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INTERNAL PROSTHETIC REPLACEMENT OF SKELETA L
SEGMENTS LOST IN COMBAT INJURIES

I. TECHNICAL OBJECTIVE

The continuing objective of this investigation is the development of

artificial replacements for large segments of bone or bones and the inter-

vening joints which are lost due to trauma such as that which occurs in war

casualt ies . In addition, it is felt that a civilian by-product of this

investigation would be an application of the same system to the reconstruc-

tion follow ing massive resec tions for certain types of malignant bone

tumors .

The basic principle is the use of a special porous metallic material

which allows ingrowth of bone . This permits the imp lant to become incorporated

into the patients skeletal structure with functional union .

The specific objectives of the program include :

(a) Development of a series of biological models that are relevant to the

eventual clinical situations.

(b) Study of the biological response of local and remote t issues.

(c) Evaluation of the bone in intimate contact with the prosthetic materials.

(d) Study of the long-term toxicity in animal models including the

possibility of carcinogenesis.

(e) Evaluation of specific properties of the materials used from the view-

j point of their long-term performance .

:1 (f) Design and evaluation of prosthetic devices including design studies

for human implantation .

I ~~ 
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II . HYPOTHESIS

- The prosthesis designs make use of a porous material manufactured by

molding short lengths of fine titanium wire into precise shapes and bonding

the wires (fibers) to each other by a sintering thermal treatment at high

temperatures in vacuum . We have developed and perfected the manufacturing

techniques in our own laboratories such that the technology may be trans-

ferred readily to industrial production.

The product is unique in its physical and mechanical properties . It

posseses about 50% by volume of pores which are interconnecting and have

inscribed diameters in excess of 100 m icrons . We have demonstrated over a

~eriod of eight years in a wide variety of animal models that bone and

vascular elements will rapidly invade the pores and in a matter of months

will invest the whole pore volume .

The material is highly elastic; having compliance characteristics

similar to cancellous bone. It is also capable of permanent or plastic

deformability which is necessary for clinical fit to end bone fragments by

applied compression . While the product can be made from almost any metal

available in fine wire form , we have chosen to work primarily with titanium

because of its excellent biocompatibility and availability in high strength

forms. The prosthesis designs involve composites of solid pieces which are

strong and load bearing in conjunction with the porous material which

carries little load but hosts the bony regrowth and union .

III. BASIC DESIGNS

The cortical configuration of a long bone has been synthesized by a

tubular design whose profile and wall thickness matches the segment to be

replaced. The cortical prosthesis component is a thin-walled tube of solid
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high strength titanium sleeved with the porous titanium special product .

The overlay of porous titanium for the baboon is about 1.5 mm thick and

overhangs the solid tube at either end . The overhand permits complete

fit up to the bone fragments by deformation under axial compression (using

the AO device) .

The prosthesis is provided with immediate fixation by the use of a

intramedullary rod of high strength titanium which is also sleeved with

porous titanium and by a titanium plate w ith screws applied diametral to

the bone diaphysis. The intramedullary iod becomes incorporated in the

long bone by bony invas ion. The plate becomes submerged in callous but

may be removed at a later date.

As will be described later , we have begun to experiment with a simpler

design in which the segment and the intramedullary components are integral.

This “rolling pin” design is sleeved with porous titanium over the whole of

the segment ; with overhand and over the medullary projections . The medullary

projections are limited in length by the problems of clinical implantation

but they should be sufficient for fixation .

IV. RELEVANT PUBLISHED WORK

A compl.~te review of work by others on related subjects was presented

in the annual summary report of 1974. Many investigators have demonstrated

bone ingrowth into porous mater ials (metallic , ceramic and polymer) . There

has been relatively little application to prosthesis design and supporting

research with animal models.
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V. EVALUATION OF SEGMENTAL REPLACEMENTS OF BONE USING FIBER METAL IMPLANT

(See enclosed manuscript , Appendix I and see Table 1.)

The results of 43 segmental replacement prostheses inserted into 38

adult female baboons have been evaluated . Eleven of these implants are in

animals still alive while the remaining animals have been sacrificed and

evaluated radiographically as well as histologically. The results show that

successful bone ingrowth occurred in 92% of the intramedullary rods and in

77°~ of the interface when bone graft was used . Uninterrupted bone formation

was found across the prosthesis in 75% of the animals in which bone was

transplanted . It appears from the results that, provided good initial

stabili ty is obtained and bone is transplanted , excellent long-term results

can be obtained with bone ingrowth and bone bridging of the prosthesis. The

biocompatibi l i ty of the composite was found excellent up to 60 months after

implantation (Figures 1, 2 and 3).

VI . CONTROL PROSTHESIS

To increase the number of control animals in which prostheses were used

which did not incorporate fiber metal at all or in part one additional baboon

has been operated with a prosthetic device with two solid intramedullary

projections instead of fiber metal projections. One further baboon has been

implanted with a complete solid titanium implant without fiber metal . These

animals are both in the early stages and not yet possible to evaluate.

V II. BONE TRANSPLANT EXPERIMENTS

In the previously operated and evaluated animals , bone grafting was

performed chipping the cortical and cancellous bone into small pieces using

- —-- -
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a hammer . This provides a bone transplant material of rather large pieces

with a considerable bulk  and with  an uneven interface contact to the

prosthesis. A study was initiated to evaluate the possibility of using a

ground bone material  which could be spread directly over the prosthetic

surface. This experiment consists of replacing the femoral segment of one

leg of a baboon with a prosthesis and transplanting bone grafts as done

previously. On the other side a resec tion was made , a prosthesis inserted

and ground bone transplanted . Six such procedures have been done. The

animals are followed by radiography and two sacrificed at one month , two at

three months and two at six months. Tetracycline labeling is used to study

bone remodel ing. To date five of these animals have been sacrificed . The

remaining animals will be sacrificed in August . The early radiographic

results of this study are encouraging.

VIII. CEMENT FIXATION OF INTRAMEDULLARY ROD PROJECTIONS

Clinical situations such as a very short metaphyseal proximal or

distal fragment may require the use of acrylic cement to provide additional

initial s tabi l i ty . In order to compare the effec t iveness of fixation of the

segmental prosthesis covered with fiber metal as compared to solid intra-

medullary rods cemented into the intramedullary canal , animal experiments

have been conducted. In these experiments one baboon femur has been replaced

with a fiber metal prosthesis with fiber metal intramedullary projections,

the other with a fiber metal prosthesis with cemented-in solid projections.

Four such animals have been operated, two have been sacrificed at three

months and two at six months. The animals are currently under evaluation

histologically, radiographically and biomechanically.
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I X .  ROLLING PIN DESIGN

In order to facilitate the implan ing of the prosthesis , particularly

in human application, the rolling pin des ign of a prosthesis has been

developed . Three such prostheses have been implanted into baboon femurs

and are currently one at nine months , and two at one year . Radiographic

evaluation at this time is satisfactory .

X. CARCINOGENESIS (See enclosed manuscript , Appendix II)

The carcinogenic activity of seven metal alloys was studied by implanting

sol id rods of each alloy in the gluteal muscles of Sprague-Dawley rats which

were sacrificed after twenty-four months. When the number of tumors in these

rats was compared with the number in rats not operated on, in rats which had

a sham operation, and in rats implanted with Si lastic rods , no statistically

significant differences in the incidences of the tumors in the several groups

that was formed.

These animals that have been sacrificed and evaluated had their implant

performed in the gluteal muscles. A new series of animals have been implanted

where the implants were done onto the femurs of imbred albino Sprague-Dawley

rats. Implants have been performed both in solid and in powder form of

different average particle diameter. In addit ion, two groups of animals have

been implanted at age 1 year rather than in the immature stage to define the

incidence and occurrence of tumors in old animals. Controls and shams are

included with these test groups.

Out of a total of 648 rats planned for this project , 472 have been

implanted to date. The animals are to be sacrificed after 24 months (Table II).
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X I .  IN VIVO COUPLE CORROSION

The dog implanted 30 months ago w ith couple corros ion specimens has been

sacrificed. The animal hosted the following specimens :

4, Cast Vitallium and Wrought Vitallium

4, Cast Vitallium and MP35
N

4, Cas t V itallium and Graphite

4, Cast Vitallium and TiÔA14V

These implants  consist of polished discs fastened together with a

polyethyl ene rivet .

The corrosion specimens along with the surrounding soft tissue were

removed , fixed in 6% Glutaraldehyde and stored cold in 50% alcohol until the

implants were removed. Half the surrounding tissue will be processed for

histology and the remainder embedded for electron microprobe analysis at

Argonne. The couple corrosion implants will be evaluated by Dr. Rostoker .

XII. STUDIED OF METAL CONCENTRATIONS IN TISSUES

Electron microprobe investigations have been carried out on metal

implants in bone. The metal imp lants included titanium fiber and Cr-Co-Ni-Mo

alloy. The implants have remained in place for a period of two years before

sec tioning and analysis took place. With attention focused primarily on the

Ti fiber , concentration profiles were measured at the metal-tissue interface.

Many locations were examined and all showed similar characteristics. The

maximum titanium concentration in the tissue adjacent to the fiber was some

0.6 w/o. The Ti concentration decreased in a regular fashion as one went

further into the tissue , reaching background levels some 450-500 ~im from the

fiber interface. Simultaneous measurements of the calcium content in this
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region indicated the presence of calcified tissue . Additional studies on

other alloy implants are in progress.

X I I I .  HUMAN F~(PERIMENTATION PROGRAM

Desi gn and Manufacture of Prosthetic Devices

Design studies and manufacture of prototypes of segmental replacement

has been accomplished. Particular emphasis has been placed in dev ices for

replacement of segmental of the distal end of the femur and proximal end of

the tibia as these cases represent probably over two-thirds of the instances

encountering clinical practice where segmental replacements are necessary.

A rolling pin type of design was chosen . Fiber metal composite coating w~s

applied both in the intermedullary projections and at the level of the replace-

ment segment . The devices for the distal end of the femur and proximal end

of the tibia were made so as to provide for arthrodesis of the knee joint at

the time of reconstruction . Plates and screws were aiso designed to provide

an immediate fixation .

Patient Implantation (See enclosed manuscript , Appendi x III)

Under this protocol four patients have been operated on.

Case I Fibrosa rcoma of the tibia , left. Segmental replacement of

distal tibia with arthrodesis of the knee joint. Patient

ambulator with full weight bearing and asymptomatic.

X-rays : Complete bridging across the defect.

Case II Giant cell tumor distal femur , left . Segmental replacement

of distal femur with arthrodesis of the knee joint. Patient

ambul at ory wi th  f u l l  wei ght bearing and asymptomatic .

X-rays : Complete bridging across the defect .



9

Case I I I  T r auma t i c  loss of distal femur. Segmental replacement of

distal femur with arthrodesis of the knee joint. Patient

ambulatory with full weight bearing and asymptomatic.

X-r ays : Complete bridging across the defect.

Case IV Chondrosarcoma upper tibia. Segmental replacement of

proximal and midshaft tibia. Patient ambulatory with

weight bearing.

