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Foreword

I can think of no one who is better quali-
fied to present a book on Transplantation of
Tissues than Dr. Peer. He is a happy com-
bination of practical surgeon and scientific
investigator, and thus is able to bring to his
medical colleagues research information that
will aid them in their daily tasks in the treat-
ment and rehabilitation of patients.

An example of this ability to apply experi-
mental findings for clinical use was dem-
onstrated when Dr. Peer invented ‘“‘diced
cartilage grafts” after noting in human ex-
periments that cartilage grafts became
bound together in the form of a plaque after
transplantation in abdominal fat. He was
the first to use diced cartilage to repair skull
depressions and other facial defects, and
later devised methods which successfully
utilized the multiple transplants in such
diverse fields as ear reconstruction, ankylo-
sis of the hip joint, spina bifida, recurrent
abdominal and inguinal hernia, and large
losses in the chest cage. Diced cartilage
grafts and Dr. Peer’s principle of introduc-
ing them into perforated vitallium molds to
preform or shape the cartilage are accepted
surgical procedures in many clinics here and
abroad. He has examined and reported the
histological findings in a larger number of
autogenous and homogenous human carti-

lage grafts than any other investigator.

The book tells, as far as present knowledge
goes, just what happens to various types of
tissues, heterogenous, homogenous and autog-
enous, when transplanted into animals and
humans. Dr. Peer has introduced each sep-
arate tissue, such as cartilage, bone, ete.,
with a preliminary chapter describing the
structure of the tissue from a histological
and surgical standpoint. He has also, I be-
lieve, for the first time succinctly divided all
experimental work under that in animals
and that in humans, sharply differentiating
between the two, since what happens in the
animal is not always exactly so in the human.
After discussion of the basic experimental
data relating to transplantation of each
particular type of tissue, a chapter follows
on the practical or clinical application of
these data in the treatment of specific con-
ditions.

The book correlates and evaluates a vast
amount of material that has been heretofore
scattered throughout the literature. This will
make it a valuable tool both for those doing
research work and for clinicians engaged in
the varied fields of tissue, gland, and organ
transplantation.

RoBerT H. Ivy, M.D.



Preface

It is now some thirty years since Harold
Neuhof wrote his excellent book on “The
Transplantation of Tissues,” and until this
time no attempt has been made to present a
similar comprehensive treatise on the subject
dealing with all varieties of tissues. During
these decades research has brought tissue
grafting into relationship with various other
scientific fields, and a mass of experiemntal
and clinical data has accumulated. It there-
fore appears timely to gather the material
together, and evaluate its contributions to
advancement in our knowledge of this
dynamic and expanding science.

The form a book assumes is determined
by the reader for whom it is intended. After
considerable thought I decided to present
the material in a manner designed to be
readable and informative for the physician,
surgeon, and medical student. This decision
was probably wise, for my training and at-
titude are those of a clinical histologist, and
all of my experimental work has been done
with human transplants in human recipients.

Advances in medicine and surgery usually
follow new concepts which are made possible
by research information in different branches
of science; when this information is corre-
lated and applied for clinical use in man the
new period arrives. It is evident that a new
dynamic era of surgical replacement therapy
utilizing the transplantation of tissues has
now begun.

The already successful homotransplanta-
tion of embryonal endocrine glands in
children and adults for the replacement of
deficient glands, and the treatment of aging
individuals who have lost their drive and
interest in life are no longer fanciful. The

possibility of permanent successful homo-
transplantation of skin in severely burned
patients, the temporary success of whole
organ transplants, the transplantation of
embryonal teeth, and the clinical success of
auto-, homo-, and even hetero-arterial grafts
are becoming accepted advances in medical
and surgical care.

It is now generally reeognized that homog-
enous grafts of cornea, bone, and cartilage
have a wide and expanding field of usefulness
in clinical surgery. Diced cartilage segments
either shaped in vitallium molds or intro-
duced directly for such diverse conditions as
hernia, new joint surfaces, and large losses
in the thoracic cage have a wide application,
which is not appreciated by the average
clinician.

