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ABSTRACT Vittorio Putti has been recognized as one
of the founders of orthopedic science. He wrote a number
of original papers on different topics from his vast expe-
rience of orthopedics. In a paper on bone grafting dated
1912, Putti demonstrated his modern way of thinking by
his ability to study past experiences critically and by his
willingness to compare his own experiences with those of
other orthopedic surgeons. Putti’s paper proposes prin-
ciples that still apply today, and which can be consid-
ered as the basis of the modern science of grafting. The
results of his work can be summarized as follows:

a) The uniformity of bone graft integration processes,
and a marked reduction in integration capacity in
heteroplastic grafts.

b) The osteogenetic incapability of the graft as opposed
to the osteogenetic capability of the periosteum.

¢) Marked reduction in the biological capability of bone
that has been treated with preservatives, boiled, or
macerated.

d) The importance of the quality of the tissues in which
the bone graft is inserted, including the mechanical
characteristics of the graft and its fixation.

e) The importance of asepsis.

f) The importance of functional exercise.

These important experiences were achieved without
Putti having any knowledge of immunology, vascular
surgery, tissue preservation or non decalcified histology
techniques.

By digitalizing the content of the Rizzoli Ortho-
paedic Institute Library, a census of Vittorio Putti’s
scientific work could be carried out.

Figure 1. Professor Vittorio Putti in operating room.

Vittorio Putti (1880-1940), the director of the
Rizzoli Orthopaedic Institute of Bologna from
1912 to 1940, was interested in all the major prob-
lems of orthopedics and introduced new methods
and surgical instruments especially for the treat-
ment of congenital dislocation of the hip, arthritis,
arthroplasty, open treatment of subluxation of the
shoulder, spinal abnormalities, cineplastic amputa-
tions, and artificial limbs (Figure 1).
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Putti was a founder of the S.I.C.O.T. (Societe
Internationale de Chirugie Orthopedique et Trau-
matologie), Honorary Member of the American
and British Orthopaedic Associations, and For-
eign Editor of the Journal of Bone and Joint Sur-
gery from January 1928 (Putti 1940, Benini et al.
1995).

Among the numerous documents of Professor
Putti that aroused our curiosity and wonder there
was a manuscript about bone grafting that con-
tained a paper presented at the Seventh Congress
of the Italian Society of Orthopedics in 1912. The
indications, method and technique of bone graft-
ing form the main body of the manuscript, which
is supplemented with the statistics of cases known
to the author that appeared in the literature after
1910—as a continuation of the series of cases pub-
lished by Streissler the year before (Streissler 1910,
Putti 1912). Starting from Putti’s work, we have
tried to reconstruct a short history of the science
of grafting (1) in order to assess the state of the art
at Putti’s time, and (2) to publicize the surprising
validity of his concepts a century later.

Historical description

Grafting of a bone fragment or transplanting a limb
from one human being to another has preoccupied
mankind for thousands of years. The first homolo-
gous transplant was described in the Old Testa-
ment when one of Adam’s ribs was used to create
Eve. Greek mythology also contains episodes of
implants and replacement of body parts, as seen
in the legend of Zeus who had Demeter make an
ivory shoulder for Tantalus’ son, Pelops, after she
had absent-mindedly eaten it (Older 1992). It is
not a coincidence that mythology described ivory
as a reconstruction material; Putti himself stated:
“among osteoplastic materials, ivory deserves a
mention...” and ‘“small sticks, nails, and splints
made of ivory are well tolerated by the organism,
and widely used in the treatment of nonunion...”
and he remembered that “Gluck proposed the
replacement of joints with ivory ones” (Putti
1912).

Medical science is almost as old as mankind itself
and has had religious, philosophical, paleontologi-
cal, and ethnological implications. Surgical inter-
vention existed even in prehistoric times: paleo-
pathologic research has revealed fractures, rickets,

and drilled skulls that represent processes of bone
regeneration. The finding of a Peruvian tribal chief,
dating back to the Neolithic age, revealed a defect
in his frontal bone that had been repaired by a gold
plate applied with a hammer (Urist 1994). The
Aztecs of Central America described treatment of
bone fractures by realigning the parts perfectly and
splinting. If this failed, it was recommended that a
wooden stick should be inserted into the medullary
canal (Urist et al. 1994).

