Technische
Orthopadie

Herausgegeben von
Dr. F. BLOHMKE, Bonn

- Zeichnungen von G. Fajal, Nancy

Von Prof. Br. G.-G. KUHN, N -
Geleitwort von Dr. F. Blohmke, Bonn

1968. X1, 183 Seiten, 150 Abblldungen
in 272 Einzeldarsiellungen

Format 17X 24 cm, Balacron gebunden
DM 44,— (Best.-Nr. 2260)

Aus einer Besprechung

R, |

Znelsefzungader Schriftenreihe ist es; die
rasche Enﬁmddung der technischen Or-
thopadie in akiueller Form dem Inter-
essierten zugdngig zu machen.
Durch diese Reihe wird eine Licke im
deutschsprachigen Orthopéadieschrift-
tum geschlossen. Die Monographien
sind allen orthopédisch tatigen Arzten,
insbesondere den Bibliotheken ortho-

padischer Kliniken und orthopédischer -

Werkstétten, warmstens zu empfehlen.
Jager, Arch. orthop. Unfall-Chir.

* Format 17X 24 cm, Balacron DM 39—

Ortholen

Ein Baustoff fir orthopédische
Hilfsmittel

Von Ing. J. PRAHL, Stuttgart:
Geleitwort von L. Roeser, Essen
1970. VIII, 110 Seiten, 200 Abbildungen

(Best.-Nr. 2261)

Georg Thieme
Verlag
Stuttgart

In Vofbereif(mg

Ampuiationen
der unterep'Extremiti
Von Dr. R. DEDERICH, Bonn ‘
1970. Etwa 220 Seiten, etwa 152 A

dungen, Formét 17 24 c¢m, karton
etwa DM 70,— (Besf -Nr 2262)

= \y

e
i

Die Armschulung ‘@

Von G.TREBES, U.WOLFF,H.ROTTGEN [ *
und I. GROTH, Minster/W. | |+

. Order-No. 4589




Operative Treatment
of Bone Tumors

3rd International Symposium
January 24th-26th, 1969 in Basle, Switzerland

Edited by

George Chapchal

128 Illustrations and 30 Tables

1970
Georg Thieme Verlag - Stuttgart |



Editor

Prof. George Chapchal, M. D.
Orthopedic Department of the University
of Basle, Switzerland

Some of the product names, patents and registered designs referred to are. in fact. registered trademarks or proprietary
names even though specific relerence to this fact is not always made in the text. Therefore, the appearance of a name
without designation as proprietary is not to be construed as @ representation by the publisher that it is in the public domain.

All rights, including the rights of publication. distribution and sales. as well as the right to translation. are reserved.
No part of this work covered by the copyrights hercon may be reproduced or copied in any form or by any means —
graphic, electronic or mechanical including photocopying. recording, taping. or information and retrieval systems — without
written permission of the publisher.

© Georg Thieme Verlag, Stuttgart
2-1970 Printed in Germany by Druckerei Ernst Gihner KG, Stuttgart

Order No. 4589



IT1

Contributing Authors

Adler. C. P., Dr.. Pathologisches Institut der Universitit Freiburg. Albertstrafle 19, D 78 Frei-
burg i. Br., Deutschland

Allgiwer. M., Prof. Dr., Chirurgische Universititsklinik. Biirgerspital. CH 4000 Basel.
Schweiz

Bawmann. F.. Doz. Dr.. Chefarzt der Orthop. Abteilung des Krankenhauses der Barmh. Brii-
der, D 8858 Neuburg/Donau. Deutschland

Becker, T., Dr.. Orthopédische Klinik und Poliklinik der Universitit Heidelberg. Schlier-
bacher Landstrafle 200a, D 69 Heidelberg 1. Deutschland

Beldn, A.. Doz. Dr., Institut fiir Klinische und Experimentelle Chirurgie. Praha. CSSR