Thus it appears that we are on the
threshold of a medical and surgical era
which is destined to affect clinical practice
profoundly. With a greater understanding of
the behavior of cells, especially by employ-
ing tissue transplantation techniques, a new
science that might be called “clinical his-
tology”” will probably develop. Because of
the great advances in tissue transplantation
today the science of “clinical histology”” will
logically become an integrated part of the
medical college curriculum of the future.

In Volume I, the material is presented in a
somewhat positive way for teaching pur-
poses. The simplification, however, is based
on microscopic evidence collected over a
period of many years, and this evidence is
correlated with clinical experience, and the
gross appearance of the grafted area. When-
ever my facts and theories differ from gen-
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erally accepted opinions the latter are
presented as accurately as possible.

Various additional aspects of cell struc-
ture and cell behavior will be described by a
number of selected authorities in Volume II,
which is to be published subsequently.

I wish to express my indebtedness to
scientific friends for their interest and helpful
counsel, and in particular to Miss Ruth
Pullen, R.N., for her skilful drawings in
clarifying the text, and to Miss Emma A.
Buehler, B.A., M.A., for compiling the
literature, editing, and her many construc-
tive suggestions.

Dr. William G. Bernhard, director of
laboratories at St. Barnabas Hospital, con-
tributed valuable advice regarding the fixa-
tion of tissues and the microscopic inter-

pretation of many sections. My former
residents in plastic surgery all participated
in portions of the experimental work (Dr.
John Van Duyn, Dr. John Walker, Jr., Dr.
Francis Marzoni, Dr. Max Pegram, Dr.
Armand Genest, Dr. Robert Hagerty, Dr.
F. S. Hoffmeistr, Dr. Clare Johnson, Dr. M.
Shahgholi, Dr. Alvin Mancusi-Ungaro, and
Dr. Blair Rogers).

The author welcomes this opportunity to
express a deep sense of appreciation to Dr.
George H. Lathrope of Morristown, and Dr.
Royce Paddock of Newark, who have en-
couraged him in his clinical and experimental
investigations over a period of many years.

LA.P.
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The primitive free-living virus gene form, originating from a mineral, parasitizes a co-ex-
istent primitive non-nucleated cell and by co-operative effort with the cell gives rise to a nu-
cleus containing genes. The nucleated cell evolves into multicellular organisms which give
rise to plants and animals.

Alternately. some of the primitive free-living virus gene forms give rise to the present-day
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animal cells. Fvolution of this primitive free-living virus gene form also gives rise to the-
more complex and larger viruses, rickettsine, and bacteria. (Modified from Stanley.)



Contents ,

PART I. GENERAL CONSIDERATIONS Transparent Windows. . ............... 38
1. THE IMPORTANCE OF UNDERSTANDING The Phase M zcr‘os'cope """"""""" 39
THEETE CELLE. & v s oom st oot 3 The Dissecting Microscope. ............ 39