The anthropologist A. Jagharian, head of opera-
tive surgery at the Erivan Medical Institute in
Armenia, examined 2 skulls from the ancient
center of Ishtkunui, not far from Lake Sevan. In
2000 BC, this was inhabited by a prehistoric people
known as the Khurits. In the first skull the prehis-
toric surgeons had inserted a piece of animal bone
into a 7-mm defect caused by injury. We know that
the patient survived, because the cranium, exam-
ined millennia later, showed regrowth around the
grafted bone. The second cranium had signs of sur-
gical intervention to repair a lesion produced by a
sharp instrument that had made a 2.5-cm defect and
splintered the bone. The findings showed that the
surgeons had removed the splinter and the patient
had lived for at least 15 years after the operation
(Flati et al. 2004).

The Egyptians were also advanced in dental
surgery and bone surgery in general. There are
accounts of orthopedic operations performed on
various segments of the human body and radio-
graphic tests of the mummy of the priest User-
montu, which is preserved at San José museum
in California and belonged to the 26th dynasty
(656-525 BC), revealed that the left leg around
the knee had a 23-cm prosthesis. This had been
inserted by a complex surgical procedure. Further
images showed that the prosthesis had been made
of pure iron, cemented with a resin, and had been
inserted while the priest was still alive. The Egyp-
tians also applied artificial limbs; indeed, there is
one account of a woman who was found to have
undergone amputation and to have been given a
wooden leg replacement, which, although simple
in design, had been efficacious and had allowed the
woman to live for many years after the operation.

There is no scientifically reliable evidence to sup-
port these accounts, but we certainly know that the
ancient Egyptians had a great knowledge of orthope-
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dics—as demonstrated in Smith’s papyrus, which is
acknowledged as a treatise on orthopedics and trau-
matology (Hamada and Rida 1972, Zacco 2002).
The ancient Greeks Herophilus and Erasistratus, of
the Alexandrian school (third and second centuries
BC), gave impetus to surgery, and, thanks to that
school, the Roman surgeons could perform difficult
operations such as amputation and tumor resection
(Urist 1994). Progress throughout the centuries and
the desire to replace anatomical parts that have been
lost to injury, illness or defects have continued to
arouse mankind’s curiosity and to inspire artists.
The latter mixed science, religion, and imagina-
tion—and portrayed extraordinary healing.

In medieval times, many pictures were painted
depicting traumaturgic events, but the most famous
one from an orthopedic point of view is the mir-
acle of Saints Cosmas and Damian painted by
Fra Angelico: “the black leg miracle”, showing
the homoplastic transplantation of the limb of an
Ethiopian, buried a few hours earlier, onto the sac-
ristan Justinian (Rinaldi 1987). Besides the legend
and profound veneration for the two saints at the
time, the “black leg miracle” can be interpreted as
mankind’s desire to perform complex orthopedic
operations and it lays the foundations for the con-
cept of donor and host in modern transplantation
techniques.

The modern age begins with the work of the sur-
geon Job van Meekeren who, in 1668, performed
the first heterologous graft by inserting a frag-
ment of dog skull into the skull of an injured sol-
dier. The operation was successful but, because an
animal graft was being used on a Christian, there
were religious repercussions, and the soldier was
excommunicated. The success of the operation was
testified by the fact that when the soldier asked the
surgeon to remove the fragment so that he could be
readmitted into the church, the fragment had been
fully incorporated (De Boer 1988).

In the seventeenth and eighteenth centuries
orthopedic surgeons focused their attention on the
structure of bone, which was described for the first
time in 1674 by Antoni van Leeuwenhoek in Phil-
osophical Transactions, concerning what would
become known as Haversian canals. The concepts
of bone callus, implant and resorption began to be
outlined. In 1743, Duhamel published the results
of his experiments on animals and suggested that

the periosteum has a pivotal role in the process of
osteogenesis (De Boer 1988, Glicenstein 2000).
Most operations requiring bone resection were for
nonunion, which was often treated by amputating
the limb. A technique called “sub-periosteal resec-
tion”—based on Duhamel’s theory of the impor-
tance of the periosteum in bone regeneration—was
widespread until halfway through the nineteenth
century, and it was used by many surgeons for the
treatment of nonunion. In 1820, the first autolo-
gous graft was performed in Germany by the sur-
geon Philips von Walter, who replaced a fragment
of cranium after trepanation.

