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This report summarizes the past years investigations on granular (1, 2 or
3 mm average dimension) and rod (1 cm diameter by 1 cm length) form porous
tricalcium phosphate ceramic implants in rabbits and dogs.

The granular form was mixed with equal weights of autogeneous bone and im-
planted in 8 mm length surgically created defects in rabbit tibae. The sites
were evaluated at 3, 6 and 9 months and showed good biocompatibility for the
ceramic and clinical unions for 23 of 25 intercomparable lesion sites.

The clinical status for the dog radii implants shows continued biodegradation
of the rod form ceramic for two dogs at 3.5 years and for three dogs at 2 years.
Three dogs with nonunions showed biodegradation of the rod form implants and now
have replacement implants with autogeneous bone at the same lesion sites.

Initial protocols for human clinical studies on the granular form porous

tricalcium phosphate ceramic have been submitted and the investigations should
start in 1981,
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FOREWORD

In conducting the research described in this
report, the investigator adhered to the "Guide for
Laboratory Animal Facilities and Care", as promulgated
by the Committee on the Guide for Laboratorv Animal
Resources, National Academy of Sciences -~ National
Research Council.
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INTRODUCTION

This report summarizes the results from the 1979-1980 programs titled
"Response of Combined Electrical Stimulation and Biodegradable Ceramics",
contract number DAMD17-75-C-5044 and "Applied Laboratory and Clinical Studies
on Biodegradable Ceramic", contract number DAMD17-79-C-9173. The contract
DAMD17-75-C-5044 is currently the long term investigations on the rod form
porous tricalcium phosphate implants in dogs while contract DAMD17-79-C-9173
includes the rabbit implant series and the initial protocol for the human
clinical studies, These programs have been combined in this report.

A significant amount of interest continues in the apatite and modif}ﬁg apatite -
like ceramic biomaterials for applications in surgical repairs of bone . The
biodegradable ceramic substances are being considered for a number of clinical
applications, as evidenced by recent publications.

Although new procedures and various types of replacement biomaterials continue
to expand for major lesions of bone the basic methods of treatment continue to
require reduction, mechanical stabilization, and autogeneous hone graft. To obtain
a bone graft in many cases requires a second surgical procedure with the added
possibilities of complications. The overall objective of the current program is to
fully investigate one synthetic bone substitute material in an attempt to significantly
improve the conditions for surgical correction of bone lesions. The military
applications are extensive when considering the possibility of major reductions in
maxillofacial and orthopaedic surgical time, deformities and morbidity.

The technical objectives of the programs summarized in this report were as
follows:

1. To compare granular forms of porous tricalcium phosphate ceramic,
with average particulate dimensions of 1, 2 and 3 millimeters,
for use as a mixture with 50 weight percent autogeneous bone in
the rabbit animal model;

2. To continue the long term evaluations of mid~radius rod form porous
tricalcium phosphate ceramic implants in the dog animal model; and

3. To develop clinical study protocols for limited human patient applications

of the granular form porous tricalcium phosphate ceramic with autogeneous
bone in Maxillofacial and Orthopaedic Surgery.

MATERIALS AND METHODS

Materials and Implant Fabrication

The porous tricalcium phosphate ceramic was the material received previously from
Battelle Memorial Institute Columbui Laboratories. The material specifications were
given in the previous annual report . The same starting material has been used

* Contract No, DAMD17-75-C-5044, (1979)
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throughout this program. The last group of ceramic pieces have been reduced to
make the granular and rod form implants. A diamond sectioning disc and simple
hand reduction was used to make the various implant sizes. The 1, 2 and 3 mm
particles were size - fractioned with standard ASTM mesh sieves. The surfaces of
the rod form implants were removed to provide an open porosity at all locations.
The various forms were dry heat sterilized by placing the specimens in Pyrex glass
tubes and exposing at 300 to 350 C for 0.5 to 2 hours in a muffle furnace.

Animal Models - Surgical Techniques

The segmental surgically created lesion and the stabilization pin arrangement
for the rabbit tibia implant series are shown schematically in Figure 1. This
procedure has been described in detail in previous reports. The mixtures of the
1, 2 or 3 mm porous tricalcium phosphate ceramic and the autogeneous bone from
the iliac crest were placed within the 8 mm length defect, The periosteum was
retained for all of these lesions. The relative quantity of ceramic and bone
was determined on the surgery table using a stainless steel beam balance. The
weight ratios included 0.5 gm bone and 0.5 gm ceramic.

