaafer

17 .3
"‘ﬁ SUPERVISORS (‘}‘gm/ ‘
Prof. Dr. Mamdouh Zaki Saad | J/
Prof. of Orthopaedic Surgery L *\\ S o
Faculty of Medicine : - T . :/\/ '\\
Ain Shams University AR

Dr. Ali Ibrahim Hussein Y )7 .
Lecturer of Orthopaedic Surgery ,

Faculty of Medicine *f ’///

Ain Shams University i

Facully of Medicine 2 q‘”f /.

Ain Shams University
1992

Central Library - Ain Shams University



N Z
o
—;1_:/: | ) ;\-§

/}// N \\\\\\

Tyl ®

Lol gL L ol =il g

Central Library - Ain Shams University




m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



=i G ] ] S]] SRiEE

T gpdts

Lo ALy

1

.-...s..

._LL ot m u

I

N

T: :&:

Gl i)

]

i e 3 g 1

ty

Iversi

Central Library - Ain Shams Un



AL E DGEmEMNT

First and fToremost, Thanks ave due to GIID

The HMerciful and Beneficient

I would like to eupress my deegpest appreciation and cordial
thanks to Proef. Dy Mamdouh Zaki Saad, Fiof. of Jrthoo. Surg-

Aln Shams Liniversity, for suggesting the sublject of the essay.

Without his help, the work would have never hesan what it now is.

I am alsao, Deeply greatful te Dr. All Ibranim Husseiln,
Lecturer of hrthops Surg.  Aln Snams Lniversity, I will never
Torget hisg contineons help and wise guidance cthrouwghout the

reseavch from start to finmish.

Lastly [ teel greatly appreciated to the stafr of Sorthop.
Surgy. Department at Ainm Shams Lniversity Hospital vor their helg

and co—operation.

Central Library - Ain Shams University



Caomterits

Introduction and historical review sceestassrnansens S |
Alm of the study «+eeursvinn e e e et s e n s e &
Foertgenographic modalities «ocesaas . 7
Plaivn vroentgenography coeesanonaasesanssns- M e
Conventional ToernTyerograrMy s eeseemeasearssanannsssns 10
Plaivn voentygerography with special technigues «.... e 20
FlUQrOoSCOPpY ersesansansassss T nees e e e 0
Magrnification techmigques «-svsenanen e meaean e e 2T
Xeroradiodraphy seescsicacssannaann Cas s s et e 23
Low Kilovoltage technigues «.ovaevneaieaiuee . 25
Sterioradlography s eeeies ot snsnsrsnsnnransans e D
Tomography «ovssameanasusns T
Conventional tomography sessceessaansennnsnanas P |
Computed TOmMOIralmhiy o e e o vaessnsnenssenssnsuusas sl 21
Foertogernographny With Contrast Medla snseeanvvsssenannrs G
Myelography «.eaea e e nhme e A w MM A s e mn s .z
Fadiculography oo ee et anaccnnanrcannns L
Discography «««... P mat h e a e e . =T

Arthrography soesas i tmacntoannnnnan

.......... T =
Ternography vevennsaus oo snsanasnnessnsaas e S
Argiogyaphy o e s s nnon s n e v crtnana et . ea £S5
£ B o = B Cwe e . BT
Fadionmuclide 1MAGLMg s nsarsvsnncnsanvansonssns taeaanas 71
Fadiation hazards and protective measures in orthopae—
A1C A1AYHOS1IS s nwmrnnanssnnssas Caa i aaeas S e s e 20

Summary &nd CONCIUE10T e v s rserserncantsnannaseann e 90
Fefererices sonssan B T

Arabilc SUMMATY wevensasosoasennsanss

Central Library - Ain Shams University



EREHENER

EHE|EIS]

=R

[ TP TN P o 1

ElElE)EEE

!

e
i

3 N E

Elikdlitg 1 ] AN

-:._
Ls..n.“ G|

R TUET T
m unL:u'.—_rJ

- (P e 3T,
oue -_._....‘.h u 1
RS T
oy =4 ..
Wit ygyri m ' ) . o |
g i
s el

sl

(5]

(TR iReR ()

[
112 e e e T e

EsEEE

N I

_-2

Central Library - Ain Shams University



I- Introduction and Historical review

The terms roentgenogram, radiogrsaph, X-ray film and x-ray
negative are synonymous but the first is prerferred. These
terms refer to the finished r1lm that has been exposed to
roentgen rays angd then recording in black and white or in
varying shades of gray the sTructures through which the
roentgen ray beam has passed (Paul and Juhl, 1972).

