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FOREWORD

The author, K. C. Clark, completed training in radiography at Guy’s Hospital, London, in
1921 and in the following year obtained the diploma of the Society of Radiographers (MSR)
since when she has been engaged in practising, teaching and writing about radiography.
Subsequently, Miss Clark was in charge of radiographic departments in provincial hospitals
until in 1928 she was responsible for establishing one of the earliest training schools for radio-
graphers at the Royal Northern Hospital, London. -

During her early years in radiography there was little published information on radiographic
technique to assist students in studying for the MSR qualification, and a personal need for a
book of reference led Miss Clark to begin the initial work on which ultimately Positioning in
Radiography was based.

Miss Clark’s interest in teaching led to an invitation from Ilford Limited in 1934 to prepare
a textbook on radiography, and in 1935 to become the first Principal of the Ilford Department
of Radiography and Medical Photography at Tavistock House which was established as a
service and instructional centre. In addition to becoming an important rendezvous for X-ray
workers at home and from overseas the department, because of its unique facilities for
experimental and confirmatory work, provided the essential background for compiling the
vast range of material for Positioning in Radiography which was first published in 1939.

From 1935 to 1937 the author was President of the Society of Radiographers and was

~awarded the Honorary Fellowship of the Society, having been a member of the Council for
several years and on which she continues to serve, in addition to being a member of the
examining body. During the war years 1939 to 1945 Miss Clark played a notable part in the
development of mass miniature radiography for which she was awarded the MBE in 1945, and
in 1947 the Liberty Cross of Norway was conferred by King Haakon for organizing the mass
X-ray examinations of Norwegian service personnel based in the United Kingdom.

In 1958/9 during a visit to Australasia the author was awarded the Honorary Fellowship of
the Australasian Institute of Radiography and Honorary Membership of the New Zealand
Society of Radiographers (Inc.). Also, in 1958 Miss Clark was elected an Honorary Member
of the British Institute of Radiology and a member of Council in 1962. In 1959 she was elected
to Honorary Membership of the Faculty of Radiologists and to the Vice-Presidency for Europe
and Africa of the International Society of Radiographers and Radiological Technicians. In
1958 Miss Clark obtained the Fellowship of the Royal Photographic Society.

The position of Principal of the Ilford Department of Radiography and Medical Photogra-
phy at Tavistock House, 1935 to 1958, was followed by the appointment as Consultant in
Radiography, with the commission to prepare this, the eighth edition of Positioning in
Radiography.
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ACKNOWLEDGMENTS
FIRST EDITION

In acknowledgment of my indebtedness to the many
interested in radiography who have generously contribu-
ted toward the production of this book, I would express
my thanks to the following for the advice, the loan of
films, and for the many facilities which have been given
me for seeing certain work in progress in various hospi-
tals, and also for the use of apparatus and for many
kindnesses and encouragements:—

Dr. G. T. Calthrop; Dr. A. E. Connolly; Dr. G. R.
Mather Cordiner; Dr. G. Fildes; Dr. F. M. Gordon;
Dr. Claude Gouldesbrough; Dr. F. D. Hart; Dr. H. K.
Graham Hodgson, C.V.O.; Dr. Peter Kerley; Dr. Ivor
Lewis; Mr. E. I. Lloyd; Major D. B. McGrigor, O.B.E.;
Dr. J. W. McLaren; Dr. A. A. Meyer; Dr. A. Lisle
Punch; Dr. R. L. Rawlinson; Dr. Russell J. Reynolds,
C.B.E.; Dr. L. A. Rowden; Dr. R. W. A. Salmond,
O.B.E.; Dr. I. C. C. Tchaperoff; Dr. J. Campbell Tainsh;
Dr. E. Rohan Williams; Professor H. H. Wollard; Mr.
W. E. Baker; Mr. A. L. Cranch; Miss C. Cranch; Miss
A. Cumber; Miss G. M. Edwards; Miss B. A. Hall; Miss
J. Haines; Miss E. Joules; Mr. F. Melville; Miss M. G.
Paine; Mr. Wm. E. Smith; Miss M. W. Tompkins; Miss
C. Verley; Mr. W. Watson; Miss J. Wright and Messrs.
Longmans, Green & Co. Ltd., for permission to use
certain line diagrams from Gray’s Anatomy. 1 would
thank also the governing body of the Royal Northern
Hospital for the generous facilities which have always
been permitted to me in their X-ray department.

iv

I also wish to thank the following for their valued
advice and for so kindly allowing me to use certain
apparatus, which was loaned with the greatest of good-
will:—

Mr. Cuthbert Andrews, Messrs. Philips Metalix Ltd.,
and the Medical Supply Association Ltd., for accessories;
Messrs. A. E. Dean & Co. Ltd., for their ward mobile
unit; Messrs. Newton & Wright Ltd., for the tomograph;
The Solus Electrical Co. Ltd., for the kymograph; The
Victor X-ray Corporation for mobile and ward units;
and Messrs. Watsons (Electro-Medical) Ltd., for the
Lysholm skull table and accessories.

I would also record my grateful thanks to Mrs. M.
Coburn for her helpful comments made from the point of
view of the teacher, and also to Mr. T. H. Wright, M.B.E.,
for much kindly criticism and advice during the reading
of the proofs.

I am also very grateful to Professor H. A. Harris for his
assistance and advice, particularly in connection with the
anatomical references.

A special word of thanks is due to Dr. H. Courtney
Gage, who has been unsparing in the help and advice
which he has given me; particularly am I grateful for his
very careful reading of the proofs and for the many
invaluable suggestions which he has made.