X-ray ’s : Bridg ing across segment.



TABLE I

CURRENT BABOON S

TIME POST POST PLATE
SITE -‘I.ND PROCEDURE ANIMAL OP. (MO.) REMOVAL (MO.)

Femur:

Segment E~ Rod F iber Metal 964R~ ’
3 

56

964L2 40 22

l645R 2 
39 10

25892 38 11

Short Solid IM Rod 963R2 40 17

l 8l2R 2 
30 15

Sol id Segment 4lOL 5

Rol l ing P in Des ign 1809 10

1643 13

Long Solid Rod 410R 13

Ground vs. Chip Graft 3048 4

Tibia:

Segment E Rod Fiber Metal l645L
2’~ 44 10

963L
2 

39 10

l8i2L 2 37 15

Humerus:

Segment E~ Rod F iber Metal 254 72 39 11

9O2~ 39

2588 2 40 14

1 - No Graft

2 - Removal of Plate

3 - Secondary Graft



TABLE II

CARCINOGENESIS TEST GROUPS

TEST MATERIAL SOLIDS POWERS

-5j.i 30-44p Wear Debris

Titanium + + +

Titanium implanted
at age 1 year +

Ti6A14V + + +

3l6L + + +

3l6L implanted
at age 1 year +

Wrought Vitallum +

Cast Vitallium + + +

MP35N + +

Si las tic +

PM?4 + +

Hifax 1900 + +

Delrin 150 + +

Sham

Sham performed at
age 1 year

Control

27 groups (24 rats/group) = 648 rats

472 have been implanted to date



LEGENDS

FIGURE 1 Cross-section of baboon femur with
segment 60 months after implantation.
6 x magnification. Note complete
bone ingrowth. The plate was located
at the l ower left hand corner.

FIGURE 2 Section of the distal bone - fiber
meta l interface of a femora l replace-
ment 60 months after implantation.
7 x magnification. Bone ingrowth
can be seen in the rod and segment

FIGURE 3 Section of the proxima l bone - fiber
meta l interface of a femoral replace-
ment 60 months after implantation.
8 x magnification. Bone ingrowth
can be seen in the rod and segment.
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FIGURE I Cross-sect ion of baboon femur with segment 60 months
after imp lantation. 6 x magnification. Note complete
bone ingrowth. The plate was located at the l ower
left hand corner.
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FIGURE 2 Section of the distal bone - fiber metal interface
of a femora l replacement 60 months after imp lantation.
7 x magnification. Bone ingrowth can be seen in the
rod and segment.
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FIGURE 3 Section of the proxima l bone - fiber metal interface
of a femoral replacement 60 months after implantation.
8 x magnificatio n. Bone ingrowth can be seen in the
rod and segment.
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I NTRODUCT I ON

The fixation of implants to bone is a major problem in orthopedi c surgery .

While internal fixation devices are often attached w i t h  scre.i~ , pins or bol t5 ,

rnethy lmethacry late is preferred in total joint replacements; the acrylic

polymerizes in situ and fills up the space between the implant and bone. Late

loosening of implants has focused the interest on the interface problems .

• (Charnley , 1972; Homsy , et al., 1972; Willert , Ludwi g and Semlitsch , 1974;

Feith , 1976; Lindweer and Hoof, 1975; Linder , 1976). New methods of fixation

have therefore been suggested. These include both osseointegration of solid

implants (Branemark , et al ., 1 969) and the use of porous implan ts.

Bone ingrowth into the void spaces of a porous material could provid e

idea l skeletal fixation for permanent implants such as total joint prostheses

or for prostheses used in the replacement of a bone segment lost because of

disease , tumor or trauma .

Severa l authors have reported bone ingrowth in prostheses with porous

surfaces of metallic , ceramic , polymeric and composite materials (1 ,2,3,8,9,

lO ,11 ,l2 ,13 ,l4 ,15 ,l6 ,17 ,l8,19 ,20). Adequate pore size , biolo qical compatibility ,

intimate contact with the surrounding bone and good stab ility during the early

period of bone ingrowth are pointed out as important requirements . The choice

• of the optima l porous material , particularly in relation to its mechanical

properties and to problems associated with weight bearing, is still the subject

of considerable discussion. Ideally, such a material should have adequate

crack resistance , particularly under impact and a compliance comparabl e to bone.

It should al~o be easil y manufacturable to precise dimensions and as thick

or thin coating s to a solid core. ( ) .

A porous titanium fiber composite , manufactured by molding and sintering

short l ength fibers , has been described in previous publications (4,5,6,7).



The fiber is disposed as a sleeve over a solid load bearing segment. Some

of the mechanical and biological properti es of the material , as reported

previously, are summarized below .

The purpose of the present study was twofold ; viz , to investigate the

applicability of the material as a prosthesis for massive bone replacement ,

and to study the biolog ical tissue reaction to the implant both in short

term and long term perspective.

THE TITA NIUM F IBE R METAL COMPOSITE

Unalloyed , annealed titanium wire was converted to fiber form by firs t

kinking it between meshing gears , and then cutting it into appropriate lengths.

The kink pattern has a sinusoidal wave aspect with a wavel ength greater than

0.25. This procedure increases the degree of interlock and the “green ” strength ,

and minimizes pa rallelism between adjacent wires in the molded body . The wire

diameter was 0.25 mm , and the wire was cut to lengths rang ing from 1.9 to

3.8 cm. The wires were molded as units using constraining dies and moving

punches. A sleeve type configuration of mold was used in a punch/core arrange-

ment. The mo ldinq operation was followed by a sintering stage in which points

of contact became actual metallurg ical bonds. The manufacturing process has

• been described in detail previously (Galarite & Rostoker , 1973). The diameter

of the wire and the molding pressures were chosen to give a void content of

about 50%. The pore shapes cannot be described in any simple geometrical shape ,

the largest being approx ima tely equa l to the wire diameter. The usual pore

size is considerably grea ter than the l0O~i found necessary by Hulbert , et al

(1969) tc’ allow mineralized bone inqrowth. The pores are completely inter-connected

so that hone can penetrate the ent ire body of the material (Galante , et al., 1971).

The m echanical properties of the material have been described by Galante

2
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and Ros toker (1973), and Rostoker , Ga lante and Shen (1974). The elastic

properties are more like an elastomer than a metal. The elastic modulus is

about 10
4/cm2 for the strain range of about 1%. Because of its high compliance

(large Strains per unit applied stress) the composite provides for a load—

distri buting behavio r .

Failure of the material does not occur by the propagation of cracks ,

because cracks do not form. Failure occurs as a tearinq process by rupture

of individual sintered bonds. Durinq a tearing test in tension stresses in

the order of 70-140 kg/cm 2 are reached before failure occurs .

Bone in qrowth into the fiber metal composite has been studied previously

in anima l mod&s (Lueck , et al ., 1969; Galante , et al ., 1971 ; Lembert , et al.,

1972 ; Galante & Rostoker , 1972 , 1973). In the intramedullary canal of the

proxima l femur of dogs , new bone formation was observed in the peri phery of

the im plant after two weeks , and bone ingrowth occurred into the void spaces

after three weeks. At 12 weeks there was complete infiltration in 72% of the

slides . The density of the im p lant an d the i ntimate contact between implan t

and bone were bo th found to be important considerations. ~!hen the strength

of the bone implant bond was studied using tensile tests in an Instron testing

machine a positive correla tion was found between the strength and the presence

of bone in the peri phery . The depth of the penetration of bone , on the other

hand , was not found to be of significant importance. The mean shear . strength

recorded in these experiments was from 1.7 to 16.8 kg/rn2, which approximates

th~ strength of normal trabecular bone. A change in pore size (from 190 to

390 ~) did not influ ence the shear strength.

MATERIAL AND METHODS

Forty-three segmental replacement prostheses were inserted into thirty-

ei ght adult female pap io-pap io ba boons. Thirty-four animals had one imp lant,

th re. had two imp lan~~ and one had three. Thirty-nine of the imp lants we re

3



complete fiber metal imp lants , four were control prostheses , as described

below. Twenty—one implants were replacements of femo ra l seaments , thirteen

of tibia l and nine of humerus segments . Eleven fiber metal implants are in

animals still alive. These were inserted thirty — five to fifty-three months

prior to the Final evaluation. In addition two of the control animals ,

evaluated at twelve months , are still alive. The other animals were sacrificed

six to sixty months after surgery (Tables 2, 3).

The length of the replacement segments was 5 cm. for the humerus , 6.3 cm.

for the tibia , and 7.6 cm. for the femur. The lengths were chosen as the

longest which would still allow fixation of a plate on both sides of the implant

u s ing  a compression fixation device. The replacement segment consisted of

a solid Ti 6% Al 4% V tube onto which titanium fiber sleeves were sintered.

The sleeves were fabricated as described earlier. For the tibia and femur

the cross-sections were roL,nd , and ‘~ove-tails were molded at both ends of the

segment to increase the rota tional stability (Figure 1). For the humerus

the cross—sec tion was triangular. A central solid rod of RMI titanium alloy

onto which unalloyed titanium fiber sleeves were sintered was used as an intra-

medullary rod (16.8 cm. long for the femur , 13.2 cm. for the tibia and humerus).

This rod was inserted through the replacement segment to provide stability .

Additional stability ~ias provided by means of a Ti ~ Al 4% V semitubular

plate and four stainless steel screws.

The control replacement segments were all of the femoral type , with the

same dimensions as above . Two imp lants had fiber metal segments , and a solid

Ti 6% Al 4~ V intramedullary rod , two had fiber metal intramedu llary rods and

solid segm ents.

All surgery was performed under genera l anesthe sia using standard surg ical

techni ques. Prophylactic ant ib i ot i cs were given routinely (Clindamycin). A

lateral approach ~ias used for the femur , antero-latera l approaches for the

4



humerus and tibia. The appropriate segment was resected using a recipro-

H cat in g saw , and the segment fitted. The intramedul iary rod was then threaded

th rough the intramedullary canal , and through the segment. Following this

the plate was applied in compression.

Three di fferent surgical procedures were used . In seven femurs the

resection was sub periostea l and no bone graft was added . In twelve an extra-

periosteal resection was performed without simultaneous bone grafting (4 femurs ,

5 tib ias and 3 humeri). The other procedures were all extraperiostea l resections

with autolo gous bone grafting using bone ships from the resected segment , i.e.

mainly cortical bone (6 femurs , 8 tibias and 6 humeri).

The an imals were housed in cages with inside dimensions of 74 x 89 x 117 cm.

They were encouraged to use their limbs the day followin g surgery . Five to ten

times a day the animals were stimulated to vigorous activity , such as jumping

and swinging.

Thir ty mg/kg body wei gh t of oxytetracyc l ine was given intravenousl y one

month before sacrifice , and one week before sacrifice 40 mg/kg body weight

chlorotetr acycl ine was given intravenously in addition.

The plate was removed in ei ght of the eleven animals still alive , at

five to fifteen months before the final evaluation.