7. Tae PARENCHYMAL CELL IN FREE TIsSUE

2. Tae CELL AND SMALLER Living UnNiTs... 7
Cells . 7 CIRATES - a5 cramvais oo o SRR o5 oeatss o 41
Aavatic Tnvironment of Dale. . 7 UM S AL 41
The Aquatic Environment of Cells..
The C(?ll The oryfr'uf ................. é Identification of Types of Parenchymal
T 9 (‘e{ls .............................. 42
Tobacco-Mosaic Virus............... 9 RTINS » <ok s RSP e 42
Anmal Vaeeinie VATEBL «s « tow = - s s 9 Tendon: and. FaSCIR. . . cwisses o 35iliss s 42
Small versus Large Viruses.......... 10 Bone............ooooiiiiiiiinn, 44
e 10 Fa't And MUBCle: . -.x. . % comims s » swisivss 44
Evolution and Primitive (ene-Virus Skin and Appendages............... 44
T OB -« ooer 50t oo 5 ottt 10 NIV o msms o 5 e vty il 4 47
Genesand Cells..................... 11
Rickettsiae and Bacteria. .............. 11 8. HETEROGENOUS, HOMOGENOUS AND AUTOG-
ENOUS: 'QRAFTS: «5 05w 55 samsions » o 49
3. Tae HumaN TissuE CELL. ............. 13 Plant Grafting. . ...................... 49
T DR TR0 s e e e oo st o 5 50 e 13 Animal Grafts. - .. ..ovi s o v vwsmme s oo 50
Plasma or Cell Membrane. ............. 14 Heterogenous Human Grafts............. 51
Fluid Engironment of Cells. . . ... owans 16 Homogenous Human Grafts. . . ......... 52
Cell Content. s .« «us vawsass ssmsnss wus v 17 Blood ‘Group Factor................. 52
Form and Size of Cells................. 18 Behavior of Homografts............. 52
A. Parabiotic Studies............. 53
4. DIFFERENTIATION, AGING AND DEATH OF B. Compatlblhty' Studies......... 53
T1SSUE CELLS. . .....oovoevnann... 21 C. Studies on Skin Groups........ 53
Changes in Differentiation.. . ... ........ 21 D. Experiments with Infant Tissues 53
The Aging Process. ............ovvvvn.. 23 E. Studies on Altered Tissues. . ... 53
Chemical Reactions. ................... 25 F. Irradlatl‘on """" e Ry X 5¢
Theory of Actively Acquired Immuni-
5. INTERCELLULAR DEAD SUBSTANCES SUR- M e s R e e b5
ROUNBING TIS568 CRLES . o oo nomen 97 Survival Time of Homografts....... 56
Organization of Cells. ................. 27 Autogenous Human Grafts. ............ 57
Specialization of Tissue. .............. 28 Clinical Use of Homografts versus Auto-
Collagenous Fibers..................... 29 PP zivm s 64505 Kk 3 v w0343 51
Blastic FABers. . - v oo s oo s oo 31 SOOI 5 oo st 3 § s armnsmon s BeigE s 58
Reticulon Bihers:. i « « pusm: vommonss sweess 31
Amorphous Intercellular Substance . . 32 PART II. CARTILAGE
. 9. STRUCTURE OF CARTILAGE............... 65
6. STRUCTURE AND VIABILITY OF CELLS. .... 34 General Characteristics................. 65
Methods of Study . . .................... 34 Types of Cartilage. .................... 65
Tissue; CULIITE: oo wurovsis s s B sism o5 35 Hyaline Cartilage. .. . oo s o5 oo « 66
Fization and Staining of Cells....... ... 35 Cartilage Cell Types.............. 66
Fization by Freezing and Drying. .. ... 36 Examination of Cartilage Cells.... 66
Vital and Supravital Dyes............. 37 Intercellular Matrix............... 67