I also wish to express my gratitude to the Directors of
Iiford Limited for allowing me to undertake much of the
preparation work in their Radiographic Technical and
Demonstration Department at Tavistock House; without
this and the encouragement which they have given me
the task would not have been possible. The majority of
the photographs and many of the radiographs were made
in the above department.

K. C. CLARK.

November 1938.



ACKNOWLEDGMENTS: SEVENTH EDITION

With so many developments in techniques it was inevitable that considerable revision and
enlargement would be necessary to bring the seventh edition of Positioning in Radiography
into line with modern radiographic practice.

Accordingly, this new edition has been increased by over 100 pages and 600 new illustrations
have been brought in to raise the total to 2150. Many blocks have been remade, the exposure
factor fables have been extended and new techniques have been added together with a section
on Macroradiography and a supplement on Radiation Exposure.

This work would have been impossible without the generous assistance of a very large number
of X-ray workers and I am very pleased indeed to be able to acknowledge the contribution of
many original radiographs, of invaluable advice and the most helpful encouragement from
Dr. G. M. Ardran, Dr. W. E. C. Astle, Mr. Hamilton Bailey, Dr. L. M. Billingham, Dr. L. G.
Blair, Dr. S. J. Boland (Eire), Dr. James Bull, Mr. H. Jackson Burrows, Dr. Reginald J. Carr,
Dr. Maurice Cernés (France), Mr. F. B. Cockett, Dr. Hugh Davies, T.D., Dr. A. L. Deacon,
Dr. S. J. H. Douglas (Eire), Dr. D. A. N. Drury, Dr. A. J. Eley, Dr. A. Elkeles, Dr. Walter
Frommhold (Germany), Dr. F. Campbell Golding, Dr. G. L. Gryspeerdt, Dr. R. A. Kemp
Harper, Dr. J. Blair Hartley, Dr. Kenneth E. Hodge (Canada), Sir Harold Graham Hodgson,
K.C.V.O., Dr. S. Holesh, Mr. J. I. P. Yames, Professor Dr. R. Janker (Germany), Professor
A. S. Johnstone, Dr. D. Hector-Jones, Dr. D. Wallace-Jones, Sir Reginald Watson-Jones,
Dr. M. H. Jupe, Dr. K. D. Keele, Dr. F. H. Kemp, Dr. Peter Kerley, C.V.O., C.B.E., Dr.R. L.
Lewis, Dr. J. W. McLaren, Dr. S. A. Maddocks, Dr. B. S. Manford, Dr. Mansfield, Mr. N. M.
Matheson, Dr. W. Paton Philip, M.C., Dr. J. W. Pierce, Dr. L. J. Rae, Dr. Sheila Sherlock,
Professor A. C. Singleton (Canada), Dr. J. Hillyer Smitham, Dr. V. H. Springett, Dr. D. C.
Staveley, Dr. J. J. Stevenson, Dr. J. Campbell Tainsh, Dr. C. E. Vaughan (Canada), Dr. G. N.
Weber, Professor Solve Welin (Sweden), Mr. A. Emlyn Williams, V.R.D., Df. G. J. Wilson,
Dr. Franklin G. Wood, Dr. M. C. Wood. Also from Mr. O. M. Alexander, Mr. H. W. Anderson
(Australia), Mr. D. J. Macdonald Brown, Mr. C. Butler, Mr. L. J. Cartwright (Canada),
Mr. W. H. Coombs, Sister E. P. Cooper, Miss A. Cumber, Mr. John Ely (Australia), Miss
A. Stirling Fisher, Mr. J. E. Forsyth, Miss M. Frank, Mr. D. R. Gould, Miss P. Hadrill, Mrs.
H. M. Harrott, Miss E. M. Haworth, Mrs. P. Heineke (Denmark), Miss A. R. Hendry, Mr.
A. W. Holder, Mr. E. Hudson, Mr. M. J. Jackson, Mr. S. Morri/s, Miss E. P. Mount, Miss E.
Okell, Mr. W. F. Phillips, Miss B. Robins, Miss B. G. Robinson, Mr. John Scott, Miss Eileen
Sheridan (Eire), Miss Joan Smith (Kuwait), Mr. Leslie Smith, Mr. William E. Smith, Miss G.
Stephenson, Mr. W. J. Stripp, Mr. F. Jaundrell-Thompson, Mrs. H. M. Thynne, Mrs. M.
Turner, Miss F. M. A. Vaughan, Miss K. Walsh, Mr. W. Watson, Mr. J. F. Weale (Canada),
Mr. R. J. Whitley, Mrs. O. Wilkinson; also the Departments of Radiology of the University of
Toronto and Toronto General Hospital, Canada, and the Ortopadisk Hospital, Copenhagen.

It is with great pleasure that I acknowledge the valued contributions of the following in the
use of equipment, assistance withillustrations and the most generous response to every request—
A.E.Dean & Co.(X-ray Apparatus) Ltd. ; General Electric Company (U.S.A.); General Radio-
logical Limited; Mullard Ltd.; Newton Victor Limited; N. V. Optische Industrie ‘“‘de oude
delft” (Holland); Philips Electrical Ltd.; Georg Schonander A.B. (Sweden); The Medical
Supply Association Limited; Watson & Sons (Electro-Medical) Limited.

Very generous assistance, which I gratefully acknowledge, has been received. from the
manufacturers of opaque media in the compilation of the special supplement on this subject—*
Allen & Hanburys Ltd.; Bayer Products Ltd.; Bell-Craig Inc. (U.S.A.); Boots Pure Drug Co.
Ltd.; British Schering Ltd.; Burroughs Wellcome & Co.; Damancy & Company, Limited;



Glaxo Laboratories Ltd.; Horlicks Limited; Pharmaceutical Specialities (May & Baker)
Ltd.; Schering A. G. (Germany); Standard X-ray Company (U.S.A.); and The British Drug
Houses Ltd.