Follow iig sacrifice the entire implanted bone with surrounding soft

tissue was removed as well as the lung, kidney , li ver , spleen , pancreas and

the reg ional lymph nodes. The segment was first eva l uated macroscop icall y

for areas covered and not covered by bone. Contact x-rays were then taken

from each specimen •~nd eva l uated for union , i nterface contact and radiolucent

areas. (Table 4). The segment and the intra rnedu llary rod of each spec imen

were then cut in 5 to 10 horizontal slices (Figure 1). In addition , one

vertical cut was m ade through the middle of the proxima l and distal imp lant -bone

interface. The sections ¶,jere embedded undecalcif ied in polymeth ylmethac rylate. S



Thin slices were cut with a diamond saw , ground down to 50 to 100 micron l ayers

and stained with acid fuchsin . All sections were evaluated histolog ically

and rated by a numerical system (Table 4). The evaluation was ma de separately

for the i ntramedu llary rod , the proximal and distal , flat bone replacement

interfaces and the segment. For the rod and segment two to five sections of

each were evaluated; bone ingrowth into the total surface area of all slides

for each was considered a 100% contact.

RESULTS

No operative or postoperative complications were encountered in the

experimental series. The animals all used their limbs the day following surgery ,

and within two weeks their behavior was the same as before surgery . When

stimulated to activity no differences between the operated and not operated

limb could be noted at that time or later.

Rad iographic Evaluation

All rep lacement segments were radiogra phicall y intact . One rod was

broken at the dista l end , in a humerus with non-union. Uninterru pted bone

formation across the segment was found in 15 of the extraperiosteally resected

segments with bone transplantation (75%) and in five of the subperiosteal ly

resected segments (71%) (Fi gure 2a). Non-union was present in two humeri

an d three tibias in which bone transp lantation was performed , and in two su b—

periosteally resected femurs . None of the animals in which -the bone was resected

extraperiostea lly withou t simultan eous bone transp lantation obta ined union.

Ave rage numerical valu es for the different groups are shown in Tables 5 and 6.

The bone -prosthesis interface eva l uation was closel y associated to the

development of bone across the segment. For the grafted animals tota l interface

contact was found in eleven of twel ve femoral interfaces (92:~), in eleven of

twel ve humerus interfaces (92~ ), and in eleven of si xteen tibia interfaces

6



(69 ~~ ). The subperioste ally resected anin als had a tota l interface contact

a t nine of fourteen interfaces (64~). In the non—grafted group (20 interfaces)

the re was only one interface with total contact (5%), seven wi th partial

contact (35%).

The radio graphic results of the control animal s are shown in Table 7.

In one anima l uninterrupted bone formation was found across the prosthesis

with partial interface contact. That prosthesis had a solid segment , but

a fi ber metal rod. In that anima l , and in all control animals , radiolucent

areas of considerable size were found around the prosthesis (Fi gure 2b).

Such areas were found in none of the other animal s.

The development of the bone bridge can be assessed over the evaluation

periods: in the grafted animals at six months in two of s ix animals , at one

year in all but one , and at two years in all animal s.

In the eight animals in which the plates were removed no changes have

been noted in subsequent x-rays , the animals being fully act ive  and weight

bearing.

Macroscopic evaluation

All plates were found intact at autopsy , one of the screws was broken .

In all animals with bone bridg ing the segment rad iogra phi call y, there was

uninterrupted bone covering the segment , except under the plate , which was

always separa ted from the segment by a thin soft tissu~’ layer . All segments

in which bone formation had not occurred across the prosthesis were covered

with a similar soft tissue layer , ti ghtly adherent to the fiber meta l framework.

No si gns of infection or gross evidence of tissue intolerance was noticed .

In two spec imens , both unstabie without bone bridging the segment , small amounts

o f black stai ni n g material was found in the soft tissues between the fiber

r~e t~il and the plate , indicating wear due to motion between the components.

7



Histologica l evaluation

The histological results are summarized in Tables 5 and 6. Bone ingrowth

into the fiber metal intramedul lary rod was found in 26 of the 28 fiber metal

prostheses (92%). These were both extraperiosteal resections without simu ltaneous

bone transplantation. In 19 of these 26 implants (67% of all implants ) bone

growth was uninterrupted up to the solid core.

At the interfaces bone ingrowth was related to the surgical procedure ,

the imp lant site and to the imp lantation period. In the grafted animals bone

ingrowth occurred in 17 of 22 interfaces (77%). The ingrowth was complete

in 9 (41%). The corresponding fi gures for the subperiosteally resected femurs

were ingrowth in 8 of 14 interfaces (57%), with complete ingrowth in 5 (36%).

In the non—grafted , extraperiosteally resected segments , ingrowth was found in

6 of 20 interfaces (30%), with complete ingrowth in two only (10%).

In the grafted animals interface ingrowth was more frequent foi~- femora l

implants (100%, with complete un ion in 67%), thar . for tibi al implants (70% ,

with complete union in 20%), and humerus implants (67%, with compl ete union

in 50%).

The time of implantation had an obvious influence on the bone ingrowth .

Thus , for the gra fted animals bone ingrowth was found in eight of twelve

interfaces at six months (17%), at later sacri fice periods in seven of eight

(88%). Finally in the non-grafted animals ingrowth was only found in those

sacrificed at twelve months or later.

Over the fiber metal segment bone ingrowth was irregular occurring in

10 of the 20 segment replacements that were bridaed by bone. It was super-

ficial in all but one segment.

The histolog ical eva l uation of the contro l segments showed comp lete bone

inqrowth into the fiber meta l intramedu llary rod at 6 months. No bone ingrowth

occur red at the interface or segments.

8
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The bone growing into the fiber metal and the bone in the immediate

surrounding of the prosthesis was mature , laminated , with intimate contact

between the bone and the metal fibers (Figure 3, 4). No bone resorption

was noted in the stable implants . No abnorma l tissue reactions were seen

surrounding the implants or in the organs removed.

The fl uorescence-microscopic studies s howed remodelling processes in the

bone within the void spaces of the fiber meta l implants , as well as in the

surrounding bone.

By and large there was agreement between the radiographic and histologic

appearance. At five interfaces , however , a good radiographic result was found

where no bone ingrowth could be found histologically. In an effort to under-

stand why in some cases bone ingrowth did not occur the initial (postoperative)

x-rays were evaluated for bone-prosthesis contact. A gap between the prosthesis

and bone exceeding 1 mm was found in 80% of the implants where interface

bone ingrowth did not occur , compared to 20% in those in which bone ingrowth

did occur.

DISCUSSIO N

The study shows that fiber meta l prostheses can successfully be used to

bridge large defects of long bones in prima tes under wei ght bearing conditions

and tha t bone formation can occur over the prosthesis when autologous bone is

grafted. This is not unique by itsel f because severa l other techniques have

been devised to bridge extra-articu lar bone defects, including transplantation

of autologous cancellous or cortical bone , usually supported by internal or

external fixation , arthrop lasty utilizing custom-made prosthesis , and trans .-

plantation of homogeno us grafts (Wilson and Lance , 196 c ; A lbrechts son , 1971 ;

Ottole nghi , 1972; Parrish , 1972; Tuli , 1972; Wi lson , 1972; Enneki n g and

Shirl ey , 1977). The differences between the procedure described here and

these other tech niqic ~s is the osseointegr ation of the prosthesis , and the

9
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i mmediate weight bearing . The fact that no failure of the segment occurred

shows that the strength of the structure was sufficient to withstand the

load bearing stresses. Osseointegration is essential in the long term ,

however , because fatigue failures may occur as indicated by the rod fracture

in the non-union humerus.

In addition to the information about the feasibil ity of the prosthesis

for replacement , the experimental model gives information about the bone

ingrowth in the composite. Bone formation occurred readily in the void

spaces of the intramedullary rod. For the interface and the segment on the

other hand , bone ingrowth was related to the surgical procedure. An intimate

contact between bone and prosthesis at the interface seems essential to

obtain good bone ingrowth. This confirms previous work by Cameron and

colleagues (1976). As to the segment , it was necessary to transplant bone

or to retain the periosteum to obtain a successful bone bridge. However ,

even then , bone ingrowth was unpredictable in the segment area , usually

with a spotty distribution. A probable explanation for this is the bone

transplantation technique. Due to its thin iliac crest cancel lous bone is

not readily available in the boboon. It was therefore accepted to use the

mainl y cortical bone of the segment , which was crushed in pieces . Under

these circumstances it is difficult to obtain a close contact between the

graft and the fiber metal composite.

The excellent bone inqrowth obtained in the intermedullary rod , and

In the interface area is encouraging considering the poss ibl e use of the fiber

metal composite in joint replacements. Bone ingrowth can occur in spite of

the micromovements caused by weight bearing. Larger movements were prevented

by the desi gn of the prosthesis and the use of the bone plate . Al though

not investi gated here it is probabl y essential to prevent such motion to

allow bone formation in the void areas (Cameron , et al., 1973). When bone

10



ingrowth has occurred stability appears to be sufficient without the plate ,

as found in the eight animals st ill aliv e in which the plates were removed.

The biocompatibi lity of the system was excellent. This supports previous

investi gations of titanium implants (Brai nmark , et al., 1 969; Lundskog, 1 972;

Nilles , et al., 1974; Escalas , et al., 1976; Lennons , et al., 1976).
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T a b l e  1

Segmental replacement in anim als still al ive (11 implants ).

All resections were extraperi ostea l and autologous bone grafting was

performed . Compression fixation was noted.

Bone Segment Auto logous Postop. Period - # of
Replaced bone graft 

— 
(Months) 1~plants

Femur yes ~~
— 53 1

—‘36 2
yes 36 1

Tibia yes ~~~~ 41 1

2

Humerus yes i’-’ 36 3

no ‘ 36 1



- . 
. TABLE 2

SEGMENTAL REPLACEMENT OF EXTRAPER IOSTEALLY RESECTED SEGMENTS .

Bone Segment Au tologous Sacrifice No. of
Replaced Bone Graft Period Implants

Femur Yes 6 2

12 1

No 6 1

12 2

T ibia Yes 6 2

~12 2

18 1

No 6 1

12 2

18 1

24 1

Humerus Yes 6 2

12 1

lb 6 1

12 1



TABLE 3

SEGMENTAL REPLACEMENT OF SUBPERIOSTEALL Y RESECTED SEGt’IENTS

OF FEMUR

Sacrif ice No. of

Period Implants

6 3

12 2

33 1

60 1



TABLE 4

RADIOGRAPHIC AND HISTOLOGIC EVALUATION RATING

Radiographi c [valuation

S egme n t

O No bone formations or min im al bone formation at
one or both ends of the segment.

1 = Bone formation at one or both ends with incomplete
extension over the segment.

2 = Uninterrupted bone formation across the segment.

Interface

O = No contact.

1 = Partial contact.

2 = Total contact.

Histologic Evalu ation

O = N o n — u n i o n ;  fibrous tissue ingro~.ith or interposition.

1 = Partial union; limited bone ingrowth or bone ingrowth into
less than 50% of the total histological surface area .