Vi



CONTENTS vi
Elastic Cartilage ... <« = vz o mmme s o 68 Experiments with Giant Sting-Ray
Fibrocarfilage. ... 7 < suse s s s osreres nas 68 Cartilage: . qsessrovis s vamas ez pamn 110
NAUSETIEOR. ... . oo F R GO%E § 5 8 5w £ us = 68 Summary Comment.. ................ 112
Growth of Cartilage. . .................. 69
Cultivation of Cartilage in Vitro.... 70 14. CriNicAL USE OF CARTILAGE GRAFTS. .. .. 116
Types of Cartilage Used as Transplants. 72 C_Jhoice of Carti!age Type........:... 116
Cartilage Matriz without Cells as Graft- Growth of Cartilage Grafts.......... 117
ing Malerial. . cooo s vaess s smonivn sas 72 Nazal Depresstons::« ouxs s aews s 5o 117
Use of Rib Cartilage Grafts..... .... 120
10. TRANSPLANTATION OF CARTILAGE IN ANI- Cartilage Strut in Bilateral Cleft Lip. ... 122
AT 1o 2 i ol & Yo biota s wablasarorad S nm 32 73 Other Facial Corrections. ... ... ....... 123
Fresh Autogenous and Homogenous Carti- Diced-Cartilage Grafts. . . .............. 125
lage Grafts. . ..o ouwuuotiibiiiinmen s 73 UseinSkull...................... .. 125
Early Experimentation.............. 73 Other Uses in Facial Region......... 127
Summary Comment................. 74 Diced-Cartilage Grafts in Other Sur-
Later Experimental Work. . ......... 74 gical Fields. . ....... ............. 129
Summary Comment................. 76 Discussion. ......................... 135
Fresh Autogenous Cartilage Grafts 76 Sunbiia iy Comment. ..« b o cws o o sovsssatin 136
Fresh Homogenous Cartilage Grafts 77
T'ransplantation of Dead Cartilage Grafts PART III. BONE
in Animals...............oooiinnn 77 15. STRUCTURE OF BONE. ................... 141
Comment . ... 8 Development of Bone................... 141
OBBEOBIARER . o oo s s 20 sammisines =4 4 nsgionass 143
11. TRANSPLANTATION OF CARTILAGE 1IN
QstEOCIasHE, . 5 s sms as sapws o 25§ waEns 143
HTMANS « arorno > oipgioge o o » 5 ooiiegions o 80 S
; Growth 'of Bone. « . svwns o5 25 sweis 144
Fresh Autogenous and Homogenous Carti-
lage: Grolis 31 Intercellular Substance.............. 144
K il et 0 e A L Architecture of Bone and Nutrition. . . ... 144
Pioneer Work s 3 shwws 5 & 54 waaape s 81 s
= s i A PEBTOREEAM . < redioc s v s o 3 0 v s 146
Questionnaire Opinions on Behavior -
i ) Endostenimly .« o2 s st o skt o 148
of Cartilage Grafts in Humans. .. .. 82 .
: Osleogenesis: : «s 2% dike s vown e s i s s 148
Preserved Homogenous Cartilage Grafts.. 83 .
: - Osteoblastic Theory................. 148
Later Observations on Human Cartilage M hvmal Theorv
AL . 0o i 5 e s 84 esenchyma REOTV % oz i = £ 5 6 fadBiniis 148
Coor ' REFUIME. &1 2 it s oo 33 iwsssioniod s 5 srwmearsgsss 150
12. TRANSPLANTATION OF CARTILAGE 1IN
Humans (Continued). . ............ 91 16. TRANSPLANTATION OF BONE IN ANIMALS. . 152
Summary Comment . ................... 91 Autogenous and Homogenous Bone Grafts 153
Autogenous Cartilage Grafts. ....... 91 Early Experimentation...... ... .. .. 153
Host Tissue Reaction. ... .. ... . .. 92 Later Experimental Work. . ... ... .. 160
Examination of Fresh Section of Preserved Bone Transplants. ... ........ 166
Autogenous Rib and Septal Carti- Heteroplastic Bone Grafting in Animals 171
lage Grafts. . ................... 92 Summary of Experimental Work on Ani- .
Growth of Young Human Cartilage AL GHAIEES 1« 56506585 £ 5 Fdomiions 5 173
Grafts. . ..o 93 Factual Data. .................... 173
Dead Autogenous Cartilage Grafts 96 Histologic Changes following Bone
Fresh Homogenous Cartilage Grafts. 96 AR < oo sswions w20 s mimm 175
Significance of the Mucoprotein
Content in Matrix. . . ...... . .. .. 100 17. Avrocenous BoxNk TRANSPLANTS N
Preserved Cartilage Homografts. ... 102 BLIIANE 3 o ibssn s bypington 8 oy e 2 181
Transplanfation of Epiphyseal Cartilage 104 Review of Literature on Autogenous Bone
Summary Comment.. ... ............ 106 Transplants . &g .. .......cc..c.oux. 182
Karly Investigations. ...... .. ... .. .. 182
13. TRANSPLANTATION OF CARTILAGE IN Later Investigations. ... ........ .. .. 185
HuMmans (Continued). ........... .. 108 Recent Titerature. « - coee o omescs swen 187
Heterogenous Cartilage Grafts in Humans 108 Nasal, Septal and Turbinate Bone
Recorded Ox-Cartilage Grafts. .. ... . 108 Geafts.. ... ... ..., 189