To the British Institute of Radiology I am indebted for allowing me to use four composite
illustrations from an article by Dr. K. D. Keele entitled ‘Angiocardiography in the Diagnosis of
Congenital Heart Disease’, published in The British Journal of Radiology of August 1948;
also for permission to quote twelve definitions from The British Journal of Radiology Supplement
No. 6—Recommendations of the International Commission on Radiological Protection
(Revised December 1, 1954), pages 4 to 12.

My thanks are due to Blackwell Scientific Publicatiors Ltd. for the use of an illustration
from their publication Diseases of the Liver and Biliary System by Dr. Sheila Sherlock, and to
William Heinemann (Medical Books) Ltd. for the use of an illustration (Fig. 133) from their
book Modern Surgery for Nurses by Dr. E. W. Harlow.

My thanks are also due to the General Electric Company (U.S.A.) for permission to use
three drawings from cerebral angiograms showing the principal arteries which appear in their
publication Technical Aspects of Angiocardiography and Cerebral Angiography, and which are
in turn acknowledged to California Medicine, October 1950.

As on previous occasions, Dr. Peter Kerley, C.V.O., C.B.E., has been most generous in acting
as a very helpful referee and in providing new illustrations, for which I am most grateful.

I am indebted to Mr. S. B. Osborn for the supplement on Radiation Exposure to the Patient
and particularly for the simplified form of nomogram.

I should like also to acknowledge to Miss E. Okell the initial work of compiling the supple-
ment on Contrast Media, and to thank Mr. F. L. Okell for expert advice on this subject.

Again, I have had the advantage of the very fine photography of Mr. J. Tunbridge and the
meticulous drawings of Mr. Leslie Caswell, with their sympathetic approach throughout.

Obviously, a book of this kind is a matter of team-work and the team on this occasion has
worked indefatigably—MTr. George Dorman on the planning, editing and production generally,
Mr. K. H. Gaseltine in providing the prints for blockmaking, and my colleagues at Tavistock
House in preparing a large number of radiographs, in compiling the exposure tables and in
giving unlimited assistance in all directions. I should like to make special mention of Mrs.
W. H. Johnson for her care of anatomical detail and the careful reading of proofs.

None of this would have been possible, however, without the very generous facilities
provided by the Directors of Ilford Limited and I cannot thank them enough for allowing me.
to prepare still another edition of Positioning in Radiography.

K. C. CLARK.
March 1956.



ACKNOWLEDGMENTS
EIGHTH EDITION

In preparing this eighth edition of Positioning in Radio-

graphy 1 have been encouraged by the very considerable

assistance received in the form of technical advice, in the
facilities to be present during radiological, radiographic
and surgical procedures, and by the loan of radiographs
and photographs from many hospitals and " centres,
radiologists, surgeons, physicists, radiographers, photo-
graphers and manufacturers, not only in this country but
from countries overseas. To all, I express my appreciation
and most grateful thanks for these privileges. The illus-
trations loaned for reproduction are listed with their
appropriate numbers and the names of the hospitals,
centres, publications and individuals concerned, and with
reference also to special information contributed with
regard to exposure technique, etc.

ALBERT EINSTEIN MEDICAL CENTER, PHILADELPHIA, USA
Dr. J. Gershon-Cohen and Miss Barbara M. Curcio,
(2155, 2157, 2161, 2162, 2163).

BRADFORD ROYAL INFIRMARY, YORKSHIRE
Dr. R. J. Carr and Mr. Eric Hudson, (46, 1964b, 1968a,
1968b, 2028, 2029, 2039, 2040, 2041, 2042a, 2042b, 2043).

BRISTOL ROYAL HOSPITAL, ROYAL INFIRMARY BRANCH
Dr. J. H. Middlemiss, (2346) six tomograms.

BROMPTON HOSPITAL, LONDON
Dr. L. G. Blair and Miss V. G. Jones,
exposure technique for cardiac angiography, page 624.

CHILD STUDY CENTRE, UNIVERSITY OF LONDON INSTITUTES
OF EDUCATION AND CHILD HEALTH
Dr. J. M. Tanner, group investigations, page 74

CHILDREN’S HOSPITAL MEDICAL CENTER, BOSTON, USA

Dr. E. B. D. Neuhauser and Dr. M. H. Wittenborg;
technique for the visualisation of the auditory (eustachian)
tubes, pages 611, 612.

Also Mr. Eric Hammond for supplying technical data.

CHORLEY AND DISTRICT HOSPITAL, LANCASHIRE
Dr. G. Sullivan, (2254b (3), 2302a (2), 2302b (4)).

CITY GENERAL HOSPITAL, SHEFFIELD, YORKSHIRE
Dr. E. K. Abbott and Dr. R. K. Levick, (2280a, 2280b).

CUCKFIELD HOSPITAL, SUSSEX
Miss H. E. M. Noller, (490a, 490b, 490c, 490d).

DUBLIN
Dr. T. Garratt Hardman, (2124).

EASTMAN DENTAL HOSPITAL, LONDON, (1067).

GRAY’S ANATOMY, 32nd edition

-(Longmans, Green & Co. Ltd.), Fig.1260, page 1524

(2152a).

HALIFAX, YORKSHIRE
Dr. R. 1. Lewis, (2149).

HAREFIELD HOSPITAL, MIDDLESEX
Dr. L. G. Blair, Mr. V. C. Snell (surgeon) and Mr. A. W.
Holder, (753)

HOSPITAL FOR SICK CHILDREN, LONDON

Dr. L. G. Blair. Dr. G. N. Weber,

(1946, 1947, 2005a, 2005b, 2006a, b).