2 = Complete union; bone ingrowth up to solid core in
the intramedul lary rod , and more than 5 mm. into the
segment , over more than 50% of the tota l histolog ical
surface area .



TABLE 5

RAD IOGRAPHIC EVALUATION OF ANIMALS STILL A LI’.’E

Bone Segment Months after Bone- No. of Radiographic evaluation
Replaced Implantation graft Implants Segment Ii 12

Femur 36 Yes 3 2 2 2

53 No 1 0 1 1

Tibia 36 Yes 3 1.7 2 2

Humerus 36 Yes 3 2 2 1.7

36 No 1 0 0 0
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Metal Carcinogenesis
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-~. 1-ls I K U i: Iht- carcinogenic act iv i ty  of s e v e n  in use for human implants after implantation in n)usck in
m etallic aIlo~s s~as studied by implanting solid rods of rats.
eat-h aIIo~ in the gluteal muscles of Sprague-I)awley 

-

rats sshich ssere killed after tssc nls-four months. W hen Mater ials and Methods
tht number of tumors in these rats was compared with Spr:Igue - I),ts’. lc~ albino inbre d rats (Charles Riser
the numbers in rats not operated on. in rats s~hich had Breeding) ~-e re used l i i  imp lantat ion. The~ sse re housed
a sham operation , and in rats implanted wit h Silastic in pol’~car honate cages (4 14 5 centimeters long. 26 .7 ~‘en-
rods , no sIa iisti tal I~ significant differences in the m ci- timeters wide , and I6 .5 cent imeter s deep) ss ith ‘.taiii lc - ss-
dt-ncc s of the tumors in the several groups ~sere found. stee l tops A maximum ot three animals of the same sex

were housed in each cage . Processed pine shav ings
\ leta Is . metallic aIIo~ s . and polymers are being im- (Pin-Dri Lab Products . Garfield . Ness Je rsey) ssere used as

planted in the human bod y ss ith increasing frequency. It bedding material Standard food (Purina Rat Chow ) and
ss as estimated . f i r  examp le . that approx irnate l~ 1 .0(X) lresh water were f recI ~ as ailable . Sis months alter implan-
total hip art hi l l last ies ,irc performed e v e r ~ day all liver tation. tetr ac~cl ine hydrochloride (twe nt ~ milligrams per
the ssiu r ld ‘ - OnI~ a tess reports described tunlors as- 100 mill il iters ~ as added to the drinking ss ate r because
so ated ss ith surgical implants in humans ~~~~~ or in the animals S~c’rc ’ plagued h~ pulrnon~in infections ( Bor-
animals ~,7,I3 

- Ho~~~’s er. the introduction of new implant (IC /ella br oni -/ i i . ie j i t i  a

m ateria ls and the \ol inger age of patients being treated l’ac h rat was labeled using an ear-punching code at
raise serious concern about possible carcinogenic hazards , the time of implantation. I)ail~ checks s~ere made h~ the

\l isi of our kn iiss ledge concernin g the possible car- attendant , and every three ss ee ks the animals stere
cinoge iiict ty of implanted materials comes f rom aiiima l wei g hed and indis idually evaluated. Animal s that did not
studies 1~hese studies s hoss ed that not onI~ is the chemical survive the firs t s ix months . lost their implant , or lost their
rI’aciii t~ it the implanted niateria ls important hut also eareode due to bites ss etc excluded froni the study - Ot the
their ph~s ieal cha i, iL terist ics . geoittetr~ - and surface ie \ -  initial 310 animals . 26(( were ini)uded in the st u ds .-\

lure 1 ’ ’ ’ . Certa in compounds conta ining hers Ilium. cad- two- year exper imental period ssa s planned . hut rats se-
mium. chromium , cobalt , iron , lead , nicke l, selenium . riousl~ a f f e c te d h~ tumors before t hat date ssere killed and
/j fl I . and titanium appear to be carcinl )gct i ic in experi men- evaluated.
tal animals ,~ , as do r1tan~ p l astics Ho~~es e r . there have Ses et i  meta l allo, s ( I  able IL all cur rcntl~ used for
been onl y a less an i i ii al stud i: -s i f  the carcl nogc -nlc h :i,j n ls prostheses and int ernal fixation in human— , eac h ss crc im-

If the metallic ’ allo~ s commonly used for surgical i t it- planted in a separate group of r a t s .  in addition, there were
plants h eath and associa tes induced sarcomas in ia is  three c i ’ ii l t , ’ l groups iii rats: one ith no surger\ - one in
ss hen ~~‘h,ilt-chromium-niol~ bdenuri m ss car products f rot i i which a sham operation ss as performed , and one in ss hich
total j oint-replacement pr ,stheses 55 Crc ititp laiited in t i tus-  Si la st t c  ss ~s implanted.
d c .  and suggested that there is need tot further care f ul in- All te st coupons c.ni sisted ot polished rods I 6 niil-
ve sti g i t lo n into the p ossIble ha,ards if such ss ea r limeters In diamet er and eight millimeters long, with
products ‘ Other alloys are also used e s iens us el y  ss ith rounded edges ihe sl)c ’cinlefls ‘s ere f :ihiic,itc ’d and their
little kno55 ledge of t heir ca rcini i ger i Ie potential . surfaces ssc re polished and cleaned as require d in the

The purpose of this investigation ssas to stud y the \S I \l specifications liii metallic surg ical implants -

carcino genic potential of scs et a l  t ii e t a l f i c a l loy s - currentI~ Lach t~ pe of t e st  coupon ss as implanted in the glu eal
musc le mass of fit teen k-iii ile and f i f teen male rats except
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muscle and ski n sse re closed with 4 -f ) chrornic catgut su- mesot he lioma . poorl y i l l  ferentiated carcinoma 1)1 un-
l ures. kno ssi ’  or i g i n . sehwannoi i ia . and rhabdomyosarcoma. The

The a n i ma s  xxe re kil led ss ith an overdose u t  t umo i - s ss ill, metastas is included two mesothe l ion ias , t wo
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at the site of the implant , and no infl ammatory reactions ent shapes . Although they are usually solid when im-
w ere observed in these areas. A delicate collagenous cap- planted . wear partic les are produced which have a much
sule xx- as always found surrounding the implant and the his- larger ratio of surface area to unit mass. These particles
tological pattern of this layer was comparable for the dii- may constitute an increased carcinogenic hazard, as
feren t matei ’ ia ls. sug gested by Heath and co-workers and by Swanson and

associates.
Discuss ion Muscle tissue has been used as the host for implants

The results of this study shons that solid implants of almost exclusively ’ in studies of metal carcinogenesis.
seven different metallic alloys commonly used in or- Bone , to which the human orthopaedic implants are
thopaedic surgery do not constitute a niajor carcinogenic applied, is a biologically different tissue , w hich may or
hazard when implanted in the mu~clcs of rats. This is an may not respond diffe rent ly.
encouraging finding, but must not be taken to suggest that Clinical studies have , as a rule , disclosed corrosion in
no carcInogenic effects can exist xx- hen the same alloys are the metal implants adjacent to the tumors. Electrolytic
used in human s. Clinical reports have indicated that reactions of dissimilar metals in contact are believed to
tumors occur only after a considerable period of have contribu ted greatly to the neoplastic response.
time 4.5. 9 . 12  The induction time in rodents is certainly Although this study cannot shed any light on that problem ,
much shorter, but no evidence is avai lable to substantiate it is obvious that such risks may prevail and should not be
that two years in rats corresponds to the often-quoted taken lightly.
“thirt y to fifty-year latent period ” for humans ”. The av- Although our results must be interpreted with these
erage life span of Sprague-Dawley rats is between twenty reservations in mind , the outcome of this study is reassur-
and thi rty months. ing. Careful follow-up of clinical experiences is essential

As mentioned previously, the physical characteristics to gain further knowledge of the carcinogenic hazards of
u’f implants have been found to be important ‘°~ . A rod metallic implants and the induction time of tumors in hu-
shape was chosen here since a previous study showed that mans.
rod-shaped implants cause a greater tissue reaction than

I Ii ‘ , . . ‘ S I~ Th~ ailIhuur’u ,~usul d ito io Ihan k Mon . F Coopcr . M, (1 Urban . .uid Mr H Bionno,
disc-shaped ones - Human implants exist in many differ- i ,  ii,~u~ icarnu .~ i
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ABSTRACT

Large segments of long bone , resected because of tumor or trauma ,

were successfully rep laced with prostheses made of a porous titanium

composite supplemented by autologous bone grafts .

Early results in five subjects were reported . Radiographic evalu-

ation showed bone extending over the prostietic device in all cases .

In one patient this was verified at operation , and in one at autopsy ,

when the patient died from a non-associated disease. Bone formation into

the  void  spaces of the composi te  was confirmed histologically in that

patient without evidence of tissue reaction. The clinical experienc e

parallels that previously observed in animals.



INTRODUCTION

Segmental defects in long bones caused by disease or trauma can

result in shortening , deformity and severe disability . When large

segments are lost, autolo gous transplantation alone is not suitable

as a method of reconstruction and the surgeon may have to use a pros-

thetic device or revert to amputation. Homologous transplantation

from cadaveric bone is another alternativ e , but at the present time

the procedure is still experimental (Mank’i n , 1976).

We suggest that replacements of major segments of long bones can

be success fu lly carr i ed out us i ng a ti tanium fi ber prosthes i s supp le-

mented with autologous bone grafts. This concept was derived from a

series of long-term anima l experiments in which major segmental resec-

tions were reconstructed by this method (Galante and Rostoker , 1973;

Gaechter et al. 1976; Miller et al , 1976). Union between the implant

and bone was ob ta i ned and the f iber metal segment was covered by a

l ayer of uninterrupted living bone extending from the proximal to the

dista l part of the resected bone.

The purpose of this paper is to report the early results observed

in a series of five patients who underwent segmental replacement for

severe bone loss secondary to trauma or resection for tumors .

METHODS

The technical details and mechanical properties of the porous

titanium fiber composite used have been described in detail pre-

viously (Galante and Rostoker , 1973). The replacement prostheses

cons isted of solid Ti 6~ Al 4;’. V rods on to wh ich titanium fiber

sleeves were sintered . They were made after x-ray measurements to



-2—

fit the individual patient . A rolling pin design was adopted wi th

a central replacement segment and distal and proxima l project i ons

designed to be inserted into the intramedul lary canal or into match-

in g drill holes in cancellou s bone . Early fixation was obtained by

means of Ti 67-~ Al 4” V plates attached to the ~one by stainless

steel or titanium screws using compression techniques . In one of the

patients methy lmethacrylate was used to obtain additional fixation of

the intramedullary pins. Autologous iliac bone grafts were used

routinely. In three of these patients the prosthetic device was

used to arthrodese the knee joint.