Bésch. J.. Prim. Dr.. Orthopidisches Spital, Speisingerstralie 109, A 1134 Wien, Osterreich

Boytchev. B.. Prof. Dr., Directeur de la Clinique Universitaire d'Orthopédie et de Trauma-
tologie, Rakovski 157-A, Sofia. Bulgarien

Brenner, H. 'T., Dr.. Tel Hashomer Hospital. Rehabilitation Center, Tel-Aviv, Israel

Buff, H. U., Prof. Dr.. Chirurgische Universititsklinik B, Gloriastrafie 29, CH 8006 Ziirich.
Schweiz

Burch, H. B., Dr., Méd.-chef de la division d’Orthopédie et de Traumatologie. Hopital canto-
nal, CH 1700 Fribourg, Schweiz

Casuccio, C., Prof. Dr., Clinica Ortopedica Universita, Padova, Italien

Cech, O., Dr., Orthopidische Univ.-Klinik, Na Bojisti 1. Praha 2, CSSR

Cervenansky, J., Prof. Dr., Ortopedicka klinika. Hlboka 11, Bratislava, CSSR

Chapchal, G.. Prof. Dr., Orthopédische Universititsklinik. Felix-Platter-Spital. CH 4000 Basel.
Schweiz

Ehricht. H. G.. Dr., Orthopad. Klinik der Humboldt-Universitit, Scharnhorststrafie 3, D-X |
Berlin N 4, DDR

Engfeldt, B., Prof. Dr.. Department of Pathology. University of Uppsala, Uppsala, Schweden

Encke, A., Dr., Chirurgische Universititsklinik, D 69 Heidelberg, Deutschland

Fries. G., PD Dr., Chefarzt der Orthopddischen Klinik der Stadt. Krankenanstalten. D 6600
Saarbriicken. Deutschland

Gadal, ].. Dr., Orthopidische Universititsklinik. Debrecen, Ungarn

Gutierrez, G. F., Dr., Division d’Orthopédie et de Traumatologie. Hopital cantonal. CH 1700
Fribourg, Schweiz

Hess, H., Dr., Orthopidische Universitéitsklinik, D 665 Homburg/Saar, Deutschland

Hipp, E. G., Prof. Dr., Orthopadische Universititsklinik, D 46 Dortmund, Deutschland

Johnson, O., Dr., Ortopediska kliniken, Sahlgrenska sjukhuset, Géiteborg, Schweden

Kantor, E., Dr., Orthopédisches Spital, Speisingerstrafie 109, A 1134 Wien. Osterreich

Kliimper, A., Doz. Dr., Klinisches Strahleninstitut der Universitit Freiburg i. Br., Hugstetter
Strafle 55. D 78 Freiburg i. Br., Deutschland .



v

Knoch, H. G., Doz. Dr. s.c. med., Chirurgische Klinik der Med. Akademie, Fetscherstrafie 74,
D-X 8019 Dresden, DDR

Kéhler. C., Dr., Chirurgische Universititsklinik, D 69 Heidelberg, Deutschland

Koskinen, E. U. S.. Prof. Dr., 12 A Temppelikatu, Helsinki, Finnland

Kossey, P., Dr., Ortopedicka klinika, Hlboka 11, Bratislava, CSSR

Kuzmina. L. B.. Dr.. Priorowa 10, C.1.T.O., Moskva A-299, UdSSR

Kyselka, R.. Prof. Dr., Orthopid. Klinik der Med. Akademie, Regierungsstrafie 42a, D-X 50
Erfurt, DDR

Lubegina, Z. G., Prof. Dr., Institut fiir Traumatologie und Orthopédie, Bankowskiy p. 7.
Sverdlovsk, UdSSR

Lubin, E., Dr., Tel Hashomer Hospital, Rehabilitation Center, Tel-Aviv, Israel

Mahson, N. E., Dr., Priorowa 10, C.1.T.O., Moskva A-299, UdSSR

Makai, F., Dr., Wissenschaftlicher Assistent, Orthopéddische Universitatsklinik, Hlboka 11,
Bratislava, CSSR