Also Miss H. Nicol and Miss M. Riocreux for exposure
technique for cardiac angiography, page 624. ‘

HOSPITAL FOR SICK CHILDREN, TORONTO, CANADA

Dr. J. D. Munn. Mr. Richard Harmes, (1943, 1944, 1945).
Mr. Walter Johns, (2302¢).

Also Mr. L. J. Cartwright for high-voltage technique for
the cranium in children. '

[PSWICH AND EAST SUFFOLK HOSPITAL
Dr. K. Grainger and Miss S. M. Stockley,
(1929 (3), 1930 (3), 2014a, 2014b).

JOHNSON & JOHNSON (GREAT BRITAIN) LTD., SLOUGH,
BUCKINGHAMSHIRE, for contribution to (2458).

LODGE MOOR HOSPITAL, SHEFFIELD, YORKSHIRE
Dr. T. Lodge and Mr. E. Higginbottom,
(2403a, 2403b, 2404a, 2104b).

LONDON
Dr. Janet McCredie, (453a).

LONDON HOSPITAL

Dr. L. J. Rae and Miss F. M.-A. Vaughan,

(172, 173, 182, 381a, 381b, 381c, 381d, 381le, 508, 549,
587a, b, c, d, 588a, b, c, d).

Department for Research in Industrial Medicine (MRO)
Dr. L.J. Rae, Dr. A. 1. G. McLaughlin and Miss F. M. A.
Vaughan, (2397, 2398, 2399).

MACHLETT X-RAY TUBES (GREAT BRITAIN) LIMITED, NORTH
WEMBLEY, MIDDLESEX, (2377).
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MAIDENHEAD HOSPITAL, BERKSHIRE
Dr. A. W. Simmins, Mr. David W. Bain (surgeon) and
Miss A. Crofton, (1872, 1873, 1874, 1875).

MANCHESTER ROYAL INFIRMARY, LANCASHIRE
Dr. E. D. Gray. Dr. R. G. Reid, (1533b (4) ).

MARCONI INSTRUMENTS LIMITED, ST ALBANS,
HERTFORDSHIRE, (2445a).

MEDICAL ARTS X-RAY DEPARTMENT, NIAGARA FALLS,
CANADA
Mr. Lewis Edwards, (1920, 1921, 1922).

MEDICAL RESEARCH COUNCIL DEPARTMENT FOR RESEARCH
IN INDUSTRIAL MEDICINE (SF-E LONDON HOSPITAL).

MELROSE-WAKEFIELD HOSPITAL, MASSACHUSETTS, USA
Dr. William E. Davis and Mr. Clarence W. Coupe, (723).

MEMORIAL HOSPITAL, CIRENCESTER, GLOUCESTERSHIRE
Dr. G. C. Griffiths, (1668).

MEMORIAL HOSPITAL, NEW YORK CITY, USA
Dr. Robert S. Sherman and Dr. George Schwarz,
(2301a, 2301b).

MIDDLESEX HOSPITAL, LONDON

Dr. F. Campbell Golding and .Miss H. J. Weller,

(1453, 2391, 2392, 2393, 2394, 2395, 2396).

Dr. M. J. McLoughlin and Miss Marion Frank, with refer-
ence to lymphangiography, pages 640, 641.

MULAGO HOSPITAL, KAMPALA, UGANDA
Dr. A. G. M. Davies, (2191, 2192).

NATIONAL HOSPITAL, QUEEN SQUARE, LONDON

Dr. Hugh W. Davies.

Dr. J. W. D. Bull in connection with neurological
terminology, Section 17;

Mr. Harvey Jackson and Mr. Peter Gortvai (surgeons),
(1537a, 1537b, 1538a, 1538b);

Dr. J. Marryat, (1541a, 1541b, 1572a, 1572b);

Mr. A. M. Hastin Bennett (surgeon), (1539d (2)),

and Mr. A. H. Prickett, Department of

Illustration, (1539b, 1539¢);

Miss A. M. Hamilton, (1533a (4), 1533¢ (4), 1535a, 1535b).
Also Mr. Lawrence S. Walsh (surgeon) in connection
with the Leksell method of stereotaxis.
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NATIONAL HEART HOSPITAL, LONDON
Dr. Peter Kerley, C.V.O., C.B.E., and Miss K. M. A.
Pritchard, in connection with cineradiography.

NEW BRITAIN GENERAL HOSPITAL, CONNECTICUT, USA
Dr. John C. Larkin and Mr. Nicholas R. Barraco,
(260a, 260b).

NEWCASTLE GENERAL HOSPITAL, NEWCASTLE-UPON-TYNE
Dr. S. Josephs, (2272, 2273, 2344a, 2344b),
and for exposure factors for angiotomography, page 633.

NEW ENGLAND CENTER HOSPITAL, PRATT DIAGNOSTIC
CENTER, BOSTON, USA
Dr. Alice Ettinger, (1756, 1757, 1758).

NUFFIELD ORTHOPAEDIC CENTRE, OXFORD (WINGFIELD
MORRIS ORTHOPAEDIC HOSPITAL)

Dr. F. H. Kemp, Dr. J. L. Boldero,

(475a, 475b, 475c, 476a, 476b).

Mr. J. Agerholm (surgeon), (592, 593a, 593b, 594a, 594b),
and for assistance from Miss B. Robins.

N. V. OPTISCHE INOUSTRIE ‘“‘DE OUDE DELFT”’, HOLLAND
(2444).

ORAL RADIOGRAPHY, ILFORD LIMITED
W. H. Johnson,
(1183, 1184, 1196, 1197, 1198, 1199, 1204a, 1263).