yiil

Resumé of Literature on Autogenous

Bone Grafts in Humans............ 190
Final Summary of Behavior of Autoge-
nous Bone Grafts in Humans. .. ... 196
Transplantation Site................ 196
The GEaTt: « o vyowms ¢ 5 2 snrsr s amoss 197
Réle of Periosteum................ 197
Fate of Osteocytes................ 197
Factors in Survival of Bone Grafts... 197
Early Nutrition and Vasculariza-
tion in Bone Grafts. . . .......q0- 197
Importance of Immobilization. . ... 199
Functional Wge. . : :cuspcoimess s 199
Growth of Bone Grafts.............. 199
Healing of Bone Grafts in Contact
withBone........................ 200
18. HomMoGENOUS BoONE TRANSPLANTS IN
BIOMANE - w0 svon s e wamimmas samdies 203
Review of Literature on Fresh Homoge-
nous Bone Transplants............. 203
Preserved Homogenous Bone Transplan-
CAUON: e g bt R T s 205
Summary Comment on Fresh and Pre-
served Homogenous Bone Grafis. . ... 212
19. HETEROGENOUS BONE TRANSPLANTS IN
HuMANS. . ... 217
Review of Literature on Helterogenous
Bone Transplants. ........... w3 4wl 217
Summary Comment on Heterogenous Bone
GG s1exn 05055 S0 THR 5 a5 oo 221
20. CrinicAL USE oF BONE GRAFTS.......... 227
Questionnaire Opinions on Types of Bone
GOS8 bl e s b iiels #5 FHES 5ot 227

Chotce of Cancellous and Cortical Bone.. 230
' Indications for the Use of Bone Grafts.. 233

PART 1V. FASCIA AND TENDON

21. STRUCTURE OF Fascra anp TENDON. .. ... 239
Deep FaBCIQ: . oo« 55 5005 gaiwons aFsiiomsons 240

(@73 17 R S N e s S 241
Matrix........... ... .. ............ 241
TOWAON 51+ = 3 5 i oy s S A 05 P 242
Arrangement of Blood Supply....... 243

The Gliding Mechanism.......... ... 243
Tendon Cells. . .................. ... 244

22. TRANSPLANTATION OF FASCIA IN ANIMALS 245
Autogenous, Homogenous and Heteroge-

nous Fascia Grafts........... ... .. 245
Summary Comment on Fascia Grafts in
ATIMBLS. o 5 - 555004 0o atarmim o w o wrsrire wis 254

CONTENTS

Autogenous Fascia Grafts........... 255
Homogenous and Heterogenous Fas-
Cla GEATEB.« . o7 i oo s sianins ve wismines 255

23. TRANSPLANTATION OF Fascia 1N Humans 258
Review of Literature on Fascia Trans-

PUATER: .. 550 55505 50573 SR 28 5 s 258

Summary Comment on Fascia Grafts. ... 269

24. TRANSPLANTATION OF TENDON IN ANIMALS 277
Autogenous and Homogenous Tendon

Summary Comment on Aulogenous and
and Homogenous Tendon Grafts in

Animals. .. ....... anser.n S B e e 290
Heterogenous Tendon Grafts............ 292
Summary Comment on Heterogenous Ten-

AORGRGIIE . ..« 2000t im s e mssns 293

25. TRANSPLANTATION oF TENDON IN HUumMANs 296
Review of Literature on Autogenous and

Homogenous Tendon Grafts. .. ..... 296
Summary Comment on Autogenous and
Homogenous Tendon Grafts. ....... 307
Healing of Severed Tendons......... 308
Autogenous Grafts. ................. 308
Homogenous Grafts................. 312
Heterogenous Tendon Grafis............ 313
Summary Comment on Heterogenous Ten-
AOTGROSTIBY .5 iorn s v v 5 ¢ St 315
26. CLiNicAL USE oF Fascia anp TENDON
GRATTBE 505105 Boinadiass 3 » Bistsisanis 24 320
Clinical Use of Fascia Grafts........... 320
Clinical Use of Tendon Grafts. .. ....... 323
Questionnaire Opinion regarding Be-
havior of Free Fascia and Tendon
Grafie i Humans . » . s « ovavssi vos 928
PART V. MUSCLE
27. STRUCTURE OF SKELETAL MUSCLE........ 337
Activities of MuBele... .c..onovissinimss 337
Development and Structure of Muscle. ... 338
The Skeletal Muscle Cell. . ............. 339
Maintenance and Regeneration. . ... .... 340
Maintenance........................ 340
REFENETALION: & o i55wso 5im v b arsatapane. o 341
Lymphatics, Blood Vessels and Nerves.. 342
LAmMPhaties.. . . u.o.eaene s seemsis s oess 342
BIood VERBCIR:. o .icnesns s 5w o w5 pins 342
NOTNCR! . 5.2+ e s e & s o 343
Summary Comment on Muscle. . ... ..... 345



CONTENTS

28. TRANSPLANTATION OF MUSCLE IN ANIMALS
Review of Literature on Animal Muscle

Summary Comment on Transplantation
of Muscle in Animals . ............