More recently, a surgeon from Lyon, Leopold
Ollier, studied the phenomenon of bone regenera-
tion and in 1861 he published “Traité de la régé-
nération des os”, a document describing the term
bone graft (“greffe osseuse”) for the first time.
In that publication, cited by Putti in 1912 as “an
immortal work on bone generation”, Ollier main-
tained that “implanted bone fragments are viable
if they include the periosteum, which is the most
important viability factor of the graft” (Putti 1912,
De Boer 1988). Ollier achieved an authoritative
position with his theories and opened the way
for complex experimental and clinical observa-
tions in bone grafting. At the same time, however,
Barth achieved different results and stated—as
summarized by Putti—that the bone, periosteum
and marrow in the graft die and are replaced by
newly generated bone. The cells of the implanted
bone would thus die within a few days and then
the implant, formed by dead bone, would be reab-
sorbed and replaced by newly formed bone pro-
duced by the cells of the living surrounding bone.
The difference of opinion between Ollier and Barth
prompted their contemporary fellow surgeons to
study this phenomenon in greater depth and, as
Putti stated in his report, even Codivilla took part
in this research at Rizzoli Orthopaedic Institute
(Putti 1912).

The grafts used by Ollier and his contempo-
raries, around 1860, were of autologous origin.
Non-autologous grafts were not taken into con-
sideration for many years. The reason for this is
unknown; perhaps it was for religious reasons or
because of the memory of Van Meckren’s opera-
tion performed two centuries earlier. It was not
until 1880 that homologous bone was used, when
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the Scottish surgeon William Macewen inserted a
graft of tibia from a child affected by rickets into
the infected humerus of another child (De Boer
1988). In the years that followed, he replaced a
mandibular fragment with a graft of rib bone. Sev-
eral difficulties had to be overcome before attempt-
ing a heterologous graft. However, in 1891 Phelps,
following Curtis’ hypothesis that “the ideal implant
should be formed by living bone that fits the gap
perfectly and continues to live without reabsorb-
ing” (Urist et al. 1994), performed an experiment
whereby a piece of bone from a dog was inserted
into the tibial defect of a boy. Both donor and host
were attached to each other for 2 weeks so that the
blood could circulate between the two patients;
then, by remaining vascularized, the graft could
activate the growth of new bone in the boy’s limb.
After about 15 days, the two patients were sepa-
rated. The boy’s bone graft was irregularly covered
in new bone, and both patients had a brief conva-
lescence (Peltier 2000).

Putti’s report of 1912

In Putti’s work, the state of the art up to 1912 is
reviewed; the work of previous authors and that
of his contemporaries is assessed and conclusions
drawn about it. He cited several authors regarding
clinical and experimental observations on animals,
and focused especially on the work of Ollier, Barth,
Axhausen, and Macewan. He also described his
personal experience and gave clinical indications
(fracture, pseudarthrosis, arthrodesis, deformity
lengthening and joint replacement) regarding ways
of using the different types of grafts. It is worth
pointing out this author’s modern way of thinking,
which can be summarized as follows:

1. The ability to be critical; review of case
series.
In the preface, Putti cites a few words by Ollier:
“the periodical revision of previous facts is one of
the necessities (...) of a science”, thus laying down
the foundations of modern science, which is based
on comparing series.

2. The uniformity of bone graft integration pro-
cesses.
All grafts behave in the same way, but there is a
qualitative difference between autoplastic and
homoplastic bone, which is much more marked
compared to heteroplastic bone.

3. The marked reduction in integration capabil-

ity of heteroplastic grafts.
Putti said of heteroplastic grafts “experience has
shown that it cannot compare to autoplastic and
homoplastic bone” and he went on to cite cases
in which some contemporary surgeons used fresh
calf, rabbit femur, and lamb tibia bone grafts.
The same theories were supported by Phemister’s
experiments, who (in 1914) reported studies on
dogs in which fragments of autologous bone had
been grafted. The author stated that “it has been
sufficiently demonstrated that bone from animals
of the same species behaves in the same way as if
it had come from the same animal, but with slightly
reduced powers, and that a graft from a different
species acts in the same way as dead bone or a for-
eign body” (Phemister 1914).

4. The lack of osteogenetic potential of graffts.
The graft does not take root by osteogenesis, but
from the effect of the surrounding tissues. In fact,
the tissue component of the graft dies and must be
replaced.