Mandié, U., Doz. Dr., Socijalist. Revolucije 96, Zagreb, Jugoslawien

Matéjovsky, Z., Dr., 1. Orthopidische Klinik, Na Boji$ti 1. Praha 2, CSSR

Méary, R., Prof. Dr., 158 bis, Avenue du Suffren, Paris 15¢me, Frankreich

Melanotte, P. L., Dr., Clinica Ortopedica Universita, Padova, Italien

Merle d’ Aubigné, R., Prof. Dr., Hépital Cochin, Rue duFaubourg St Jacques, 27, Paris 14¢me,
Frankreich

Mittelmeier, H., Prof. Dr., Direktor der Orthopddischen Univ.-Klinik, D 665 Homburg/Saar,
Deutschland

Nadjafi, A., Dr., Chirurgische Universititsklinik, Biirgerspital, CH 4000 Basel, Schweiz

Narakas, A., Dr., Chirurgische Universitits-Poliklinik, Av. Gare 9, CH 1003 Lausanne,
Schweiz

Oka, M., Dr., Orthopadische Universitatsklinik, D 5 Kéln-Lindenthal, Deutschland

Oldhoff, ].. Dr., Stationsweg 28, Haren-Groningen, Holland

Ott, G., Dr., Chirurgische Universitétsklinik, Kirschnerstrafle, D 69 Heidelberg, Deutschland

Pap, K., Prof. Dr., Orthopédische Universitatsklinik, Debrecen, Ungarn

Pape, K., MR Doz. Dr., Klinik fir Stomatologie, Bezirkskrankenhaus Cottbus, D-X 75 Cott-
bus, DDR

Peic¢, S., Dr., Oberarzt der Orthopidd. Univ.-Klinik, Josef-Stelzmann-Strafie 9, D 5 Koln-
Lindenthal, Deutschland

Riskd, T, Dr., Wiss. Abteilungsleiter, Orthop.-Chir. Abteilung, “Koranyi® Landesinstitut fiir
Tuberkulose, Budapest XII, Ungarn

Rocehl, F., Dr., Chirurgische Universititsklinik, D 69 Heidelberg, Deutschland

Roukkula, M., Orthopéddische Universititsklinik, Helsinki, Finnland

Ryippi, S., Orthopiadische Universitatsklinik, Helsinki, Finnland

Schreiber, A., Priv. Doz. Dr., Oberarzt an der Orthopidischen Univ.-Klinik Balgrist, Forch-
strafle 340, CH 8008 Ziirich, Schweiz

Sipus. N.. Dr., Opéa bolnica “Dr. M. Stojanovi¢*, Patologija, Vinogradska 29, Zagreb, Jugo-
slawien

Spira, E., Prof. Dr., Tsahala, 27, Joab Street, Tel-Aviv, Israel

Stener, B., Prof. Dr., Ortopediska kliniken, Sahlgrenska sjukhuset, Goteborg, Schweden

Stryhal, F., Doz. Dr., Orthopidische Univ.-Klinik, Na Bojisti 1, Praha 2, GSSR

Thomine, . M., Dr., Hopital Cochin, Rue du FFaubourg St. Jacques, 27, Paris 14éme, Frank-
reich



V

Tomory, I.. Dr., “Fodor Jozsef”. Staatl. Institut, Posta 123, Budapest, Ungarn

Uankka, E., Dr. Orthopadische Universititsklinik. Helsinki, Finnland

Uerdan, C., Prof. Dr., Chirurgische Universitits-Poliklinik. Av. Gare 9, CH 1003 Lausanne.
Schweiz

Qolkov, M., Prof. Dr., Priorowa 10. C.1.T.0O.. Moskva A-299, UdSSR

Weber. B. G., PD Dr. med.. Orthopidisch-traumatologische Abteilung, Kantonsspital.
CH 9000 St. Gallen, Schweiz