Case Histories

C a s e  - A 62 year  o ld  f e m a l e  fractured her right tibia on

September 21 , 1975 after sustainin g mi nor trauma . X-rays revealed a

pathological fracture (Figure 1). Further investigation disclosed a

diagnosis of metastatic endometria l carcinoma . No other metastasis

were discovered . In October , 1975 a 9.5 cm segment was removed from

the right tibia and replaced by a fiber titan ium implant. As the

d i s t a l  resec t ion  line of the segment was near the ankle joint , the

prosthesis was anchored with bone cement in the i ntramedullary canal

to provide additional initial fixation. Plate and screws were applied

and iliac bone grafting was completed . Histology showed the lesion to

be adenocarcinoma with squamous metap lasia.  The pat~ent  was treated

postoperatively with pe lvic radiation (5300 rads) for her primary endo-

metrial carcinoma . She was discharged on November 25 with the leg

ininobilized in a PTB p iaster cast. On December 3 the plaster cast

was removed and a cast brace was utilized with partial weight bearing .
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The brace was removed on May 5 at which time the patient was full

weight bearing and walking without supports and without a limp . There

was no pain and the range of motion of the ankle joint was only slightly

i mpaired . X-rays showed complete bridging of the segment without radio-

lucent areas. On July 8, 1976 the patient died suddenly due to myo-

cardial infarction. Post mortem examination of the tibia showed complete

bridging of the replacement segment by bone and x-rays revealed close con-

tact between implant and bone (Figure 2). The thickness of the covering

bone varied from 1 to 5 mm.

Histologically, new bone formation was observed around the pros-

thesis. Some bone trabeculas were also seen between the fi bers of the

implant, particularly at the prosthesis -bone interfaces proximally and

distal ly (Figure 3).

Case #2 - 56 year old laborer who developed a mass in the post-

erior aspect of the distal right thigh in January 1971. An open biopsy

was carried out by his referring physician on 3/21/72 and he was re-

ferred to the Mayo Clinic for definitiv e treatment. Examination revealed

a f i rm 4 by 2 cm mova b le mass in the pos ter ior as pect of hi s di stal

right thigh. His general examination wa s within normal limi ts . Staging

procedures revealed no evidence of metastatic disease. X-rays revea l ed

a calcified i rregular mass in the posterior l ower right thigh. Tissue

from the previous biopsy was reviewed and revealed a malignant fibrous

histiocytolna . On 3/27/72 a radial en bloc resection was performed .

His postoperative recovery was uneventful. More than three years

later , however , the patient developed a metastatic lesion in the left

upper lobe and on 6/20/75 a thoracotomy and wedge resection of the
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metastatic lesion was performed . Recovery was excellent and the

patient remained asymptomatic until nine months later when he ret~~’iled

complaining of aching discomfort in the right thigh. X-rays showed

a solitary osseous les ion involving the distal right femur (Figure 4).

Re-evaluat ion revealed no other evidence of metastatic disease. On

3/12/76 a segmental resection of the osseous lesion was carried out.

This involved 12.5 cm of the right distal femur. The integrity of the

bone was restored w i t h  a fiber metal prosthesis and iliac bone grafting.

His postoperative course was excellent and primary wound healing was

obtained . Ten days later a cast brace was applied with polycentric knee

hinges . He was dismissed from the hospital two weeks postoperatively.

When seen again six weeks later the patient was noted to be active and

he had no discomfort. He had 300 of knee flex ion. X-rays showed

early maturation of the i l iac bone grafts (Figure 5). At that time ,

h i s  cas t  brace was changed and  he was dismissed home . Unfortunatel y,

one month later the patient developed GI distress and died of GI

hemorrhage. No auto psy was performed .

Case #3 - A 28 year old previously healthy male who in October

1975 experienced sharp pain in the rig ht medial aspect of his tibia

i~l’t er physical exercise. The pain subsequentl y disappeared but re-

appeared on January 20 when an x-ray showed a lytic lesion in the left

tibial cond y l~~. A biopsy revealed a diagnosis of fibrosarcoma . Surgery

with excision of a 10 cm long segment of the tibia ir~luding the tumor

was performed on January 29. The defect was temporarily filled with

acryl ic cement. The leg was placed in a plaster cast and the patient

was then referred to us fur possible reconstruction. On March 31 , 1976

—4
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a 12 .5 cm long f ib er tit an i um p ros thesis was use d to re p lace the resecte d

segmen t and ar throdese the knee jo i nt. Because of di ff icul ti es to close

the sk i n , bone graft i ng could onl y be done medially, laterally and pos ter-

iorly. A cylinder cast was app lied and the patient was discharged on

April 13. The patient was re-admitted on August 28 for iliac bone

grafting anteriorly. During surgery solid bone formation and bridging

from the femur to the tibia was observed over the posterior , lateral and

medial aspect of the fiber implant. Histology of bone removed at the

ti me of sur gery di sclose d v i ab le bone overl ying the prosthetic device.

The patient is at present ambulating with full weight bearing .

Case #4 - A 30 year old male farmer complained of pain over the

left knee after a fall in 1975. X-rays obtained in February 1976 showed

a large lytic lesion involving the distal end of the left femu r (Figure 6).

A trocar biopsy was performed and a diagnosis of giant cell tumor was made.

On A pri l 20 the d i stal 10 cm of femu r wer e resec ted and rep lace d by a

fiber titanium implant which extended over the knee joint. Autologous

bone from both posterior iliac crests was added and a p laster cast

cylinder applied . The cast was changed for a cast brace on June 15.

X-rays in September 1976 shows bridging of the prosthesis with bone

(Figure 7). The patient is presentl y asymptomatic and full weight

bearing without supports .

Case ~5 - A 32 year old male who was i nvolved in a car accident in

July 1 976 where he susta i ned a severel y comm i nuted compound fracture i n-

volv ing the distal end of his left femur. At the time of initial debride-

ment excision of the i nvolved 12 cm of the distal left femur was required

J
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because of marked comminuti on and massive contamination of the wound .

The pa t i en t was then p lace d i n skeletal trac ti on for two weeks and a

spl i t  thickness graft was used to provide complete coverage to the

anterior portion of the wound . He was referred to us six weeks after

h is sur gery for further reconstruction i mmobilized in a long leg cast.

His wound was completely healed without evidence of infection. X-rays

showed a complete loss of the distal 12.5 cm of the femur. Severe

shortening amounting to 6 cm had occurred . After admission the cast

was retnoved and skeletal traction was instituted . In 10 days , the

original length was restored . On September 23. 1976 segmental

rep lacemen t of the lef t di s tal femur w it h art hrodes i s of the knee

joint was carried out. Auto logous bone grafting from both posterior

i l iac crests was performed . The patient did we ll postoperatively and

is at present ambulatory wi th a long leg brace.

DISCUSSION

The early results reported on in this paper are encouraging.

Pros thetic devices made of titanium fiber composites can function

in humans under weight bearing conditions . The bioco mpatibility appear

to be sat isfactory ; no adverse response had been noticed clinicall y,

radiographically , or in histologic evaluation. This confirms the

experience obtained in previous anima l studies.  The ope rative pro-

cedures wer e compara ti vel y s i mple. Good initial stability , which i s

believed to be important to accomplish success ful bone ingrowth and

bone bridging , could easi ly be obtained (Gaechter et a l . ,  1976 ). The

length of the fiber metal segment and the medullary projections are

important to ensure such stabi l i ty , as also the applicat ion of the 

~~~~~~~~~ - - - - _
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plate in compression. In one patient the distal bone fragn ent was

very small. It was felt at surgery that the p late alone mig ht not

prov id e adequa te sta bility. Consequently, methy lmethacry la te was

used. The use of acry l i c  cement , however , s h o u l d  be avo ided  when

p o s s i b l e  as it preven ts bone i ngrowth into the i ntramedullary parts

of the fi ber composite. Anima l experienc ” has shown that bone forma-

ti on i n t o  the intramedullary rod i n ever y instan ce prov ided a cruc ial

source of long term stabi l i ty to the system . Following the experience

in animals massive bone grafts from both pos ter i or il iac crest ha ve

been used. Sufficient bone to cover the entire length of the resected

segment was obtained in every instance ,

One operative problem encountered was diff iculty to close the

skin over the trans p lanted bone in cases where resection of the se g-

ment had been done in a previous operation. It may be necessary , as

in one of our patients , to complete bone grafting in a secondary opera-

tion. it is advantageous, however , to excise the diseased bone and

insert the prosthesis at the same time . When the operation is care-

fully planned it does not prolong the procedure unreasonably. Further ,

shortening is prevented , and scarr ing and retraction of the skin and

tissues making closure difficult does not occur . Should for some

rea son the i mp lantation of the prosthet i c dev i ce be delayed , length

should he retained by either inserting a temporary prosthesis, to serve

as a spacer , or by the use of extraske letal f ixat ion.  In one of the

patients . considerable length loss had occurred and treatment of trac-

tion for 10 days was necessary to regain norma l leg length.

Lesions of the distal femur and proxima l tibia probably constitute

the most common indications for this type of procedure . It was chosen

in these patients to arthrodese the knee joint across the fiber titanium
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prosthesis. Alternative procedures such as replacement with knee

arthroplast ics can be cons i dered . The pat i ents opera ted on so far ,

however , were all comparativel y young and very active and the long-

term results of such a procedure therefore in question .

Radiography and histology indicate that the bone grafts quickly

con~olidate around the prosthesis. The continuity of the bone is thus

restore d , and hopeful ly long-term stability is ensured and the risk of

loosening minimized . Further evaluation of patients will ultimately

determine the role of the procedure is reconstructive surgery .



L E G E N D S  TO F I G U R E S

FIGURE 1 Case fl. Radiograph shows pathological fracture (arrows )
through metastasis in the right tibia .

FIGURE 2 Post mortem contact radiograph of the right distal t ibia
with titanium fiber metal implant. The prosthesis is
surrounded by bone.

FIGURE 3 Photo micrograph of bone prosthesis interface showing
bone from the perip hery penetrating into the fiber titan-
i um composite. (1) denotes metal fiber , (2) denotes bone.

FIGURE 4 Case #3• Radiograph shows solitary osseous lesion involving
the distal right femur.

FIGURE 5 Radiograph of implant with surrounding bone graft.

FIGURE 6 Case #4. Radiograph showing a large lytic lesion involving
the distal end of the left femur.

FIGURE 7 Rad iograph of implant 5 months after surgery . Notice
bridging of prosthesis with bone.
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HUMAN E X P E R I M E ~4TAT IO N PROGRAM - The Use of Fiber Metals in Skeletal Recon-
struction Following Radical Segmental Resection of Bone Tumors: Proposal
for a Cl i n i cal Stu dy

The success incurred up-to-date in anima l experimentation with a seg-

mental rep lacemen t prosthes i s has prompted us to look into the poss ibi lity

of cl inical investigation for two reasons. One is the poten tial offer to

patien ts for recons truct i on w ith the fiber titanium prosthetic system . The

sec ond one is the poss ibil i ty of us i ng the system in a pa tient popula ti on

on whom on the one s id e no other form of thera py wi l l  be ava i la b le , and on

the other side the same well-controlled huma n experiment could be provided .

Orthopedic oncology is a branch of orthopedics which demands unusual

requi remen ts i n rec ons truct i ve measures . A pri mary bone tumor confron ts

the surgeon with the problem of not onl y eradication of the tumor , but also

restoration of function in the extremity . Depending on the nature of the

tumor , its location , and size , amputation may be necessary . However , a

wide variety of osseous lesions involving the long bones , with or without

involvement of the adjacent joint , are amena b le to ra di cal en b loc se gmental

resection (11, 12 ). In addition , current research indicates that malignant

lesions such as osteogenic sarcoma may be resectable with the use of current

chemotherapy . Previously, however , even if the first goal of segmental

resection of an osseous lesion was possible , the means available to restore

the integrity of bone in the resected area were inadequate. Little interest

was demonstrated in this form of treatment despite its limb-saving potential.

However , with recent advances in ‘-econstructive orthopedic surgery uti l izing

modern joint implants , we now have an ef fect ive means to restore the osseous

integrity of the resected segment of bone (13).  It is anticipated that



fiber-metal implants will be an effective scaffold for bone induction of

il i ac au togenous gr afts to replace the segmen tal loss of bone . The pro-

cedure consis ts of :

a) Removal of an appropriate segment of affected bone , leaving intact

the muscles , vessels, nerves an d tendons that surround the bone unless

they too are affected by the underl ying tumor , in which case they

mus t also be removed .

b) Replacement of the segment of bone with a specially designed prosthetic

segment. This segment is made of standard orthopedic materials , but

the design is new . The segment has been tested in laboratory animals

wi th good resul ts , but has not yet been proven in humans.

c) Fixation of the segment with a compression apparatus and inclusion

of au togenous i l iac bone gra ft , methylmethacrylate for additional

immediate fixation.

d) Appropriate post-operative i mmobilization.

e) The segment is designed to become incorporated into bone , and therefore

removal is not anticipated . It chould be assumed that the segment will

be le ft in place.