5. The osteogenetic potential of the periosteum.
Putti rigorously reported the contrasting propos-
als of Ollier and Barth, and after careful consid-
eration—taking into account all the experience
known at that time—he accepted Ollier’s theory
extending the osteogenetic capability of the perios-
teum to autologous and homologous grafts. Nowa-
days, we know that it is only in autologous grafts
that some cells able to activate a repair osteogen-
esis survive. This does not occur in homoplastic or
heteroplastic grafts. For this reason, in homologous
grafting we prefer nowadays to remove the perios-
teum (as all other surrounding tissue), because it
impairs repair processes.

6. The marked reduction in the biological capa-
bility of bone that has been treated with preserva-
tives, boiled, or macerated.

7. The importance of the quality of the tissues

where the bone graft is inserted.
With regards to the grafting technique he said,
“incisions should be made in such a way as to pre-
vent the wounds from being in direct contact with
the bone region that has received the graft. This
region should be protected by large layers of soft
tissue”. Thus, he showed that he understood the
importance of the conditions the graft is placed
in.
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8. The importance of the mechanical character-
istics of the graft and its fixation.
“There are, in fact, technical conditions that are
indispensable for a successful graft, and the most
important of these is the mechanical strength and
the morphology of the graft that replaces the miss-
ing bone... Experimentation and clinical tests
have shown that for the graft to take root, not only
should it be as viable as possible, but from the very
beginning it should have a strong relationship with
the host...” Putti, therefore, stated the need to use
homoplastic grafts (although he considered them
to be biologically inferior to autoplastic ones), and
above all the importance of a strong fixation.

9. The importance of asepsis.
With regard to the grafting technique, Putti stated
that “the replacement of a bone segment by grafting
can only be successful if healing takes place under
aseptic conditions. If asepsis is not guaranteed, if
the host environment or the graft is infected, if we
fail to protect the operating field from external con-
tamination, the graft is bound to fail”. These are the
foundations of a modern bone bank, which must
provide grafts free from contamination and ensure
asepsis in the operating field.

10. The importance of functional exercise.
In a very modern way, Putti observed that “immo-
bilization does not mean immobility. Functional
exercise is the most necessary stimulus for the
graft to take root; without it the graft remains in
the organism like a foreign body, which being
unneeded is bound to die”.

Discussion

First of all, we should acknowledge the impressive
clarity of Putti’s affirmations. By looking at the
manuscript, we can see that most of it was writ-
ten without erasing or overwriting, which shows
just how clear these principles must have been in
Putti’s mind.

It should also be pointed out that his own expe-
rience and that of others led him to introduce new
theories on the clinical application of grafts and
their evolution. In this respect, the paragraph in
which he proposes new possibilities of lengthen-
ing a tubular bone by distracting the growth plate
in children, or even the grafting of growth plate

cartilage into adults, is amazing (Langenskiold
1957).

Naturally, compared to current knowledge, there
were some weak points in Putti’s work that were
due in particular to biased observations. In some
cases, comparison of clinical and experimental
observations with different types of grafts used in
different clinical indications led to diametrically
opposing results. However, their incorrect setup
was often derived from failure to develop techni-
cal means to be able, for example, to differentiate
newly formed bone from grafted bone with any
degree of certainty. In fact, Putti—in reference to
Axhausen’s work—stated that “the way reabsorp-
tion and replacement of the grafted bone occurs
remains uncertain...” and concluded by adding,
“this aspect is not very important from a practical
point of view” (Figure 2). In 1914, Phemister took
a step forward when he introduced the modern con-
cept of bone reabsorption, which he interpreted as
a phenomenon called “creeping substitution” of old
bone by new bone, and stated that, “the living cells
on the graft surface proliferate and deposit around
the graft lamellae of new bone that gradually replace
the dead part inside the graft. The time needed to
accomplish this replacement may vary from three
months to a year, or even longer depending on the
size and thickness of the graft” (Phemister 1914).
Phemister’s estimation of time to replace the graft
allows us to say that the histological interpretation
of bone viability was still not very clear.

Another question not settled by Putti was the
role played by the bone marrow. The text refers
several times to authors who recommended expos-
ing the bone marrow to improve the taking of the
bone (Axhausen), but it also mentions Barth and
Lexter who advised removing it. The latter author
believed that, “it causes inflammation and tempera-
ture increase”. By this, it is obvious that theories on
immune response were not yet within the grasp of
these authors, although some of them highlighted
the risk associated with adverse reactions caused
by non-septic graft material.