29. TRANSPLANTATION OF MUSCLE IN HUMANS
Review of Literature on Human Muscle

347

362

367

GG LB o om0 0 o 0T 367

Summary Comment on Muscle Grafts in
FHUONEY:. 5 v 0550 soswtionons & & i o s 377
Clinical Use of Muscle Grafts. ......... 382

PART VI. THEORIES OF CELL
REGENERATION

30. CELL SurmvivaL THrEORY VERsUs RE-
PLACEMENT THEORY............... 391
Host Tissue Replacement Theory.... 392

Behavior of Free Human Autografts of
Five Baste Tissues. . ... 0 .. 392
Cartilage Grafts.................... 392

ix

Bohe GEATER: .. deuvude snst ek miers 553 5 393
Fascia Grafts. . ........0............ 394
Tendon Grafts...................... 395
Musele Grafts. oo oo s wnw 8o s s aafms s s 395
Summary Comment................. 396
Cell Survival Theory. .................. 396
Application to Autografts of Other
Basic Tissues. . .......... ...... 397
Surface Skin Grafts............... 397
Surface Mucous Membrane Grafts. 397
Buried SkinGrafts. ............... 398
At Grafth. . « ot dpasmssie hmass s 398
Peripheral Nerve Grafts..... ... .. 398
TOEBUING. €. 5 s 50000 10,545 oot mun i it e 399

Survival of Blood Vessels in Free Grafts. 400
Behavior of Homogenous and Heteroge-

nous T1881e Grafts. . «usnss 155600 404
Homografts. ........... ........ ... 404
HEteTORERFER.. « « o ini 5545 5500 s 405

Scope of T'issue 1ransplantation. .. . ... 405



PART I

General Considerations






CHAPTER 1

The Importance of Understanding

Tissue Cells

The field of tissue transplantation is one
of the most rapidly expanding frontiers of
experimental and clinical medicine. Trans-
plantation of tissues offers a wide range of
new therapeutic advantages not only to the
surgeon but to the internist, endocrinologist,
cancer research worker, and many other
scientists as well.

When properly chosen and applied, the
newly-developed methods of tissue auto-,
homo- and even heterotransplantation! fur-
nish the physician and the research man
with improvements upon preexisting forms
of therapy and experimentation that open
up innumerable new possibilities for hor-
mone replacement, substitution of organs,
growth of experimental cancer cells, etc.

1t seems plausible that a knowledge of, and
an interest in, the activities and biophysio-
logic environment of the several billions of
cells that collectively make up the human
being should help to enlarge the horizon and
increase the understanding of the medical
student and the physician, both of whom are
concerned with the health of man.

Carefully controlled studies have already

! Heterotransplantation has little if any clinical
uses at this time. It is extremely valuable, how-
ever, in cancer and other forms of research. For
instance, human cancer cells may be transplanted
and studied in the rabbit and in other animals.

been made in which tissue-cultured embry-

onic adrenal and parathyroid glands have

been transplanted to humans and to animals.

These homotransplanted embryonic glands

have survived permanently, taking over the

functions of the diseased or absent glands. .
One patient with Addison’s disease now

survives without hormone injections as a

result of having received such a transplanted

embryonic adrenal gland.

Some patients have been relieved of hypo-
parathyroidism and tetany by the trans-
plantation of embryonic parathyroid glands,
but the cures and improvements have not
always been consistent. These successful
results at any rate demonstrate that the science
of homotransplantation is no longer in the
realm of hypothetical speculation.

Research in this field has developed to
such a degree that surgeons no longer look
with hesitancy upon the problem of how to
transplant, for example, a kidney or a piece
of skin but rather upon the problem of how
to induce these homotransplanted tissues to
survive permanently. The real crux of the
matter lies in these words—‘“survive per-
manently.”