~~~~~oupd

It has been well shown that trabecular bone can be made to grow into

porous materials (1 ,2,3 ,4), and that pore size is important (5,6). Research

and development of a sintered fiber-metal skeletal implant has been underway

in our laboratory for five years. This work resulted in the selection of a

sintered titantium wire aggregate of specific confirguration and density as

the material of choice , basc-d on strength and measurements and histological

studies . Deep pert~etration of the fiber metal by bone occurs rapidly ,



intimate bone-fiber contact is established , and bond stren gth betwe en bone

and implant rapidly exceeds the shear strength of cancel lous bone itself.

Fur thermor e , resul ts indicated that porous sintered fiber-metal composites

ach i eve a stren gth of fixat i on similar to methy lmetha cry late , and tha t the

compliance of the fiber-metdl bone complex is practically identical to

that in bone alone , thereby avoiding the poor distribution of load with

h igh stresses at contact points inherent in other methods of fixation (9).

Des i gn of the fi nal segmen tal replacement implant which i s bei ng

tested- extensively in animals consisted of an intramedullary rod made up

of a soli d core 2 mm i n di ameter surroun ded by cyl i nders of s i ntered fib er

metal. Larger fiber-metal cylinders fitt ed over a sol id metal cylinder

and corresponding to the length of diaphysis to be replaced are fitted

over the rod , and the composite devic e i s hel d i n pla ce w i th a profi led

com pression p la te .

Ma ter i al

The segmenta l replacement i n a lon g bone as proposed is made poss ib le

by the discovery and exploitation by the au thors of a c lass of ma ter i als

wh ich are singularly compatible with live bone under load-bearing circum -~-

stances . A porous meta l has been developed which permits invasion of its

nores by calc ifi ed t issue and vascular elemen ts suc h that the resul t i s a

composite of the living synthetic.

A t the same time the porous material can be incorporated with very

strong load-sustaining components which prevent the composites from

featuring and permit load transfer. With this concept , whose feasibility

has been demonstrated , we expect the lon ’j bone to remodel such that the

hone fragments and the segment prosthesis become integral. A prosthetic



device of this nature would eventual l y become in (or~,or jf ,
pri into the skeletal

structure of the host . However , until such time as b- nc- ingrowth occurs,

r i gid stabili ty between the implant is essential .

This porous metal is manufactured by molding short lengths of fine

fibers or wires of metal into precise shapes and bonding the fibers to each

other by a sintering thermal treatment. The resultant parts have precision

shapes and dimensions and nay be assembled by mechanical attachment or

welding into implants containing solid or tubular elements.

The modeled and sintered fiber has unique attributes. There is about

5O~- void in the form of interconnecting channels with principal dimensions

of the order of 100 microns. Thus it is possib ’e for calcified tissue and

vascular elements to enter the external surface and penetrate throughout the

bulk o f the ~et a 1 l ic  mater i a l .  Unl ike most porous mater ia ls ,  this sintered

body is not b rittle. It can def orm and can sustain substantial impact

forces . It cannot fracture in the norma l sense of the term . In fact , under

extreme distortion i t  can tear as would a fabric. The material has remarkable

ela stic properties , which are closel y similar to trahecular bone.

I~nplant Des i~p

The implant constitutes a tubular element equivalent in length to the

defect and structu r~i l1 y representing the cortical construction of the long

bone. Such custom implants will be provided by the Orthopedic Research

La bora f ry.

In each case the prosthesis is a tubula r configuration composed of a

strong and s t i f f  thin -wa l led  tube over which a conti guous assembl y of thick-

wai led sleeves of porous molded fiber are disposed . The assembled prosthesis

has the aspect of a porous body in which the pores run in all directions.

radi all y and longitudinally.



The sleeves of moded porous fiber are dove-ta i led to each other. The

sleeves at eac h extrem ity are dove- taile d also with th e in ten t to lcck to

a matching profile created in the ends of the live bone fragments by surg i cal

procedure . The sleeves at each extremity are also molded and sintered so as

to be extremel y deformable. In this way when the fragments and the prosthesis

are pulled together , the porous fiber material deforms to achieve complete

conforma l interface with the end faces of the bone fragments. This is

absolutely necessary to achieve longitudinal hone ingrowth and attachment

to the prosthesis. This is also the factor which distinguishes this porous

material from others proposed for similar “ipp licat ions.

For long-term load-bearing , the cortical prosthesis is combined with

an intramedu llary nail. A third component of the prosthesis system is a

plate which provides immediate fixation by means of four screws and a com-

pression device which is removed after at least two screws are applied ,

The plate could be removed at some later date when bony ingrowth has been

accomplished but it could also be left in indefinitely.

In these designs titantium (unalloyed fibers and alloyed for the load-

bearing components) has been used . Titanium has the advantage that alloys

and unalloyed metals are generally compatible in a corrosive environment.

There are alloys of titanium , one of which is in present use, which are

capable of 200,000 psi yield strength. This is more than twice the strength

of more conventional prosthetic alloys. On the other hand , unalloyed

t itanium is soft, and 1-/tremely deformable. as is needed in the molding of

precision-dimensioned pa rts. Titanium in the wire and rod forms needed

are readily available commercially.

- —----- -



Desi~ nof  Human Protheses

Since the anatomy of the femur. tibia and humerus of the baboon is

similar but miniaturized in comparison with the huma n , the problem of

design is essentially one of a scale -up. We have already constructed dies

for molding larger sleeves of porous sintered titanium and demonstrated

that the orocess of manufacture is essentially the same . We have, in fact,

made several sizes of full scale prostheses of the tubular design complete

with titanium medullary rod , plates and screws . We are capable of making

all the parts (except screws which are available on the market ) in our

laboratories for reconstruction of segments (including knee fusion) up to

7 inches in length. This is not a defined limit but only the largest we

have made. The plates have been designed to serve different segment

lengths and to be applied using the AO compression device. The human

prosthesis designs which we have made are very strong and should last the

life of the patient without mechanical failure .

Personnel and Responsibi l j~~
We are proposing a clinical trial and stud y of the use of a fiber-

metal implant as a scaffold to allow induction of iliac autogenous bone

grafts to restore the osseous integrity of the area of segmental resection

and al low for recons truc ti on of the li mb fol low i ng ra di cal en b loc resec-

tion of prima ry tumors of the long bones . Although the basic design

concept for fiber-metal implants segmenta l replacement are available , the

actual fabrication of the hardware depends largely on individual cases .

Care ful anal ysis is essential for optima l results. The personnel responsible

for proposed studies are listed below ;



Pr i nci pal Inves tig ator: Jorge Galan te , M.D.

Co-Inv estig ators: Ken Kuo , M.D. , W il l i am Rostoker , Ph.D.

Thoma s Andriacchi , Ph.D.

Appendix I will include the data collection form. Appendix 2 is the

informed consent form . Each patient will be asked to sign this after an

exp lan ati on of th e ex per imen tal nature , the risks and the anticipated post-

operative course of the segmental replacement.

Patient Selection

1. Age . Al l  patients must be at or near skeletal maturity as determine

by standard radiographic criteria. A patient will be rejected if it

is determined that growth arrest at that time would result in functional

handicap defined as 1 1/2” or greater limb length discrepancy . This

provision may be altered or excluded at a later date , but is included

here so as to avo i d con demnat i on of the p rost hes i s on the bas i s of

functional inadequacy .

2. Sex. Males and females will be included in the study.

3. Health. Patients must be free of any physical condition that might

impair healing, promote infection or limit life expectancy other than

the disease for which the procedure is being undertaken .

4 . Pathology . This procedure wi l l  be offered only to those patients who

according to the principles of oncologic surgery would be considered

to have local l y resectable les ions.  This would include a resectable ,

local ly invasive , malignant tumor , as a low -grade chondrosarcoma ,

fibrosarcoma , parosteal osteogenic sarcoma , certain recurrent aggressive

benign lesions compromising the integrity of the joint wi th soft t issue

extension may be considered such as an extens ive giant cell tumor. It



will not be offered to patients in whom an alternative form of therapy

(other than amputation) has a reasonabl e chance of success , or to

those patients in whom amputation is the obvious treatment of choice.

5. Because  t h i s  procedure is applied to the treatment of malignant and

extensive agressive benign lesions , the al terna ti ves are few . They

include:

a. Prima ry amputation of the extremity. This is the usual treatment

at the present time , and will be the alternative of choice should

segmental replacement fail.

b. Local resection and replacement with cadaver bone . Because of

inherent problems with rejection and mechanical failure , we have

no en thusiasm for this method of treatment .

c. Local resect ion with or without autogenous bone graft. If this

alterna ti ve offers a reasona b le chance for cure , it will be

performed . Segmenta l replacement is designed for lesions that

are too extensive for less radical therapy ; therefore , local

resection is not a real al ternat ive , and is l isted here to make

just that point .

d. Radiation therapy . In cases where radiation therapy has reasonable

likelihood of being curative, it will be elected instead of fiber-

metal replacement.

Potential Benefits

Reconstruction of the bone and restoration of fu nction and appearance to

the extremity as well as cure of the underl ying pathology are the chief

benefits expected . This procedure offers an alternative to amputation above

the affected level .