Finally, the role of vascularization in repair pro-
cesses was not yet clear at that time. Putti men-
tioned Hahn, who was the first to describe the so-
called “pedicled graft” of the fibula. However, the
rare indication for use and the rather poor mechani-
cal capability of this type of implant led the author
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Figure 2. There were contrasting opinions about the biolog-
ical activity of graft integration. Ollier: the autoplastic graft
survives the operation and is renewed by cells of the peri-
osteum and bone marrow. Barth: the whole graft dies and
the connective cells of the host regenerate it. Axhausen:
the graft substance undergoes necrosis except for some
thin layers arranged under the periosteum and Harvesian
canals. Instead: the periosteum and medullary element
survive, and are responsible for renewing the material.
Macewen: the osteocytes of the graft are not damaged by
the operation and carry out the healing process, regardless
of the cell elements of the periosteum and bone marrow
which are not indispensable for bone production.

Green = necrotic bone. Yellow = living bone. Red = newly
formed bone. Orange = graft soft tissue that survived the
operation.

to underestimate its potential. In particular, Putti
failed to fully understand the advantage of main-
taining the vascular pedicle, and therefore did not
make the fundimental discrimination between
grafting and an actual transplant (Figure 3).

The concept of vascularization, necessary for the
success of a transplant, developed later with the
work of Carrel (a Nobel prizewinner in medicine)
and Guthrie (Carrel and Guthrie 1906). Carrel can
be considered to be the first vascular surgeon to
open the way for future vascularized transplants,
which were performed for the first time in 1975 by
Taylor in Australia (De Boer 1988).

Aldones OO

Figure 3. The author used this pictures to define a trans-
plant by drawing an analogy between bones and plants.
"The operation is performed on whole organs with or
without immediate construction of the vascular connec-
tions (transplants); or on portions of organs (graft) when
clearly dealing with living tissue”. This shows that even
after Putti, for long time, the role of the vascular pedicle
was not exactly clear in the difference between grafts and
transplants.

From Vigliani F. "Trapianti ossei”. Relazione al XLIIl Con-
greso della Societa ltaliani di Ortopedia e Traumatologia,
Padova, 19-21 ottobre, 1958.

The history of grafting continues with the
authoritative publications of F. H. Albee on the
surgery of bone implants. In 1915 he introduced
the “rules for using bone grafts”, which still apply
today (Peltier 1996). In an article published in
1932, he also defined the principles and use of bone
grafts and published good results in 810 operations
performed for nonunions in the limbs. The grafts
used by Albee were all autologous, from the iliac,
trochanter, tibia, metatarsal, olecranon, fibula, or
cranium (Glicenstein 2000).

In the first half of the last century, there was wide-
spread use of bone graft implants and numerous
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articles were published on the subject. In an article
published in the Journal of Bone and Joint Surgery
in 1942, Inclan presented a large number of opera-
tions performed with autologous and homologous
implants and also considered the difficulties that
may be encountered in finding grafts suitable for
the operation to be performed. At that time, prob-
lems related to the immune response were known,
and the author stated that when the autologous
graft is difficult to perform, a homologous graft
between living patients of the same blood group
can be performed—whereas grafts cannot be used
from cadavers on sentimental and religious grounds
(Inclan 1942). Inclan and his contemporaries had
already begun to hint at the modern concept of
storing bone material for different needs.

The preservation technique—described by the
author as routine—consisted of placing the graft,
immersed in the donor’s blood or that of the host,
in a sterile glass container. The graft was then kept
in a refrigerator at a temperature of 2—-5°C until it
was used. In addition, during the period of preser-
vation bacteriological tests were performed every
3—-14 days on average, and in rare cases after 70
days (Inclan 1942).

Modern bone banks to store material for opera-
tions were only possible after the evolution of cool-
ing techniques. In 1947, Bush and Wilson reported
the need to preserve bone grafts at a temperature
of —20°C, and they managed to build a bone bank
for small fragments (Bush 1947, Wilson 1947).
In 1951, Mouly and Sicard (at Beaujon di Cliché
Hospital) and Herbert (at Aix-les-Bains) founded
the first bone banks in France. Poitout described
the way they worked in 1985 (Glicenstein 2000),
but the first large bank for frozen osteoarticular
grafts was already running in 1970 (Gross et al.
1983, 1993, Mankin et al.1983).
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