Roentzenographle examination is the end result <of an
exacting technical procedure to obtain the greatest possible
information concerning the anatomic detalls of the structures
for purpose of demonstrating the absence of or the presence
and extent of traumatic or pathologlcal chahges (local and
systematically) (Ballinger, 1986).

Roentgenograph of a bone will only reveal shadows produced
by itg mineral contents (mainly Ca++) therefore there may be:
- Changes 1n Ca++ distribution (as in pathological lesions)
- Changes 1in structural continuilty {(as in fracturesg)

- Changes 1in position {(as in dislocations)
- Changes 1in shape (as 1n congenital developmental defects)
- Changes 1n Jjoint space (as Iin arthritis).

Locallzed loss of dengity with disappearance of the

trabeculae 1lsg sometimes referred To as bone erosion. Increase

of density indicating a high Co++ content (as in bohe
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sclerosis). Changes in Ca~+-+ digtribution appearing 1n the
radiography a3 alterations in the trabecular structure {(as in
Paget's disesamsse ). New bone formation {az in periosteal new
bone or bony outrtgrowth. So the bone diseasSe frequently
depends on a careful considration, of all these pessibililities
and on the relative intenslity of any changes which may be
present. For instance much erosion and minimal periostitvis
wlll suggest a necplasm (Simon, 1975).

While imaging with x-rays 1s Dbased on the relative
absorptive properties of the varicus tilissues we can use new
imaging modalities to form 1mages utilizing other tissue
characteristiea such as metabolicy vagscular and acoustilce
properties (Putman and Ravin 1983).

Thelhistory of discovery and development of roenhtge-
neography 1is a faclnatlng story,that illustrates very well how
can science, mathematices and medical khowledge be formulated
togethaer to produce a useful tool in clinical practice,

Roentgen rays (x-rays) discovered by Willlam Conard
Reoentgen (Prof. or Physies at the University of Wiirburg
Germany on Novemeper 8.1895. marked the beginning of a new
era 1n medical scilence. For the first time 1t became possible

to see through the 1intact skin and supertficial tigsues and
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3
to visualize the bones anhd deeper structures of the body.

Improvements 1n the <¢rude equipment of The early davs
followed and with the tremendous interesat generated through-
out the world Dy The news of the discovery it was only a
short time before methods become avallable for the study of
body cavities and the viscera. The rays that Prof. Roentgen
discovered he called x-rays after '"'x" the unknown. {Paul and
Juhl, 1972).

Roentgen deserved the Nobel prize 1n physics in 1902 for
hisg discovery anad was able to prcecduce the filrst radlographic
record (of hig wife's hand) on December 22-18986 (fig.1). Hig
preliminary report was submitted for publication within a few
days on December 28-1836. The medlical professilion reacted very
guickly., It was recognlized that surgery should derive sadvan-
tage from photographs of bone in vivo, fractures,dislocation,
swellings and forelgen bodies should be easlly reccgnizable,

Radicgraphlec anatomy form abridge between the preclin-
ical studlies and the c¢linical subspecialities; it teaches
students to systematicelly apply their kKnowledage oY gross
anatomy in the interpretation of radilographlic images. Gross
anatomy censistg primarily of a three dimensional approach to