- —- --‘



Initial Work Up

Through history and physical examination including adequate functional

analysis of all extremities with special attention to the one in question.

2. Routine studies

a. SMA-18

b. Ur inal ysis

c. Coagulation profile

d. CBC

e. EKG

f . Chest X—ray

g. PPD sk in test

h. ETA-ABS

I. Erythrocyte sedimentation rate

3. Specia l studies

a. Hand fi lms for bone age (in patients less than 20 years old )

b. Biopsy of lesion unless alread y performe d

c. Adequate x-ray studies of lesion as well as films of affected bone

for precise measurement

d. Metastatic work up

1. bone scan

2. bone survey if indicated by bone scan

e. Frozen and permanent sections of tumor at time of surgery

f. Prophylactic ant ib iot ics - Kef lir i 1 gram IV q 6 hours 24 hours

before surgery to 4 days post -op



era~1ve Evaluation

1 . Thorough history and physical exami nation including adequate functional

ana l ysis of all extremities wi th  special attention to the one in

question.

2. Routine studies

3. Special studies

a. Hand films for bone age (patients less than 20 years old)

b. Biopsy of lesion unless already performed

c. Adequate x-ray studies of lesion as well as films of affected bone

for p rec i se measurement

d. Metastatic work up

1. bone scan

2. bone survey if indicated by bone scan

e. Frozen and permanent sections of tumor at time of surgery

Operative Management

The pre-operative preparation of the patient and the operating room

environment will follow the standarized procedure utilized for total joint

rep lacement and methacrylate surgery at this institution. The surgery will

follow the well-established principles of oncological surgery . The initial

stage of the procedure is a radical en bloc segmental resection . Each case

must be individualized and the approach must be carefully planned .

In addit ion to norma l cancer sur gery pr i nc ip les , cer ta i n othe r

principles must be adhered to in insertion of fiber -metal prosthetic segments .

They include:



1. Preparation of bone ends to insure intimate contact between bone and

fiber metal.

2. Good compression of fragments to add stability and to deform the end s

of the fiber-metal segment for optimum contact.

3. Adequate bone graft .

4. The fiber-metal implant will be made to correspond to the segment of

bone removed . The fiber-metal segment is placed in the segmenta l

defect and a standard intramedu llary rod is inserted across the defect

in the usual technique. A compression plate is placed along the lateral

surface of the bone and attached proxi mall y wi th two screws

that pass on either side of the intramedullary rod and cross both

cortices after tapping appropriate holes . A standard Mueller com-

pression apparatus is attached distall y and ti ghtened until the system

is stable and the proxima l and distal ends of the fiber-metal segment

have deformed to give intimate contact with the bone ends. The distal

end of the plate is attached and the compression apparatus removed .

Necessary modifications of the technique will be made depending on

whether the site of segmental resection involves the tibia , the humerus

or the femu r . Methy l methacrylate will be used for additional fixation

if required . Following insertion and fixation of the fiber-metal

se gment , the wound is copiousl y irrigated with neomycin solution ,

Match sticks of cortical cancel lous autogenous iliac grafts are placed

along the entire segment of fiber metal and 360° aroun d the c i rcum-

ference and are held in place with chromic sutures. The wound is

closed in layers taking care to cover the subcutaneous portions of the

segment with muscle. Prophylactic antibiotics will be given according

to the total joint replacement protocol.



Posto~~ra t i v e Managemen t

1. Routine postoperative care including immediate post -op x-rays of

operated e x t r e m i t y , CBC.

2. Immobil ization. This w i l l  be tai lored to the individual case. It is

a n t i c i p a t e d  t h a t  t h i s  w i l l  mean h i p  s p i c a  cas t  for femora l replacements ,

long -leg cast for t ibial segments and sl ing for humeral segments. It

is further anticipated that patients wi th tibial segment replacement

w ill be able to be managed with a PTB (patellar tendon bearing) type of

cast after six to eight weeks of long-leg cast immobilization.

3. Ambulation and physical therapy . Regimens for fractures of the corre-

spon di ng bones w i ll be followe d for segmen tal rep lacemen t , but the time

periods wi ll probably be extended somewha t to allow for bone i ngrow th .

4. Discharge and laboratory studies

a. CBC

b. SMA-l8

c. ESR

Foll o wj~p Evalua ti on

1. Frequency of office visits. Patients will be seen at two weeks and

four weeks post -discharge , and thereafter at monthly intervals .

2. Frequency of radiographic examinations. X-rays will be taken on the

days of the first three office visits, and then at the discretion of

the attending surgeon.

3. Radiologic evaluation . A—P and latera l x-rays are taken i mmediatel y

postoperatively , monthly for t hree months an d then at the d i scre ti on

of  the attending surgeon . Each set of fi lms is graded wi th respect

to contact between bone and prostheses , and to callus formation as

fol lows :



a. Contact grading:

1. good con tac t wit h one end of rod only

2. good contact with both ends of rod only

3. good contact with both ends of rod and one interface onl y

4. good contact with both ends of rod and both interfaces

b. Callus grading:

1. no callus

2. m i n i m a l  c a l l u s  at one end o n l y

3. minima l callus at both ends

4, callus at both ends with some extension to mid-rod (diaphysis)

5. good callus throughout

Attendant Discomforts and Risks

Discomfort should be the same as for any fracture that is treated with

open reduction and internal f ixat ion . As with many standard orthopedic

p roce dures , other risks will be present . They include :

1 . Infection. As in standard orthopedic procedures requiring implantation

of foreign bodies , there is a possibility (less than 1%) of deep wound

infection tha t would necessitate removal of the prosthetic segment. In

the case of skeletal segmental endoprostheses this wou ld probabl y

necessitate amputation , which is the only reasonable alternat ive in the

f irst place. If this occurs after the bone has healed , it is possi~~ e

that the level of amputation would have to be 1— 2 inches higher than if

primary amputation had been done. To minimize the risk of infection ,

patients will be given prophylactic antibiotics pre- and post-operatively,

an d a ll surgery w i ll be done i n the lam i nar air flow room .

_ _ _  ~~~~~~ - --~~-~~~- -~~~~- - - -- - -~_ _— -_ _
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obtain informed consent? [ ] Yes [x] lb If yes , list ir idiv id u~l(s):[The invest igator is obl igated to furnish instruct ions and consent form in the
nat ive language of the individual concerned in the case of those individuals
t-iho do riot speak Eng l ish.  An interpreter , competent in the individual’ s n a t i v e
language, must be avai lable during the exp lanation of the project. Pleaae rç~fcrto the current suggested consent form, and attach a copy of the actual form to
be used in th~s project .  See Federa l R~g istcr , March 13, 19 75 , Section 4C.3
(c) for definition of informed consent. j

Name Ti t le  or position

J ’/aj ne Title or position

(b) How do you plan to obtain informed consent?

Committee guidelines have been followed in drawing up a consent fo rm
that the patient or legal guardian will sign (see attached) . The patient

- 
will be g iven adequate time and opportun ity to read the consent , consider

(c)  How is the consent to be documented? alternatives and ask questions of the
attending surgeon.

See enclosed consent fo rm .

4. Outline the potential diagnostic and/or therapeutic benefit to the patient if
the study is cl inical research comb ined wi th professional care .

Potential therapeutic benefit includes reconstruction of an extre mity
to normal or near-normal funct ion and appearance in cases where
amputation or no therapy at all are the only alternatives.
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5. Outline the scientific benefit of the study .

In vivo human evaluation of a prosthetic hone segment that has been
proven effective in baboons and other animals.

6. Outline any potential hazard s to pat ients , including knowl edge of toxic i t ies
of any agents to be used; and where known , outl ine the prevalence of
injurious effects and the severity of the hazard . 

- 

-

1. Infection . As in standard orthopedic procedures requiring implantation
of foreign bodies, there is a possibility (less than 1%) of deep wound
infection that would require removal of the prosthetic segment. In the
case of skeletal segment-il endoprostheses this would probabl y necessitate
amputation, which is the only reasonable alternative in the first place. If
this occurs after segmental replacement, it is possible that the level
of amputation would have to be 2-1 cm. more prox imal than if prima ry
amputation had been done. To minimize the risk from infection , patients
will he given prophy l actice antibiotics pre and post. operatively , arid all
surgery will be performed in a lainin;ir air flow room.
2. Standard operative risks , e.g. blood loss , anesthetic , etc.
3. Failure of prosthesis. As in  many orthopedic procedures , the possibility
of non-union and fracture of the prosthesis it~-o tF are possible complications.

f-re is no reason to le~1ieve that there is more than the ord inary chance of
~~ ~to .r of thmc- occurring wi th this particu lar pro sti SiS
‘1. Jerato~~ne-~is . This is a recot ( possibility , and is a function of the
011 Oy tha I compri sos t he pi osthes is and not the prosthe sis it so I. Titanium is

- t~ nsivel y in the ii ~g . arid n Europe without apparent problem. i o s ~n ui
c! i id-bearing a~u will be apprised o these facts, but wilt not he cxci uJcd frosi
thi stody .

rc inagenesis . Possible carcinogenic c-It ects of t i t  ch um are he i n-~.
U - - - t  i i:ited in this Iaboratoiy at  t ho pr c- ’;ut time . it IS not- ~O5S ib] c for

- - — - to stat - wha t the risks are in thi s cha rd . The same ran he said
- i- i ter ial s that -onp c I -~~ standard t o t a l  j o i n t  ct -placem ents in wide use
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6. (coat.) -

today. As in other cases , the risks must be wei ghed against the potential
benefits, and the patient will he apprised of them and make the final
decis ion.
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7. (This question relat es 0n17/ to pro t~oeoi~ inuolvin~ invccti go t iorzzl dr t i ga . )
Give below the new drug number(s) issued by the U.S. Food and Drug Adniinistra-
tion , and descri be the current IDA status of each drug or substance to be used .
[Please he aware of the Federal requirement to report any adverse reactions to
DH E W immediately. ]

In v e s t i g a tiona l Flew Drug: * [ ] Yes [x~j  Flo

If yea, complete the State of Illinois Investiga-.
tional 1le& Drug Form, and complete infonnation
belo~i.

Name of Drug : -. _________ 
HID Number 

__________________

FDA Status:  [ ] Phase I { ] Phase II { ] Phase III

IND Forms Filed : [ ] FDA 1571 [ ] FDA 1572 [ ] FOP. 1573

Date of 30-day Expiration or FDA 1-laiver: 
________________________________

• FDA Restriction: 
________________________ ______________________________

more than one drug is being used, rep eat the above format on a separate
page, and app end to this form. Infor- -~tion should by typed or printed.

8. If the study will include any of the following subjects , pl ease check . If
the study will not include any such subjects , c heck “None of these groups .”
Ex ]  minors (Under age 18) [ ] pr isoners  [ ~ pregnant women -

[ ] incori .~etents or the mentall y infirm [ J the un born - 

- 
-

[ J None of these groups

Add here any special protective measures w hich are being taken to protect the
rights of subjects noted above:

Full informed consent of the patient , or of the parent or guardian in
cases of minors will be obtained in all cases . As stated , it is not
anticipated that the skeletally immature will be considered in this
particular study .
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9. (a) J~~~~~~ psy involv ed? [x] Yes [ ] t~o

If yes , of what?