Weller, S.. Prof. Dr., Berufsgenossenschaftliche Unfallklinik Tibingen. Rosenauer Weg 95.
D 7400 Tubingen, Deutschland

Willenegger, H.. Prof. Dr., Chefarzt der chirurgischen Abteilung, Kantonsspital, CH 4410
Liestal, Schweiz

Willert, H. G., Dr., Chirurgische Universitétsklinik, D 69 Heidelberg. Deutschland

Zatsepin, S. T., Prof. Dr., Priorowa 10, C.L.T.0., Moskva A-299, UdSSR

Zimmermann, H., Dr., Oberarzt der Orthopddisch-traumatologischen Abteilung, Kantons-
spital, CH 9000 St. Gallen, Schweiz



VI

Preface

The Third International Symposium is a
continuation of our biennial meetings at the
Orthopedic Department of the University of
Basle. The aim is to discuss a well-defined
and timely subject. Since 1965. our symposia
have become an international tradition as
can be seen from the active participation of
colleagues from many countries. It is true
that there are a few who always meet here.
but one cannot deny a feeling of satisfaction
and above all of sincere pleasure that this
Symposium has grown from modest begin-
nings to its present size. At this meeting.
140 colleagues from 20 countries took an
active part. We are proud, not because of
the success of our own organization. but
because a group of scientists from various
countries have gotten together to pool their
knowledge in a well-defined field. The fact
that each participant can offer something to
his fellows makes the journey to Basel
worthwhile. In spite of our present means
of communication, research and often its re-
sults are restricted to a narrow circle and
consequently are not sufficiently known.
This is particularly true of problems which
are still under investigation. We are thank-
ful that we could meet here to discuss a
problem which is still unsolved. Perhaps.
with the results of our discussions, we may
help to alleviate the sufferings of others.

Basle. 1970

The progress, whatever its outcome, is worth
the endeavors of both participants and or-
ganizers. There is a basis for good results.
The international character, esteem for the
efforts of others and a careful comparison
of one’s own interpretation with that of
others are the foundations of progress. Our
Symposium has been held in an atmosphere
of sincerity and mutual friendship. Let us
hope that we have also achieved our goal this
year. This wish applies not only to the ac-
ademic problem but also to the improvement
of social relations among colleagues and re-
search workers. In this way, an exchange of
opinions is possible and often more fruitful
than an official discussion where prestige is
often at stake.

We would like to thank the Georg Thieme
Verlag for publishing this volume. Parti-
cular acknowledgement is due to the Govern-
ment of the Canton of Baselstadt which, by
presenting an enjoyable opening ceremony.
aided personal contact such that the discus-
sions took place inavery friendly atmosphere.
The Firm Sandoz AG deserves our thanks
for its generous support of our Symposium.
We hope that this booklet with its sum-
maries of papers and discussions will con-
tribute to the aim of our meeting and that it
will enjoy a corresponding circle of readers.

George Chapchal
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I. Pathology, Diagnosis, Indication in Bone Tumors

Pathology of Bone Tumors

B. Engfeldt. Stockholm, Sweden

Primary bone tumors comprise a complex
group and vary widely from one another in
clinical presentation, biology and histology.
Malignant and primary bone tumors are re-
latively uncommon. In the Swedish cancer
registry they account for about 0.3—0.5 per
cent of all cancers. It should be pointed out,
however, that in this registry, tumors of the
hematopoetic are included.
When these cancers are included the in-
cidence is about 2—3 per cent. However,
bone is one of the tissues from which sar-
comas most frequently arise. When looking
at the age incidence it is also of interest to
point out that in the case of primary malig-
nant bone tumors there is a peak of high
incidence of malignant tumors between 15
and 25 years of age while other types of
cancers usually increase steadily with in-
creasing age.

system not

The etiology of bone tumors is unknown.
Malignant bone tumors can be produced
experimentally in various ways, for instance
by ionizing radiation, by carcinogenic hydro-
carbons and by beryllium and other metals.
There is no evidence, however, that environ-
mental factors are of importance in the pro-
duction of spontaneous bone tumors in man.