PHILIPS ELECTRICAL LIMITED, LONDON
(2491) adaptation
Also-Mr. W. T. Hughes for advice on image intensifiers.

PRINCE OF WALES"IS GENERAL HOSPITAL, LONDON
Dr. A. Elkeles, (1803).

QUEEN ELIZABETH HOSPITAL FOR CHILDREN, LONDON
Dr. C. J. Hodson,
(494a, 494b, 495b, 495¢c, 496a, 496b, 497a, 497b, 528).

QUEEN VICTORIA HOSPITAL, PLASTIC SURGERY AND JAW
CENTRE, EAST GRINSTEAD, SUSSEX

Dr. William Campbell,

(2382, 2383, 2384, 2385, 2386, 2387, 2388, 2389, 2390).

RADCLIFFE INFIRMARY, OXFORD
Dr. F. H. Kemp, (495a, 2180).

REPORT OF THE WORLD FEDERATION OF NEUROLOGY
PROBLEM COMMISSION OF NEURORADIOLOGY, MILAN,
June 16-18 1961 (Fig.1).

(942, 943, 1392, 1393, 1484, 1485).



ROBERT JONES AND AGNES HUNT ORTHOPAEDIC HOSPITAL,
OSWESTRY, SHROPSHIRE

Dr. J. W. H. Foy, Mr. J. Rowland Hughes (surgeon),
(535a, 535b, 535¢, 5354d);

Mr. F. B. Thomas (surgeon), (536a, 536b, 536¢, 536d);
Mr. R. Roaf (surgeon), (537, 538);

and for assistance from Mr. W. G. Davies.

ROYAL CORNWALL INFIRMARY, TRURO
Dr. H. S. Bennett, Mr. J. G. Kendall (surgeon) and
Mrs V. Wheaton, (695 (2)).

ROYAL DENTAL HOSPITAL, LONDON

Dr. Sydney Blackman,

radiographs (1107b (2), 1126b, 1134b (3), 1136 (6), 1185,
1261, 1266, 1270, 1273, 1274, 1279a, 1279b, 1280);

and for facilities to take photographs (1126a, 1134a, 1135,
1262, 1264, 1265, 1268, 1269, 1271, 1272, 1276, 1277,
1278), and also for assistance from Miss D. O. Gibb and
Mrs. D. White.

ROYAL HOSPITAL, SHEFFIELD, YORKSHIRE
Dr. J. L. A. Grout, C.B.E., M.C. (44 (2));
Dr. T. Lodge and Mr. G. W. Delahaye, (2405, 2406).

ROYAL MARSDEN HOSPITAL, LONDON

Dr. J. J. Stevenson.

Dr. J. S. McDonald (2345 (3), 2355a, 2355b, 2356);
Dr. E. J. Pick (2152b (4) ).

ROYAL NATIONAL ORTHOPAEDIC HOSPITAL, LONDON

Dr. F. Campbell Golding.

Mr. J. N. Wilson (surgeon), (423 (2), 424 (2));

Mr. C. W. S. F. Manning (surgeon), (486);

Mr. J. I. P. James (surgeon), (489a, 489b);

Mr. W. J. Stripp, (148, 149, 190a, 190b, 191a, 191b, 226a,
226b, 226¢, 227 (3), 228 (2), 240a, 240b, 240c, 241a, 241b,
241c, 242a, 242b, 242c, 246 (2), 267b, 282a, 282b, 284a,
284b, 286a, 286b, 305, 342 (2), 458, 521, 672, 673).

ROYAL NATIONAL ORTHOPAEDIC HOSPITAL, BROCKLEY HILL,
STANMORE, MIDDLESEX

Dr. F. Campbell Golding.

Mr. J. N. Wilson (surgeon),

(13 (3), 14.(3), 701 (2), 702 (2), 791 (6), 794 (2), 795 (4));
Mr. C. W. S. F. Manning (surgeon), (866 (3), 867 (3) ).

ROYAL NORTHERN HOSPITAL, LONDON

Dr. L. S. Carstairs.

Mr. A. M. Hastin Bennett (surgeon), (1539a, 1539b, 1539¢),
and with Miss M. J. England, (1540a, 1540b, 1540¢).

ROYAL PORTSMOUTH HOSPITAL, HAMPSHIRE
Dr. R. S. MacHardy, (312).

ROYAL SOCIETY OF MEDICINE, PHOTOGRAPHIC UNIT,
LONDON

Mr. A. M. Hastin Bennett (surgeon) and Mr. Esmond
Wilson, (1539a).

ST ANTHONY’S HOSPITAL, CHEAM, SURREY
Mr. Aubrey York Mason (surgeon), (1816, 1817).

ST MARY’S HOSPITALS FOR WOMEN AND CHILDREN,
MANCHESTER

Dr. J. Blair Hartley and Miss A. Stirling Fisher,

(2125, 2126, 2127, 2402a, 2402b), also for exposure tech-
nique, page 580.

ST THOMAS’S HOSPITAL, LONDON
Dr. J. W. McLaren, (313, 2175, 2176, 2178, 2188).

ST VINCENT’S HOSPITAL, NEW YORK CITY, USA

Dr. Francis F. Ruzicka, Jnr., and Dr. Mannie M.
Schechter, (1536a, 1536b), with assistance from Miss A.
Morris.

ST VINCENT’S ORTHOPAEDIC HOSPITAL, EASTCOTE, PINNER,
MIDDLESEX
Dr. L. G. Blair.

Mr. V. C. Snell (surgeon), and Sister Francis (311).