For what purpose is the above procedure being performed?
- 

{ X~ diagnostic [ ] the rapeu t i c  [ ] research

(b) Is a blood s~~~]~ j nvo lved? [ ] Yes ~x] No

If yes, how much? 
_________ 

how often? 
-~~~~~~~ ______

For what purpose is the above procedure being performed?
[ 3 dia gnost ic  [ 3 therapeutic [ 3 research

(c) Are body fluids involved? [ 3 Yes ~cx~ No

If yes , of what? 
____________ _____ _________ ________________

how much? - how often? 
____

For what purpose is the above procedure being performed?
[ 3 diagnostic [ ] therapeutic [ I research

S I G N A T U R E S :
(Type nwne below signature iin~~. )

c~~
7

Pr1nc1 Pa l ~~,~tigator~—-

~~~~

- PePar~me~t)ha 1 rman

is ti tut1on
v~~~7~f

[late

1-002//0
P~IV 4/ /5

- ~~~~~ —~--~~~~- - —.--~~ -~~—-----—~~ -~ 
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1, ____________________________________, an adult (or: legal guardian of

____________________________ a minor) , have been invited to participa te in a

study of skeletal segmental replacement with sintered fiber metal endoprosthe sis under

the direction of JorQe Galante , M . D. in which I voluntarily

Consent to participate.

a. The implications of my voluntary participation in this medical inves-
tigation, its nature, duration and purpose , the methods and means by
which it is to be conducted, and the inconvenience and hazards which
may be expected have been thoroughly explained to me by 

____________

b. I have read and understand all written materials which have been pro-
vided to me further describing the study and its potential risks and
benefits to me .

c. I have been given an opportunity to ask any questions I wish concerning
this procedure and all such questions have been answered to my cor~ lete
satisfaction . I understand that my participation in this study can be
terminated at any time upon my request.

d. (If not applicable check ~7.) I certify that , to the best of my 1-mow-
ledge , I am not pregnant at this time . I agree that if I become preg-
nant duri-ig the course of this study I will  notify 

____________________who is directing this study.

Volunteer ’s signature and date 
—

Relationship

~ ‘~-.as pre~ cnt  during the explanation referred to above , as well as the
Volunteer ’ s rJppL~rtunLty for questions , and hereby witness his consent to
particip ate in the study.

f~~~s ’~: si gnature and date - -



PROTOCOL
Human Application of Fiber Metal

I. Patient Selection

A. Age. All patients must be at or near skeletal maturity as

determined by standard radiographic criteria. A patient

will be rejected if it is determined that growth arrest

at that time would result in functional handicap defined

as lb” or greater limb length discrepancy. This provi sion

may be altered or excluded at a later date, but is included

here so as to avoid condemnation of the prosthesis on the

basis of functional inadequacy.

B. Sex. Males and females will be inclu ied in the study. It is

not without some reservation that females of childbearing

age are incuded , but there is no known reason why they

should be any less acceptable candidates for this procedure

than for total joint replacement.

C. Health. Patients must be free of any physical condition that

might impair healing , promote infection of limit life expectancy

other than the disease for wh ich the procedure is being

undertaken .

D. Pathology . This procedure t-:ill be offered only to those

p a t i c n t s  who have a resectable , locally invasive , mal i gnant

tumo r , I .e. fibrosarcoma , r~’current giant cell tumor,

I ipo~;a rcoma . It will not be o F ftrcd to patients in

whom an a l t  ernat ive form of therapy (ot h er than amputation)

has a rrasonahlc chance of sucess or to those pat ients  in

w;lom amputa t ion is the obvious t r ea t t i en t  of choice
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II. Initial Workup

A. Thorough history and physical examination includ ing adequate

functional analysis of all extremities with special attention

to the one in question.

B. Routine Studies.

1. SvIA-18

2. Urinalysis

3. Coagulation profile

4. CBC

5. EKG

6. Chest x-r ay

7. PPD skin test

8. FfA-ABS

9. Erythrocyte sedimentation rate

( .  Sp~- i a l  studies

1. Hand f i l m ;  for bone age (in patients less than 20 years old)

2 . Il iopsy of lesion unless already performed.

3. A ? e p i ; i t €  x -  ray s tudies  of lesion as well as fi lms of

af 1cc t~-d bone for precise measurement.

4 . l e t a s t a t i c  wo rkup

a. Noi i q  - scan

h. Bone survey if  ind ica t ~’d by bone scan

5. Frozen and permanent sect ions of t umo r at t i m e  of surge t -v.



Protocol
I Iuinan App ii cati on of Fl be r Pie tal

p - 3-

6 . Prop liy l a ct i c  an t ib io t ics  - Kef l  in I grain IV q 6 hoi~rs 24

hours before surgery to 4 days post- ) 1)

I I I .  Post -Operative Management

A. Routine post-operative care including inulle diatu post-

op x-ray’s of operated extremity,  CBC , etc .

B. I mmobilization . This will be tailored to the individual case .

I t is antici pated that this w i l l  mean hi p sp ica cast for feino i-al

replacements , long-leg cast for t ibial  segments and sling

for humeral segments . It is further anticipated that patients

with tibial segment rep lacement w i l l  be able to be managed

wi t h  a PTB (patellar tendon bearing) type of cast after 6-8

weeks of long leg cas t i m m o b i l i z a t i o n .

C. Ambulat ion and physical therapy . Re~ i mcn~; for 1:-ac ta re-s

of the corresponding bones wi l l  be followed for se~~~ itaj

rep lacement , but th :  t ~c periods wi 11 probab ty be ~~~~ t -r~~-J

so:;-.cahat to allow for hone i ngr i~th

1) . 1)1 scha rgc i aba i a  tory studies

1. CBC

2. b\R-18

3. l~—R

IV. Folio. t i p E v a i u - i t  ion

A. Fr cqu: -ncy of ol l ice  \i isits Pat i~~ i i t s  w i l l  he seeil at ti~o t- :cchs

and i-si r ~-;ceks Y ) ~t - d i s h r ~e , a nd t f e i c a 1 t ~ -r at mon t h ly  int erv als .

IL }: r~~ l I t . i I ~~
. of  i-ad i o g I - i~ ii  ft e x a m l n t t  ion : X -  i a v ;  w i l l  he taL’n on

}~~ day:; ol the  f i i -  i r _ ol I Cu v i s i t s , a n  I t h - i i  at th e  d i s e r e t  i ~ei

- —-~~~~~~~
--
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of the at Leiii ~ Surg eon .

C. I:un tional eva lua t ion  and standard screening tests for infection

w i l l  be performed regularl y unt i l  ther e is rio further need

for the-in -
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Skeletal Segmental Replacement wi th Sintered Fiber Metal Endoprosthesis

1. Ex~p~~n at i on  of Procedure

The procedure consists of:

a. Removal of an appropriate segment of affected bone , l e a v i n g

intact the muscles , vessels , nerves and tendons tha t

surround the bone unless they too are affected by the

u n d e r l y i n g  tumor , in  w h i c h  case they must a l so  be removed ;

b. Replacement of the segment of bone with a specially designed

prosthetic segment . This segment is made of standard

or thopedic  m a t e r i a l s , but the design is new . The segment

has been tested in laboratory animals wi th good results ,

but has not yet been proven in huma ns;

c. F i x a t i o n  of the segment w i t h  a compression appara tus  and

i n c l u s i o n  of autogenous i l i a c  bone graf t ;

d. Appropriate post-operative i mmobilization ;

e. The segment is designed to become incorporated i nto bone ,

and therefore removal is not anticipated . I t  s h o u l d  be

assumed that  the segmen t w i l l  be l e f t  in  p lace .

2. Attendant Discomforts and Risks

Discomfort should be the same as for any fracture that is treated

with ooen reduction and internal fixation. As w i t h  many

standard orthopedic procedures , other risks will be present.

They include:

a. Infection . As in standard orthopedic procedures requiring
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implantation of foreign bodies , there is a possibility

(less than 1%) of deep wound infection that would necessitate

removal of the pros the t ic  segment.  In the case of ske le ta l

se gmental endo p ros th eses thi s woul d pro ba b ly necess itate

amputa t ion , wh i ch i s the only reasona b le alterna ti ve in the

first place. If this occurs after the bone has healed , it

is possible that the level of amputation would have to be

1-2 inches higher than if primary amputation had been done.

To mi nim i ze t he risk of i nfect i on , patients will be given

prophy lactic antibiotics pre- and post-operatively, an d a l l

surgery will be done in the laminar air flow room .

b. Standard operative risks. All surgery carries with it the

possibility of blood loss , anesthetic problems . etc. These

things will be explained on an individual basis , but are

no different for this procedure than for other operations

on major bones .

c . Failure of prosthesis. As in many orthopedic procedures ,

the p o s s i b i l i t y  of non—union (or the failure of the bone to

k n i t  properl y) and fracture of the prosthesis itself are

possible complications . There is no reason to believe that

there is more than the ordinary chance of either of these

occurring with this particular prosthesis.

d. A very remote possibility exists that d foreiqn implant

present in the body for  fort y or more year s coul d become

cancerous. No one has every shown that this is possible, and

it has never occurred with the metals used in orthopedic

surgery up - to -da te .
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e. A very remote p o s s i b i l i t y  exis ts  tha t  congeni ta l  m a l f o r m a t i o n s

could  occur in  c h i l d r e n  from a pa t i en t  tha t  has an in t e rna l

pros thes is .  It has never occurred to date w i t h  any of the

implants used in orthopedic surgery .

3. Po ten t ia l  Benef i t s

Recons truction of the bone and restora ti on of func ti on and a ppearance

to the extremity  as wel l  as cure of the under l y ing  pathology are the

chief  benef i t s  expected . T h i s  procedure offers  an a l t e r n a t i v e  to

amputa t ion  above the af fec ted  level .

4. A l t e r n a t i v e s

Because t h i s  procedure is app l i ed  to the treatment of m a l i g n a n t

tumors , the al ternatives are few . They include:

a . Prima ry amputation of the extremity . This is the usual

t reatment a t the present t im e , and w i ll be the alternat i ve

of choice should segmental replacement fail .

b. Local resection and replacement with cadaver bone. Because

of inherent pro blems w i t h rejection and mechanical fa i lure ,

this method of treatment has been abandoned in this institution.

c. Local resection with or without autogenous bone graft. If

thi s al terna ti ve offers a reasona b le c hance for cur e, it

will be performed . Segmental replacement is designed

for lesions that are too extensive for less radical therapy ;

there fore , local resec tio n i s not a real al terna ti ve , and

is l isted here to make just that point.
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d. R a d i a t i o n  therapy . In cases where r ad i a t i on  therapy has a

reasonable  l i k e l i h o o d  of being c u r a t i v e , i t  w i l l  be

elected instead of f iber  meta l replacement .
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