There are certain conditions in bone which
are known to be sometimes complicated with
malignant changes, e. g., Paget’s disease of
bone which is supposed to be a precancerous
condition, and certain benign cartilaginous
lesions may also sometimes convert into
malignant stages.

In Table 1 the incidences of some of the
more common malignant primary bone tu-

I Chapchal. Operative Treatment

mors are tabulated. They cover a five-year
period taken from the Swedish Cancer Re-
gistry. In this series osteosarcoma is the most
common tumor and some idea of the relative
frequencies can be obtained from the figures.

Table 1 Number of cancer cases of bone system
by histological type and sex.

Total Males  Females
Osteosarcoma 121 61 60
Chondrosarcoma 91 53 38
Giant cell sarcoma 9 4 5
Ewing sarcoma 37 26 11
Fibrosarcoma 23 12 11
Angiosarcoma 2 — 2
Myxosarcoma 3 1 2
Adamantinoma.
Teratoma 18 9 9
Sarcoma, unspec.
and other 78 42 34

382 208 172

Table 2 shows the sites of osteogenic sar-
this same material and it is
evident that more than 50 per cent of these
tumors arise in the lower limbs.

coma from

The classification of bone tumors has been
widely discussed in recent years. Some of
the entities have been recognized only re-
cently, mainly by the work of such author-
ities as Jaffe and Lichtenstein.

The majority of bone tumors appear to
arise from skeletal connective tissue and the
tumors may comprise one or several of the
more or less specifically differentiated com-
ponents of connective tissue cells of bone.
The tumors may show differentiation of
bone. of cartilage. or of fibrous tissue. They
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are histologically identified by the type of
tissue dominating and the degree of dif-
ferentiation. There are. however, also pri-
mary tumors of bone which take their origin
from non-osseous components present in the
skeleton. including the hematopoetic and
lymphoreticular elements.

Table 2 Number of cases of osteosarcoma by
location and sex.

Total Males  Females
Skull. face 6 3 3
Ribs, sternum
and clavicle 5 2 3
Vertebral column 5 2 3
Upper limbs 17 6 11
Pelvic bones,
sacrum and coccyx 9 6 {
Lower limbs 72 39 33
Multiple sites
and site unspec. 7 3 4

121 61 60

The histological grouping of tumors of bone
is justified by the existing correlation be-
tween the histological structure and the bio-
logical properties of the tumors. The World
Health Organization has a group of patho-
logists who are working on classification of
bone tumors and a tentative scheme of this
classification which Dr. Schajowicz has
kindly made available to me is shown in
Table 3.

Primary bone tumors may show a very com-
plex pattern which could be well demon-
strated n, for instance, cases of osteogenic
sarcoma where you can find traces of more
or less well differentiated skeletal components
dominating in the different areas. You may
find areas with chondroblastic differentia-
tion, or areas where the production of more
or less immature bone tissue is dominating.
and you may have areas where the fibrous
component dominates with the appearance
of multinuclear tumor giant-cells (cf. Fig. 1a.
b, ¢). There are good reasons for comment-
ing briefly, in this connection. on giant cell

tumor of bone, which also could vary con-
siderably in terms of morphological features.