SALFORD ROYAL HOSPITAL, LANCASHIRE
Dr. A. H. McCallum, (2352 (3), 2353 (3), 2354 (2) ).

STUTTGART, GERMANY

Dr. Georg Thieme Verlag (Subtraktion, Stuttgart 1961)
(2222a (2), 2222b (2) ).

SYDNEY, AUSTRALIA

- Dr. Marjorie Dalgarno, (2158, 2159).

TEMPLE UNIVERSITY HOSPITAL, PHILADELPHIA, USA
Professor Herbert M. Stauffer and

Miss Margaret J. McGann,

(l451b, 1454 (6), 2007a, 2007b, 2008a, 2008b, 2445b).

THE BRITISH JOURNAL OF RADIOLOGY

May 1957, No.353, page 280, Fig.1 from Protection of
the Male Gonads in Diagnostic Procedures,

G. M. Ardran and F. H. Kemp, (4952);

June 1958, No.366, page 335, Fig.1 from Gonadal Pro-
tection from X Radiation for the Female,

E. Abram, D. M. Wilkinson and C. J. Hodson, (495b, 495c).
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PRELIMINARY NOTE

In compiling this eighth edition of Positioning in Radio-
graphy, additions and modifications have been made to
embrace. developments in technical procedure and with
due regard to radiation protection in the care of the
‘patient.

Some deletions from previous editions have been neces-
sary, but little change has been made in the essential basic
material. Indeed, the term BASIC is now included to
indicate essential techniques for the benefit of student
radiographers, and this is supplemented by the GUIDE
TO APPROPRIATE POSITIONS at the commence-
ment of earlier sections.

As previously, the object of this book is to present in as
concise and practical a form as possible to the student
and to those practising radiography the essentials of
radiographic technique. It is not claimed to be a complete
treatise and, since the aim has been to make it a practical
book, theoretical considerations have been omitted as
far as possible and the subject discussed from the point
“of view of the practical worker.

Positioning is, perhaps, the all-important feature in
radiography. Correct positioning has been illustrated

photographically, and the radiographs resulting from

such positioning have been included, together with
occasional line diagrams and photographs of the dry
bones. Suitable exposure factors are shown for each
position. N\

The factors contributing to the success of an X-ray
Department are equipment, technical procedure and the
interpretation of the radiograph. This book does not
enter into any but brief discussion on electrical equip-
ment and then only concerning the more specialized
X-ray apparatus, with reference also to the various
accessories most commonly used. A systematic method
in technical procedure is defined. Radiographers are not
concerned with the interpretation of radiographs, and
are not expected to express an opinion upon, still less to
assume responsibility for, medical diagnosis; that phase,
therefore, is not within the scope of this book. Radio-
graphers must, however, have a sound knowledge of
basic anatomy and an appreciation of the tissues por-

trayed in a particular radiographic projection, referred.

to variably as radiographic appearances or radiographic
. anatomy. A knowledge of physiology is also important
for an appreciation of the function of the alimentary
tract and the differential excretion of the various organic
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iodine compounds used to show certain organs and
tracts.

Although it is not within the province of radiographers
to study pathology in any detail, nevertheless in order to
work intelligently it is essential to know what is entailed
for a specific pathological condition as named on a

request form for radiographic examination, and thus to

be able to translate what may often be very brief instruc-
tions into radiographs of the necessary quality, with
correct location and positioning. This knowledge, of par-
ticular importance in the investigation of progressive
bone abnormalities, also ensures that examination is
limited to what is essential. For example, in a case of
rickets where all long bones are requested, single antero-
posterior projections from shoulder to wrist, and from
hip to ankle, may be found to give all the information
required, and what might have appeared to be a some-
what extensive examination may be carried out with
economy of time and material and a minimum of
exposure to the patient. Over a limited range, suitable
illustrations of abnormal conditions are included with
appropriate references in the text to modifications in
positioning and/or exposure technique.

It need hardly be mentioned that the care and comfort
of the patient should be considered at all times. General
comfortable relaxation in the desired position for the
examination, encourages local relaxation and tends to
promote a natural immobilization. Adequate warmth in
the X-ray Department should never be wanting, and an
apprehensive patient may very often be reassured by a
brief explanation, and particularly on being asked to
co-operate in the examination.

Care in the identification of radiographs to the indi-
vidual concerned cannot be overstressed—by name,
X-ray and/or hospital serial number and date; the use of
body markers for right and left sides is imperative for
every exposure and also, as applicable, the posture of the
patient and the time intervals at which films are exposed.

ANATOMY REFERENCES

Terminologies change from time to time and although
the terminology in vogue during an individual’s initial
training period tends t@, be retained, it is necessary to
know the most common alternative terms employed; for
instance, as concerned with the carpal and tarsal bones,
where alternatives for this eighth edition are included on
pages 14 and 76. Originally, anatomical references fol-
lowed the Basle Nomina Anatomica (BNA) 1895 and the
Birmingham Revision of the BNA (BR) 1933 termin-
ologies, and particularly the latter from the fifth edition
onwards. For the eighth edition only minor changes have



been necessary to conform to the Nomina Anatomica,
Paris (NAP) 1955 terminology included in the Centenary
Edition of Gray’s Anatomy published in 1958.

A more recent development is the jointly anatomical
and radiological terminology recommended by the
World Federation of Neurology Problem Commission of
Neuroradiology, Milan 1961. This provides a common
terminology for the planes, lines and landmarks (Section
17, page 404), with positioning, for the radiological
examination of the skull and admits of the use of the two
controversial base lines, orbito-meatal (OMBL) and
anthropological (ABL). It also avoids the use of
eponyms (proper names) using instead anatomical
terms with only one exception. It is anticipated that this
may lead eventually to the replacement of eponyms
generally. Such was the policy adopted from the inception
of Positioning ir Radiography (first edition 1939), with a
few exceptions in which the prevailing opinion demanded
that certain proper names be used, but few such refer-
ences remain.