color differentliated preparationz and models of the human
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body, Whereas radiclogle anatomy Teaches students 1o corre-
late the gross anatomice structures with tThe density variavi-
ons or two dimensicnal images. Speciael diagnostie procedures
must be mastered in order to discern the individual organs
and structureées wlthin the human body (Ballinger, 1986 and
Taylor 1987). The need to i1nsgspect varlous depths of internal
structure and to construct a three~dimentional information
about these structures was the basis on which tomography was
established for c¢linical application (1921 to 1932). The
organ of Ttomography <¢an net be attributed to any one partic-
ular person. In fact tomoegraphy was developed by several
different gilifted men experimenting in different countries at
about the same time without‘any Khowledge to each other's
(1
work. Tomography was invented in the united states 1in (1928)
by Jean Kieffer, a radlologic technologist who developed the
3pecial radilographic technique te demonstrate a form of
tuberculosis that he had. His process was termed:laminagraphyQ
by another Aamerican J. Robert Andrews,who asslisted Kieffer in
the constraction of hils first tomographle device the lamina-
grapnh (Ballinger, 1986). In 1917 Eadon an Australon mathemat-
ielian proved that it was possible to reconstruct a4 three-

dimensional image form object from the infinte set of gll 1tTs
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projectlions, a concept that formed the basls for the develo-
pment of computed tomogruphy in medical practice later on,
Tne actual breakthrough in making <¢omputed tomography wWas
made by Hounsfield 1n 1967. It was not before 1971 however
that the first working model was installed and ready for
¢linlical trials. The use ¢of computed tomography has expanded
rapidly since 1971 ahd new develcpments are being made almost
overnight {Snopek, 1984).

Discography has been used gsince the late forties for

the experimental and c<clinicsal evaluation of dise disease in

both the c¢ervical and lumber regions of the zspine, Lindblom
firast described discography in 1948 . Wood, G. quoted by
(Campbell , 1lgg2;.

Yaghmali, (1979) mentioned that the first experliments in
arteriography ,were concerned with the dirferential dlagnosis
of bone neoplasm the work of Dos-santos in 1934, Caldas in
1934 and Farinas 1in 1937, provided the major Iimbetus 1in the
development of modern selective arterilography. The use of
bone seaking isotopes (scientigraphy) for imaging began with
the use étrontium—BS in 1961 (Putman and Ravin. 1988).

Speacilial modalities and techniques and other speclal

modern equipments are developling which are used 1n many c¢asgses
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including imaging of the sort tissues and other tissues char-
acteristics. The rascinating story of Prof. Roentgen's
discovery and of the many other Sclentific advances that
proceded 1t and made 1t posslible is beyond the scope ©of this
ook they have been the subject of numerous articles and

pooks and every student 1s urged To read the complete story

(Paul and Juhl, 1972).

Alm of the study
To demonstrate the value of roentgenographic examination
as a guilde for diagnosis of orthopaedic problems whether

traumatic or pathological and whether local or systemic.
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II. Koentgehographic modalities

l. Plailn roentgenograhpy:

Conventiconal roentgehographle plain f£ilm.

Plain roentgenography wilth spelcal techniques.

&a.

Fluoroscopy
Magnilfilication techniques.
Xeroradiography.
Low kilovoltage (K.V) techniques.
Stereoradiography.

2. Tomography:
Conventional tomography.
Computed tomography.

3. Roentgenography with contrast media:
Myelography and radiculography.
Arthrography.

Discography.
Tenography.
Anglography.
Sinography.

4. Sclentigraphy.
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1- Plain Roentgenography.

They are routine radiographs made directly without reso-
rting to any use of contrast material and therfore are solely
produced by differential beem absorption in various organs,
The absorption 13 dependent upcn the tigsue density (gram-cce)
Bones have approximatliy density of 1.9 and produce a skeletal
dense shadows on the X-ray image,this appear dark on a fluor-
¢scople 1mage and light on a plain film {-ve) (f1g. 2 A & B).
Sceft tissues {(as muscile, cartilage, fat, blood) have a
density of 1.0, so the X-raysg are falrly evenly absorbed
producing a grayish shadow in the rluoroscopic image and on
the film.Air has the lowest density (0.0013) preoducing a
light area on the picture screen and a darkening on the (-ve)
film (as lung, tracheal luman, paranasal sinuses, intestinal
gases) (Taylor, 1987).

To develop the ability to properly analyze radiographs
a4nd To correct or prevent evrors in Technigue, the techholog-
15t should study radiograpns rrom the followling standpeints: -
a- The relationship of the structural 3hadows as to size,

shape, position and angulation must be reviewed.
b- Each anatomic structure must be compared with that of

adjacent structures.
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