This tumor has a rather characteristic clin-
ical appearance and x-ray findings. Some-
times, however, there are difficulties in in-
terpreting the histology with respect to bio-
logical behavior. A few of these tumors

Table 3 Primary bone tumors.
Malignant Benign
Bone Osteosarcoma Osteoma
forming Osteoma
tumors Juxtacortical osteoid
osteosarcoma Benign
osteo-
blastoma
Cartilage Chondro- Chondroma
forming sarcoma Osteo-
tumors chondroma
Chondro-
blastoma
Chondro-
myxoid

Fibroma

Giant — cell tumor
(osteoclastoma)

Ewing’s sarcoma

Primary

reticulum-cell

sarcoma of bone

Primary

lymphosarcoma

ol bone

Myecloma multiple. solitary

Marrow
tumors

Vascular Hemangio- Hemangioma
and endothelioma Lymph-
connective Hemangio- angioma
tissue tumors  sarcoma Gloman-
Hemangio- gioma
pericytoma
Fibrosarcoma Desmoplastic
Liposarcoma fibroma
Malignant Lipoma
mesenchymoma
Undifferentiated
(pleomorphic)
sarcoma.

Chordoma
so-called *Adamantinoma*
of long bones

Dysembry-

onal tumors
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Pathology of Bone Tumors

Fig. 1 a) Histologic section from a case of oste-  showing osteogenic and chondroblastic differen-
ogenic sarcoma of the femur. H. and E. 150 x.  tiation. 300 x. ¢) A [ibrosarcomatous arca of the
b) Detail ol the same tumor as shown in Fig. la.  same tumor. 300 x.
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Fig. 2 Histologic section froma giant cell tumor
of the tibia showing a cellular fibrous tissue
with an abundance of multinuclear cells. H. and
E. 300 x.

are clearly malignant. Most of them have a
tendency to recur after curettage and when
recurring they gradually become more de-
structive and may finally metastasize, most
commonly to the lungs. An example of a
tumor with a more uniform morphological
picture is given by the Ewing sarcoma which
is supposed to arise from primitive mesen-
chymal cells (Fig. 3).

After this brief introduction to the patho-
logy of bone tumors I would also like to say
a few words on the diagnosis of these tumors
from the standpoint of the pathologist.

Fig. 3
coma of the scapulae. Note fields of tumor cells
with nuclei of fairly uniform appearance. H. and E.
300 x.

Histologic section from a Ewing’s sar-

Biopsy before definite therapy is decided
upon is considered an essential component
of diagnostic clarification for lesions sus-
pected of being bone tumors. Biopsy should
be done in most cases and is certainly in-
dicated in all cases where amputation or
other radical surgery is planned. It should
also be done. if possible, whenever radiation
is to be the therapeutic procedure. It should
be pointed out in this connection that it is
essential for the pathologist to know that
the tissue to be studied is representative and
the selection of suitable areas for biopsy
should be made with the cooperation of the
surgeon. the radiologist and the pathologist.

Once a decision has been made to perform
a biopsy, the question is how the material
should be obtained. There are two major
possibilies for obtaining material. There is
the so-called closed biopsy — aspiration
biopsy or needle biopsy — which has the ad-
vantage of constituting a limited intervention
when compared with open or surgical biopsy.
Opinion on the usefulness of these various
methods differ among experienced patho-
logists. Lichtenstein, for example, is against
needle biopsy while Schajowicz strongly
favors this procedure. There is no doubt that
needle biopsy has advantages in cases where
it is possible to obtain material from sites
such as a vertebra which would be very
difficult to reach by open biopsy.

Needle biopsies also provide good diag-
nostic results in non-ossifying lesions of the
marrow cavity such as reticular cell sarcoma
or myeloma. In such cases the combination of
the smear and histological embedding tech-
niques applied on small aspirated tissue
fragments usually leads to a correct diagno-
sis.

It seems. however, as if most of the ortho-
pedic surgeons would prefer surgical biopsy.
which could then be interpreted on frozen
sections in cases where the tumor tissue con-
sists only of soft tissue. If decalcification of
the material has to be performed, paraffin
embedded sections have to be studied. In
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most cases, however, areas can be selected
for biopsy which do not contain mineralized
tissue, and in this way a rapid histologic
diagnosis by frozen sections can be achieved.
According to Dahlin. in at least 90 per cent
of bone tumors there are soft areas that
could be sectioned and examined for im-
mediate diagnosis. When dealing with tu-
mors composed of cartilage. however, paraf-
fin section is, in general. to be recommended
because this procedure provides a better
basis than frozen sections for evaluating im-
portant cellular details with respect to be-
nignancy or malignancy.