Although there has been some reticence in accepting
any approach to anatomy based on X-ray appearances,
there is now a definite interest in the study of living
anatomy as recorded radiologically, combined with the
study of basic anatomy. In the practice of radiography it
is essential to appreciate the living anatomical structures
as seen in a particular X-ray 'projection, also the differ-
ences arising from change of position such as prone,
supine to decubitus, and the various positions from hori-
zontal to erect, etc. It is obvious that eventually radio-
logical, or radiographic anatomy will find its proper
place in the teaching of anatomy generally.

For the purpose of this book the term RADIO-
GRAPHIC APPEARANCES has been used and such
references are accompanied by annotated radiographs of
the principal joints and of certain specific regions.

APPARATUS AND TECHNIQUE EMPLOYED

A considerable number of radiographs have been ex-
posed in the Ilford Department of Radiography and
Medical Photography. Others have been obtained from

various sources and due acknowledgment is made in the"

previous pages. These radiographic illustrations have been
reproduced from negative prints in order that their appear-
ance, except of course in respect of size, may approach as
nearly as possible to that of the actual radiographs.
Every factor concerned with exposure technique is a
variable due to the wide range of equipment and photo-
graphic conditions prevailing, ranging from the electrical
mains supply to the final viewing of radiographs and/or
cine recordings. Thus it is impossible to compile exposure

factors which can be applicable to every unit. This is
quite apart from the widely variable factor of the patient
and of diagnostic requirements.

The exposure factors provided from page to page are
based chiefly on the use of a typical four-valve unit with
full wave rectification, using a dual-focus tube 0-3 and/or
1- and/or 2-millimetre foci with the conventional 2-milli-
metre aluminium filter at the tube aperture, and a standard
10:1 to 16:1 moving or stationary grid. For a three-phase
constant potential type unit the exposure factors can be
reduced by 20 per cent. Reference is also made to the use
of mobile, portable and dental units (usually self-
rectified), each unit having been carefully tested for out-
put to ensure the reliability of the exposure factors as
applied to subjects of average size and type. For each
position shown, complete exposure data are given,
namely, kilovolts (peak), milliampere-seconds, focus-film
distance (FFD), intensifying screens (when used), film,
and type of grid (when used). It is assumed that all films
will be developed under recognized standard conditions
for manual or automatic processing.

Since the relative exposure factors given in each section
are correct for a subject of average physique, they may
be generally adjusted to the individual patient in any
similar investigation. Where alternative conditions are
given, they are such as will result in a radiograph -of
suitable quality. On applying the exposure tables initially,
from unit to unit, when it is found that a certain percent-
age increase or decrease in density is required, this same
percentage can be applied for the necessary change in
exposure to each table throughout the book to provide
satisfactory results.

The focus-film distance has been varied according to
position of subject and to unit employed—for grid
exposures it ranges from 30 to 48 inches; for the rarely
used short-distance technique it has been reduced to
15 inches, and for teleradiography it has been increased
to 60 or 72 inches. On occasion, an arranged relative air
gap between subject and film has tended to increase the
focus to film distance. Non-screen technique has been
applied wherever possible, use being made of Ilfex films,
these being specially prepared for use without intensifying
screens. Selected non-medical Industrial films are also
included for specific purposes (Supplement 2).

A Potter-Bucky diaphragm having a 10:1 grid ratio has
been used for kilovoltages up to 100 and a 16:1 grid ratio
reciprocating grid, including the cross-hatch grid for
biplane radiography for kilovoltages up to 150. Combined
moving and stationary grids in cross-hatch arrangement
are also included. The stationary grid has been intro-
duced wherever suitable. In using this equipment it is
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understocod that, as compared with the duration of
exposure applicable under similar conditions without the

grid, three to four times the exposure is required when-

using the stationary grid, depending on type, and also
usually a factor of four for the standard Potter-Bucky
diaphragm. The high-speed Bucky grid is essential for
short exposure work, also the fine-lined stationary grid
(100 lines per inch), in which the grid lines are barely
visible. Mention is made of the use of a thin sheet of lead
(0-0015 inch) to further eliminate the scatter effect.

There are references to the use of the image intensifier
with television attachment, appropriately for visual
screening and for photofluorography. This equipment,
now an integral part of the X-ray installation, is con-
venient for both direct viewing and for near and distant
television monitoring, providing a significant economy
in radiation exposure to both patient and personnel.

Collimating cones or rectangular diaphragms have been
used throughout in the preparation of the illustrations,
although they are not shown when the inclusion of tube
and subject at the correct focus-film distance would have
resulted in an unduly small image of the subject. It is
essential to restrict radiation to the smallest possible area
of the region under examination and to protect the
genital organs by employing protective lead shields of
suitable size and shape. In the screening stand, the flat
variable diaphragm replaces the localizing cone or
adjustable light-beam diaphragm, and it should be used
at the smallest suitable aperture for both screen examina-
tion and radiographic exposure. The conventional 2-
millimetre aluminium filter at the tube aperture reduces
radiation exposure to the patient very considerably.
Every possible care must be taken to minimize radiation
hazards to both patient and operator. Radiation exposure
to the patient is discussed in Supplement 3, pages 751
to 760.

White lines have been drawn on the photographs to
indicate the direction of the central or normal ray,
peripheral rays also being sometimes shown, and in many
instances a black spot on subject and radiograph indi-
cates the tube centring point.