One might say that no adult tissue exists
which can be successfully and permanently
transplanted from one human being to an-
other, preserving its normal structure and
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funetion intact in a living state. The success-
ful experiments mentioned above were
performed with the use of embryonic glands
removed from stillborn babies.

There is a great need to solve the problem
of homotransplanting adult tissues. One can
see quite readily that many tissues would be
ideally suited for use in permanent successful
transplantations from one human to another,
e.g., skin, kidneys, endocrine glands, bone,
blood vessels, cartilage, cornea, hair, ete.
Naturally, in most cases such tissues would
be furnished by recently-deceased healthy
young adults killed in accidents or by disease
unrelated to the health of the tissues men-
tioned, or by infants who die as a result of
unrelated disease. Because the supply of
tissues from stillbirths is a limited one, the
entire field of homotransplantation must, of
necessity, approach the problem of the
successful utilization of adult tissues. There
is, of course, the possibility that embryonic
tissues might be grown in tissue-culture
media (a tissue-culture bank) and trans-
planted to children or adults whenever
homotransplants were indicated.

There is also the possibility that small
portions of tissue, such as skin, might be
grown into large sheets in tissue-culture
media and later applied as a covering auto-
graft (in the same patient) to replace large
skin losses.

Certainly further experimental work with
autografts, which are generally successful,
should be correlated with our expanding
knowledge regarding the behavior of homo-
transplants. The behavior of autogenous
grafts is an important yardstick in evaluating
the fate of similar .homogenous transplants.
One might critically remark that both re-
search workers and clinicians tend to under-
take experimental and clinical application of
homografts before they are informed regard-
ing the known behavior of similar auto-
transplants.? This is not unlike plunging

2 There is much that is not known regarding the
behavior of autografts.

into pathology without a thorough knowl-
edge of histology.

Research in tissue homotransplantation
has already solved some of the difficulties
which arise when the surgeon transplants a
kidney or skin from one human to another.
The chief problem, however, of gelting such a
tissue o survive permanently s far from
being solved. As an example of how misleading
information on this subject can be, the aver-
age surgeon and the average layman think
that corneal transplants are generally suc-
cessful. It must be remembered, however,
that a good one-third of these transplants
fail because of the so-called ‘“‘mal de greffe”
or graft sickness, a vague term which is used
to describe the sudden onset of a series of
events which cause destruction and clouding
of the transplant, often within twenty-four
hours. Is this sudden change for the worse
due to an “immunity reaction” on the part
of the patient directed against the foreign
proteins in the transplant? Research is only
now beginning to explore just such a possi-
bility. This is important research, for one
may make this categorical statement: Who-
ever solves the method by which skin may be
permanently transplanted from one human to
another, preserving its normal architecture and
its living cells (perhaps by preventing this
hypothetical “immune reaction” from taking
place) also solves the problems underlying the
successful permanent homotransplantation of
any tissue or any organ from one human fo
another.

One may conclude from these examples
given and from others not mentioned that
future advancement in medicine will be
closely associated with a knowledge of the
structure and behavior of cells.

The physician who has a thorough under-
standing of the physiologic requirements of
living cells is not apt to undertake surgical
manipulations that are harmful or useless,
nor will he prescribe drugs or other forms of
therapy that adversely affect tissue cells.

Unfortunately, the average practicing
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physician and surgeon seems to have little
knowledge of, and consequently little interest
in, the structure and normal activities of tissue
cells. At medical meetings and in hospital
dining-rooms many doctors show an interest
in discussions about abnormal cell activity
when this is directly related to a patient’s
symptoms or is evident in the production
of gross abnormal findings such as grape-
fruit-sized tumors or abscesses containing a
liter of fluid. Interest fades, however, when
the discussion turns to microscopic observa-
tions, and attention is directed to those
small living entities that collectively form
and maintain all human tissues. A discussion
of physiologic and pathologic changes on the
cellular level is too speculative for the aver-
age surgeon, who too often thinks of the
structures that he manipulates in much the
same manner as the craftsman who works
with cloth or blocks of wood. The physician
does give a fair amount of attention to the
circulating system that nourishes and drains
the tissues themselves, and usually he is
aware of the importance of the cellular ele-
ments in whole blood, because these are
vitally necessary for the control of shock or
the success of an operation. He is not usually
interested, however, in the cell groups that
are actually supplied by the circulating sys-
tem unless they are diseased.