Finally, it should be re-emphasized that an
accurate diagnosis of a bone tumor will be
best achieved by close cooperation between
the clinician, the radiologist and the patho-
logist.
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Discussion

In the lecture the author mentioned that giant-
cell tumors often relapse, may become malignant
and even metastasize.

But, in the Table 1, the 3d line, we have seen
only “giant-cell sarcomas®. 1 would like to ask
how many of these sarcomas were primarly
malignant and how many became malignant
secondarily and after what period of time?

Dr. Peter Kossey
Bratislava, Czechoslovakia.

The Significance of Angiography in the Operative Indication

for the Treatment of Bone Tumors

E. Hipp. Dortmund, FRG

The treatment of bone tumors in general
and the operative treatment in particular
have undergone a change due to more re-
cent findings and improvement in operative
technique. In contrast to previous times. the
question of diagnosis, particularly in rela-
tion to treatment by resection, has become
a question of extreme importance.

Before one decides on a biopsy. all diag-
nostic measures which could reveal informa-
tion concerning localization, extent and type
of growth must be exhausted. In this con-
nection. exact clinical evaluation including
anamnesis as well as a thorough radiological
examination should be emphasized includ-

ing the use of radio-active isotopes, especial-
ly Srs5,

As in the diagnosis of tumors in general
(neorosurgery, surgery, urology) tumor an-
giography is well established in many Or-
thopedic Departments. The results of Ribbert
(1903), which showed that the formation of
new vessels in tumors isatypical, are regarded
as the basis of angiography (Fig. 1a, b.).

From a technical standpoint, the flow of the
contrast fluid must be registered serially.
i. e. the arterial, capillary and venous pha-
ses must be recorded.

The evaluation of angiograms of bone is
often complicated by a disturbing overlap
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between bone and vessels. Consequently, the
significance of vascular formation is often
fraught with problems. In special cases, the
subtraction method should be used.

The demonstration of tumor vessels in x-
ray pictures allows decisive insight into the
position and extent of the tumor and the
type of growth, so that important indications
for the [inal diagnosis, therapeutic proce-
dure and prognosis are obtained. Changes
in the angiogram are due to the fact that the
normal vessels are displaced, markedly swol-
len or run atypically and that newly formed
vessels can be demonstrated. The type of
vascular formation of a tumor is an im-
portant indication of the type of growth.

In general, malignant tumors show an in-
crease in the blood flow in serial angio-
grams, partly through the vessels which are
normally placed but swollen, and partly

Fig. la

Typical vascular formation in an osteo-
sarcoma of the tibial metaphysis.
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Fig. 1b  Corrosion preparation of the tumor
vessels.

through the newly formed vessels. In ad-
dition, the main artery of a tumor is dis-
placed or tangled up by its branches.

The tumor vessels show varied forms. The
diameter is often constant over a consider-
able length so that they look like a tube. It
is often impossible to distinguish between
arteries and veins. The walls of the vessels
often show restricted dilatations which are
the so-called blood pools. The flow of the
contrast medium in the vessels of the tumor
is irregular; it is sometimes increased and
sometimes slowed up.

Even in the early arterial circulation phase,
dilated vessels leading away from the tumor
can be demonstrated. The contrast fluid often
remains in the tumor vessels, particularly in
the blood pools.

A variety of vascular types can be found in
malignant tumors.
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Pathological vessels in a lumor can be
distinguished by their number, course and
functional properties.

There are uniformly vascularized tumors,
but the vascularization can also vary from
one part of the tumor to another. One sees
areas containing fewer vessels and others
with extensive pathological vascularization.
In marked bone-forming para-ossal osteo-
sarcomas, the formation of tumor vessels
may be slight. In addition, the demonstra-
tion of tumor vascularization can present
technical difficulties. Therefore the subtrac-
tion method, mentioned above, must be
used in these cases without fail.