In Supplement 2, Note on the Exposure Tables, pages
745 to 749, the materials employed and the variable
conditions affecting the exposure tables are discussed and
whatever the unit concerned these related factors will
remain unchanged until such time as modifications in
sensitized materials, intensifying screens and processing
chemicals are made. '

From a summary of the many variables involved,

the conditions applying to a particular unit or from one

unit to another in a department and from one department
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to another, will show the complexity of providing
generalized exposure factors. It is usual, therefore, to
produce an appropriate exposure technique chart for
each unit in order to cater for changing personnel as may
be involved in a rota system of duties. The use of automa-
tion for radiographic exposure applies-only to a particu-
lar selected region and not universally to all regions on
the one unit.

In a general way, the requirements for the individual
patient may also be included in a specified unit exposure
chart, such as a complete scale of age or size variation
with the possible condition of patient—muscular, non-
muscular, etc.

In referring to kilovoltage there are perhaps three
phases of application—(1) the osseous system, (2) the soft’
tissues and (3) on using contrast media.

(1) There is a limit to the kilovoltage that can be used to
advantage for the osseous system, excepting the question
of thickness and density when the penetration may need
to be extended, otherwise up to 80 to 100 kilovolts is
regarded as the limit for recording bone detail satis-
factorily.

(2) For the soft structures generally, having a wide
range of regional density, using a grid, high kilo-
voltage is usually preferred, possibly up to 100 to 140
kilovolts when excessive contrast is reduced to a minimum
to produce an all-over satisfactory diagnostic radiograph.
For regions of low intimate contrast such as the mam-
mary glands, where the maximum tissue differentiation is
important, the kilovoltage may be reduced to from 25 to 40.

(3) The high degree of contrast in a radiograph from
the presence of an opaque medium may at its maximum
effect allow the highest kilovoltage in the diagnostic '
range to be employed.

QUALITIES DESIRABLE IN A RADIOGRAPH
Density and contrast, perhaps the first qualities to be
noticed on viewing the radiograph, should always be
adequate. The flat negative, lacking depth, may fulfil its.
purpose in certain circumstances but it may not show all
that should be seen. On the other hand, excessive con-
trast, particularly undue regional contrast, is to be avoid-
ed and the aim should be to adjust exposure factors in
such a way that undue variation in regional densities is
eliminated, so that the radiograph shows an acceptable
degree of contrast over the whole field.

Definition, essential in every radiograph, is perhaps the
one quality which may be said to be affected by each
component and factor in its production. Of first import-
ance, however, is the size of the tube focus; the smaller
the focus area the finer the detail obtained, with, of



course, the proper control of immobilization of the
patient.

While with the broader focus tube there is a certain
degree of enlargement with accompanying loss of defini-
tion, these effects may be reduced .by avoiding a short
focus-film distance whenever possible and by minimizing
the relative subject-film distance. Actual distortion, on
the other hand, may be prevented by correct alignment
of film, subject and anode.

Enlargement technique is made possible up to x2 or
more by the use of a 0-3-millimetre, or even smaller tube
focus to give satisfactory definition with the selected
subject region possibly midway between tube focus and
film. The extended use of this tube with its limited
current X exposure time for both screening and radio-
graphy is made possible by the use of the image in-
tensifier.

All'these qualities are affected by practically every factor
in the production of the radiograph—high-tension
generator and its control, tube focus, collimation of
X-ray beam, focus-film distance, exposure in terms of
kilovoltage, milliamperage and time, subject immobiliza-
tion, grid, intensifying screens, type of film, developer
and development; each plays its part, and the careful
worker will, therefore, be acquainted with the character-
istics of his apparatus, balancing values one with another
as the circumstances of each examination demand.

-Adequate and uniform illumination for viewing radio-
graphs is essential and a spotlight is an important part of
viewing room equipment. At this stage records and
radiographs of previous related X-ray. examinations
should be available.

SOME TECHNICAL ADDITIONS

In each section careful note has been made of current
requirements and developments. The wider use of
tomography and macroradiography is important, also
developments in the use of angiography and the applica-

tion of subtraction to emphasize radiographic recording.
The techniques for autotomography, panagraphy,
rotography, stereotaxis, and other new or expanded
techniques are also included.

With regard to radiation hazards, for particular pur-
poses investigation by ultrasound, although not an
X-ray procedure, is nevertheless in the care of the radio-
logical department for operation and maintenance and
thus this inclusion is deemed to be justified.

Gamma ray scanning in neurology is also included as
again this procedure for specified regional investigations
tends to be in the care of the specialized diagnostic
department.

Particular thought has been given to the techniques to
be included in the Female Reproductive System, Section
27. Firm advice on the limited use of certain projections
is given and particularly for pelvimetry, nevertheless
these positions are included to allow for any special
requirements. For the student, pelvimetry provides an
exercise in three-dimensional technique when practised
on the dry pelvis.

This applies also to the Localization of Foreign Bodies,
Section 35, where actual localization of depth is another
exercise in three-dimensional technique which, as applied
to a suitable phantom, including localization within a
sphere (the eye) again provides an informative exercise
for the student. Although these techniques for actual
localization may be considered as superfluous, neverthe-
less, they are retained for reference purposes.

Contrast Media, Supplement 1, pages 737 to 744, has
been completely revised, but with continuous changes
made by the manufacturers in the various preparations
of opaque media, it is extremely difficult to maintain an
up-to-date record and constant reference to current
literature is recommended.

Radiation Protection, Supplement 3, pages 751 to 760,
has been rewritten to provide an up-to-date summary of
this all-important subject.
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