The surgical procedures for the dog implants only included the follow up
required where the lesion had not healed and the location where the implant was
originally implanted was corrected. The detailed surgicaltechniques for the dogs
have been previously described. For replacement procedures the central radius lesion
region was resectioned for histology and a new 1 cm length by 1 cm diameter
rod form implant inserted with iliac crest autogeneous bone. The original bone
plate stabilization system was retained. The dog radius implant site and bone
plate location are shown schematically in Figure 2.

Animal Models - Foliow Up

The rabbit and dog clinicai follow up methods were similar to those employed
during the preceeding studies., This includes general observation, routine radiographs,
local implant site examinations, and selective corrective medications or procedures
where indicated.

Necropsy and Specimen Evaluations

The schedule of rabbit experiments included nine to twelve for each size
fraction of ceramic with the rabbits euthanized by standard methods at 3, 6 and 9
months post surgery, After euthanization by drug overdose, the rabbit tibae were
disected free of soft tissues and the central lesion site removed for standard
histological and nondecalcified thir section analyses.

The tissue specimens removed from the dog radii were submitted to standard
histological examinations.

RESULTS AND DISCUSSION

Materials and Implant Fabrication

No problems were encountered in handling the porous tricalcium phosphate
synthetic biomaterial. The implant forms were easily produced using standard

-7-
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. Figure 1. Schematic Drawing of Segmental Lesion in a Rabbit Tibia Showing
: the Relative Placement Positions of the Stabilization Pins
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Figure 2, Schematic Drawing of the Segmental Bone Replacement and Bone
! Stabilization Plate for the Dog Studies




laboratory instruments. The various forms of the ceramic implants are shown in
Figure 3.

Surgical Technigues

The surgical procedures were relatively uneventful with no special problems.
The surgical team included either an Oral and Maxillofacial or Orthopaedic Surgeon,
a Veternarian, and one or two surgical assistants as required.

Necropsy and Specimen Evaluations

The rabbit number, experimental group, time of implantation, and clinical
observations for the 1, 2 or 3 mm ceramic and autogeneous bone implant series
are summarized in Table 1. The continuing problem with caged rabbits and surgical
studies is evident in the number of animals lost during the experimental series.
However, most of the rabbits healed the lesion site and no specific or unusual
problems were encountered.

Radiographic and gross disection examinations of the 6 and 9 months lesions
showed no evidence or retained porous tricalcium phosohate ceramic granules for
a number of rabbits. The lesion sites were quite normal and no problems with the
biocompatibility of the granular ceramic was found. Considering the thirty rabbits
those that showed complete healing of the lesion included in this series at each
time period were as follows: four of nine at 3 months, nine of the nine at 6 months
and ten of twelve at 9 months. Five of the thirty animals were lost to the study
because of early death from unknown causes or complications related to pin - tract
infections. Twenty three of the remaining twenty five healed the lesion although
three died prior to the scheduled euthanization period.

kxamples of radiographs from 1, 2 and 3 mm granular ceramic lesion for rabbits
in the 9 month group are shown in Figures 4, 5 and 6 respectively. The sites show
examples of acceptable bridging of the lesions.

The identification number, time of original implantation of the rod form ceramic,
and the clinical status of the eight dogs with radius implants are summarized in
Table 2. Two of the dogs now have implantation times of 3.5 years. The remaining
dogs are approaching two years. Three of the two year animals did not require
additional surgical procedures, while the other three developed nonunions. These
three nonunions were allowed to continue until the fate of the porous ceramic rod
implant was determined. With biodegradation of the original rod form ceramic implant,
additional surgical procedures were initiated. The nonunion site was removed by
sharp disection, a new 1 cm long by 1 c¢m diameter rod form porous tricalcium phosphate
ceramic inserted and the site was packed with iliac crest autopeneous bone before
surgical closure.

Examples of a radiograph from a long term (3 year) radius site and a nonunion
and replacement site are shown in Figures 7 and 8 respectively.

In general, the dog studv is progressing without major complications and the
question about the eventual fate of long term rod form porous tricalcium phosphate
implants should be answered in this program. It now appears that the rod form porous
ceramic implants will eventuallv biodegrade, even when completely surrounded by bone.

-10~
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Figure 3.