The arrangement of newly formed vessels
can be regularly spread over the entire tumor
(net, ball or fan forms) or be irregular.

Abnormal vascularization in granulation
tissue (corrosion). Confusion with vascularization
of tumor tissue.

Fig. 2

Fig. 3 Tumor vascularization in the area ol a
local recurrence of an osteosarcoma following

treatment by resection.

The following general rule applies to the
relation between vascularization and type of
growth:

Richly vascularized tumors generally in-
dicate marked malignancy.

Naturally, particular care must be taken in
cases of abnormal vascularization which are
found particularly in inflamatory processes
(T.B., osteomyelitis) and in various granula-
tion tissues, e. g. in metallosis. This type of
vascularization can, however, be distinguish-
ed from tumor vascularization on detailed
examination (Fig. 2).

What is the basic significance of angio-
graphy in the operative indication of bone
tumors?

The vascular picture, including a complete
record of all circulatory phases, often per-
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mits exact localization of a tumor (intra-
and extra-osseal) and of its borders, which
is of extreme importance for evaluation of
possible treatment by resection.

Preoperatively. decisive indications con-
cerning the properties of the growth can be
obtained if the position, type and extension of
the vascular formation is analyzed. Numer-
ous tumors show relatively similar vascular
formations (osteosarcoma, in the region of
the tibial tuberosity). Naturally, vasculariza-
tion of an osteoclastoma, which according to
Lichtenstein can be extensive even in the
Grade I stage, must be considered.

With regard to a biopsy, it is necessary to
distinguish areas of the tumor which differ

in vascularization.

The extent of vascularization is related to
the type of growth. This is important when
distinguishing between benign tumors and
say, tumor-like lesions.

Decisive results can be obtained from the
follow-up controls or when a recurrence is
suspected (Iig. 3).

Thus, as a diagnostic procedure, angio-
graphy is a decisive. specific radiological
technique which, together with other dia-
gnostic methods, can yield important details
in the recognition and further evaluation of
a tumor. However it must be performed to
technical perfection and the findings must
be correctly evaluated.

The Possibilities of Peripheral Arteriography and the
Significance of Intra-osseus Angiography in the Indication
for Operative Treatment of Bone Tumors

A. Kliimper and S. Weller, Freiburg, FRG

Angiography isanimportant diagnostic aid
in the differentiation between benign and
malignant tumors. The angiographic sympto-

matology of malignant soft tissue tumors is:

also applicable to bone tumors. Mucchi et al.
(1966) interpret the combination of vascular
morphological changes in angiograms as
pathognomonic for certain bone lesions and
even emphasize an absolute agreement be-
tween angiographic malignancy and patho-
logic-anatomical malignancy.

The general criteria for nonmalignancy of
bone tumors in angiograms are: no abnorma-
lities of the arterial system or merely disloca-
tions; curves or variations in diameter; and
diffuse staining of the tumors with contrast
medium (2, 9, 10, 22, 33). The signs for ma-
lignancy of bone tumors in angiograms are:
considerable growth of arterioles around the

tumor with abnormal, irregular course; cuff-
like and convoluted pattern of arterioles:
considerable variation in diameter; blood
pools or so-called tumor lakes; prolonged
staining by contrast medium beyond the ar-
terial phase; and premature filling of veins
(9, 11, 17, 18, 22, 26, 33).

The signs of vascular malignancy have
been observed almost exclusively in bone
tumors which have been expanding rapidly
and have broken through the cortex and
partly penetrated deep into the soft tissues.
Therefore, the specific tumor vessels have
found a connection to the peripheral vessels
of the soft tissue. A radiological visualization
by injection of contrast medium into over-
lying arteries is possible.

Are the angiographical signs of malignancy
also valid for malignant tumors whose ex-