It is difficult to determine just why a prac-
ticing physician should departmentalize his
mind in such a manner that his early histo-
logical training in medical school is later
applied to pathologic problems but is largely
ignored when he deals with normal tissues.
This, in part, may be due to the gap in
teachings in medical schools between aca-
demic histology and pathology, on the one
hand, and surgery and medicine, on the
other.

Pathology deals with abnormal tissue
cells. Because all pathologic conditions usu-
ally arise from normal cell groups, the
structure and behavior of normal cells
should be understood in order to better

comprehend the abnormal cells. It is quite
easy, however, to be so impressed with the
abnormal that we lose our conception of
normal cell types,”and the physiologic re-
quirements necessary for their survival and
good health.

Thus, even after six years of postgraduate
study in our stream-lined American Board
system of training, senior surgical residents
show an astonishing ignorance of the tissues
which they manipulate, and of the require-
ments of living cells in these tissues.

It is an established fact that certain tissue
cells when transplanted as free grafts tend
to react in a specific manner. Some cells will
always survive a favorable transplantation
procedure, whereas some will only partly
survive the transfer and others will never
survive. Wide surgical undermining of tis-
sues, relaxation incisions, or the shifting of
tissues on attached pedicles will naturally
affect the survival of cells, depending upon
the extent to which their vascular and
lymphatic circulations are interfered with,
plus many other non-surgical factors. The
cells in some tissues such as cartilage, skin,
and fascia tend to survive free transplanta-
tion just as readily when severed from their
original blood supply as when they are trans-
planted with an attached blood supply. The
exact opposite is true, however, of the cells
in fat and muscle grafts.

It is not uncommon to observe a skilled
surgeon who performs an excellent operation
from a technical standpoint but who trans-
gresses one of the biological laws of tissue
transplantation, with an operative failure as
the result. A free fat graft improperly han-
dled during an operation, for instance, will
fail to “take’ despite the skill of the trans-
plantation procedure. Fat cells, as a point of
explanation, are undeniably sensitive to even
the slightest amount of trauma during a
surgical operation. When poorly-handled fat
grafts are transplanted to a new host site,
host connective tissue will often replace the
graft. In general, grafts will also fail if their
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environment is radically altered. Thus, even
skin grafts, which are composed of hardy,
keratinized epithelial cells, tend to wither
away when they are buried beneath the body
surface. If these grafts are provided with
even a small communication to the skin
surface, they tend to survive, and as such
they have been employed as a substitute
lining—for example, in reconstruction of
the urethra. Conversely, tissues such as
fascia, tendon, and bone, which normally
live buried under other body tissues, do not
tend to survive when transplanted to the
skin surface. With a better understanding
of many poorly-known general facts about
tissue transplantation the praecticing physi-
cian and research worker would be in a
better position to apply this knowledge to
the perfection of improved methods for tis-
sue grafting on both the clinical and labora-
tory level.

The entire field of free tissue transplanta-
tion has many important clinical applica-
tions. The doctor who practices in areas
where there are no large medical institutions
can still contribute valuable knowledge
about the behavior of human tissue cells in
transplanted grafts.”The only equipment he
needs is a compound microscope and his own

individual powers of observation. When a
favorable opportunity presents itself, with
the consent of the patient or the patient’s
relatives, a tissue can be buried for varying
lengths of time in the abdominal wall and
later removed for microscopic examination.
The conclusions drawn from such studies
may be much more valuable than the numer-
ous conflicting reports that now appear in
the literature, and the fruits of such a study
should have a stimulating effect on the
investigator. Certainly in astronomy many
significant contributions have been made by
the amateur. Similarly the concepts and
theories of a physician who does not con-
sider himself an expert in tissue transplanta-
tion may be important; hypotheses are the
soul of science and may be extremely valu-
able even if they eventually prove to be
wrong.

The physician who develops this interest
in normal and abnormal tissues and their
transplantation will gain an understanding
of cell behavior which can be applied clini-
cally. In addition he may possibly help to
contribute to the great fund of medical
knowledge inherited from previous investi-
gators, both living and dead.