One, Two, Three Millimeter Average Diameter and Rod
Form Porous Tricalcium Phosphate Ceramic Implants
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TABLE 1., SUMMARY OF 1, 2 AND 3 MM TRICALCIUM PHOSPHATE CERAMIC AND AUTOGENEOUS
| BONE RABBIT TIBIAL IMPLANT SERIES
|
] ! Rabbit Ceramic Size (mm) Group (months) Comments
f
{ 419 1 3 lost at 4 wks, infectiun
; 420 1 3 not healed, infection, ceramic retained
! 422 1 3 healed, no problems
i 410 1 6 healed, no apparent ceramic
| 413 1 6 lost at 15 wks, infection
ﬁ 417 1 6 died at 15 wks, healed
: 397 1 9 died at 3 wks
: 401 1 9 healed, no problems
. 402 1 9 healed, no problems
: 407 1 9 healed but chronic infection
' 423 2 3 not healed
424 2 3 healed, no problems
429 2 3 died at 3 wks
411 2 6 healed, continued to 52 wks
414 2 6 healed, ceramic retained
421 2 6 healed, ceramic retained but soft
398 2 9 healed, no problems
403 2 9 healed, no problems
404 2 9 healed, no problems
408 2 9 healed, ceramic retained
416 3 3 lost at 5 wks, bridging lesion
425 3 3 healed, no problems
428 3 3 healed, no problems
409 3 6 healed, no problems
412 3 6 lost at 8 wks, infection
415 3 6 healed, no problems
399 3 9 lost at 6 wks
400 3 9 healed, euthanized at 29 wks, inner ear
infection
405 3 9 healed, no problems
406 3 9 healed, died at 21 wks
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Figure 4. Radiographs of Rabbit R401 Showing 1 Millimeter Granular
Ceramic When Bridged (Upper) and at Euthanization (lLower)
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Figure 5, Radiographs of Rabbit 398 Showing 2 Millimeter Granular
Ceramic Post Surgical (Upper) and at Euthanization (Lower)
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Figure 6.

Radiographs of Rabbit 405 Showing 3 Millimeter Granular
Ceramic Post Surgical (Upper) and at Euthanization (lLower)
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TABLE 2. ROD FORM DOG RADIUS POROUS TRICALCIUM PHOSPHATE IMPLANT SUMMARY

; INFORMATION
Animal Date - Original Surgery Comments
1
229 8/77 Bone plate removed 1/78, good health, implant
biodegrading
' 363 8/77 Bone plate removed 12/77, good health, implant
. biodegrading
2629 4/79 Bone plate removed 7/80, good health, implant
slowly biodegrading
2634 4/79 Bone plate removed 10/79, chronic external ear
' infactions, skin ulcer on limb with implant
] , 2730 4/79 Nonunion, skin problems on limb with implant
2915 6/79 Bone plate removed 6/80, good health
3020 6/79 Nonunion site resected on 1/8l, new implant and
autogeneous bone placed
2930 6/79 Nonunion site resected on 1/8l, new implant and

autogeneous bone placed
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' Figure 7. Radiographs of Dog 229 Showing Rod Form Implant (Upper)
‘ and the Long Term Follow Up (Lower)
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) Figure 8. Radiographs of Dog 2730 Showing Delayed Union (Upper) and
' Replacement Rod Form Ceramic (Lower)
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} | Human Clinical Trial Protocols

| The protocol for the initial human clinical trial investigation on granular
form porous tricalcium phosphate ceramic for use with autogeneous bone was written
and submitted to the USAMRC and the clinical Investigational Review Committee of

; the university. Approval has been granted and FDA applications for an investigation-
: al number is now in submission. The current proposal is to start the limited human

I : clinical investigations in early 1981,

CONCLUSIONS

The conclusions for the investigations conducted during the last year are
summarized as follows.

l. The granular form porous tricalcium phosphate ceramic with average
dimensions of 1, 2 or 3 mm when mixed with equal weights of iliac
crest autogeneous bone showed healing of a 8 mm rabbit tibial
lesion for 23 or 25 intercomparable implants. No correlation with
ceramic particulate size could be determined.

2. The rod form porous tricalcium phosphate ceramic implants in the
mid-radius site of dogs shows continued biodegradation of the ceramic
for the healed and nonunion conditions. Five dogs are healed while
the new rod form ceramic implants were placed in the remaining three
dogs approximately two years after initial implantation.

| 3. Gross observation, nondecalcified thin sectioning, standard histological
sectioning and general evaluations continues to show good biocompatibility
for this porous tricalcium phosphate ceramic.

‘ 4., Initial human clinical trial protocols are complete and the various
! local and national review processes and inprogress. Initial human
{ clinical trials for the granular rorm porous tricalcium phosphate

! ceramic for use with autogeneous bone should initiate during 1981.
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